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oL ﬂ_- o o "Background _ . :
With the establishment of a pipeline from the north-east corner ‘of South

'Australia to the capital natural gas. has become available within a quite

small. distance of a number of metalliferous -ore deposits, rail heads, ports,

and industrial centres. Amdel has, since 'its-inception 12 years ago, worked

on a number of prOJects, both. for the Department of Mines of South Australia
" and commercial clients, which involve or could involve the use of natural gas.
‘Such topics as the direct- ‘reduction or magnetising roasting of iron ores,

,lead-,copper— and zinc—smelting and refining, copper- and nickel—hydrometal—

lurgy, ilmenite reduction leading to production of synthetic rutile," produc-, :

tion of copper powder, and sulphur from gypsum have ‘all been investigated

' The natural gas marketing company in South Australia is active 'in arrang-

‘ing contracts for sale of natural gas for industrial heating and their _
Arepresentatives have had several. dlSCUSSlonS With Amdel ‘staff on metallurgi-

B cal uses. FollOWing a discussion in January 1970 the proposal was put to -

the Department of Mines that Amdel should maké a thorough study of ‘the

potential chemical and metallurgical ‘uses for natural .gas in South Australia.,

_ Objectives'» - ‘

The‘proposed programme consisted of a preliminary review of technology

~ and selection of 'relevant overseas developments, followed by four and a half

weeks overseas investigation concluding with a findl appraisal of technology,~

. study cost: estimates and recommendations regarding establishment in South }

Australia of operations shown to be economically. attractive. The Department

~of Mines, in. accepting the proposal, specified three extractive metallurgical~"

operations for study, viz: =~ = ) B T S
. S S ' L : voreogen
1, the treatment of zinc silicate from South Australian deposits; .

‘2. the production of copper powderbfrom solutions formed by the

acid or ammonia.leaching-of'copper orés .or concentrates, ‘and

3. the production of iron powder and sponge -iron from South'

Australian iron ore depOSits near the ‘gas pipeline.

Summary of WOrk Done

Follow1ng the preliminary literature review and the overseas investigations,
L

‘the technology of each of the above aspects was examined in detail _
- - The production of sponge—iron, steel.strip, reinforCing rod and wire), and -



-..«,|-r

iron—powder, is considered and a’p eilﬁfﬁéf§ éé§n9m1¢ evaluation for each of

.‘-' e e " . .. . Lot i RIS TS . R L

N

zinc 51licates u51ng natural gas, a prellminarytinvestigation of possible-:

progesses and types of equipment is presented T 3-L s sy ze

P

"?ﬁ“3L¥—=-: DAL o Conclusions '
It appears p0531b1e to miné 1ron ore™in - the Olary reglon of South Australia,
rail it to Sallsbury,*there beneficiate it toé produce 1ron ore' concentrate

QEI wand reduce these by means of natural gas’ to produce 130 000 tons per

-Y%id.jf*iron in’ reduced pellets. LIt is assumed that- 60 000 tons of thiS*

:Lron would‘be sold ‘as sponge ‘iron, the greater part overseas, and 79 000 tons

PO

‘€4 produce

lmé ﬁéd ?steel' *i0f ‘this- amount approx1mately 655 OOG tons would be~”'

. teemed"1nto 1ngots for rolling to strip and reinforc1ng bar3,andﬁdrawing

1nto7wire ThlS ‘output “appears to be equ1valent:h.?10cal South Australian a

demand "The remaining S, 000 tOns approx1mately ‘would: be’ convertéd’to iron

powaer for which there s ‘an’ Australian~demand for 233 000 tonspper year, and it o “_“

>1s—assumed 1n the 1ight of -a prelimlnary appralsal of overseas market)
carried outby'Internatlonal Technical Serv1ces Limited tha

-'be sold«overseas.- These subsequent*steps appear economically attractivewin

'Athls first. fea31b11ity study..- :;'§; ”':;fﬁfi;'_*5ﬁ“';7ff$z‘$Aff;-"ﬂE-“ﬁ 'j3%3
< The flowsheet and materials ‘balance prov1ded by Treadwell Corporation |

were used- to make independent estimates of the capital cost and heat consump—9
)“’ i E PRI 21 WV

tion of. the maJor_items of plant equipment used in the Anaconda-Treadwell

If no, 1nterest charges are. appllcable, however, then thelfn

custom refinery would show a sav1ng of 0.3 to 3 3 cents per pound of, copperr

e v

rwhen compared with shipplng to Port Kembla for smeltlng and refining Ihe

R e T N

best sav1ng of 3 3 cents per pound of copper"on
Tl Toed = ire Y

0 OOO tons per annum 1s

o
R '_--'\.“r !

equivalent to -a 6 l9/ return on the required capitalbinvestment of“$12 1 X 106--

882 ..

-capltaliand operating costs for the Anaconda—Treadwell process ”_.f
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- Austral

_and. 1ndug:ria1 Centres'

‘make aathorough study of the potential chemical and metallurgical uses.: forjly_

o natural gas: in South Australia., - The’ proposed programme con31sted of a ,pres.

Afollowed by, four and a half; weeks overseas 1nvest1gat10nﬁ_concludlng with 8.

‘ the Department “SF Mines to' commerc1al £irms hav1ng as bona F1de' intétestsin’

'w1ll have served ‘ag- &’ foundation.5x

L TR
. c_.‘.u.. FRORENCH U It

With the establishment of a pipeline from the north*east cofner oﬁ South-‘~

rgas

to the capital natural gas has become available within & quite

“f_small distancé oT a number of metalliferous ore deposits, railheads, ports,

':fAmdel has, since its 1ncepmion 124 yearé ‘agoy” worked“i

:on a- number of prOJects, both for the South Australian Department of‘Minés
'5j-and commercial clients, whi

_?involve ‘ot could involve the -use of natural gas.f3

o Such topics as the. d1rect reduction of iron ores, magneti51ng roasting,’leéd R
:_copper and zinc. smelting and refining, copper and nickel- hydrometallurgy, - -
" ilmenite. reduction leading to. production of synthetic rutile, production of

‘zpcopper powder, and sulphur from gypsum have all -been 1nvestigated : ﬁf'fftr"A-

SOV N

The marketing company is active 1n arranging contracts for sale of natural

'gas for;: 1ndustrial heating and their representatives have had several discus
A “sions with, Amdel. staff on metallurgical uses.: Follow1ng a discussion in | L;Lpi'
1January 1970, the proposal was put to the Department of Mines thatrAmdel should:.

liminary review\of,technology and selection of relevant overseas developments,

final review of.. technology, budget cost estimates and- recommendations regard-

- ing establishment dn: South Australia of operations shown to be economically

‘attractive,-; The Department of Mines 1n accepting the .proposal spec1fied 34'

‘three- extractive metallurgical aspects for study, viZNTL sg.;(33néfi :5t:% éli;
1- “the~treatment of 21nc 8111cate from South Australiah aeposits, 6.0
2. ;-the production °f COPPET powder from solutions formed by the B

e e i AU
l'ac1d or ammonla leaching of copper ores or concentrates‘ and
i PR - Ly i ,-: bt =, L Sdih LN 1 i

'w3;.rtthe production of<1ron powder and sponge-iron from ngth_a:ﬂﬂf:sraaﬁwf

‘,Australian 1ron ore. depos1ts near. the gas p1peline.\:";w§, . ”,:ﬁpf

N

It is assumed that this final report will probably Be made available by

IR

'_ applying the results. Such ar firm might well require further ‘detailed: study

of ‘some*aspect’ Eobe’ carried’ out’ at” its own’ expense, “But! the present progect~~~

ey

ész :



.for budget eetimating_purpoees~as;3.5<centsbper therm at Peterborougnﬁfand,_,
4'0‘cents per'therm-in’Adelaide3'(1 therm =. 103, Btu- The;specification for
. ¢alorific value of gas supplled from Gldgealpa is 950 = 1050 Btu per cubic e

‘Lfoét)

2. PRELIMINARY EVALUATION (MID-1970) OF METALLURGICAL
USES OF NATURAL GAS | E DT D i aaci .
';¥&L£5§;f'-xﬂ..£'iﬁéi :\Q -2, 1 Introduction '”-' S g anelon

On the basis.of data for South Austra11a and published information- on
-overseas developments, a prel1m1nary evaluatlon was made of the feasibility
of u51ng natural gas for the’ productlon of 1ron, "copper, and 21nc in “this
Statei®i® This" evaluat1on, made in mid-1970, formed the basis of ‘the: planning

of a~&eries” of plant visits overseas by J. E.A. Gooden in November 1970,

L

_(see Appendix A) ST - 1:_;1 B . : A

- : ;: 2.2 Production of Sponge-Iron L

2.2, l\Deflnltion ‘LﬁiL. ,4;4.;~g“, -;i‘;;»‘zcucgg.ig,',f L

The~term sponge-lron w1ll be used to. describe -highly !‘pre-reduced" .or

metaldlsed' -iron ore.in.the. form of lumps: or agglomerates. ,=Genzinc Riotinto .

of Australla L1m1ted (CRA) planned: to bu11d a, plant in the Pilbara region to.:
produce l mllllon ‘tons per annum (tpa) of ‘such--a product (whlch they termed
"Hlmet") by SL/RN rotary kiln, reductionaof 4iron -ore with coal.- The product “for
which ;3 typ1cal analy51s is glven below (Mackenzie, 1969). was quoted at:

.aPPxQX1mately $38:5. per ‘ton: free on- wharf,_Port Dampier.i:_; s SR
sy : 4 I 1 7 B
33 TR LT dng¥al e T T vy mgig o ek ’
sae-zgsi vi- peMetalldc iron, . 7 9042; i
’ o Degree of reductlon . 96.8 -
SREA - € P ST 0443 Al
us ks soonnt el ',",S::‘{" :;02- 027 R
ST U P L 0.045
FREIARS LIRS A f.":.:‘:."»". SiOzA ‘ FoUALSE o 7_‘-, R JR/ AT :
Lo ."i‘ : \' LAg‘zos . “ ' W 2s 1.0.3 o ¥
A _ Ca0 + MgO - <Lo0 - . .
CLTEDRIC LS T e ) sl dma U ) Jarr e ny R T R A SRR G

In.Mexico. the; HyL process .using.natural.gas has.been;operating at Monterrey.

since 1955;and new.plants have been:built: at.Vera Cruz:.and-Puebla. .; Plants- are .

understood to be mooted for:isouthern USA and a number of -other countries. :(Anon,-

196-93 Mlller, 1970) I

882 -
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o _2 2.2 Uses

: Z{jA further application in South Australia for which the product may be excep--"

”7;fftionally well suited is.i;,

_ Usa with steel outputs ranging from 50 000 to ‘300,000 short tons per year; '

Two maJor‘uses for a sponge-iron product are enVisaged in-‘the” Adelaide ‘

Tl E P R TP S N ,.' P T PV KU SRR & SRS

"area.« j'u‘-f,%-'w;,~ih; ’ ;:; ;-g.-y;';rA:i.~1-- j;;*ﬂ

I

ffiil,-. as a’ feedstock for electric—furnace steelmaking in a mini-steel

plant, o

,}

A"2. .as a cupola feed in foundries.<fihiff5?%f* S

v\

f3{; as a precipitant for copper from acid leach solutions.‘ .

Regarding (1), the suitability of sponge—iron for electric~furnace steel— -

fAmaking has been established and it can be ‘used in combination with the con—
:fgventional scrap, or .as the sole charge.A1 Large developments in this method

fof steelmaking on a 1arge scale, particularly in Japan,.are foreseen by CRA
‘b_due particularly to falling power costs w1th the installation of nuclear o
A»power generators, and to the development of ultra-high power (UHP) electric

ri‘furnaces with short fat arcs capable of more rapid melting (Innes,‘1969

'.Innes ‘and Melouney, 1969) fﬁ This method 1s, however, attractive on a’ small

lscale and.. Miller (1970) listsnno less than thirty mini-steel plants in ‘the™

" based on electric—furnace melting ‘(in most cases- of scrap), in many caseS'f‘?ﬁr
'L:.continuous casting (down ‘to" 60 000 tons per year) and rolling. - As. mentioned‘
" in a letter to. the Department of Mines “(2.. September 1970)" two representatives

. from ‘an Adelaide company consuming 12 000 tons per year of steel strip -

‘visited Amdel to discuss ‘the- pOSSibility of building a mini- steel plant to

supply their own - needs and those of another company using .approximately the -

lsame tonnage. They 1ndicated that they at present buy mainly Japanese

_strip, as the quality of the corresponding BHP: product is inadequate.

Regarding (2),it is believedthat .a sponge-iron product :of .suitable size -

“and analySis would be attractive ‘to foundries as cupola feed.mand might command
"~ a price between good scrap at approx1mate1y $38 per ton and virgin pig iron »

at approx1mately $54 per ton._ This belief is partly ‘based’ on the development

of. the ‘Dwight- Lloyd McWane® (DLM) process: to’ produce large metallised pellets

tfor foundry use and ‘the. proposed use ‘of: SL/RN and FIOR products for this®' -+ 7%

Purpose. S ‘z};—‘x;:sz T a.-:‘e._:ur;- u;-.,.—, o S .«.:;-.-.‘ &

Regarding (3),A1t is likely that the high surface area-of thé sponge—inon

882 . .
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would make it a uniquelyggood preC1p1tant for copper from ac1d leach solu-‘

%ltlons, -and it may- beuposs1ble to. produce, in a two-stage cementation process,"

. a copper precipitate close to - specification for milling-to. copper ,powder,

.and hence of much’ higher value than the’ usual 'cement - copper" (Greves, 1964) ‘w

~ This outlet for sponge-iron‘is likely to be small in. comparison with (1) and

Sl

(2), however, and w1ll not :he: further discussed here. T D S

b',2.2.3 Production Processes et -;U,Q,,.: ‘ Cmnen
' The most comprehen31ve reviews of direct reduction processes for iron

ores are those by Wild' (1961 and 1969). Con31der1ng only processes using

"me thane (natural gas) as fuel wild’ (1969) lists nine new processes since ‘his’

H1961 review viz:.

| Purofer _ . y
ipo.snc . Futakwshit . o T oo

fs}{*q“ o | :_" . ,FIOR . . . B T

- ‘Phelps Dodge | Caiianl o
Armeco . . |
IRSID
M T
Russianlrotary kiln *
,Midrex
--and the e;istence of a number_of less—well—known processes is-known to the

present author (J E A Gooden) from patent literature, etc. In such a f1e1d

-».-' N ’

™
it seems w1sest to select for detalled consideration only the processes for

which commerc1al plants have been built and operated or wh1ch have been

f'\ )
#LBAN

‘proven at large pilot—plant scale resulting in constructlon or planning of

,commerc1al unlts. On - this ba51s, only the following processes qualify

;a. Commerc1al Plants Belleved to be Operatlng at Present B

L ,\-.: ...: IR e P L, AT N RN E

b Prgcess - . Locatdon- i, 0utgut (approx.)
o . ‘ L R - tons/day
R £ e B e T T L B Y B E MRS PR .
wrelyLo sy nis f_'Mcnterrey,Jmexicov-i s:~.93200vns:¢.£f*5"$-pa
S L Monterrey, Mexico ...~~~ 500
o S Ree s Yerat Criz, Mexico’ YRR T «Bpgc e e
s ub giwiaove o aPuebla,:Mexico, 1o | uopii vz 700z - .
\l sl iron e *éLﬁQUSAfﬂ‘u?: Sl Taee n Q;ac-x)SQ;(Z)J«‘
5 Phelps Dodge o« Arizona o Fc;égﬁﬁ o e D0 I “I,ZTL:;C

floe FIOR( Essp).- J«Dartmouth el .. 30
’ Nova Scotia o 7

T S

B

882 |
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) purpose plants, leaving only.>

'-jbatchwise in reactors with reformed natural - gas, the Purofer process uses a N

- furnace,. and the FIOR process isa fluidised—bed reduction treatlng minus 4 to

_Prbcess - " Tocation ' - Output-(approx) T ..o iy ko
S e ot g tomsfday e e oy

Purofer~' ' Obérhausef, Germamy - - < w500 % Cin.iion
‘ Midrex-'v'ajﬂijortland;_Oregonﬁf”‘-’V 1tf“1200 o A

P PR e L .- . L L T e ot 2T e,
PN B A - AU L ST teal oY R R N

b, _*Commerc1a1 Plants under Construction or. Planned L““ ﬁ{‘}in”bﬁrf'-(?ﬂ

Process | _.‘-" n'Location o Outputﬂ(approxh}iif TS

(Nu- Iron’ HIBV)Venezuela ,;_f} fi”jl.-A _,3000‘h : ?! T f‘;}xigiﬁlﬂf”

.'EutakushiA: - Phillpplnes? R -lp3oo-“f"b.f'ﬁ#ﬁ;f'lf"g?:‘iﬁr
: T L _Malaya’g’* ' S e R S

.0f the processes believed to be operating commerc1a11y the Hriron plant (if

.»1t has Ain fact been re- erected) and the Phelps Dodge plant are small special

- Putofer T o DT e

Midréx e

for serious'consideration. The HyL process reduces lump ore or pellets

shaft furnace to reduce lump ‘ore or pellets with reformed natural gas' ithe;-

; i
et L 1.

Midrex process also reduces pellets with reformed natural gas in a shaft “'

RS

8-mesh ore with steam—reformed natural gas.; B

2 2.4 Sources of Raw Material

Flgure 1 g1ves a: diagrammatic summary of sources of raw material for a

_ sponge iron plant 1n South Australia.' It has been assumed that the operation

'would be 1ndependent of BHP though there would be nothing to- prevent the under—

taking buying Middleback Range or Western’ Australian ore if the pr1ce Were

~-r1ght ‘It would be unwise however, to rely heav11y on BHP for ore while

produc1ng products ‘expected to compete with BHP s pig iron or strip in -the A

 Adelaide area. ' Slnce an. output of say 30, OOO tpa of“sponge iron’ {100+ tons/
~ day approx1mately) would appear from a general appraisal of plants ito. be a -

minimum, corresponding td‘say 60,000 tons of oré- petiyear, and.s1nce ‘at. least
: : b : : Lo e S o

e
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15 years,reserves would be necessary to build a plant it follows that iron-

"ore de 051ts of less than 1 milllonftons cannot be con51dered, pnless in ther

a number of nearby very ea51lyrm1ned smaller deposits.,dﬁf.ﬂ ' i

R IR A . PRI
‘.4 : . :

‘ South Australian Ore Dep;sits.t Out51de the M1ddleback Rangeési’ the only . %
deposits belleved, on the ba31s)of reports by Whitten-'(1962:and" 1963) to"

cheed 1- mlllion tons are.,gv]”ffﬁ ﬁti{9’~f5*f;'*ﬁ5%~ %f““ B v
- SR ' S e e b
Razorback Ridge,'ﬁ»_ -.(100 mlllion ‘tons above plain)
Billeroo, g ?i“ (5 dep051ts aggregating 1.5 mlllion tons TR

per- 100 feet.  Could possibly be mined - . . ki

in conjunction with Koolka, Plumbago -and
- 01d Toraminga Dam which aggregate RIS
0.7 million tons per 100 feet). s

Y

o S . _ SRR . 8 S ey
Wilgena Hill o (60 - 200 million .tons). S, .
Mount Christie, I ,(20»— 100 mlllion tons) :

Fo 200 ! ::VE
J-The Razorback Rlage ore, while well situated -1s ‘unlikely: to"be: ¢reatable byi
'any but chemlcal means (Gooden, 1963z and 1965)-,% though ‘the" posEibility of @

T h1gh~temperature reduction w1th‘grain-growth cannéti'be: completely discarded

It willfhe 1gnored in-this: sectlon, but: would technically be'sultable feed. forj

5Jhydrometallurg1ca& iron- powder production*(Section 25342)5 wfd ‘”3“ i
Qhe Bllleroo ‘deposits only Justuaggregate*suffic1ent ore for considera—
‘-tlon. ,}The ore ;s high in. phosphorus but dry magnetlc separation of .a sample,
| gave a, concentrate assaylng 61/ Fe, O 065/ P,0s. (Bollen, 1962a), whlch:would
be; hcceptable i The, ore could be, transported by road. to 01ary -and railed

, approximately 110 mlles to. Peterborough to the natural _gas:, pipellne..,. . h,

S

The depos1ts at Wllgena Hlll and Mount Christle, wh11e of acceptable

51ze, appear too remote.5§ However, -an. estlmate of - freight cost for_lOO 000
tons per year 1n bulk: from Wilgena to Peterborough was., obtalned-from the'~~o"

% Commonwealth Ra11ways.~ 'The - ordinary c1a531f1ed rates for iron:ore in bulk

excluding loading and unloading would be $5 ?0 for the 302 miles ‘by Common-'

re=imr § YA IS

wealth Rallways to’ Port P1r1e,-and $3 66 for the 72 miles by'South”Australian
- sldp e g5 viexti nir ot oeL¥e
. Government Rallways to Peterborough, a total of $8 86 per -ton. However, ‘the
jspokesman for the‘Commonwealth Railways said they would be very‘ingeresiedwié

such ;rav--"cont-ra'é't; afrd 'coul’d"p‘rob’ably‘-"feﬁucef-':" theito p'ri'cé:by-sz-?;:oa: per ton. .

._If*th Sbuth Australian’Government Railways didrithe samhe’’ thestotal would beis &

approxlmatelyu$5=per»ton—of“ore (orac0ncenTrate) (‘Samples“ofﬂthé“Wilgena g
L9 10 61’ hbwevérﬁJdid ot respond wellGeven " flOtation (wh1ch would : be*‘sb

1mpract1€able) (Hosklnk and*Moskovits,"1960) andﬂthe Mount’Christie material‘

- . T bre meety mommigem o b he am st e o fe s meprrn s nme | e ee e e e v - T S,
el a3 g2iw eaoinnecRlb 38503 ookasuTo veit wsw 37 LETIZESD mELIC IO
) 882
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'unfortunately Wore” remote;”shows more promise -of- benef1c1ation.7 Sandman

\;u

(1961) obtain¥d a 62.3% Fe- concentrate by dry magnetic separation and* Bollen

 (1962b) obtained’ 3ddgaz contentrates;‘the cbricentrate gradé” depending 6f

the depth ofithe ore.: The »phosphorus ; .content of. a: concentrate for wh1ch~a“f

complete analysis-is shown was 0. 10/ P20s whlch could .well-be; acceptable

In summary, the most likely utilisation of South: ‘Australian, iron. oregwouldh

be the treatment of ore or concentrate from the Billeroo—Koolka—Plumbago—

oA Mt el

sl fd

- o1d Toraminga Dam area w1th natural gas either at Peterborough or nearer to
: o‘Adelaide._,j - '

South Australian Pyrite Calcine. Sulphuric acid production from Brukunga

-pyrite produces approximately 70,000 tons per annum of. fine-calcine assaying
. approximately 56% Fe which is understood to be disposed of cheaply at’ preSent.
‘While direct. magnetic separation is not very effective for upgrading, -

reduction-roasting to magnetite using.gaseous’ reductant:followed by ‘magnetic-:

separationgis;ynderstopd;to yieldza“highfgrade concentrate;at highﬁirbnfgz t;}

. TeCOVery.; ;° Thisfapyears.anmideal feed-formbrOducing“bellets%forpmetellisajgrf

tion. . - The:company involved:has been. actively engaged in studying-outlets.” .-

for their UPgradéd'caiciné:and.bés*indicated;willingnessungdisgy$571e§y1§§samd

:“pcssible:commeccial:eX?lOitation-gf(1922;N9§9f5~Thi$ ope:atibnAhaérnowrgeased)

”.~f Local sdrAg; “'Thegmbst likelf’use”for fl.o‘claﬁl“"s"ci':ap':in*‘t‘:l':fe":‘e'n't':ér‘p.'ris‘e"'s‘:con.‘-g’u':"j

sidered would be" as part of a’ comp031te sponge—scrap charge to" an’ electric e

‘-steelmaking ‘furnace.  The US Bureau of Mines® (Prasky et all - 1970) -has” Hevel-

ped a process ‘of” heating 1ight-gauge" scrap ‘with IOW*grade non-magnetic ore

in a rotarygkilnrto yield a calcine'whlch can-be'beneficiated magnetically

“to'a hi‘*g‘ht—g"r'ade iha'gne'tite concentrate.” “Enquities will’beé”made refatding: !’

local prices for such’ scrap ~- The ‘process- solves'd Waste disposal” probiém™in’
the USAf te - oAt ions Ly cyronsiloe anl 0 g s SDERE o Daesivaarol
- . - . o .:u IR . NS "'!\, Crow ’: ‘ sr “ . - . .' ;‘, a1 ’ sl 2T 1-’_“ ;

Imported Ore. Prices have not yet been obtained ror Western Australian iron

i f b3

a.‘ w

ore, but it is likelyythat coastal freight w111 be con51derable;_'l

an‘the,bHSis*Ofrthef?bovernréliminaTYqeyaluagign7it was recommended iz

:.that visits be-madeato;the‘Midrex»plant-af'Portlandf-Oregon,-and‘the~Purofer=7lA

plant. at Oberhausen,eGermany, and«to several mini-steel,plants in- the - USAyx o

;'particularly the: Oregoanteel Mill, supplied by- the :Midrex: plant,,and Soulé Steel
"San Francisco, lthiselast representing a smaller, plant (60 OOO‘tpa) having-w

<continuous casting.- It was also- recommended_that discu551ons with the US.-



| production:line.-

Bureau of Mines at Minneapolis, whéré’a'-great amount of work on’pre-reduction

of ‘iron:ore has been carried out, and with Swindell Dressler,(licensees for

the;Hy L. process) in Pittsburgh. would also be fru1tfu1

2.3 Production of Iron Powder

2;3“l*ﬁses'and;Market

._ Finlayson and Morrell (1969) state ‘that world consumption of ferrous.
metal ;powders has . r1sen from less than 10,000 tpa to over 150,000 tpa in the
last”ZO yearsy and suggest an even more rapid rise in the next 5 years

(500 ‘000 tpa: by 1973) if high tonnage applications are developed.  The main’

~zEoe

applidations are in sintered components (507% of powder used in. the UK),

_'welging and cutting, preformed forglngs, and powder rolllng.,to produce strip

'”ﬂ‘foil
Enquiries were made of a large Adelaide firm manufacturing certain auto-

motiveszparts by powder-metallurgy techniques. Their spokesman estimated

“thH¢ they and:‘three-other (interstate) Australian undertakings probably.used.

Hiiaggregate’ of 500 tons of iron powder per year which'is presently imported.

THe'hﬁlﬁn%ei'and'by far the greater part of the -Australian consumption of:
3,200*tpa‘ (1968-1969) was, he said, used in welding rods. - This“Adelaide

. doﬁpan§'hasVekaninedﬁtheipossibility-of prodiucing their own iron-powder, and

| havefobtained.samples,of'coal—reduced Yampi fines, rejected silica nagnetioalf

Llyy:and:obtained expellent<results,inxthe‘usetof;the«concentrate,in<their.

:gﬁﬁxegardlngﬁfuture.Australian1expansion.of powder metallurgy. techniques, he
said.ithis was bound..to come. - Regarding production of gears.by this method
he,said itrwould not 'be suitable for gears requiring case—hardening,‘but'for

gears operating at high speed requ1r1ng good lubricdtion and not:.a-high. tooth

» load, powder—metallurglcal techniques would be suitable. However, there

=, 1'i : LMy e L

were no.. presses 1n Australla at present capable of produ01ng gears of greater

~ than 3 inches. ‘outside diameter.

CEE s apparent that any iron-powder producinn enterprise ‘shotld : plan to .
export‘ .u:'v;; I S R «g.s“ ATRAT RN NS S '

o ip was announced (Anon, 1970) ' that" the ‘Titan’ Manutacturlng :Co. 'would pro—-
duceﬁiron“ppwder:;n Australla,ibutnthe announcemen'fdescrlbes “the .various
processes-fOr‘producing(iron~powder in fafrlf”generalbternsl ‘BHPfrepresen4:

tatives:.indicated in-late:1970. that = final dec1s:on~had ;not: been made on<a-

-proce.ﬁ.s;,_,- but it was mostilikely, to.- .b.e A.gtomi:sa.t‘.mn of_; .l.xqu_m_gi: n_x.etel,.__:-.. Whether.
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',2;firm,commitments’have*beenﬁmade is not known. ' .. e

'Pyron processes (Canada) reduce 1ron ox1de w1th hydrogen;on a mov1ng belt.. g

o;carbonyl route.

bzor chloride.'fp'”‘lwﬂ

: 2 3.2 Production Processes‘ Lo e "?E:“”%fA -:E'A'f.‘f‘“ffi REEREES

World production of 1ron powder in 1970 was’ analysed by Finlayson and
Morrell (1969) as follows._;ﬂ L

Type of Process nt % -of World Production " Suitable Raw material,ﬂ‘v

' Reduction:”alff,V;;irlf ‘11 r_28f’ _E‘Ll’;'*_High—grade 4ron ‘ore or mill .
T L . C : ' L B ’ : ScalE. ffﬂ_.: __'._'_‘ 3“;_ Loyt

- Atomisation;_-' ST e0 ';High—quality scrap or: hotr;.;:
Electrol&ticA'. {_J-. R L2 ':_' ».Low—grade steel plate, cast‘ _
N o “ . ironm, etc. _ ]f‘(3 HUHE

T Hydrometallurgical:;f'_'fop-'10 PR - Any iron-bearing ‘raw materds .
e : L L . ial, ‘including scrap,; ilmenzv.

.-lte’ pyrites. and pickle o
ﬁ.llquor.‘ S _:
- . - e N " . . A T‘. ‘

1.5»-
—

B Reduction..A The Hoganas (Sweden) or. Sieurin method reduces high—grade magpe~~-
‘tite with, coke and limestone 1n saggers in a tunnel kiln. - The, Petrofipa and

il

s Crushing, anealing, grinding, screening, blending .are carried .out on the(‘ e

O

’ reduced product.. The International Nickel Company of Canada Limited use @he )

Geoe s - -’ ’" -.svs;i
Atomisation. - - The Mannesmann process atomlses ‘a stream of-molten metalﬂmkﬁr

:a jet, the -DPG process by 1mp1ngement on a spinning disc. ‘NumeTous- vhrié"”:'

‘tions: are’’extant and various post-treatments’ are ‘usedto give requxre& ‘bwder .
'properties.»V It is stated that ‘many small—scale plants exist throughdhtbﬂﬂ?
" -world for: ‘thes production .of dron; 1ron-a110y and non—ferrous metal-and/éfldy‘-

powders by atomsation. T'.' ‘. ' S '~ ' A ;" . R O e (4 S8 75

ey .[ N ;- . ; . ., N Lf\

’ _Electrolytic. Anodes of 1mpure 1ron are used 1n solutions of iron sulphate

SR Rehy 0N £ISW

e ENORN f;;-'f;-.’":_i £ gl
Hydrometallurgical.‘( TQe_RCA—Beace River—Woodall Duckham processqprpduges

.ferrous chloride from a wide range of feedstocks including pyrite, 1lmepitf
JELCkle liquor, low—grade -8GLap.. .and ore, . reduces the £errous chloride(with
hydrogen and grinds.. sthe; sponge.v A.pilpt—plant commanced productlon at the.

end of l969~at~W1ndsor enear Detroita b ol

.-..u:i,«‘h.. RTIRER .5:..7..3~:':'-‘:-:-A:.‘=".‘.-A.; N -'-_»};:*:E:"‘.LL:H".,V

2 3:3 Value offPrOHUGt* and Cest of ‘Pioduction " Fiedsl ond ;ﬂ;animc:‘i““ijf*

_1?5J~ Redueed'orlatomised powdeP *(minys 100" mesh) sells}at approx1mately

-882
Lie -
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1000

£Stg80 (Australlan prlces of $170 =~ $190° have beenUQuotéd).,?fElectrolytic .
‘powder selils :at; £Stg224 per. ton.',-‘ﬂu'fv S : '
- - From their ana1y51s, Flnlayson and Morrell (1969).. state that - for plants

of: capac1ty "less, than 15, 000 tpa: atomlsatlon is. llkely to prov1de the cheapest

‘.powder. Above 15, 000 tpa the hydrometallurglcal process w1ll - they consider,'

Tw1n—prov1ded that a saleable by- product, such 'as synthetic rutile,. is made.
A 'Slnce electrolytlc powder appears rather -an expen51ve spec1a11ty, and
.thefabove authors consider gaseous reductlon of ore to be the most expensive

of - the rema1n1ng routes, attentlon w111 be conflned to::

auiT
a. the atomisation process, and

b, " the hydrometallurgical process.

il

'2 3 4 Sources of Raw Material 1n South Australla

f:fﬂglten metal would be avallable,for atomisation from a‘mini—steel
plant as. envisaged*in Section 2,2.2. A numbertof small'atomisation'opera—.
- tions_are, understood to be operatlng around’ the world, and the route is- very
versatile.'_ - o o .

Su1table feed for the hydrometallurglcal process would be 1oca1 ore, .
scrap,'or pyrlte,:or imported 1lmen1te, the two latter produc1ng sulphur and
synthetlc rutlle, respectlvely, as valuable by- products. '

The former process would use. natural gas in anneallng, and the latter
: process would use gas ‘to produce hydrogen for reductlon of the ferrous

chloride.‘:iy

>2.s.5 ‘Summ ary’ .= »

on . .the: ba51s -of the prellmlnary evaluatlon presented above it was
‘recommendeéd that "a! small atomisation operatlcn, and the Peace River pilot"
plant-at Windsor, Ontario, be both visited to gain insight into pllot and
_-1abour,requirements-andqcosts.l_'In addition,-consumption trendsfshquld be
discussed with aniinstitute'or'research'association authoritative‘in'this
ﬂfleld for example Battelle Memorlal Instltute at . Columbus, Ohlo, or BISRA
in England e '5_ : S

2.4 ProductionAofﬁCopper Povder: =

T I R N BRI o

2. 4 1 Uses and Market . o _7;_u“>j} o

Copper powder is used in powder metallurgy mlxed w1th tin powder to

make sintered bronze components.~. Brass powder 1s generall) pre- alloyed

»oopper powder is also used in s1nt red 1ron components as ‘a cementing agent.

ses2 .

ot o+

N N S 0 N o N R E O N aE e S w am
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'tion -which 1s supported by the US ‘data- in: Figure 2,

»sSydney

.Asia; Processes are believed to be well developed overseas' for rolling *

C 2.4, 2 Productlon Processes _ ,' oL - :" R

:the following routes:

- Evans, Romanchuk and Machiw (1961) give the annual US consumption of | CEA
copper and copper base-metal alloy powder 1n 1959 .as 40 million: pounds . :;::ALJ{j'I
A:(20 000 short tons) a.per capita consumption of .about’ 0. 25 1b per annum L
for.that year. 3 Annual US consumption from 1960 to. 1964 is shown in ST RN

" Figure 2 L e T ey

The Australian 1mports ‘of copper and copper—base alloy powders and flakes-:

:fare shown in Figure 3. The 1967-1968 values were: 4, 228 cwt of copper powder
~and flake and 4 291 cwt of copper—alloy powder and flake, a total of 8, 519 cwtf?'

or- 950 000 b, a per capita consumptlon of about 0 08 1b per ‘annum. . Linear

]

'_prOJection of the values shown 1n Flgure 2 suggests an Australian consumption~ o
".of 570 tons valued at $1 million in 1973 . However, the d1spar1ty between '.H
- Australian and United States per caplta consumption .may - 1nd1cate that the ‘i
' Australlan consumption w1ll 1ncrease much more. rapidly than is shown by the U;ifh

" linear prOJection.'.

~It 'is not possible to separate the amounts of flake and powder imported

“.but it is belleved from enqu1r1es that powder would predominate, an assump— SerT

Statlstlcs have’ been sought regarding copper—powder consumption in New o

e ey

~ Zealand, South Africa and South-east A51a._ No values have been obtainable, "’

however, e1ther locally or from the Copper and Brass Information Centre in '“Tﬁi
- A copper powder operation'shouldlaim to export, for example: to south-east:

copper powder to strip and the strip output might well exceed the output sold . :

as powder. .Considerable tonnages of copper strip are known to be ‘used in

>South Australla., (Later information. favours melting rather than d1rect-;zum;;y

“rolling of powder ) S o A"'_’ R e A T

A recent 11terature survey by the present author (J.E.A. Gooden) lists 3

"Electrolytic
Reduction of oxide - T
° Reduction from solution by hydrogen- _ .
- Comminution of metal. SO S A g
‘Atomisation of 11qu1d metal o T
' .Evaporation of metal = ' . -
~'Thermal decomposition of salts--. . . . - - L e
Cementation from solution T
Other reduction processes'
882 : ’
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‘While the first is bElieved»to‘be-curréntly;the most important commer-

cially;;theﬁrelative:importance of the other routes is not quantitatively .

r

. known. e S Y R e -
'The.. atomlsation route could be followed in a plant con81dered in Section .
'2.3 and alloy powders could be: produced in this way, but South Australia's .

.main. interest is in hydrogen-reductlon of acrd or ammoniacal leach solutions.

“Hydrogen‘—'Reduction of Ammoniacal Copper Solutions.f Sherritt Gbrdon;

" . ate- Fort-Saskatchewan in Canada, have done a great deal of pioneering in this.
" field -and demonstrated that a copper powder very sultable for powder metal-
!lurgy ‘could be produced They also produce a number of other metal and’ alloy

urpowders by this route. The process is also used by Un1versa1'Metals (now

" Metal Powders Inc ) at Kansas Clty to produce 10 tons. of copper per’ day.

-phas.also been worked on by Sherritt GOrdon. and is used by'ArizonaAChemcopper‘pl

';4ydrogen - Reductlon of Acid Copper Solutlons., ‘This more recent:development

- ‘Company at Bagdad, Arizona in a’plant designed to produce 25 tonsfof'copper"
.powder‘per'day " (Personal communication from Mr J. Rosenbaum of the US
' Bureau of: Mlnes ‘suggests that the plant was 1n1t1ally under-de81gned as due -

' to varlous problems only a fractlon of thls output was achleved Recent

reports: 1nd1cate that problems are be1ng overcome and the output’ is rising

' slowly:towards ‘the de51gn value: )

Hydrogen Reductlon of Cuprous-Cyanlde. Thls new route is a feature of the

Anaconda-Treadwell process which 1s believed to have con31derable potential

and relevance to South Australla. : Brlefly, it--is a. process for- treating

copper sulphlde concentrates by’ slurrylng them with concentrated sulphuric

acid~ and coatlng the - slurry onto -pebbles: which are baked in a rotary kiln. -
‘The products are -copper sulphate;‘elemental sulphur and sulphur d10x1de.

The.latter'isfréConvertetho SUlphuric»acid“in“a“COnventiOnal contact acid .

plant,%ithe: sulphur is purified for sale’ and the copper ‘sulphate dissolved: and R

the solution purified.’ -While~ solvent extractlon folTowed by electrow1nn1ng

is. a p0551ble'copper recovery method the companles-prefer to' precipltate

cuprous cyanide which is reduced with- hydrogen’to”give7pure~copper powder;
This ‘acid attack is-seen* as’ promlslng because: 1t ellmlnates air’ pollution due

to SO‘,_convertlng sulphide" copper quantltatively to’ elemental sulphur, its -

" most: COncentrated and saleable form. - Itlls con31dered relevant to South

Australla“because rt permlts the marrylng ‘of: sulphlde and 9¥ide dre’ treatment,’

’

-produC1ng a- copper sulphate solutlon from the sulphlﬁe concentrate whlch can

- 8sea
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- centive for local treatment of the State s numerous .deposits of. copper ore.

" Scrap should also be taken into conSideration._

8 pOSSibility of entering hydrometallurgical extraction of copper. ,‘;i

“reduction plant in Canada, Chemetals Corporation in New York " Arizona. Chem—: vl s

' achieve ‘the high purity currently required.

'.be combined with that from aCid vat-leaching of oxide ore.,

For this reason’ we . have kept in. touch" with the: Treadwell Corporation, who

" have supplied us with samples of the baked, coated pebbles from the kiln. ;;ﬁisx
.The acid leach section of the pilot plant in Arizona has. started and was .- o

i.expected to. be operating smoothly by November 1970 " It was understood that.

the cyanide section would be slightly delayed - ;f"‘:;: -,b' S 5- mg;-

" 2.4.3 Source of Raw Materials in South Australia ",5".i S 'j»,jf‘gig

The cost of . transport to interstate ‘or -overseas smelters prov1des an: in-'?--'

.. While Burra ore 'is’ to be ammonia—leached, a number .of other oxide deposits :
_are amenable to aCid—leaching ; Attractively low prices are "being quoted for
I sulphuric acid produced as' a by-product of non—ferrous smelting.” The .- '

.':lAnaconda-Treadwell process gives the ability to. treat sulphide copper concen- R

trates and oxide . ores or concentrates uSing a common copper recovery process., L

Several South Australian companies are already interested in the N

It was recommended ‘that visits be made to Sherritt—Gordon s hydrogen— V“~5'x

copper and the Anaconda-Treadwell pilot plant (both in Arizona) and possibly

the plant at Kansas City which produces copper powder by hydrogen reduction )

from ammoniacal solution.

2. 5 Production of Zinc from Silicate Ore , ey

The use of .natural gas to produce zinc from Silicate ore is an interest-A -

ing possibility, but no technology has been developed More-detailSyshould S

"be sought of the chemical comp051tion and mineralogy~of'the South Australian‘-

zinc silicate ore.. It would-be attractive to produce zinc metal directly .
from the ore or a concentrate by- the use of natural gas, though the metal

would almost certainly require. fractional distillation for lead, removal Lo s

RPN R P '.‘:_»‘.':.-J

Production of zinc. ox1de by allowing the ZlnC vapour ‘to reox1dise, as:in . I
slag fuming, would not be so attractive. ,;It~would.admittedlygsave_freightn' cur

and Simplify.leachipggubutﬁthe_zinc_ox1de product would&require;densificationahﬁ'

or agglomeration and would still only.be a,feed for acid leaching. -~ Reduc- . ..
tion:and reoxigatipniwouldwthus:only;be.ajconcentrationgstage. . Nevertheless, - -

882
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“the economics -of such a step will be briefly examlned in later sections of -

this report.. Work has been done at ‘Amdel on the reduction of solid 17.5%

" Zn- blast furnace slag with hydrogen and carbon monox1de. To avoid melting,A

’ reactlon temperatures were limited to below 950 C, at Wthh température the

' ﬂrate ‘is slow and the. equilibrium constant small. ‘Natural z1nc 5111cate

:T3w1ll have the advantage of 'a h1gher meltlng p01nt. If the 21nc 81licate

were melted. a slag-fuming type operation. could be env1saged but natural

- 'gas, despite certain Ru551an claims (Gooden, 1964) appears to be an inferior'

.fuel for slag fuming. - - The use of a.cyclone furnace should be considered. _
» Doerner (1936) made a thorough practical study of the reduction of zinc

~oxide sinter with natural gas at temperatures up to 1, 050°C flrstly in f'

laboratory equipment and then in a semlcontinuous retort produc1ng approxi- ,

. mately /s 1b per hour of meta111c zinc., A number of problems were overcome,

the reoxidation of zlnc vapour by CO. and Hzo be1ng_prevented by catalysing

the.reaction of these latter with excess methane. A large pilot plant was ’

designed, but as. far as is known, not built. .

3. RESULTS OF OVERSEAS 'VISITS AND DISCUSSIONS.

" 3,1 Notes on Overseas Visits q

_ 'Notes on each of the»nineteen‘overseas visits made during No&ember -
early December 1970 are presented in Appendix A. Included in these’notes

are reprints of brochures and papers relevant to the subJects under study;

3.2-Summarlsed-Rev1ew of Technology Based on Overseas Visltsh

3.211 Sponge Iron and Iron Powder

Figure 4 has been prepared. to show in a generalised way the routes.

using natural gas which have been  examined overseas, and which, with the:

exception of iron-ore leaching, are all in commercial operation now, or»have

been ‘recently, or will be shortly. It must, of course, be borne in mind

_ that"the.iron powders produced by the various routes differ in-their proper—
ties and applications,: ‘but’ various post treatments are capable of maklng a
e given type suitable for -other applications. '

FAT comparatlve assessment will be made’ in Section 4 of 'this report of the
,appllcability of these processes in South Australia. ' Companies engaged in
metallised pellet production, and atomised powder production indicated the
: p0331b111ty of their supplying capital if such operations were shown’ to be

v1able in South Australia.

. 882
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' gas to produce copper briquettes for melting, or powder, or continuously—-:

'rolled strip.  The proponent suggested ‘that another company (General

15

. The commercial»utilisation-ofnpyrite cindersiwasialso inspected and. = .
discussed., S ' ‘ '

ey

3 2.2. Copper Powder

Information has been obtained on three methods of produc1ng copper

powder from an ammoniacal copper solution..f“iﬂ o "“ : - .

1. 'Prec1pitation of metal powder by hydrogen produced by reform—
‘ing natural gas. . ‘This - operation on a commercial scale has

been inspected.

'2..“Precipitation of black cupric ox1de by bOiling and subsequent -

'solid—state reduction With gas. .

3. A possibility mentioned'by research staff'was»to~precipitate
_basic copper carbonate and reduce this hydrothermally with '

':hydrogen (produced by reforming natural gas)

—

“cipitation from acid solutions is. understood to have encountered severe

corrOSion problems.

The Anaconda—Treadwell process being piloted in Arizona has been inspec—

. ted and detailed cost. ‘estimates obtained  This process would use natural

-»Electric) for which he consults might be interested inwaxablishing a- commer—

;Cial copper—production operation in South Australia.

A paper assessment of these copper processes using natural gas is made in

‘Section 5 of this report.

b3.2.3 Zinc from. Silicate Ores

Data have been obtained from laboratory work on the gaseous reduction

of zinc silicate, and from pilot -scale gaseous reduction of Zinc oxide sin~ B

ters Woodall Duckham have developed in the laboratory an HCY leach'process;;

which they would 1ike to. try on- samples .of South Australian zinc 31licate‘

With the research data available.,,

L
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The commercial plant in Arizona produCing copper powder by hydrogen pre—;-_

s

~1s also assessed on. paper, in. Section 6 of this report, as . far as is poss:ble,»

' ores, but the process would not necessarily use much natural gas. This -area. '
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. 4. ECONOMICS OF AN_INTEGRATED OPERATiON INTSOUTH'AUSTRALIA
.TO. PRODUCE, SPONGE-IRON, STEEL AND IRON POWDER '
1'4;1,Marhet35 :
.i4 1,1 Sponge Iron ,
a o It is very llkely that a hlghly—metalllsed sponge iron product could
be sold in South Australla ‘and 1nterstate for- foundry use, partlcularly if
brlquetted, and any excess.exported to Japan. The market would-probably
haue to. be worked up and iron founders convinced of the value of this.material.
Hamersley Iron were active.in advertising their "Hi-met" product which they
‘were- cons1der1ng producing in Western Australia at ‘the rate of 1.4 mlllion
Atons pe1 year from Pilbara ore and Bla1r Athol coal by the SL/RN process.
The prellmlnary quotation of price in 1970 was $38.50 on wharf at Dampier.
The 1nterstate and overseas markets should be examined as exports would

'permlt larger-scale pre-reductlon at lower unit cost, but may require pur-

chase of ore or pellets from Whyalla,-Tasmanla or Western Australia tosupple-~

ment'iocal'reserves (see Section 4.2.4). - For the purpose of this report‘it
'will be- assumed that 60,000 tons per annum of metalllc iron are sold as.
sponge, e1ther as- reduced or brlquetted in South Australla, 1nterstate, or

"overseas.j

-4, 1 2 Steel Strip

- A South Australian tube manufacturer has stated hlS steel strip require-..'

ment as 12, 000 tpa. He also states that another firm may use 12,000 tpa so:
that a market for (say) 25,000 tpa-of strip will be assumed. Welded- tube»i
manufacture prohably‘restricts:the steelemakingpoperation'to the use of a
major proportion.of‘virgin iron and a minor proportion of purchased scrap, in
-,order'to keep the content of”residual metais doWn It will be'assumed ’
therefore, that the proposed, steel—maklng operatlon will use only sponge iron
and ' 1n-plant 'scrap. ‘

e

The above manufacturer +has- also 1nd1cated his 1nterest in later making

L alloy steels.-

4,1.3. Re1nforc1ng Bar ‘and Wire

y

Most of the mini- steel plants in the USA- produce re1nforc1ng bar and

' wire, whlch ~appear ideal products not requ1r1ng the massive rolling equ1pment '

necessary for large sections. and plate. '
The manager of a South Australlan plant involved in this f1eld estimated

in 1971 the South Australlan consumptlon of merchant’ re1nforc1ng bar, of.

882
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:Europe, and markets for iron powder have scarcely developed in many. of
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/a-inch diameter and above,bincluding deformed bar of 51zes 4 to 11 - as

20,000 tons. (+5/) ‘and :the" consumption of ‘drawn- wire, 1nclud1ng galvanised

‘:w1re.£or fencing, as 20, 000 tons (+102)

.On -this baSis a local ‘market for 40 000 tons of bar will be assumed

'covering‘bar.uSed as such- and bar subsequently drawn to wire. . " Such a bar—

»_Arolling and. w1re-drawing operation is carrled out at Etlwanda,,California c

(see Appendix.A) as. well as elsewhere. o

' 4.1.4 Iron Powder

The Australian consumption of iron powder is at present approx1mate1y

.3 000 tpa, of which by far the greater part is used in acid (rutile coated) -

‘ welding electrodes. Mr . Speed of ETSA, Federal Pre31dent of the Australian

Welders Institute, said he believed the time was ‘ripe to produce the iron

powder in Australia and listed suppliers of the. welding rods on. the Australian

"market (1n approx1mate order of importance), as:

” ,Lincoln.Electric Co.~
EMF o ' ,
Murex (subsidiary of EMF) _
-Weldex (Philips) (Made in Holland)
Australian Welding Industries. E
lThis application is particularly”interesting asiMannesmann in Germany :

(see Appendix A) produce a powder suitable for this appllcation, 31mply by"

. water- atomisation of electric—furnace—melted metal drying and screening -

without any reduction or heat-treatment after atomlsation. ’»The plant p

. required.would therefore belfairly simple. Glidden-Durkee have a similar

process and AO‘Smith also, it is belie%ed

. A survey of overseas markets has been made for this prOJect by International

.Technical Services Limited (Appendix E) ‘While there is competltion from

.

Australia's neighbours, an export market of 2,000 tpa will be assumed making v

" a total market of 5,000 tpa. -

4.1.5 Total Outlet for Sponge Iron

From the foregoing sections, the ‘following will_be assumed:

- . . . R " . . -
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L - _[c .'.n -d - :»;,;- - - e . " %.. Tons Fé'Qa .
. Sponge iron, as- reduced and briquetted . 60,000\
e _Steel strip -, o . 25,000
A . Reinforcing bars and wire - : 40,000
- Iron powder for welding rods - 5,000
130,000

A production of 130,000 tpa of metallic iron will require:the prodnction
and processing of 210,000 tone of iron ore concentrate assaying approximately

64% Fe.

4.2 Sources of Raw Material )

These were coneidered in a‘pfeliminary'way in Section 2 of this report.

4, 2 1 Iron ore from Olary

—Appendix B lists a number of dep051ts withln 30 -to.40 m11es of the

Olary Railway Statlon. After br1ef dlscu551on with Mr G. Whltten the assump-

.tions set. out in Appendix C have been made g1v1ng assumed reserves which can

be summarlsed as follows:

million tons Grade % Fe
yg;}_h. ngh—grade ore . ‘ k : . o 1.8 . A 66
Concentrates ‘from lower grade ore* 2,0 . ‘61
; S o oo
Total ’ L o ) 3.8 o o=

~*' 3.0 million tons at 48% Fe.

At a production rate of 160,000 tpa of concentrates the above reserves
would‘last.23>years; at 210,000 tpa they.would;las; 18 years.
A“freight rate from Olary to Salisbury, Which has been assUmed as..the

site for a pelletlslng, pre- reductlon and melting plant, was sought from; the

SouLh Australlan Rallways. . A senior officer adv1sed that while the scheduled_b.

rate iould be $8 14 per ton, a rate of $4.50 per ton could be assumed for
100,000 tpa of iron ore. Bogey exchange would take care of change of gauge -
and a siding exists at Olary. The rate would be'eubject.to adjustment each

12 months, and amounts:to approximately 2: cents oer ton-mile.

C 4, 2"2“If5n10te'from Mount Christie

The Mount Chrlstle deposit is 17 mlles from the Wynbrlng railway station
‘whlch 1s 377 miles from Port P1r1e - Assumlng a“final negotlated frelght

rate of 1 cent ‘per ton-mile “on - Commonwealth Rallways and 2 cents per ton—mile’

o S LT I R T O f,‘-;? RGN ER VLN
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”combined in equal proportions. The . high—grade ore’ will probably require

.grinding and magnetic separation to ‘remove. phosphorus as well as for

19

_on South Australian Railways, the rail freight to Salisburynwould be $6.00°

per ton. Proved reserves approach 20 million tomns, with possible reserves

- of 20 to 100 million tons. At the freight rate quoted it would: be neces-

sary to beneficiate the ore, grading;about'BSZ-Fe, at the mine. Beneficia-

"tion testwork.on drill-core material has been carried out at Amdel.

It appears that the cost of concentrate from this source would be a little .

higher than from Olary, so that Mount Christie will be con31dered as a

reserve Wthh could be brought into productlon if a large increase in sponge—

iron production were required

‘4 2.3 Pyrite "Calcine from Birkenhead

As mentioned in Section 2 of this report, sulphuric ac1d production
from Brukunga pyrite produced approx1mately 70 000 tpa of fine calcine
assaying approx1mately 56% Fe. It ‘was shown to be.possible to upgrade this ’

calcine to better than 67% Fe, so that a supply of 50, 000 tpa of" concentrates. o

‘assaying at least 65% Fe was assumed However, this operation ceased in

1972 and the calculations have therefore been revised to ‘omit this source of -

1ron ore feed.,

4 2.4 Purchased Ore or Pellets

Since the purpose of this prOJect is. to develop unused ‘South Australian A

resources, purchase of ore or pellets w1ll not be considered in the basic _

operation.. If markets develop it may ‘be possible later to expand production.
" and hence decrease unit.costs. In this case, due to limited reserves in the'

jOlary province, iron ore or pellets may have ‘to be purchased

' 4.2 5 Local Scrap f . ';<

"Overseas Trade for the year 1968—1969 shows 123 578 tons- of iron and

steel scrap waste,; valued at $3 15 million (ie. $25.1° per’ ton average) _
: exported from South Australia to Japan.: While local scrap is the-. feed for o
‘almost all of .the "mini-steelplants" in the USA it will ‘not be considered .

for the plant under discussion._b.”

4, 2 6 Cost of Olary Ore, Delivered to Plant SR ’;f.:.. BRI

In order to produce as steady a. feed as- poss1ble to the reduction

» stage, it is ‘assumed that both lower—grade Billeroo ore, and. high—grade ore,

.are mined ‘and concentrated separately but simultaneously and the concentrates

':pelletising. - On the basis of work by Bollen on. surface samples only, it

881’
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will be assumed that 48% Fe lower-grade Billeroo ore can be upgraded to a

61/ concentrate representing 657 of the original weight. - ‘The high-grade ore
:.apparently assays 63 to 67% so that productlon of a 67% concentrate from it
a ﬁlll be assumed in 957 of ore weight. The required tonnage of 210,000 tpa

‘of 647 Fe . concentrate. is assumed to be made up as follows:

'Conc: Grade Conc Weight  Tons Ore*

Fe Z tpa ‘

Billeroo low-grade 61 115,000 177,000
High-grade ore 67 : 95,000 - 100,000
Total . 63.7 . - 210,000 277,000

* "Tons of ore to be mined and. transported.

Alt will be assumed that the annual tonnage of feed (277,000 tons)lis
fmlned by . open—plt methods in an annual campaign of several months by a large
_contractor. He would move in on several of . the deposits, mine ore and waste

rock, load the ore into motor trucks and cart approximately 30 miles to

stockpiles (low-grade and higb—grade) at the Olary siding. From these stock-

piles the broken ore would be loaded throughout the succeeding 12 months on

to, rail trucks for transport to the plant.

-

Budget costs assumed are as follows.-

- Cost per ton of Ore Railed, $

. Low-grade ‘Hdgh-grade
‘Mining ore, _($O.80 per ton)* . 0.80 - 0.80
Mining waste rock, ($0.50 per ton)* - . 0,50 . 2,00
~ Transport of ore to stockpile*'- . 0.80 . :0,80
' Loading on to rail trucks* - . 0.20.. ' 0.20
. .Freight. to Salisbury** - ) ' _ 4.50 ' _ 4.50
‘{;Costlofaore on rail trucks at Salisbury ._. 6.80 ) 8.30

;*“ Budget estimates by W.P. Boyce, Operations Researcb/Computer
Services Sectlon,rAmdel : Lo :

M”I** _See Sectlon 4,2.1,

,'.1‘- e . A o

From the - prev1ous tabulatlon the annual cost of ore on rail trucks at

Salisbury is $2 030, OOO or $9 68 per ton of resultant concentrate.

4 3 Productlon of Concentrate .

The beneficiatron plant will treat: per annum:

es2 -
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h‘_of pelletising as . $2 80 per -ton.
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177,000 tone'as—minedllow—grade‘ore'(48%fFé)~?
100,000 tons.as-mined high-grade’ore»(65467Z:Fe)A

-

:». Afirst estimate flowsheet by L. J.'Weir is given in Figure 6. It assumes ;

that the ores mined will contain predomlnantly magnetite, but 1ncludes prov1—

sion for gravity cleanlng of a hematitic material . The follow1ng budget

estimates have been made:

$
_.Purchased equipment cost - - ’ - 'h. - 520,000
ArInstallation 200% ) - T - : ‘._1,040,000
Fixed Capital Investment (FCI) o o 1,560,000
- | S I | ~ $/ton Ore
Power h i : ‘:».f: , '”i,'_ Lo T ' .. 0.10 ¢
Steel S S Sl e 0407
-Water T S e 0405
- Stores '~ . e 00,10 .
- Direct labour : ’ S . .-0.40 U
' Maintenance T P 0.20 = .

: 'Direct Operating Costi:'l.fpfﬂ {% o dplj“ff' - :<l 0.92. -
'-Indirect Costs: . SR ' ...‘x'.:h R Ce
Payroll overhead, laboratory, plant overhead R - 0.400

Fixed Operating Costs oo e S
. . Depreciation.(l0% of FCI) L 0457
B Interest on. capital (7/ of FCI) . . .. 0,40

3 Total Operating Cost-_’ i' ' AR »‘:'}f T 2,29

‘ ie;.‘ili $3 10 per ton. of concentrate.

o 4.4 Pelletlsing _ ,
) It is assumed that 210 000 tpa of fine- concentrate, 64% Fe, is balled and

then fired on a travelling grate. ' It is assumed, without actual experimentalx

:data for this material, that firing to 1 050 C will give the pellets sufficient'
"strength for the: reduction process. " The capital cost of the balling and '
‘firing plant will be taken as $2 million.-: '

The direct. operating cost w1ll be taken as $1 per ton of concentrate and

'indirect and fixed costs as $1, 80 per ton of concentrate, giving a total cost

882 .



'-'should be more favourable. Further- 1nformation is awaited from, the USA.

) given in Table 1, giv1ng a direct plus. indirect ‘operating costs of $11. 50 per

v pe e e s aee e s
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4.5 Reduction

From overseas v151ts and enquiries, there are f1ve possible processes for

metallising iron ore peilets using solely a gaseous- reductant

a. Allis Chalmers Direct Reductlon Process
_(rotary,kiln, natural gas is reformed within the
kiln burden).
b. Armco Process

(shaft furnace, natural gas reformed externally).

C. HyL Process

(batch reactors, external reforming)

d. Midrex Process

(shaft furnace, external reforming).

e. Purofer Process o ST PO

(shaft furnace, external reforming)

<

Of these, little information has been released on the Armco or Purofer

processes and only HyL and Midrex processes are operating on full commercial
sCale. '~Midland-Ross will not consider a Midrex plant smaller than 400,000 tpa
of metallised pellets, - The -HyL process is'well—proven and plants of the

réquired size have been built, and it will therefore be used. for the present

'budget costing . However, the Allis Chalmers process is very attractive in

that the expense of external reformers is removed, so that the economics

The cap1ta1 cost of a HyL plant consisting 'of one reformer furnace, four

reducing reactors and four heat accumulators, and including water recirculating

system, transformation from 13.2 kV incoming electric power, control house and
other - directly—related fac111ties w1th1n the battery limits will be taken as
.._4$8 million. ' , e '

' ', The. direct and - indirect operating cost breakdown by - Sw1ndell—Dressler for

Aia plant of similar size can be itemised’ ‘for the plant under consideration as

%thon of iron in reduced- pellets. . Fixed charges will be taken as follows: -

sez
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SR : Reduced Pellets:
Fixed Operating Cost. S e S o
Depreciation =~ - S = o - 0.61 .
_-Interest on capital - .~ . .- . .o i 0443
Total Operating,Cost- Ajd R _3 - 12054

4 6 Melting and Casting

' Swindell—Dressler recommend continuous casting only if- the production rate

o 1s greater than 100,000 -long tons per annum ' of metal ’ The assumed melting -

capac1ty is 74 000 tpa. of iron in reduced pellets which at 95% yield gives

70, 000 tons of molten metal, so that a 31ng1e 20-ton electric arc furnace
: would be used teeming into 1ngots. The budget Fixed Capital Investment

: quoted by Sw1ndell Dressler is $4 million.

The above company gives an-analysis of direct plus-indirect operating costs,_.
excluding electricity, for a 250,000 tpa electric furnace plant melting 60%

HyL sponge and 407 scrap.' AdJustment of their costs for South-: Australian

conditions gives $17.2 per metric ton- of iron. - For the smaller plant:

presently under. consideration, with. teeming 1nto 1ngots, a figure of $20 per

ton of iron in reduced pellets w111 be assumed to which will be added $6*

for electricity (600 kWh per ton. of 1ron) " Fixed charges will be taken as’ Aw
-follows. '
~ - $/ton Fe in
"Reduced Pellets
Depreciation (1b% of 'FCI) T S 0.54 - E
- Interest = - ( 77'of FC1) . o 0.38° ©
Total Operating Cost .',' S o f o 26-92: _} )
4. 7>Rolling -'.lp S I

The cost of rolling the 1ngots to strip and reinforc1ng bar, and drawing

.of wire w1ll not be con31dered at this stage. :

4;8 Production of Iron-Powder

Woodall-Duckham Limitéd have supplied.a capital»cost estimate and quantities

*  The Tariff Officer of ETSA advised that while the regular rate for approxi-
mately 70 million kWh per annum would be approximately 1.1 ¢ per kWh, a-
rate lower than 1 ¢ may be negotiable, particularly if interruptable
supply were . agreed to by ‘the user. . . o
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of items required for dperation for the production of 5,000 tpa of iron powder -

using Glidden-Durkee techhology,_including induction-furnace melting of low-
carbon scrap (see Appendix D). The heat-treatment step included would pro-
duce a product suitable for powder metallurgy, in addition to the as-atomised
prdduct for electrode coating. . It will be assumed that the powder piant is

located adjacent to the electric furnace steelplant, and that ladles of molten

metal are carried from the latter to the former, so that no melting is required

in the powder plant. However, it would be wise to include the induction fur- °

nace for holding of the molten metal when required, temperature and éarbon
adjustmen;,brefining or alloying if reduired, etc, Minor adjustments have,
therefore, been made to the data supplied. _

‘The plant is. assumed to produce 5,000 tpa of iron powder working two:
shifts per day for 250 days per annum. Wbodall—Duckham suggest a Fixed :
Capital Investment, under Austraiian conditions, of $1.3 million.

~-Since molten metal will be transferredAfrom the melt-shop, the power con-
sumptions will be taken as only 150 kWh per ton in the directAoperating cost

‘analysis set out in Table 2, giving:

$/ton Product

Direct Operating Cost - : 25.78

To which must be added:

Indirect Operating Cost -

(Payroll overhead, laboratory, plant overhead) - 12.00

Fixed‘Oberating.Cost - A

‘Depreciation (10%Z of FCI) . ' 26.00

Interest on capital (7% of FCI) . 18.20

Total Operating Cost - 4 . 81.98
(say)$82.00

It should be noted that these capital and operating costs apply to thé
production of a powder metallurgy grade of powder by subsequen; heat treat-
ment after atomisation. A '

The cost of production of the molten metal will bé taken as $5 less than
the cost of producing Billéts (Table 3), viz, $62;50 per Eon of metal. Hence

total production cost for iron powder is $144.30 per ton of metal.

-
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4 9 Summary of Costs of Products Compared with
" Market Values

The 'total costs of production of . the -various intermediate and final pro—
ducts are set out in Table 3. ' The costs of iron-ore concentrate ‘and pellets
produced in this small—volume operation from small and relatively remote

depOSits appear somewhat high by comparison with prices obtained by Australian

lmining companies exporting to Japan, but the pellet price is comparable with '

prices paid by USA iron and_steelmakers.r ~The marketable products are dis- 1

cussed below.

4.9.1 Reduced Pellets (Sponge Iron)

HyL sponge- iron produced from Alzada pellets is 87% metallised but -

- higher metallisations can be- obtained with a little additional gas consumption.

Hamersley Lurgi pellets .used" by Cavaghan and Harris»are quoted: as containing i
86 4% metallic iron, 91.6% total iron, ie.- 947 metallised A detailed apprai-
sal would require examination of gangue constituents, but an estimated total |
production cost of $37.50 per ton of iron in a South Australian product

assumed to-assay 90% total iron, ie. $34 per ton of product, appears to have

A a margin for profit when compared With $38 5 per ton of Himet on the wharf at

Dampier (This latter price was quoted before the recent . labour cost

increases )

4.9.2 Steel Billets

The estimated total production cost of $67 70 per ton for steel billets.

compares with the follow1ng Australian (wholesale) prices c1f Australian

.capital City ports supplied by BHP (20 May 1971)

$ per Ion‘
'Billets for re-rollr ... . 85 (basic price) plus surcharges .
_ c o ' .eg. mild steel $+1 -
Merchant bar—rounds' 103 (baSic price) plus surcharges
' : '/2 inch $+4
®/e inch $+8
There appears to be ample margin for profit.b Distribution ‘charges would

be added to the above prices to give the retail prices from distributors which
are understood to be about 20% higher.
4, 9 3 Iron Powder

Australian prices cf $170 and $190 per ton were quoted in 1969 for two

of the more common grades of imported iron powder. _There appears to be a
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small margin to cover sales costs and profit with an estimated total production.

‘cost of $144,30 per ton. It should be noted that this total production cost
corresponds to manufacture of a heat-treated nowder for powder-metallurgy,

which probably commands a price higher than those quoted above.

4.9.4 Capital Investment

The estimated fixed capital investment for each stage of processing is
also shown in Table 3. . The total for the whole complex is estimated at $17

million.

4,10 Conclusions L

It appears economically fea51b1e to mine iron ore in the Olary region of
South Australia, rail it to Salisbury and there beneficiate it, produce iron
ore concentrate pellets and reduce these by means of natural gas to preduee‘-
130,000 tpa of iron in reduced peiiete. It is assumed that 60,000 tons of
this iron would be sold as sponge iron, the greater part overseas, and 70,0@0
tone melted to produce steel, Of this amount approximately 65,000 rons
woulu be teemed into ingote for rolling to‘strip and re4inforcing bar, and
'draﬁing into wire. This output_appears to be equivalent to loeal.demand.
The remaining 5,000 tons approximateiy would be converted to iron powder for
which there'is an Australian demand fer 3,000>tpa, and it is assumed in the
light of a preliminary appraisal of overseas markets (Appendix E) that 2,000~
tons could be sold overseas. These subsequent steps appear economicaily

attractive in this first feasibility study.

4.11 Recommendations

It is imnertant rhat'plans be made -to prove the irdn ore reserves and con-
firm the:amenabiiity to concentration of ore at depth. biamond drilling (to
the depth assumed to be mined) should be carrled out at several of the larger
deposits (both high and lower-grade) and the core supplied to Amdel for bene-

fication testing.

5. THE ANACONDA-TREADWELL COPPER.PROCESS

5.1 Introduction

“During visits to Arizena and New York late in 1970, ‘Mr Gooden obtained
flowsheet and cost information for a recently developed hydrometallurgical
process for pure copper production. The 1nformat10n obtained related to a

plant capac1ty of 80,000 short tons of copper per annum. '
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'from Kanmantoo (7, 000 _tpa Cu) and from Mount Gunson (3,000 tpa Cu)

o

_ bThe aim of this Section of7the'Report is to determine the economic -feasi- .
bility of thlS process for. South Australian conditions. Estimates for. an

Australian plant of 80, 000 tpa copper capacity will be made, therefore and

- compared w1th Anaconda-Treadwell estimates for 80 000 short tons per ‘annum of.

‘copper.' From the former, estimated costs will be derived for a plant of a.}jp

capac1ty of 10 000 tpa of copper. ' ThlS was chosen as a. realistic order of .

magnitude for South Australia since it corresponded to the sum of the outputs

. 5.2.Process Flowsheet 3

The flowsheet adopted is shown in Figure 7. - The process:is briefly des-

f;cribed below.' [ e h oS -

The- copper concentrate is attacked with 90 .to 98% sulphuric acid to form

copper sulphate and other metal sulphates, releasing the sulphide sulphur as C 5

r'elemental sulphur and the. sulphuric ac1d being reduced to water ‘and sulphur’

dioxide:.
CuFeS, + 4H,SO, ‘= CuSO, + FeSO4 + S; + 250, + 4Hz0 .

This attack 1s carried out partially in a pug mill and is completed in an
externally—heated kiln from Wthh ‘air is excluded The temperature is held
at 250 to 280°C. Pebbles preheated ina 'kiln are also fed, the copper and
other metal sulphates formlng a coating on the pebbles. ‘The water, sulphur
dioxide and elemental sulphur are largely vaporised from the kiln.- The coated
pebbles are cooled in a second kiln by a countercurrent stream of sulphur
dioxide, which also- volatilises the remaining sulphur, The pebbles are ‘then

countercurrently washed on--two screens, dr1ed and preheated before recycling

‘to the kiln.~

The gases from the kiln and sulphur vaporiser pass to two water scrubbers

in series where elemental sulphur is recovered as a slurry. ' This sulphur .
assays 97 to 98% S and canlnapurified by melting and filtration. The sulphur
diox1de from the scrubbers is ox1dised for conversion to sulphuric acid for
re-use. » "

" The metal—sulphate—containing solution (60 g/1 Cu) from the pebble mashers
is thickened;and filtered to remove waste insoluble residue,.and then'purifiedf
by sparging in sulphur_dioxide to precipitate silver and other metals which

are removed by filtration. -
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The purified solution then passes to a reactor where the copper is precipi--

tated as cuprous cyanide by the reaction with hydrogen cyanide (as an aqueous
solution containing 25% HCN) and sulphur dioxide, sulphuric acid being
regenerated: A

2CuS04 + SOz + 2HCN + 2H,0 = 2CuCN + 3H.SO,

The preéipitated cuprous cyanide is removed by continuous pressure filtra-
tion, washed with coppér sulphate solution‘and then twice with water to elim—
inate free cyénide, dried in a multi-hearth dryer'to 3%Z moisture, and then
briquetted in compacting, pocketed rolls.

These briquettes are reduced in a kiin by the passage of hydrogen .
from a gas refdrming plaﬁt.thus regenerating hydrbgen cyanide gas for
recycling:-: ‘

CuCN + '/,H, = Cu + HCN

The gas is water-scrubbed to form the 25% HCN solution required for the
precipitation stage.
The copper-barren solution, after the cuprous cyanide precipitation, con-

tains 18% H.SO, and ferrous and other metal sulphates. This solution is con-

centrated in a triple effect evaporator to nearly 40% H.SO,. Ferrous sulphate -

heptahydrate is crystallised from this solution by refrigeration to 0°C and
removed by centrifuging, the 40% H,SO, solution then being.further concehtfated
to 80% H,S0, by submerged combustion. -This acid is tﬁen blended with oleum.
‘to give 90 to 98% acid for re-use. _ : _ 4

The férroﬁs sulphate heptahydrate,crystals are melted and spray-dried at
260°C to give the sesqﬁihydrate; which is.roasted to give magnetite and sul-
phuric acid for recycle. | ' . .

The raw materiais required for the process are oleum, to replace sulphuric
acid losses; hydrogen cyanide, to replace losses; and naturél gas, both for
heating purposes and for reforming to hydrogen and also for the production of
inert gas for purging and blanketing for safety reasons.’ »

The products from the plant are copper, magnetite and elemental sulphur.

5.3 Approximate Sizing and Costs of Major Items of Equipment

The main factors which have been used in determining the approximate

equipment sizing for cost purposes are discussed in the following sections.
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A;S 3 1 Overall Plant Capacity

- Data have been obtalned from the Treadwell Corporation for the costs of

" an 80, 000 short tons per annum plant.~: It was suggested that the minimum .

economic size of. plant would probably be of the order ‘of 3 500 to 5,000 tpa.

A custom treatment plant in South Australia would requlre a capacity of -about p

10,000 tpa (Section 5. 1) It was dec1ded therefore, to check .out the data},

'bb,obtained for.the 80,0QQ tpa_plant and»to'estimate the probable-costs for a
10,000 tpa plant. eIl e e P

'-5 3 2 Mass Balances

‘The mass balances throughout the process are shown on the’ flowsheet . in o

' Figure 7  The data are presented as long tons . per hour for -an - 80, 000 tpa .
‘ copper plant assuming a working year of 8, 000 hours. -AThe_values shown(in ‘

~parenthes1s refer to-a 10, 000 tpa copper plant.

f With effective recovery ‘'of SOz from the ferrous sulphate and other streams, E

then ‘the only make—up sulphuric acid required will ‘be to replace stack and

filter losses. - If other metal sulphides are . also present 1n ‘the - concentrate,

~ then the SOz from these sources should be suff1c1ent to replace losses. - . ©In "
- fact Anaconda—Treadwell derived a nett galn in sulphuric acid of 3 tons per.

'day. For this exercise it has been assumed that no make—up will be required

Hydrogen cyanide will be. required to. make up losses from filtration and-

~ gas scrubbing. ' Anaconda—Treadwell assume a make up of 2% of the c1rcu1ating s
~ load. - This. would appear to be adequate and the same value has been assumed

',for thlS exercise.

5 3.3 Heat Balance

‘Process heating, u51ng both natural gas combustion -and steam, will be

.jrequired Coollng, "both by cooling- water and by refrigeration, will . also be :
- required. The follow1ng estimates were prepared for the maJor users- for com-
parison with the Anaconda—Treadwell data. _ The values refer to an 80,000 tpa.

~plant, whilst the values in parenthe51s refer to a 10 000 tpa plant.

"~ 1. Leaching System .~~~ -

Heat required to raise to 280°c:

8.4 x 106.Btu/hr '
32.0 x 10° Btu/hr

* concentrate - 33.3 x 2240 x 260 x 0.24 x 1.8
acid = . 76.1 x 2240 x 260 x 0.402 x 1.8

T 40.4 x 10° Btu/hr
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‘Heat fecovéred from pebbles preheated to 400°¢:

110 x 2240 x (400 - 280) x 0.24 x 1.8 12.8 x 10° Btu/hr

27.6 x 10° Btu/hr
(3.45 x 10° But/hr)

Hence heat to be supplied.

Note: The overall heat of reaction, assuming preheated reactants

.and volatilisation of steam and sulphur is not expected to

be great, and has been neglected.
Heat to dry and preheat recycled pebbles, assuming 57 moisture:

12.3 x 10° Btu/hr
40.4 x 10° Btu/hr

water - 110 x 2240 x 0.05 x 1000
pebbles - llQ 3'2240 x 380 x 0.24 x 1.8

52.7 x 10° Btu/hr

(6.6 x 10° Btu/hr) -

Hence total heat to be supplied: ' 80.3 x 10° Btu/hr _
: . ‘ (10.05 x 10°Btu/hr)’

Assuming 50% thermal efficiency, then heat to be supplied as
natural gas: - ' o 160.6 x 10° Btu/hr
(20.1 x 10° Btu/hr)

ie. 3860 x 10° Btu/day, cf. 4000 x 10° Btu/day from Anaconda-
: Treadwell

. Sulphuric Acid Evaporation-

.From the flowsheet we find that 'an 18.5% solutlon containing 37.9
tons per hour of H>S0, is to be evaporated by triple effect evap-
oration to give a 40% solution, ie. -110 tons per hour (tph) of
water is to be removed. - o

Assuming 2.5 1b of water removed per pound of steam for triplé

effect evaporétion, gives a steam requirement of 2.46 x 10° 1b

.per day, cf thé_Anaconda—Treadwell estimate of 2.23 x 10° 1b per

day. After crystallisation of the process 9f:ferrous 3glphate,
the H;S0, is further concentrated by submerged combustion to 80%.
The rembval of the water of crystallisation associated with the
FeSO0, lEads to a 507 H,S0, 1eaving the crystalliser. Heﬁce to
glve an 807 con”enLratlon requires the removal of a further 28.5

tph of water, ie. a heat load of 90 x 10° Btu/hr. Assuming a
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- 75% heating efficiencybleads to a requirement of 2900 x 10° Btu
- per day, cf Anaconda-Treadwell estimate’of 6000 x 10° Btu per day.

Ferrous Sulphate Crystallisation

Con31der1ng a. two—stage crystalllser, with the feed solution

_ being cooled in the first stage by heat exchange from the ferrous

.sulphate-free liquor leaving the second stage, and with the

second stage being cooled d1rectly by refrigeration, we find:

.‘Total feed ‘.f o . : : 119 tph at QO C
Total liquid-effluent;t . 75tphat 50°C
Total solid effluent, - R . 44 tph |
‘Feed temperature to second stage," T 29 c
Feed to second stage (assuming half: of 95 tph ac1d and

_jsolid removed from first), 12 tph (dry) solids.

3 Heat to*be.removed'by refrigeration is:

7.55 x 10° Btu/hr
0.35 x 10° Btu/hr

195 x 29 x 1.8 x 0.68 x 2240
12 x°29 x 1.8 x 0.25 x 2240

™

7.9 x.:ll06 Btu/hr"
ie. A66Q tons. of refrigeration.__.Using ammonia-as;refrigerant,

the power required is:700Ahp.;

N Assuming 2 x 50 hp centrifuges, then total'power‘required is 800 hp.

Hence dally requirement is 16 000 kWh (assuming a power factor of

0. 9), cf. Anaconda—Treadwell estimate 17, 200 kWh.,

Ferrous Sulphate Drying .and Roasting

The, roastlng is exothermlc and SO the only heat required {is for

: spray drying of the heptahydrate. " The heat requirement for drying

' heptahydrate to anhydrous ferrous sulphate is 93 kcal/g mole,

i estimate of 2690 be lO Btu- per day.

ie. 59.4 x 10° Btu per ‘hour. The daily requirement is, therefore,
1425 x'lO6 Btu pér day;'and assuming 507 efficiency; natural gas is
required to- provide 2850 x 10° Btu per day, cf ° Anaconda-Treadwell -
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5. Overall Balance

In general, the above calculations serve to prove the validity

of the data supplied by Anaconda-Treadwell, the _major users agree-
ing fairly well. The power requirements for pumping, etc. from
Anaconda-Treadwell have been accepted without question. The

steam requirements have been t:anslaéed by Anaconda-Treadwell to

a natural gas usage assuming a thermal efficiency of 75%. The
expansion of higﬁ—pressure steam to 20 psi heating steam has élso
been credited as electrical power. “ The.overall requirements given
by Anaconda-Treadwell, therefore, appear accurate. For an 8b,000

tons per day>plant these are:

Power - 119,000 kWh/day

Natural gas - 17,700 x 10° Btu/day |
Water - 2,600 x 10° gal/day

For a 10,000 tpd plant, utiiities will be required in approxi-

mately direct proportion to throughput, ie. -

Power - 14,900 kWh/day
Natural gas - 2,210 x 10° Btu/day

Water - 324 x 10° gal/day

5.3.4 Cost of Sulphate Leach Equipment .

- Assuming that a half-hour residence time is required in the pugging
operation, the requifed equipment is 4 x 10,000-gallon vessels each with
200-hp agitators. | | |

Assuming 1 hohr residence times in the kilns, then two kilns each 13-ft
diameﬁer by 400-ft loﬁg are required.-
Estimated approximate purchase costs for these main i*ems of equipment

are as follows:

Pugging, vessels, 4 x 10,000 galA. $0.04 x 10°

agitators 4 x 200 hp - -+ $0.2 x 10°

Kilns, 2 off each 13-ft diameter _
' x 400 ft - . : - $202 xx 10°
Total $2.44 x 10°

cf. $US2.54 x 10° Anaconda-Treadwell estimate.

se2
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5.3.5 Cost of Solubles Separation from Pebbles

.ASSuming drag classifier type washers and assuming 10 tons per day (tpd)
ber foot width, then classifiers 18-ft wide are reqoired. Assuming a half--
hour residonce time in the rotary drier for pebble drying and preheating, an
11-ft diameter by 250-ft long drier is required. ‘

Approximate purchase costs'are as follows:

Washers, $4,000/ft wide, 2 off . ‘-$0.14 x 10°

.Drier, 11-ft diameter x 250 ft - ©$0.50 x 10
$0.64 x 10°

of. $USO.43 X 10°.Anaconda—Treadwell estimate.

"_5 3 6 Cost of Gas Scrubblng

A total of 30.2 tpd SO requlres scrubbing before ac1d manufacture, ie.
approximately 10,000 scfm. From Semrau’ (1971), the cost of gas cleaning
this amount of sz by wet scrubbing, direct-contact gas cooling and wet '
electrostatic-precipitarion is $0.45 x 10°, cf. $US0.71 x 10°’Aoaconda—

Treadwell estimate.

5.3.7 Sulphur Dioxide Handling.

The cost of a compressor to handle 10 000 scfm is $0.1 x 10 cf.
$USO 28 x 10° Anaconda-Treadwell estlmate. A

5. 3. 8 Solution Purlflcation

Assuming. 50 sq ft per ton per day solids for the thlckener, then the
‘required thickener area is 3,200 sq ft. 

: Assuming a f11tratlon rate of 50 1b per hour per square foot for the

1.underflow filter, then an area of 200 sq ft is required.

For sulphur dioxide treatment of the clarified.liquor, assumlng a half-
hour residence time, a 16,000-gallon vessel w1th 30 hp agltator is required.
Assuming a flowrate through the f1na1 clarlfylng pressure - filter of

1 gallon per minute per square foot, we find a required filtration area of

A800_sq ft.

The approximate purchase costs are as follows: .-

- 882
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Thickener, 3200 sq ft $0.12 x 10°
Rotary filter, 200 sq ft $0.06 x 10°
Vessel, 16,000 gallons $0.02 x 10°
30 hp agitator $0.01 x 10°
Pressure filter, 800 sq ft $0.04 x 10°
$0.25 x 10°

cf. $US0.31 x 10° Anaconda-Treadwell estimate.

5.3.9 Cyanide Precipitation

L] 8

The total flow into the precipitation reactor is 40,000 gallons per
hour and the SO gas flowrate is 64,000 s cu ft per hour. Allowing’a 2-hour

residence time for liquid, plus a 5-minute residence time for gas, we find the

total volume of reactor required is 120,000 gallons. The approximate purchase °

cost 1s estimated as:

12 x 10,000-gallon vessels $0.12 x 108
12 x 200 hp agitators A $0.60 x 10°
$0.72 x 10°

cf. $US0.81 x 10° Anaconda-Treadwell estimate.

',5.3.10 Cyanide Filtration

Assuming 50 1b per hour per square foot as the filtration rate, £hen
four filters each 700 sq ft are required, ie. one for initial separation, one
- for a sulphate solution wésh, and two for water washing.

The estimated cost for each is $0.06‘x 10°%, ie. total $0.24 x 10°,
. cf. $US0.47 x 10° Anaconda-Treadwell estimate..

5.3.11 Briquetting and Reduction

Assuming 50% moisture in the filter cake feed to the dryer, then the

., required evaporation is 32,000 1b per hour. An approximate cost for a double
shell dryer of this capacity from Perry (1950) is $0.08 x 10°.

: Assuming the purchase cost of briduetting equipment to be twice that of an
equiﬁalent capacity disc pelletising plant, then the approximate cost is $0.07
x 10°. Assuming a 4~hour residence time in a rotary reducing kiln to provide
complete recovery of HCN, then a kiln of about li—ft diameter by 250—ff long
will be réquired.“ A conventional kiln of these dimensions would cost approxi-

mately $0.5 x 10°.  Considering extra expense due to external heating and due
' : ' 882



to necessity for air exclusion;' a cost of $0.75 x 10° has been assumed.

. For HCN scrubbing, a lpfft,diameteriby'15”ftAhigh packed column has been

‘estimated at a cost of $0. 06 x 10°. The total purchased equipment cost for = - :
-‘briquetting and reduction 1s therefore estimated at $0.92 x 106, cf.

- d$USl 06 X 106 Anaconda-Treadwell estimate.

5.3. 12 Melting and Casting

No estimate: has been made for this operatlon. -The Anaconda-Treadwell - -

oestimate 1s $USl 02 x 10

¥

5.3. 13 Acfd and Iron Recovery

The triple effect evaporator system has a total evaporation of 110 tph

‘water., Assuming a heat transfer coeffic1ent of 200 Btu per square foot per ’

: hour degree F, and a temperature difference of 50 F, an area of 8,000 sq ft is o X

required in each effect. The estimated cost of each effect is $0.3 x 10°.

The . total required throughput of the crystallisers is 1,050 tpd (say 2 x - :' !
500 tpd units) , The estimated cost of each unit is $0. 25 x 106 Two 70—in; ‘
diameter centrifuges will be required for crystal separation, at an estimated _
cost of $0.13 x 106, each. The spray dryer for :the heptahydrate drying requires
a capac1ty of 20 tph evaporation. From Perry (1950), ‘a cost of $10 per pound

of water evaporated per hour seems reasonable, ie. an_estimated cost of pur-

»chased equipment of $0.4 x 10°,

- The’ dried sesquihydrate crystals w1ll be roasted 1n a-10-ft diameter fluid-
bed roaster. The estimated cost of the roaster is $0. 15 x 10° The cost of
gas cleaning has already ‘been estimated in Section 3.6. A disc pelletising ’
plant for the magnetite residue would cost ‘approximately $0 06 x 10°.

A cost of $0.05 x 10 has been assumed for. the submerged combustion acid

.concentration._

" The estimated total cost of an acid plant to produce 38.2 tph (l;DbO“tpd).

is $1.6 x:106,’ ' Assuming the purchase cost ‘of the major items to be one-third

" of this installed cost, we find the purchase cost to be_$0.53'x«106;

Hence the total estimated‘purchase cost of the acid and iron recovery sec-

,tion is $2.85 x 10 » cf. the Anaconda—Treadwell estimate of $U53 00 x 106

5.3.14 Tailings Treatment '

The cost of tailings treatment will depend greatly on location. " The .

.Anaconda—Treadwell estimate of $USO. 13 X 10 has been assumed
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-5.3.15 Utillties .

The cost of the complete installation of packaged-unit utility facili-

ties was estimated as follows:

1. Inert Gas ,
A plant to produce 25,000 scfd of inert gas (for purging and
other safety reasons) by the stoichiometric combustion of

natural gas was estimated to cost $0.08 x 10°.

2. Hydrogen

A steam-natural gas catalytic reformer to produce 3.9 tpd of

H, (10° scfd) as a 70% hydrogen mixture was estimated to
cost $0.6 x 10°.

3. Cooling Water

A cooling tower to cool 36 x 10° gallons per day of water
—  through 20° F, would cost $0.5 x 10°.

4, A steam-ralsing plant to generate 2.34 x 10° 1b per day of .
 steam at 600 psi has a total cost of $0.6 x 10°,

5. A steam turbine to expand 2.34 x 10° 1b per day steam from
600 psi to 20 psi and to generate 100,000 kWh per day of

electr1c1ty has a total cost of $0.2 x 106‘

6. - A 660-ton refrigeratlon facility has a total cost of
$0.3 x 10°.

Hence thé cost of'the complete installation of packaged unit utility
facilities is estimated as $2.28 x 10°.  Assuming a purchase cost of the
'major:items to be one-third of this installed cost, we find the purchase
cost of the utility facilities to be $0.76 x 10%, cf. the Anaconda-Treadwell
estimate of $US0.78 x 10°. :

5.4 Plant Total Capital Costs

It can be seen that the approximate costs estimated above for an 80,000
tpa plant are very similar to the costs estimated by Anaconda-Treadwell.

The total purchase cost for the major items of equipment is estimated to
be $10.52 x 10°, and assuming an installation factor of 4.0 (the average
installation factor, excluding working capital, quoted by Buchanan and Sin-
-lalr, 1964) we find the total fixed capital required to be $42.1 X 106

The equivalent fixed capital estimate by Anaconda-Treadwell for an
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80 000 tpa plant ist | _
Total purchased equlpment $USll 52 x 106 $A 9.6 x 10°
Installation, etc. = . $US30.2 x 10° $A27.5 x 10° )
‘Total SUS4L.7 % 10°  © $A38.0 x 10°

Including working capltal, the total cap1tal required for an 80,000 tpa

copper plant is:

The

4.64 x 10,52 x 10° = $A49_x 10°
capital cost for a 10,000_tpa‘plant is-estimated from:

42.1 x 10°

80.67-

= $10.4 x 10°

or $12.1 x 10° including working capital.

. 5.5 ManufacturingVCost Data -

The manufacturing costs are detailed in Table 4 for an 80,000 tpa plant

> .and in Table 5 for a 10 000 tpa plant.

For a production of. 80 000 tpa, the manufacturing costs,'excluding the -

cost of the concentrate feed, amount- to $10 78 x 10° pa w1th a- further $2. 94 -

x,lO6 pa required for,lnterest charges, ie. a cost of 6.2 cents per pound of

copper (7.9 cents per pound if interest-charges are added).

For a production offl0,000 tpa, the manufacturing costs, excluding the

‘cost of the concentrate feed, is $2'27-x 10° pa'nith a'further $0.73x '10% pa

" required for interest charges, ie. a cost of 9.9 cents per pound of copper =

(13 2 cents. per pound if interest charges are added)

(Note:‘ 1. - No allowance for proflt has been made, and

- 2. No credit has been assumed for’ the production of sulphur
Co and magnetlte) co : . :

5.6 Discussion

. Very'good‘agreement’was»achieVed between this estimate of capitalbcost and ~

as2

‘that-of Anaconda—Treadwell‘ Close‘agreement was also achieved in the heat

balances over the major items of equipment. :

The ' treatment costs can be compared with reflning costs quoted by the

AjE R S. Company of Australla Limited; for example, ‘who- charge a fixed cost per
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ton of material treated, plus an amount which varies with the price of copper.

The charges and deductions for aA3OZ'copper concentrate (assuming ﬁo silver
' or gold values) amount to 9.9 cents pér pound of copper with a recovery of 96%.
This cost includes profit by E.R.S. Company of Australia Limited, and so the
actual refining cost is somewhat less. If one allows for the shipping cost
of the concentrate from Port Adelaide to Port Kembla at $13 per ton, then the
Eotal cost becomes 12.3 cents per pound of copper. A '

To assess the advantages of the installation of a custom refinery, using
the Anaconda-Treadwell process, in South Australia, one must assess the pro-
bable accuracy of the foregoing capital and operating :cost estimates.

It should be noted that the major cost centre in the Anaconda-Treadwell
process, both for capital and operating costs, is in the acid-recovery sec- |
tion. Recovery of acid from ferrous sulphate is also the centre of greatest
Uncértainty. A number of such plants for recovery of acid from pickle
liquors and in titanium dioxide manufacture have_been built and subsequently
shuf down as being uneconomic. The acid and iron recovery section for the
adopted flowsheet accounts for 27% of the capital expenditure, 257% of‘the
labour, 30% of the power and 5% of the natural gas supply, to recover and
recycle some 300,000 tpa of HzSOg (80,000 tpa Cu plant). Froﬁ this it can
be calculated that the cost of fecovery amounts to $14.3 per ton of H2S0, for
the 80,000 tpa plant, and $24 per ton of HaSO, for the 10,000 tpa plant. .

In both cases, therefore, the cost of recovering the acid is apparentl&
less than the cost of purchasing acid. i' ;

The total estimated operating costs are about 607 dependent on capital cost
assessment and 407 on assessment of raw materials, utilities and laBour. The
probable tolerances on these estimates are *10% on the assessment of raw
materials, uﬁilities and labour (about 50% of these are dependent on natural
gas), and plus 307 minus 107 on the assessment of capital charges. Hence,
the overall tolerance on the estimated operating cost is about plus 20% minus
- 10%. _ &

The refining costs therefore become:

10,000 tpa plant - 9 to 12 cents per 1b Cu

or:12 to 15.8 cents per 1b Cu if interest
charges are added.

to 7;5 cents per 1lb Cu
0-9.5 cents per 1b Cu if interest
charges are added.

80,000 tpa plant - 5.
_ | 7

]
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It can be seen, therefore, that at the 80 000. tpa scale, the costs of an’

‘Anaconda—Treadwell type custom refinery are favourable even assuming the worst

circumstances. ' At the 10 000 tpa scale, the advantages are not so clearly .~
defined. 1f the capital investment must be raised by loans w1th payment of

interest charges, then the custom refinery is clearly uneconomlc. If no

..

" - interest charges “are applicable, however, then the custom refinery would show_

a-saving of 0. 3 to 3.3 cents per pound of copper when compared with sh1pping

to Port Kembla for smelter refining. . The best saving of 3.3 cents per pound

" of copper on 10, 000 tpa is- equivalent to a 6 1% pa return on the required

capital investment of $12.1 x 10"’

."6. PRODUCTION OF ‘ZINC' FROM SILICATE ORES

6.1 Introduction -

:Exploration by the Electrolytic Zinc Company of Australia Limited has
established the ex1stence of a 1arge dep031t of high-grade zinc silicate ore
near Beltana in the. northern Flinders Ranges. "~ The zinc silicate mineral .
present is w1llem1te,_anSlog. - In;thelr;1969 Annual-Report,,reserves‘were“
quoted at:827,000 tons containing 34.52 zinc and 2.8% lead, and 237,000Atons.
containing 14.3% zinc and 10. 6Z:1ead 'This ore is currently being treated
in their ac1d 1each1ng process, at Risdon, Tasmania.' The Director of Mines

directed that as one aspect of PrOJect 1/1/129 the treatment of.‘zinc sillcate

ores using natural gas should be examined

o
K

6. 2 Pyrometallurg1cal Processes Available for Zinc Extraction

' ‘Zinc extraction processes fall broadly into three types, electrolytic,

_electrothermic,'and ‘thermal reduction w1th carbon. "Commercial pyrometallur—

gical reductlon processes are carried out in horlzontal retorts, vertical

retorts, and lead—21nc blast furnaces. Some of the process equipment used .

in these processes may be appllcable to a process for reducing zinc silicate i

ores with natural gas.

6.2.1 Horizontal Retort Process

The Horizontal Retort Process (Mathewson, 1959) treats oxidised zinc

ores, usually 51ntered or nodulised, 1n batch -retorts. The ore is mixed with

a carbonaceous reductant and charged to a refractory retort. Each retort is
fitted with its own condenser, and as many as five hundred retorts may be

contained in one furnace. A carbon blanket at the mouth of each retortlis-i

P—

used to reduce COz to CO and'prevent reoxidation of zinc during cooling.
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The equipment and batchwise nature of the process are basically unsuitaBle

for use in a natural gas reduction process.

6.2.2 Vertical Retort Process

In the Vertical Retort Process the charge of oxidised zinc ore and coal
moves continuously by gravity through the retort. The charge is agglomerated
to ensure‘free movement of the solids, permit heat transfer to the centre of
the charge, and provide suffiéient porosity for the escape of gases. The
charge is premixe&, briquetted and passed through a coking furnace before
being charged to the retort. . . .

The reduction reaction is carried out at 1,100 to 1,200°C to ensure that
only a minimum of carbon dioxide is formed.. A little zinc is re-oxidised
and tends to form accretions inside the top of the retort. Zine vapour is’ -
condensed rapidly in a zinc-splash condenser which avoids the formation of
blue powder. The zinc product can then be refined by liquation and/or con-
tinuous fractional distillation to produce high-grade zinc.

The equipment used in the Vertical Retort Process is potentially suitable
for conversion to a natural gas reduction process. Some difficulties are
envisaged in the conversion, and these will be discussed in a later section of

this report.

6.2.3 Blast Furnace Process

The lead-zinc blast furnace is fed with sinter and coke, and iS'fun in
a similar manner to the lead blast furnace. Molten lead and a ﬁolten slag
are tapped from the bottom of the furnace, while zinc vapour is distilled from
the top of the furnace. Zinc is condensed in a lead-splash condenser and the
two metals are separated by liquation. Zinc produced by this method is of
Prime Western grade containing about 1.5% lead.  High-grade zinc can be pro-'
duced by distillation. )

The recirculating stream of lead contains in excess of 22 zinc. High-
grade zinc can be produéed from this stream by passing it through a continuous
vacuum de-zincing unit. - This vacuum de-zinced (VDZ) metal has a purity of
99.97% zinc, with impuri£y>levels of 0.03% lead, 0.02% cadmium and 0.003% iron.

Treatment of eveﬁ a high-grade zinc silicate ore cr concentrate in an
Imperial Smelting furnace would give a larger volumé of slag (due_to_silica
and the fluxes required by ;he silica) and hence a higher.tréatment cost than
obtains at Cockle Creek where the silica content is approximately 2%. How--
évef, the condenser and vacuum de-zincing unit wquld_belsuitabie in any
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process which produces zinc vapour.

56 2 4 Natural Gas Reduction

The bas1c units required in a process for’ reduc1ng zinc silicate ore

" with natural gas are ‘a reduction furnace.or retort and a condenser. It is

envisaged'that either .a zinc—splash or lead-Splash'cohdenser-would be used;

both of ‘these being proven commercial units. Refining of the zinc product
and production of high-grade VDZ metal are ‘also proven processes.' '
Therefore, the only maJor 1tem of equipment which- requires investigation

is the reduction furnace or: retort. ' The vertical retort may provide the

btbasis for a suitable unit and would probably require an agglomerated feed in

the form of pellets or briquettes.

6 3 Thermochemical Con51derations

6. 3 1 Reduction of Zinc Oxide -

- Reduction of zinc ‘oxide with natural ‘gas was 1nvestigated extensively

by the US Bureau of Mines (Doerner, 1936; Van»Zante ‘and Gorski, 1950). It

was’ found that the_prlmary‘reduction reaction was:

Zn0 # CHe = Zn +CO+2H, . ... (D)
' (gas) S o -

- This was accompanied by two'secondary reaCtions:A

 Zn0 + €O Zn  +C0; - Ce ()

. (gas)
Zn0 £+ Ha - = zn +H0 - . UL 3y
L ..(gas) : e R

The amounts of CO. and H20 formed were appreciable. 4 Equilibrium gas par-

‘tial _pressures for the overall reduction (Reactions l 2 and 3) are listed in -

" Table. 6 (Doerner, 1936)

- Zinc vapour was re—ox1d1sed to ZnO by the reverse of Reactions 2 and 3

during cooling and condensation. This re—ox1dation4was prevented by reacting

excess CH, with CO» and H20 ‘to form CO and H: by Reactions 4 and 5:,

.

2CO.+‘2H2l L W,

CH, + COz .

wry o

N

CO + 3H, N ¢ I

77 CHy + Hi0
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Both.of these reactions required a catalyst.

6.3.2 Reduction of Zinc Silicate

-If a parallel is drawn with zinc oxide reduction, it can be assumed that

the primary reaction for zinc silicate reduction is as shown in Reaction 6:

.Zn;SiOQ + ZCHz. = 2Zn + 2CO + Z}Hg + Sio: e o » (6)
(gas) : :
Secondary reactions would be:
Zn,Si0, + 2C0 = 2Zn + 2C0; + Si0, ' N ¢))
(gas)
ansiO“ + 2H2 = 2Zn + 2H20 + 5102 ) - . o s (8)

(gas)

'»Values_of the free energy of reaction (AG°T), log Kp, Kp, and equilibrium

partial pfessures of the gaéeous components for Reaction 6 are listed in
Table 7. Values of AG®°p, log Kp and Kp for Reactions 7 and 8 are listed in
Table 8. - | |

If Reactions 6, 7 and 8 are considered together, the gas phése will con-
tain six constituents - Zn, CH,, CO, coz; H, and H.O0. The equilibriuﬁ par-
tialApressures‘for the six gases can be calculated. from the equilibrium con-
stants and from the stoidhiometry of the reactionms. Partial pressures are
listed in Table 9.

It can be seen thét even at 1500°C the partial pressures of CO., and H.0
; are very small, indicéting that Reactions 7 and 8 do not proceed to any signi-
ficant extent. As a result there should be negligible re-oxidation of zinc
vapour. ‘ |

It is possible, therefore, that reduction of zinc silicate with natural
gaé could be more easily accomplished than reduction of ziﬁc oxide with natur-
al gaé. However, the presence of calcium and magnesium carbonates in the

ore could alter conditions radically. Emission of large quantities of CO,

from carbonate decomposition would create suitable conditions for re-oxidation

of zinc vapour. This problem could possibly be oVercome‘by prior upgrading
of the ore to remove carbonates. Upgrading could bé achieved by a physical
separation ﬁroéess (eg. heavy media) or by calcining. The latter would pro-
~vide a preheated feed to the reduction furnace.
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Reaction 6 ‘is endothermlc and requlres 107 kcal per gram mole of zinc at

1 100 c. Internal heatlng would not be p0551b1e ‘because of the large quantity

. of carbon d1oxide that would be produced Hence the reduction unit must be .

externally heated and thls almost certa1nly limits the reduction unit to a

vertical retort

6. 4 Comp031t10n of Beltana Ore

"In the 1969 Annual Report for Electrolyt1c Zinc Industrles Limited, ore

_reserves at Beltana were quoted at 827,000 tons contalnlng'34 5% zinc and
2. 8% lead,'and 237, OOO tons. conta1n1ng 14 8% zinc and 10.6% lead. The com-
‘pos1t10ns of  various samples which have been forwarded to Amdel suggest that

the ore’ contains approx1mately 5% Fe, 4% Ca, 4A Mg. The.calcium and mag-

nesium are both present ‘as carbonates. - However, heavy media separation pro-

‘ﬂduced an upgraded product‘containing5approkimately'57% in, 3% Pb, 4% Fe, 0.4%
_.lCa'and 0.4% Mg.. The carbon dioxide content of the ore would then be 'slightly

in excess of 1% and should not proVe troublesome,

6 5 Vertical Retort for Zlnc Slllcate Reduction

The vertlcal retort requires-an agglomerated feed in the- form of bri—

'quettes, 31nter or pellets. The feed should also contain a minimum of car- f

-bonates. " The optlmum method of ach1ev1ng these two requ1rements would need

1nvest1gation.

‘During the reductlon stage, lead compounds would be. reduced to metallic~

'lead If the lead completely volatlllsed, 1t should be no problem in a lead- '

splash condenser but could be troublesome if 1t formed a liquid pool.in-'the

base.of the<retort,-or if it solidified caus1ng blockages. It is possible. -

" that a separate outlet point could be provided for: molten lead.

The US Bureau of Mines d1d considerable research into the reduction of

- zinc oxide by natural gas in the early 1930s and mid- 1940s.  They usedf ‘
.metal retort to fac111tate heat transfer through the retort: wall. Consider-
. able difficulty was experlenced in f1nd1ng a suitable alloy. - Hence, the

question of refractory versus metalllc retort would need to be con51dered

By reference to Table 6, .it can be seen that considerable CO, and H,o are

formed durlng zinc ox1de-reduct10n.' Ox1dat1on of-21nc was prevented by

reacting excess CH, with these gases according to Reactlons ‘4 and 5, The
reactions needed a catalyst which was prov1ded by soaklng alundum grains in a
solutlon of nlckel n1trate and reducing in a current of hydrogen at 600°. to.
700 c.
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However, the catalyst bed often became poisoned with deposited impurities
and proved. troublesome. .

The need for a cataiys; in the zinc silicate reduction process is uncer--
tain. If testwork shows that a catalyst is required then consideration as to
the type of catalyst and arrangement of the catalyst bed would need further
consideration. ' | '

‘The process envisaged may be summarised as follows:

1. Upgrade the ore by heavy-media separation to produce a feed which

is high'in zinc and low in carbonates.
2. Briquette, pelletise or sinter the feed.

3. Reduce with natural gas in a vertical retort made of thermally-

conduéting refractory or metal.

4, If necessary, provide a catalyst for Reactions 4 and 5.
5.  Condense the zinc vapour in éllead-splash condensei.
6. Produce VDZ metal from the recirculating lead.
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VISIT 1: ANACONDA-TREADWELL PILOT PLANT

‘Situated at rear of

ANACONDA RESEARCH CENTRE,
TUCSON, ARIZONA

'DATE:. Monday_Z.Novembér'l970

MET: Mr E.P. Cadwell,>VicefPresident, Treadwell Corporation

1. INTRODUCTION

‘Mr. Cadwell explained that he had come to live in Tucson to supervise

construction and operation -of the pilot plant, which will have a throughput

of 6:tons chalcopyrite cons (2 toﬁs’copper) per 24 hours and will have cost

.SUS-S million. ' He is a mining and milling engineer who has worked in a
number of copper operations~in North and South America and retired from
Cyénamid Corp.- ‘some years ago to 301n the Treadwell Corp., who now retain him
to supeérvise the piloting of the 301nt Anaconda—Treadwell process.

The process consists of two stages - the first is ‘production of s
copper sulphate solution from the sulphide concentrate, and the second isA
the production of copper metal from the solution via a'cyaoide'route. It

is this latter stage which Mr Cadwell conceived as a result of observations

"when .working for Cyanémid Corporation. The first stage is operating

contlnuously on a 10-day campaign, 4-day shut-down ‘basis, but the units for
the second stage (cyanide process) are still belng constructed ‘Mr Cadwell

said he could talk freely as all I could see was covered by patents already -

issued or in process.

2. CHEMISTRY OF THE PROCESS

~Amdel had.already received a flowsheet from Mr Cadwell, but the acid-

attack reaction is:

- CuFeS; + 4HzS04 = CuSO, + FeSO, + Sz + 250; + 4H,0 cov (1)

The reaction occurs with chalcopyrfte and other copper minerals above 180°C,
and below 250°C there is no attack on pyrlte or molybdenlte. At higher

temperatures some revers*on occurs -
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'solution is purified of selenium, tellurium and silver by sparglng in sulphur

CuSO, + S; = CuS + 250, | (@)

(covellite)

(This is not necessarily disastrous as the covellite cah'probably be floated
from the product, as can pyrite and molybdenite). ' _
Sulphur and sulphur dioxide are volatilised and the sulphates d1ssolved

in water. . Precious metals remain in the 1nsolub1e residue and the pregnant

dioxide to precipitate them. Hydrogen cyanide and further SO, are then

added whereupon cuprous. cyanide precipitates rapidly and completely as

creamy white, rapidly settling flocs, insoluble in acid.

 2CuSO, + SOz + 2HCN + 2H,0 = 2CuCN + 3H,S0, ... (3)

-(Copper metal. can alterhatively be used as reductant in place of SO;). This

precipitation is very selective as nickel and zinc cyanides are soluble in-
acid. The sulphuric acid formed in 3 is concentrated for re-use. '

" The cuprous cyanide after washing is reduced with hydrogen at 325°C.

CuCN +%H; = Cu + HON L)

It can be seen that, provided sulphur dioxide is recovered from ferrous.

sulphate and re-converted to sulphuric acid along with SO, not sparged into

" the solution, the only'sulphurie acid required will' be.make~up for minor

losses, and all sulphide sulphur reports as elemental sulphur. Similarly

" the only HCN required is that corresponding to minor losses. . .

3. PILOT PLANT ENGINEERING

Al unit processes except the hydrogen-reduction of cuprous cyanide
(and the present method of sulphur scrubbing) are carried out 1n31de an
enclosed approx1mately 90 x 60 x 30 foot high building. . Equipment 1s_all

new and well laid-out, though as Mr Cadwell pointed out it was only a pilot

" plant - the next stage from laboratory testing - and numerous changes were

expected and required. _ _
Sulphide concentrates are blended with conc. sulphuric acid (98%) and -

fed into a Pfaudler kettle where approximately 50% of reaction occurs.
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Minus % in ande31te porphyry pebbles are preheated to 400° C in a shaft pre-

heater and fed ‘with the slurry into a .4 ft diameter x 45 £t (approx1mate)

- mildsteel rotating kiln, with seals to prevent access of air, and externally

-heated by approximately 16 natural gas burners. - The temperature‘is'held at

250-280°C. Dry, coated pebbles,'from which approximately 657'0f ~sulphur has

" been vaporised in the kiln pass through another shaft similar to the pebble

heater, in which a countercurrent flow of cool SOz volatlllses the remain-
ing sulphur and cools the pebbles. The,pebbles pass over two washlng ‘
screens on which they are washed, first w1th recycled solutlon, then with.

process water, and are then returned’ w1th less than 1% breakdown to the

pebble preheater. Pyrex pebbles. w1ll probably be tried.

The gases from the kiln and sulphur vaporlser pass to two water-scrubbers
in series where .sulphur is removed as a yellow-greéen powder -slurry. The
sulphur assays 97-98% S and can be purified by melting and filtration. The

sulphur dioxide.is at present neutralised with ammonia but would commercially

- be converted to sulphuric acid for re- use.

The copper sulphate solutlon (60 g/l) is flltered to remove insoluble
residue, then pur1f1ed by sparging in sulphur d10x1de to prec1p1tate selenlum,
tellurium and silver. The solution then passes to a tank .where an aqueous

solution containing 25% HCN and some sulphur’dioxide is added. The .

_precipitated cuprous cyanide is removed in a Huttenwerk Sonthofen "FEST"
_continuous‘pressure filter, washed with eopper‘sulphate solution to eliminate

.free cyanide, then twice with water, dried in a Wyssmont multihearth dryer

to 3% moisture, and compacted into apricot -stone" brlquettes in Komarek—
Greaves pocketed rolls. These briquettes pass out .of the bu11d1ng to the

reduction shaft, fitted with sophisticated controls and purges -to prevent

‘ingress of air, where they are reduced to metallic copper with hydrogen

at 325°C. - Further details of thls stage were given later by Mr E.S. Roberts

_in.New York. The reduced briquettes of the original size and shape but of
~very low den51ty consist of 100 R crystallites of copper - The gases are
rpscrubbed with water: and the 25% HCN solution resul ing is piped inside the

>huild1ng to - prec1p1tate cuprous cyanlde.

The copper briquettes can be sintered to give metallic peliets suitable
for melting. | Alternatiwely'the-cuprousAcyanide can be preSSed‘(or possibly ‘
extruded, though it'lacks,lnbricity)'into sections wh{ch can be reduced,
rolled and drawn into wire without‘meiting; | Such wire has.been produced
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assayihg 11 ppm - total impurities with a conductivity of 102.5. Lack.of
meltihg means that impurities only reduce conductivity in proportionltol |
their volume percent. . ‘ '

" Sulphur reéovery is 98-99%. The cdpper—barren solutioh.after cuprous
cyanide precipitation is evaporated from 18% H,S50, to nearly 407 H;SOh in
a multiplefeffeét evaporator, ferrous and zine sulphatés crystallized out,
then further concentfated to 80% H,SO, by submerged cbmbustidn.- This

acid is blended with oleum to give 98% acid for re-use. Mr Cadwell states

- that this recoVery-process gives cheaper acid than they could synthesize.

4. ECONOMICS

Mr Cadwell statés that while an 80,000 tons pér annum (ﬁpaj conventional
_¢opper‘smelter and refinery,iinqluding gas recovery, would cost $US65 million
under. Arizona conditioﬁs, a cbmparablé plant using the new process would
cost $US41 million. While the cost of processing copper concentrates to
wirebar conventionally is 7.75 cents per 1lb, the new process would cost
3.8 cents per lb assuming nbAcredits for‘sﬁlphur; iron etc. (One‘tonAof'
“sulphur is ﬁrodﬁced per ton of copper from chélcopyrite concentrates).

Cement copper could be dissolved for 0.5'ceﬁts-per 1b. and convérted to metal
for a further 1.6 cents per lb. He considers the;minimum_econ&mic size
of plant would probably be 10-15 tons copper per d;y (3,500-5,000 tpa).
More detailed cost data were given later by Mr E. Roberts in Neﬁ Ydrk.
Mr Cadwell states that HCN can be made from natural gas for 0.8 cents pér '

1b by the Andrussow process, which yields a 26% solution in water.

5. FURTHER ACTION -

Mr Cadwell is chief consultant to General Electric Corp. whiéh'is~thé'fhird.
largest consumer of .copper metal, and already manufactures in Australia.
They would like to make 50,000 tpa of copper, and after a description of

local production of copper ore Mr Cadwell is vefy interested in the

"possibility of establishing a custom treatment plant in South Australia with

_iocal participation. \
Mr Cadwell also arranged for me to see Mr E. Roberts at Treadwell
Cofporation head office in New York, and to see a laboratory demonstration

of the cuprous cyanide precipitation stage.
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VISIT 2: SOULE STEEL COMPANY

Situated at
2201 East Carson Street,

' CARSON CITY, - (Nth Long Beach)

DATE : 'Tuesday 3 November 1970

MET::‘er Earl Neeb, Steelplant Manager.
. Mr Guy Haskins, Plant Engineer

1.. INTRODUCTION

Soule Steel produce 80 000 tons per annum. (tpa) of O 30%C re-inforcing

: bars ("re bars") and 10, OOO tpa fence posts using scrap steel at present’

i.costlng about $US.35 per long (''gross") ton.. Rebars are produced to A432

(60 OOO 1b y1eld) The re-bar is used in Soulé re1nforc1ng fabrlcatlon
plants on the same 31te and elsewhere. Mr Hasklns said - that a paper
descrlblng the plant was presented by W1111amson at the Sprlng meetlng of

the 1968 or 1969 AISE Convention.

2. " PLANT DESCRIPTION

A sketch of the plant is shown Jin Flgure A2:1

The scrap’ seen.on’ the heap con51sted of plate scrap, bumpers, wheels,

ftoys etc. They try to avoid auto scrap because of tramp elements (Cu,

Ni,_Cr;.S) and-also try to aVoid"machine—shop.turnings because of bulk.

‘They specify 5 ft’maximum'length. Scrap is loaded from the heap.ihto old
"rail trucks and taken into the furnace bay for loading by overhead 7% ton

_electromagnet crane intd'bottomfopening charging buckets. . 3-5 charges

lifted by the 10 ton charging crane fill a furnace.
'The-two furnaces, 25 ton capacity, 3-electrode, size 15 KK Whiting

Corporatlon units are of 11 ft shell d1ameter and draw 6 MW at 240 Vv, A

_‘Ttransformer statlon ‘steps down the 66 000 V supply to-12, 000 v whlcn feeds

‘jthe furnace pr1mar1es

Two. baghouses, stated to cost approx1mately 350 000 each (approx $3

: per square £t of bag area) handle 60,000 cfm from each furnace hood and

200 000 cfm from the bu1ld1ng roof..

Furnace bottoms last four years, 31dewalls are replaced (metal-cased

"Interpace brlcks) in 12-16 hours once per month, and the arch is replaced

88 2.
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twice per month us1ng approx1mately 1/3 of amount of refractory requlred for

the whole shell. Hot patching is done between heats. The plant operates-

‘around the clock 7 days per week with elght holidays per year and a

mechanical maintenance shut-down of one shift per week. _
A furnace heat cycle is approximately 2 hours consisting of charging,-
melting, refining, slagging, pouring, inspection and patching. ' The bottom-

pour ladles into which the steel is poured hold more than 20 tons and last

‘200 heats before relining. Samples are taken ‘during the heatjforlcarbon

' stands ‘and yields a 2 inch round which is. transferred laterally to go

analysis as well as estimation by grinding or breaking.

"Each full ladle is 1lifted by the 40 ton ladle crane to its position .
above the 2 - nozzle tundish of the "Concast" continuous casting machine
which casts the steel at 3050°F (l00°F higher than for individual ingots)

in an 80 degree arc of 14 ft radius. The red-hot continuous‘billet

" 5by 5 inches then passes through a 3—roll straightenerloefore being cut

| by-a flying shear into. four 12 ft lengths. A ladle takes 40 minutes to

cast followed by 20 mlnutes before castlng a 1adle from the other furnace.

The ingot cross-section (5 by 5 in.) was chosen such that a 12 ft by 6 1nches

long billet (weighing 1, 100 1b) would yield an 80 ft length of 18—bar‘

The 'cooled ingots are dlscharged and stacked in the yard in stacks identified ;

by heat number. - One stack of approx1mate1y f1fty 4 ft ingots’ (10 tons) is

carried By the forkl1ft. Two stacks constitute oneaheat. ' “
Billets are brought back by forklift to. the natural-gas-fired reheat .

furnace into which they are pushed on water—-cooled skids. The - soaked

billets then-pass'throughcthe rolling mill which consists .of two stages.

The first (roughing) stage of diamond box-pass design consists of six

throughtthe’finishing mill(which»consists of up to fourteen stands. *Onéj
4 ft billet yields 780 ft of /e inch bar which -is cut into three 260 ft
lengths which cool on the hot—bed before being cut into lengths and wired
into bundles. ' ' o o

Small sections are produced in 2% ton bundles, large in 5 ton bundles

which are loaded by travelllng crane into warehouse bins or on to semi-

. trailers.
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3. LABOUR

The total plant staff’ (all shift—plus'day—workers) (excluding fabrication)

Afgonsists of approximately 150.- A furnace shift crew consists of l melter

ﬂ_aﬁd first and second helpers, and a ladleman and hélper_and 2~geﬁeral

“helpers.

4. ANALYTICAL CONTROL
 The laboratory is sited alongside the furnaces and has LECO Carbon.and
Sulphur Analysers and a Baird Atomic.Speqtromet. A preliminafy carbon
assay made during a melt requires 5-8 minutes. Average figures copied

- from an assay sheet were:'

Cc 0.30 %
~Mn 0.4 %
- P 0.15 %
.S 0.04 %
-~ 81 0.1 %
-, 'Mo 0.03 %~
Cr 0.2 %
Ni 0.15 %
- Cu 0.25 %
Final C - 0.3 %
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VISIT 3: AMERON STEEL PRODUCING DIVISION
" (formerly Etiwanda Steel .Co)

Situated at
12459 Arrow Highway,

ETIWANDA Callfornla 91739

DATE: Tuesday 3 November 1970
MET: Mr Richafd Pasma,
" Manager - Industrial Engineering
1. INTRODUCTION

This plant produces rebars, plain roﬁnds, and coiled reinforcing material

for concrete pipes. The area is relatively poor for scrap, being some

‘50 miles east of Los Ahgeles in a grape-growing area. Current scrap prices

are shown in Table. A3.1, and the company uses No. 1 heavy melt grade including:
auto bodies etc which inevitably-contains tramp elements.  They havé two
10 ton Whiting furnaces from which they tap 13 ton heats, and are adding a

15 ton Lectromelt furnace which will produce 20 ton heats. Capacity will

-be almost 100,000 tons per year. It is understood that the company does

not attempt to produce to merchantable quality dimensional tolerances. Rod
is produced for a nearby wire mill, but they do not produce prestressing

wire. ‘Carbon content varies with the intended final size of bar and hence

. cold work - large bars are made from up to 0.60%C, wire from steel containing
0.08%cC. ' - ’

2. DESCRIPTION OF PLANT

The plant 1ayout is sketched in Flgure A3.1.

Product storage is outside due to the dry climate, otherwise.the general

>arfangement of a melting aisle and rolling aisle side-by-side resembles that

at Sould Steel. The furnaces draw 6.5 MW and melt cycle is 2 hours.
Furnace relining is done after 300 heats.  The continuous caster was built
by United Eﬁgineering énd Foundry Co., Pittsburgh but the ladle turntable
was engineered and patented by Etiwanda. They cast a ladle in 20 minutes
then there is a wait of 40 minutes for a ladle from the other furnace.

4% x 4% . in bille:s are produced and stécked in the open by overhead crane

which also returns them to the reheat furnace in which, as it is rather small
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they have found it necessary to burn oil as well as gas to obtain sufficient
heat} The-chaib—drive mill was designed and engineered by Etiwanda, and

Mr Pasma suggested that blueprints would be available for sale if the project

‘was proceeded with in South Australia. Roughing and finishing stages of

rolling are in-line, with intermediate cropping of thelleading end of the
roughed bar, as at Soulé Steel. Four stands reduce the billet to-2k% inches
.diameter rdund and a further six stands were being used to yield 7-bar

(?/5 iﬁqh diameter)..' The mill produces from 7/32 rod to ll-bar (is/ainch
diameter). Thé hot bed for cooling is 182 ft long. It»appeérs‘that most of:
tﬁé;rebars are coiled and coils butt—weldéd together to give 2 ,000-3,000 1b
coils handled by forklift. Tramp elements have to be watched as they affect

weldlng and would be very important if making welded tube in South Australlan

Copper for example needs to be less than 0.35% but other elements also inter-

. fere. Baghouses from Wheelabrator or Pangborn are used and Mr Pasma said

that one $180,000 unit would be requlred per furnace, and regulations were

tightening.

3. LABOUR

Includlng superv131on, clerlcal and malntenance 275 people are employed

for melting and rolllng (not including wire mill). . A shift crew in the

melt shop including continuous casting (whlch saves considérable labour

over 1nd1v1dual ingots) is about 20, with 12 in-the- rolllng mill, including

inspectors and 1aboratory staff.

4. OTHER COSTS -

Ferrosilicon and mangénosilicon additions are made, but ferromanganese
only if the heat is low in manganese. Carbon content can be raised in
the furnace by dipping the electrodes, which cost 30 cents per 1lb or in the

ladle using carbon raisers.

5.> VALUE OF PRODUCT

."Iron Age'" gives current prices for rebars - in_the Loé?Angeles area the
base price is $6.25 per hundredweight, with surcharges on (a) diameter ($0.50
per cwt. for ®/. inch, $l.46 per cwt for 3-bar */a inch) (b) length (most
clients buy 20, 40, 60 ft which incur nb surcharge)l(c) quantity (nb surcharge

for lots above 20 tons)
882



TABLE A3:1

.. Ferrous Scrap Prices, Los Angeles, effectivé_October 26 1970 (ex. "Iron

© . Age"; Prices obtained in trade. based on representative tonnages. per gross

. “ton (2240-1b) delivered to customer)

No.l Heavy melting
No.2 Heavy melting

No.1 Dealer Bundles
. No.2. Dealer Bundles

Maéhine[Shop Turnings
Shovelling Turnings
'C%timﬁﬁﬁﬁ@s
. Elec. furnace 1 ft and_under,(fdundry)

. No.1l. Cupola Cast

37

35.
31

" 14,
18.

14
52

45,

"'$Us-_
41.00 -

.00

00

.00

00

00

.00
.00
00
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VISIT 4: SHERRITT.GORDON MINES LTID

-Situated at

FORT SASKATCHEWAN
ALBERTA, CANADA
(17 miles from Edmonten)

DATE: Friday 6 November 1970

MET: Dr David J.I. Evans, Director, Res. & Dev. Division
' Mr Herb Veltman, Assistant Director, Res. & Dev. Division
Mr Wasil Kunda, Head, Chemical Metallurgy Res. Department
and a number of other staff members.

1. COPPER POWDER PRODUCTION

While.Sherritt Gordon supplied know-how for the Bagdad plant in which
copper is hydrogen-precipitated from acid solution, and for the Kansas City

plant using ammonia-ammonium carbonate solution, and did pilot the use of

- ammonia-ammonium sulphate solution for MerinduQue_Iron Mines, they do not

currently produce copper powder. Messrs Veltman and Kunda eupplied preprints
of two. recent papers relating to the ammine carbonate system and I spent
several hours talking to research staff who had worked on copper pre-

cipitation, and then examining methods of metal powder characterisation.

© 1.1 Hydrogen Preclp;tatlon

Dr Evans sa1d that hydrogen precipitation could produce any type of
copper powder required, and showed numerous samples ranging in coarseness

and apparent density. Precipitation from acid solution is more difficult

‘as the solution .becomes increasingly acidic and corrosion is a problem.

Stainless steel can be used for ammoniacal solutions but titanium is required
for acid solutionms.

The Samin concentratlon of 20-40 g/l copper was considered too dilute,

and 120-140 g/l is preferable. Mr Kunda has some idea on how to increase
~ .the concentration, or alternatively, if the solution is sufficiently pure,
_precipitate copper oxide as curreptly planned for Burra and reduce with

A hydrogen. Conditions for hydrogen precipitation are 350°—375°F; 500 psi

partlal pressure of hydrogen. Sherritt Gordon have tried hydrothermal
reduction of copper oxide w1thout success, but one of the research staff sald
that the green basic carbonate precipitated below 200 C can be reduced
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hydrothermally with hydrogen to copper. Typical concentrations for hydrogen
precipitation are NH; 100-130, CO, 80—90:gpl; "EMA-11 polyacrylate gives

quicker reduction and "seed" copper powder can be used. Re-dissolution

tends to occur as soon as the hydrogen atmosphere is replaced by air.

1.2 Physical Properties of Powder

The properties determined for nickel andcobalt powders (and hence
presumably for copper powder) are Flow Number (time in seconds for 50 g
powder to flow through a Hall Flowmeter made by Metal Dlslntegratlng
Co. New Jersey), Apparent Density, and Tapped Den51ty (measured by
weighing a receptacle ‘'placed below the Hall Flowmeter) and the Fisher No.
(measured by means of a Fisher Sub-Sieve Sizer). SlZlng is determined on -
1 g samples by Buckbee-Mears (St. Paul Mlnnesota) micromesh sieves down

to 5 microns. These are cleaned ultrasonically using a unit supplied by

Dynasonics Corp (Pipestone Minnesota). Sherritt used Dow Chlorthene NU

costing about $4 per gallon, at 70-80°C, and state that this fluid is much .

cheaper than that supplied by Dynasonlcs.

2. VISIT TO NICKEL-COBALT PLANT

Mr Véltman supplied an Annual Report, a’ company brochure "Enrichlng the
Earth's Riches'", an 1llustrated flowsheet, and an '"Outline of Plant Oper-
ations". Extracts from the latter two publlcatlons are appended. Mr Bauke.
Weizepbach then showed me over bothAthe nicke1>p1ant_(50 tons per day) -and

the cobalt plant (1 ton per day).

" 2.1 Nickel Plant

Nickel sulphide concentrate from Sherritt's own operations :and from

Kambalda.is leached in one pair of Primary Leach autoclaves in parallel,

a followed by three pairs of Final Leach autoclaves.r‘ The two stages are

countercurrent, the products being flnal tailing containing 0.8% Ni and

" nickel pregnant solution. Subsequent - operatlons are described in the

2.2 Cobalt Plant

This was formerly the pilot-plant operated on the Marinduque.copper-
zinc project. Details'of the. prbcess; which is carried out in essentially

pilot-scale manner, are given in. the prlnted literature appended.
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3. FURTHER APPRAISAL .

_ IfASherritt—Gordon‘were;asked to further appraise the production of
zégpper¥powder in South Australia:they woﬁld carry out a‘”désk—study"
'kinvolving no laboratory work) for $Can5,000, corresponding to an engineer's

R salary for the time required, plus_lOOZ overhead chargés. They would send

us a questionnaire to obtain details of conditions to be assumed.
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- SHERRITT GORDON MINES LIMITED
Fort Saskatchewan, Alberta

COMPANY BACKGROUND:

Sherritt Gordon has a history going back to 1927, as a c0pper-zinc mine

at Sherridon, Manltoba The mine commenced productlon 1n April 1931, 'Low copper

' prices forced the shut-down_of the mine in June 1932, . Productlon started up
'again.in August 1937 and continued until September 1951 with: the exhaustion of

. the ore-body, During this period a total of 8,500,000 tons of ore were mined,

Sherritt was and still is very active in prospecting, and in

.-September 1941 located a’likely-prospect at Lynn Lake, Manitoba, To prove up

this prospect took considerable time and was slowed down because of World War II,

.'.By the end of 1943 there was definite ev1dence of n1cke1-copper m1nera11zat10n

. No further work was done until Apr11 1945 The ground was staked and drilling

commenced in July. The f1nd1ng of the hlgh grade ”EL" ore-body in January 1947

was the turnlng point in the development of the ‘mine,

& e

Much work was required to prove up sufficient. ore to.make a mine:

' geophysical surveying, prospecting,'drilling,Aand development, While this was

going on work was proceeding, to develop a process for treatment of the ore, in

- planning facilities and procedures for the mine and a refinery, and in arranging

financing for the overall complex, .Testfwork on the Lynn Lake ore started in

1946, a pilot plant was'operated'at Sherridon in 1947, in 1948 a pilot plant was

~ set up at Lynn Lake and operated in 1949, 1950'andA1952 In 1947 Professor

Frank A, Forward, then Head, Department of M1n1ng and Metallurgy”at the

: ‘Unlvers1ty of British Columbia, was - retained to work on Lynn Lake concentrate to

find a method of recovering metals at a lower operatlng and capital cost than
the convent10na1 smelting and’ ref1n1ng method Professor Forward came up w1th

an ammonia leachlng process wh1ch looked promising, From this Sherritt research

‘men dupllcated the results in the laboratory at Sherridon, Following‘this a

pilot plant was bu11t in Ottawa The results of the work at this pilot plant
from 1949 to 1952 prOV1ded ‘the des1gn data and trained Operatlng personnel for

the commercial plant built at Fort Saskatchewan
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~ Fort Saskatchewan on August 7, 1954,
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It was just under nine years from the discovery of the first ore-body

at Lynn Lake on September 22; 1945 until the first shipment of nickel left

FORT SASKATCHEWAN

~United States, and the Pacific Coast, making it ideally located for marketing

- The Town of Fort Saskatchewan is located 17 miles northeast of Edmonton
and 800 miles from the mine at Lynn Lake, Prior to the coming of Sherritt,
Fort Saskatchewan was a small rural town with a popuiation of 1,200, It is now

a thriving rural-industrial town of over 4,000 people,

The selection of Fort Saskatchewan as the plant site was influenced
by several important factors, First was the availability of an abundant supply
of natural gas, at a reasonable price, which could be used as fuel and
pfincipally as a raw material for making ammonia; The site was on the Canadian
National Railway which was importént because the C,N,R, had agreed to build the
$15,000,000 connectingilihk between Sherridon and Lynn Lake, ~Aiso from the
North Saskatchewan River there was plenty of water for cooling and process use,
The general locality was attractive and within easy reach of a large centre of

population, It was in a good farming area and enroute to the Northwestern

of the Company's.large tonnage of chemical fertilizer; and for purchase of

custom material for treatment,

PRODUCTION DEPARTMENT - METALS

The process developed by Sherritt for the Fort Saskatchewan  plant
differs from conventional smelting and electrolytic refining in that no melting
or plating operations are involved, It also differs from all other hydro-
metallurgical processes in three ways: by the reagents used, by the sequence
of brocessing steps, and by conditions of operation, More important, the
nickel produced is in the highly desirable form of pure metallic powder,
instead of an oxide or ferro-nickel, The powder is ideally suited for many
applications, and is pressed easily into briquettes or strip,

Sherritt's hydrometallurgical refining process is basically simple:

dissolve the nickel, copper and cobalt contained in the concentrate in a
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solution of ammonium sulphate and ammonia; then recover the metals from the

solution, one at a time,. -

PROCESS - METALS PLANT

1)  LEACHING - The first stage in the refining process is the leaching
of the nickel, copper and cobalt from the concentrate by means of an ammonia

solution, The leaching operation is basically a continuous, counter-current

. process performedsin autoclaves - totally>enclosed agitator;eQUipped

pressurized vessels’, Opt imum operating pressures and temperatures vary from

..100 to 110_psigzand.from 170o to 180° F, A counter-current 1each»system is .

‘used to provide maximum metal recovery,

In the system, fresh incoming concentrate is first treated by leach

: 11quor whlch has been produced in the second stage of the leach process This

1ntermed1ate 11quor takes up the most easily leached portlon of the concentrate,

Ayleldlng a full-strength solution of dissolved metals. The part1a11y leached

concentrate is then treated 1n a second set of" autoclaves w1th fresh leach

liquor high in ammonia,

The solution contalnlng the dlssolved metals 1s then separated from

_the leach residue (iron oxide, 1ns01ub1es etc ) by méans of thlckeners One

phase of this liquid-solid separatron occurs between the leach stages, and the
other after the final leach treatment Following the final leach treatment
the residue is carefully washed by repulping and f11ter1ng in order to remove
a11 soluble n1cke1 before it 1s pumped to the residue pond, '

.

A’ certain amount of sulphur is also leached with the metals, Most of

the sulphur forms ammonium sulphate, .while a small portion becomes .unsaturated

sulphur compounds such as ammonium thiosulphate, ammonium thionate),:-‘and others,

These'unsaturated’conpounds play a very 'important part later on -in the process,

2) COPPER SEPARATION - The pregnant‘solution containing ccpper,.nickel,

cobalt, ammonium sulphate, ammonium sUlphamate,‘and the unsaturated sulphur
compounds, together with some free ammonia, is. then .pumped to the first stage
of the copper separation circuit, Here the_solution~is'heated to the boiling

point in an enclosed five-stage boiler.unit, The boiling sequence produces
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two results: first, most of the uncombined ammonia in the solution is boiled
off and returned to the leach circuit to be used again; and secondly, a
reaction between the unsaturated sulphur compounds and the copper in solution

precipitates the copper in the form of a black sludge of copper sulphide,

Most of the copper sulphide is then removed by passing the solution
through a filter press. The traces of copper remaining after this step are
stripped from the solution by passing hydrogen sulphide through it, thereby

bringing the copper content down to practically zero,

The copper sulphide produced in the copper boil is suitable for

" shipping directly to a custom smelter for recovery of copper, However, the

copper sulphide obtained by using hydrogen sulphide contains considerable
amounts of nickel which is returned"to the leach circuit for re-dissolving.

This portion represents only about 10% of the total copper. processed,

3) NICKEL RECOVERY - The solution leaving the copper separation circuit

contains nickel, cobalt, ammonium sulphate, ammonium sulphamate, and a very
small amount of unsaturated sulphur compounds, Before the nickel and cobalt
can be recovered, it is necessary to decompose the ammonium sulphamate and

the unsaturated compounds contained in the solution, This stage is known as

. "oxydrolysis' - the oxidation of the unsaturated sulphur and the hydrolysis

of sulphamate to sulphate, Heating under pressure in the presence of air
converts the sulphamate and the unsaturated compounds into more ammonium

sulphate,

The solution is now ready for the recovery of pure nickel, To this
point the process has been continuous, but from this point on the recovery of

nickel is on a batch basis,

The solution is first fed into an autoclave containing a small
amount of fine nicke17powder, When the autoclave is filled, the agitators
bring the nickel powder into suspension, Hydrogen is then passed into the
vessel u§ to a total pressuré of 'about 500 psi, ihis precipitates the nickel

in solution on to-the nickel powder particles originally in the autoclave in

~the form of pure nickel metal, The process continues until almost all the
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nickei has been precipitated, Very little cobalt will pregipitateAbyfproper

control of chemical conditions,

. After most of the nickel has been removed, the agitators are stopped,

‘the nickel powder is allowed to settle, the depleted solution drawn off, and

fresh solution added; This operation is repeafed éome 50 times until the

nickel particles become so heavy that it is difficult to keep them in proper

* suspension,

When this occurs, the solution is drawn off with the agitators

running, thereby removing the precipitated nickel with the solhtibn.

' The entire contents of the.autoclave.fromthe completed cycle are

‘then ‘discharged to cone-bottomed flash tanks wheréAthe mother liquor over-.
" flows to a storage tank and ‘the nickel metal settles. to the bottom of the
/ . N . .

éone. The nickel, now in the form of a slurry, is washed, dried, and packaged

as .powder; or pressed into briquettes, sintered, and packaged for shipment,

A completely new cycle of.reduétion is then begun with a nucleation
step which produces the very fine nickel seed:particles, -

" 4) COBALT RECOVERY - The solution leaving, the nickel'reduction circuit

contains a very small amount of nickel, cobalt, and a high concentration of

~ammonium sulphate. The nickel and cobalt are removed from the solution

together by treatment with.hYdrogen sulphide;;yhich yields a mixed precipitate

-of nickel and cobalt sulphides.f.The-splﬁhidelié filtered_off and processed
elsewhere in the plant for the recovery of pure cobalt metal, The recovery

technique 'is similar to that used in the. reduction. of nickel, o

5) AMMONTIUM SULPHATE RECOVERY - The femaining sdlution contains only
ammonium sulphate which is recovered byAevaporatiqn. This sulphate,. in the
foronf'cryStals, is sold as nitrogen feftilizer,' The entire 21%. nitrogen
éonteht of .the crystals is available in.a wéter soluble form, The product

also contains 24% sulphur, anbther important plant food, .
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6) ROLLING MILL - Sherritt Research and Development Division at Fort

Saskatchewan developed a process for converting nickel and cobalt powder ianto
strip, A Rolling Mill has been established at Fort Saskatchewan using this

‘powder metallurgy process,

The ﬁéin produét of the mill is not strip but coinage blanks which
are punched from pure nickel strip, At the present time we are supplying
nickel blanks to the Royal Canadian Mint for Canadian 5 cent, 10 cent and
25 cent coins, Sher:ift has also supplied coinage blanks to South Africa,
the Netherlands and Brazil, The recent increase in the price of silver has
greatly stimulated the demand for pure nickel coinage blanks, Several
countries have already converted from silver to nickel coinage, others are

planning to do so,

In 1966 Sherritt put into operation a minting press to produce
finished coins and medallions, The first production from the Sherritt Mint
was a pure nickel medallion in three sizes which portrayed the entry into
Alberta of one of the early fur traders, Anthony Henday, A second medallion
featuring Henry Kelsey has also been minted by Sherritt, Many custom
medallions were struck during the 1967 Centennial Year, The Sherritt Mint

is now busy with orders for pure nickel coins from several foreign countries,
The operation of the Rolling Mill has provided a sizeable market
'for nickel and cobalt powder and has also provided a means of profitably

upgrading our products,

D) f:GRINDINGS PLANT - In addition to treafing_the nickel concentrate

from the mine at Lynn Lake, Sherritt purchases or acts as a custom refinery
for nickel cobalt bearing material from others, Most of these other feeds
are handled in the normal operation, Some materials require special treat-
ment -_to.meet this requirement, in August 1965, the Grindings Plant was put

into operation,
One of the main materials treated is 'grindings'", hence the name
Grindings Plant, Grindings are a by-product generated in the production of

high temperature alloy components for the jet propulsion industry, These
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gr1nd1ngs are purchased or treated on toll baSlS and from them substantial
~amounts of- nickel and cobalt are recovered

The development of the process used in the Grindings Plant is
another example of the work done by the Research and Development Division
and-the_Engineering Department, It has resulted in a substantial increase

in cobalt production,

8) SPECIAL POWDERS - ~ The Sherritt tefining process produces nickel

and cobalt powders of very hlgh purity, Using techniques developed by the
‘Research and Development Division, various grades of these powders are belng

produced for spec1f1c appllcatlons in 1ndustry.

‘Sherritt's refining process was modlfled to allow production of
COMPOSITE POWDERS, The Company's patented _process dep031ts nickel and/or

cobalt on core mater1als of f1nely divided metal and non-metal particles.

. Comp031t10n of these particles can be controlled to produce a w1de range of

materials hav1ng unique properties, Such composite powders are applled by

~_meta1 spraylng or s1nter1ng technlques to solve critical mater1a1s problems

in aerospace appllance and other industrial markets

Sherr1tt metal productlon of n1cke1 cobalt and.copper,>from Fort

Saskatchewan is at the rate of 50 tons per day.

* R S *

‘1

. PRODUCTION DEPARTMENT.. FERTILIZERS

Sherrltt entered the fertilizer manufacture as a planned Tesult of
the metals plant process An ‘anhydrous ammonia: plant was bu1lt to produce

ammonia which was requ1red as the leaching agent for the recovery of metals,

:The plant produced more ammonia than was requ1red by the- metals plant This

surplus ‘ammonia was’ ava11ab1e for sale as a fertlllzer Anhydrous ammonia
is the highest n1trogen content fertilizer mater1a1 available - 827 N - and
may be app11ed d1rect1y or as an aqua solution, In addltlon to produc1ng

ammonia, hydrogen and carbon d10x1de are. also produced for use in various

. parts of the plant

>~ LR N ] 8
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To meet the requirements for the metals plant and fertilizer plant,
the ammonia plant was increased in size from 75 tons per day to 150 tons per
day and then to 250 tons per day, These expansions allowed more ammoria to
be sold as a fertilizer, to use more for increasing the manufacture of

ammonium sulphate, and to enter the manufacture of urea,

The next step in the expansion of the fertilizer plant was the
building of a urea plant, This was started in 1961, with the first shipments
of urea being made in late 1962, Urea is the ﬂighest nitrogen content dry
fertilizer available, 46% nitrogen, The urea produced by Sherritt is a
-prilled form containing less than .25% biuret, Biuret is an impufity which
is harmful to plants when the urea is used as a foliar application, Sherritt
is the only producer in the world of this high quality urea, It is also made
in a feed grade, as a supplement to cattle feed, and iﬁ a technical grade for
various indﬁstrial uses, Urea ié made by combining anhydrous ammonia and

carbon dioxide, both of which Sherritt had available in good supply,

,With the increasing demand for fertilizers in Canada, United States
of América, and other parts of the world, it was evident that Sherritt was in
an excellent position to expand its fertilizer production, In 1964 work was
started on increasing the capacity to produce ammonia and urea and to add
~phosphate fertilizers to the Sherritt line, Phosphate fertilizers are pro-
duced from ammonia, sulphuric acid and phosphate rock - all of which Sherritt’

had or could secure at a reasonable price,
The first Sherritt phosphate fertilizers were shipped in- August-1965,

The expansion into phosphate fertilizers was a logical move for
Sherritt, as throughout Western Canada the great need is for phosphate, This
"is also true for a large part of the American market area which Sherritt can
serve économically. By being in a position to serve these markets Sherritt
is in a better position to market its straight ﬁitrogen fertilizers by making
up mixed orders, The more fertilizer that can be marketed close to home means
less that has to be marketed in more distant markets, with é_subsequent'
reduction in freight charges, Also in the manufacture of phosphate fertilizer,

%

‘the nitrogen content is supplied by Sherritt ammonium sulphate, urea, and
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' anhydrous ammonia, Market surveys have indicated an increasing demand

‘ throughout‘Western Canada for fertilizers, particularly phosphate fertilizers,

The sulphurlc ac1d is purchased from a nelghborlng plant, Inland
Chemlcals, who expanded their plant from 100 tons:per day to 600 tons per_

day, to meet Sherritt's needs, This is delivered to Sherritt by pipeline

~connecting the two plants, ' The phosphate rock is brought in from Florida,.

byfboat to Vancouver where bulk handling facilities have been set up for
transferring the rock from the boat to rail cars, From'Vancouver the rock
is brought in by the Canadian National Raiiways. . About 150,000 tons of -

the phosphate rock per year is-required,

The 1964-65 expansion to ‘the fertilizer plant with‘the-expanded
utilities and other services cost approximately 25 million dollars, The
size>of‘this expansion can best be realized by comparing it to the original
plant which at the end of 1954 was 24 million»dollars; By'the;end of 1966

the cost of the plant will be in excess of 60 million dollars: a plant

investment of $65,000 - $70,000 per employee,

R * *

. AMMONIA PRODUCTION

A

. The Ammonia process consists of high pressure reforming and

purlficatlon of the gases to produce a synthe31s gas that can be- converted

‘to anhydrous ammonia,

‘ This is done hy passage of a-steam-gas mixture over heated-catalyst
contained in tubes; the catalyst being heated indirectly from”outside the
tubes by'burning natural gas with preheated air in the primary reformer |
furnace, thereby transforming natural gas. and steam into hydrogen carbon
monox1de and carbon dioxide, Air is then added to the reformed gas in such

an amount that the n1trogen in the f1na1 gas will be in the correct proportion

' ‘_for the productlon of ammonla°

The reformed gas then passes through two beds of Shlft catalyst

Awhere essentially all of the carbon monox1de is converted to carbon dioxide,

The gas is then contacted with monethanolamlne for. removal of carbon dioxide,

The final traces of carbon oxides and oxygen'are removed by methanation catalyst,

10
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The purified mixture of hydrogen and nitrogen at a pressure of
approximately 5,200 psi'tHen reacts in the pfesence of a catalyst to produce
.gaseous ammonia,. - The gaseous ammonia is liquified by cooling and sent to

the weigh-and storage area,

The ammonia is stored as a liquid in Hortonsphéres and in ‘storage
tanks for distribution to the Metals and Fertilizers plants and to fertilizer

markets,

Hydrogen is produced separately in. the ammonia plant also by
catalytié steam reforming of natural gas, The purified hydrogen gas is used.

‘mainly for the precipitation of nickel and cobalt in metals recovery

operations,
* * * * *

-AMMONIUM SULPHATE PRODUCTION

The ammonium sulphate plant was constructed to process an ammonium
sulphate solution which is produced as a by-product in the‘metals recovery

process,

The ammonium sulphate plant consists of two similar units of triple
effect evaporators, In these the solution is concentrated, supersaturated
and crystallized, The crystal slurry, which is drawn off by-pump, is then
centrifuged and dried, The dried cryétals are then screehed, with the

product being treated with an anti-caking agent and stored for distribution,

The ma jor use of ammonium sulphate is as a fertilizer, It is an
extremely good fertilizer for ‘use in sulphur deficient areas, because it

Acontainé 247 sulphur, As a fertilizer it may be applied directly as 21-0-0

or be used as a blending component with urea and ammonium phosphate fertilizers,

- Ammonium sulphate fines are used as a feed source in the manufacture

of 16-20-0 and they may also be used in the metals leach process,

* * * * *

LR N N 11
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- “UREA PRODUCTION

Urea was the first organic compound to be produced synthetically,
In its initial stages of development considerable engineering ingenuity was
required to overcome such process difficulties as corrosion, methods of

recycle and recovery of gases,

The major. use of Urea is as a fert111zer ‘but . other uses are as
animal feed supplements and in the manufacturlng of plastlcs and adhesives,

The dual use of Urea as a fertilizer and animal feed supplement has made it

".an-exceedingly popular product in agriculture,

The advantages of using Urea as a fertilizer are its high nitrogen
analysis (46%), the fact that it is non-explosive, is very soluble, is

resistant to leaching‘and is non-corrosive to fertilizer applicators.

“The main features of Sherrltt Gordon s Urea plant are the total

- recycle of unreacted CO2 and NH,, use of oxygen in a1r as a corrosion in-

hibltor and the extremely hlgh purlty of product A fert111zer with a

biuret contamination of less than 0,25% is produced

A Biuret is a constituent that is formed during the manufacturing
process when too long a residence ‘time at elevated temperatures is spent
in a vessel It has proved to be harmful to ‘certain plants and crops (it

acts as a weed killer), but has been found to be a prote1n builder in cattle,

The Urea productlon process 1s essentlally the reaction, of’ 11qu1d

‘ammonia, gaseous carbon .dioxide and recycle ammonium carbamate at elevated

temperatures and pressure inside a reactor, The reactlon takes place at

© - about 2,800 psig and is de-pressurlzed in two stages in. order to.recover

unreacted gases, The flashed off ammonla water vapor and carbon dioxide
are collected in a wash column, where they react to form ammonium - carbamate

This is then recycled back to the reactor as a liquid,

The solution remaining. (approx1mate1y 75% Urea in water) is stored

in a large ‘tank from where it enters the crysta111zat10n section, Subsequent-

‘centrifuging and drying will produce a dry crystal that is remelted and then

Tee9e 12
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prilled, The prilled Urea enters a coating drum where an anti-caking agent

is added prior to storage,

BASIC REACTIONS

1, 2 NH + co % NH, CO_NH

3 » 2 : : 477272
Ammonia Carbon Dioxide Ammonium Carbamate
-2, NH4C02NH2 > NHZCO_NH2 .+ H20
‘Ammonium Carbamate Urea - Water

~

3. 2 NHZCONH2 NHZCONHCONH2 + NH3

Urea . Biuret - Ammonia

* * * * *

PHOSPHORIC ACID PRODUCTION

The phosphate rock used by Sherritt Gordon is miﬁed in Florida and
shipped through the Paﬁama Canal to Vancouver, B, C, where it is then loaded
in closed hopper cars and sent by rail to the plant site at Fort Séskatchewan.
Here it is unloaded at a rate of 8 tons per minute into three rock silos,

each having a storage capacity of 6,000 tons,

Normal Florida phosphate rock is considered a fluorapatite and

contains many impurities, Its main component is Bone Phosphate of Lime

(Ca3(P04)2) which is the main inorganic constituent of bones,

" The key to successful phosphoric acid plant operation is the attack
system where the objectives are to obtain maximum ‘conversion to phosphoric
acid and to produce an easily filterable and washable gypsum crystal, To
achieve these objectives, the. phosphate rock is ground by a ball mill into a
powdered form, It is then added with a. small excess of sulphuric acid into
the attack tank, where conditions are controlled to .obtain maximum conversion

and maximum gypsum crystal growth,

PRINCIPLE REACTION

W)y T 3H,S0, + 6H,0 ——> 3 Cas0, 28,0 2H,PO,

Ca3(P0

N L N 13



. . . . . R . ., N R ) . . L. .
. - . . : ' - . - ) 4

30

- 13 -

After a retention time of - approx1mate1y 8 hours in the attack tank

' the ‘slurry is pumped to a pan filter where the 31% P,0_ acid :is removed first

2°5.
and stored, The remaining acid is separated from the gypsum cake by a three

stage counter-current wash stream, After the f1na1 wash the gypsum cake is

”discharged and pumped out to the gypsum pond

" The stored 31% P, O5 ac1d can. be used in the granulation plant for

‘spec1fic formulatlons or it can be concentrated to 40%-P.0_ acid. by

2°5

'evaporation and stored for use in the granulatlon plant,

% % % %* .

GRANULATION PLANT

' The granulatlon plant is capable of produc1ng four types of granular

"“fertilizer, They are 11-48-0, 23-23-0, 11-55-0 and 16-20-0.

The basic ‘granulation process consists of producing slurry of

correct chemical and solids. composition in the saturator and br1ng1ng it into

'contact with dry recycled granules inside the blunger Here, through vigorous

mixing, . each granule is enlarged with a coatlng of slurry. Subsequent drying

.and screening will result in a low moisture fertilizer granule All under-

sized‘materlal 'will be recycled toothe blunger for further coating and

product obtained is transferred out to bulk storage from where it is shipped

to customers,

BASIC SATURATOR REACTIONS

(N, )H, PO,

. ' : : : AN
‘1,  Hp0,  + . NHy >
Phosphoric Acid L Mono-amnonium nhosphate.
2,  HgPO, WH, > (NH,),HPO,
 Phosphoric Acid = : :  Diammonium Phosphate
o S+ NH, - —
3. B8O, Ny . (WH,),S80
Sulphuric Acid - o -~ -Ammonium Sulphate
* * * * *
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RESEARCH AND DEVELOPMENT DIVISION

The Sherrltt nickel and cobalt refining processes are the direct
result of Sherritt's own research and development effort which expanded the
scope of the company from mining to metal reflnlng and manufacturing, The
success of Sherritt's unique hvdrometallurglcal processes firmly established

Mresearch' in its organ1zat10n Today about 80 professional and techn1ca1
people are employed in the new Research Centre of the Research and Development

Division located in Fort Saskatchewan,

The work carried out by our research staff concentrates essentially
on four areas: hydrometallurgical process development, new product develop-

memt technical assistance to the production plants and agronomlc research,

Research studies in the field of pressure hydrometallurgy resulted
in the development of numerous processes for the recovery of not only nickel
and cobalt, but also copper, zinc, lead and other metals as well as sulphur

and iron from a wide range of metal-bearing concentrates, mattes, industrial

been applied commercially, others are under intensive development for either
Sherritt's own use or for adaptation by other companies under suitable
licensing agreements, Of considerable future interest are the proceeses
developed for the recovery of nickel and cobalt from laterite ores, Pro-
cesses for the recovery of non-ferrous metals and elemental sulphur from

sulph1de concentrates also offer 1nterest1ng new metallurgical possibilities,

‘ - The new product development work led to the production of pure

- nickel and cobalt strip by.the direct rolling of metal powders, This, in
‘turn provided the means of further vertical integration into the productlon
of coinage blanks and finally, to the minting of coins for a number of
foreign governments, Extensive investigation of the mechanics of hydrogen
reduction of nickel and cobalt from solution brought about the development
of a variety of monocomponent and composite powders presently in commercial
production at Fort Saskatchewan, The combined knowledge of pressure hydro-
metallurgy and powder metallurgy built up over the years has formed the
‘basis for Sherritt's development of advanced new materials such as thoria
disper51on strengihened metals and alloys for high temperature application

residues and secondary materials, While some of these processes have already '

L NN ] 15
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. in future jet propulsion systems,’

Research and production groups pool their efforts in a continuous
program of technical assistance to Sherritt s production plants which is
carried out with .the object of introducing new processes raising the
efficiency of existing processes and production procedures and maintaining

the highest quality of metal and fertilizer products.

With the expansion of Sherritt's- fertilizer operations a long

" range agronomic‘research program has now. been initiated to study the
effectiveness of Sherritt fertilizers throughout our pr1nc1pa1 marketing
[area, the Canadian prairie provinces, This enables Sherritt to make better

, recommendations and give better service to its. customers.

The company's research plans for the. future are designed to

stimulate further growth by diver31f1cation

* * * * ok *

SERVICES AND UTILITIES

Sherritt, to a very large extent, supplies the services and

R

\

... The power house and water treatment plants supply all.the require-

-ments for steam, air, heat and water and almost.33% of the electric power,

' The daily water circulating load through the plant is about 75 million

gallons, About 2,600,000 gallons'of-water pér'day are pumped'from the North
Saskatchewan River to make up for evaporation and other losses, equivalent
to 9 tons per minute, The'water_treatment plant treats, purifies,.cools

and recycles the water. N

Fertilizer shipping is very.seasonable, up to 70% of'shipmentsiare

- made during a three month period, This necessitates large storage-facilities.

Sherritt's original storage building for ammonium sulphate has a capacity of
35,000 tons, urea storage 12,000 tonsb and ammonia storage 2,000 tons, With
the expanded plant urea storage was 1ncreased by 35 000 tons, ammonia by

2,000 tons and for ammonium phosphates a 50,000 ton bulk. storage bu1ld1ng and

16
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a 6,000 ton bagged storage building was required, in addition three 6,000 ton

silos for the étorage of phosphate rock were required,

. The new 50,000 ton bulk storage building for phosphates and the
- 35,000 ton_bulk storage building for urea are circular buildings, or
"agrodomes'', They are tﬁo of the lightest steel dome structhres in the world,
for their size and applied loéd, having a 225' clear span roof, They provide
a most efficient and economical solution for storage, and are very striking

in appearance,

The storage and shippiﬁg facilities will permit the loading of

over 100 trucks per day, in addition to shipments by rail,

The new track scale installed, at the time of the phosphate expansion,

is one of the largest in North America, being designed to accommodate the
jumbo rail car which was just coming into service, The size of the scale
will allow these cars to be weighed as a whole instead of weighing in two

parts,

Other facilities include maintenance shops, analytical laboratories,

stores, purchasing, administrative and personnel offices,

. About 850 to 900 persons are employed at the Sherritt Plant;

operations are continuous, 24 hours a day, seven days per week,

- Production from the plant, on a daily basis is about:

450 tons Anhydrous Ammonia ( 90T available for sale)-
540 tons Ammonium Sulphate (370T available for sa%e)
.6 tons Hydrogen

300 tons ‘Uréa

400 tons Ammonium- Phosphates

45 tons Nickel

2,300 1bs, Cobalt _ .
_ 11,500 lbs, Copper (as Copper Sulpﬁide)

L NN 17
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In addition to handling products, a considerable quantity of raw

-~

materials must be handled daily, including:

Water ..ceeeeescccccces 2,600,000 gals;
Natural Gas ........... 24,000,000 cu, ft.
.Sulphuric Acid cecsecessasenes 600 tons
| Phosphate RoCk "..veeeeeecceocs 520 tons
- Lynn Lake Concentrate cevecanes 300 tons

Otﬁer Metal Feed ..eeeeeveeess 25 tons

PR
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9. UREA PRODUCTION PLANT

. FERTILIZER UREA STORAGE BUILDING

. FEED UREA STORAGE BUILDING

. AMMONIUM SULPHATE PRODUCTION RALANT

. AMMONIUM SULPHATE STORAGE B
T

. AMMONIA PRODUCTION PLANT .
. AMMOPIA STORAGE SPHIRES

RESEARCH AND DEVELOPMENT OLVISI

. MITAL HANDLING BUILDING
ADMINISTRATION BUILDING "

. ‘CONCENTRATE-STORAGE BUILDIN
. LEACH RESIDUE POND it

. AMMONIUM PHOSPHATE GRANULATION PLANT
PLAN

. BAGGED FERTILIZER STORAGE B
. AMMONIUM SULPHATE BAGGING X PAR|
B8IN

. WATER COOLING TOWER
. WATER TREATMENT PLANT
'2). PURCHASING AND STORES

. SULPHIDE PRECIMITATION
. METALS RECOVERY PLANT

COBALT RECOVIRY PLANT
OPERATIONS LABORATORILS
PERSONNIL AND MEDICAL BUILDING

. FEED UREA BAGGING PLANT
. AMMONIUM PHOSPHATE STORAGE BUILDING
. FERTILIZER BLENDING PLANT

SCALE

eNewAUN=

UNLLUADING BUILDING
AGE SILOS

| PHOSPHORIC ACID PRODUCTION PLANT . FERMLIZER BAGGING PLANT
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FIG.12 = FLOW SHEET FOR RECOVERY OF COPPER FROM COPPER OR COPPER OXIDE BEARING MATERIALS
: N AMMONIUM CARBONATE SYSTEM.
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VISIT 5: US BUREAU OF MINES

"Situated at

Twin Cities Metellurgy Research Centre,
MINNEAPOLIS

DATE: Monday 9 November 1970

MET: Mr Morris M. Fine, Superv1sory Metallurglst
' Mr Charles Praske :
Dr John Nigro

'Mr Norwood B. Melcher, Research Director was out of town but Mr Fine

~has worked and pubiiéhed extensively in the field of iron ore pre-reduction

and the morning was spent in discussing the current status of developments.

- Their most recent review (Fine; Melcher and others 1970) is US Bureau .of Mines

Bulletin 651. ' Other dséful references cited by Mr“Fine were:

'1. Jeffery, W.C., 1970 Chas. Ed Hoyt Memorial Lecture.
AFS Transactlons p 101 (1970) (Use of DLM product in foundries)

2., Fogleman, Gloven and Jensen
BF and Steel Plant p 733 (October 1970)
(Use of Fior product in an electric furnace - refractory llfe

adversely affected)

3. McManus G.J. - Iron Age, August 17, 1970

Gun Goes Off for Direct Reduction

4, Anon, Iron Age, May 21, 1970.

¢

He said that an H-Iron plant treating 300,000 tons had been estimated to cost
$US8.6 million and that it had been estimated that ore could beAreduced for .
$US8.87 per ton. It had also been stated that Midland-Ross would sell

reduced ore at $US30 per metric ton at the mouth of the M1331351pp1 He

‘also referred to activities by Armco Steel near Houston, Texas. Mr.Fine

.also said that North Star Steel Co., PO Box 3189; St. Paul, Minnesota. 55101

(Phone.612;735—2110)-had a very nice mini-steel plant and were planning to
use metalised pellets and also produce. alloy steels, They have continuous
casting using a_self;levelling tundish and produce rebars, angles and custom

bars. Dr J.C. Gay is Raw Material and Process Control Superintendent.
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Mr Fine has just recently however handed over responsibility for iron

ore research to Mr Charles Praske and assumed responsibility for copper.

He supplied copies of US Bureau of Mines Bulletin R.I. 7314 and 7339 and
a copy of a paper by himself and R.B. Schluter presanted at the AIME Annual

l-.-«, !j

'~ 'Meeting at Denver, February 1970 - the latter two dealing with recent

"work on treatment of a chalcocite concentrate.

Most of the afternoon was spent in discussions with Mr Charles Praske

and Dr John Nigro, and in a tour of the facilities, mainly the pilot plant

-._ e

for metallisation of iron ore pellets, and conversion of a mixture of light

automobile scrap and non-magnetic taconite into a magnetite concentrate.

" The plant.is illustrated in Bulletin 651, An interesting unit for rapid
magnétic,determipation of pellet metallisation, designated a 'Ramsey

- Converter, RC-10" was built by the Ramsey Eng. Co. St Paul, Minn.
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VISIT 6: METAL POWDERS INC.

‘Situated at

115 East 13th Avenue,
NORTH KANSAS CITY MISSOURI

DATE: Tuesday 10. November 1970
MET: Mr Robert_Swafford,.Vice President -and. General Manaéer of the"
Kansas City operation. ‘ ‘ ' '
1. INTRODUCTION

Mr Swafford explained that Metal Powders Inc. is a subsidiary of McAlester

Fuel Corp. which owns a mine and produces cement copper in Arizona. He

"supplied an illustrated brochure, extracts from.which are appended, describing

the operations and giving product'specifications.' He was able to spend 2%
hours describing their operations and showing me through the plant. Despite
the neceséity of my signing a_non-disclqsure'agréement he was able to speak

freely on all aspects of the process on which I enquired.. He:said the US

consumption of copper powder, including that in prg—Blendederonze powder

Was.approxiﬁately 300,000 tons per annum. - Heisaid-that products'suitable
for all applications except high conductivity electriéal,'could be'méde by
hydrogen precipitation; and such powdérs, due to their irregﬁlar shape, gave
highest green strengths. Another company hédAshown that his tompaﬁy's |
moulding—gfade powder could be' converted into flake by ball-milling. . . He
suggested that friction-grade pdwder might even provebé éubsti;ute‘forjflake.

Two general gradés of powder are prodﬁcéd - fine, 1ight"friétion—grade" and

denser "moulding grade" (see Tables‘reprbduéedlbn pages A-54 to A-57).

2. PROCESS CONDITIONS ' .

. Metal Powders' main feedstock is cement copper produced by the parent

‘company, but they-also leach scrap (Np. I and No. 2) and such special items
'as copper~clad iron wire, off-cuts of printed circuit board etc. The cbpper

‘must be available to the lixiviant. -Brass. can be used but the pregnant

solution should not exceed 10-15 g/1 Zn as zinc salts deposit in the ammonia
still which treats a bleed-off stream.- Leaching is done at slight negative
pressure as ammonia-pollution of the atmosphere is viewed.seriocusly (probably

without cause) by the plant's neighbours. Air is sparged in as required to
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oxidise copper from the elemental form, and the cuprous/cupric ratio is an
" important aspect which affects subsequent hydrogen precipitation. Generally
. the plant solutions are approximately 1:1 Cul:Cull but reagent requirements

are affected.. From memory Mr Swafford.quoted the following:

- 1.03 g/l-NHa per g/l.CuIi
'0.67 g/l NHs per g/l Cul

- These are theoretical requirements and in practice excess reagents have
to belpresent to combine with zinc and otﬁer consumers. Generally‘the '
pxegnant solutibn assays around 1 1lb/gal copper, i.e. 120~g/11Cu, 120-140 g/1
NHs, 80 g/1 CO,. Ammonia is purchased but carbon dioxide enters the solution

in the hydrogen used for reduction which is produced by reforming natural gas.

2.1 Hydrogen Precipitation

Mr Swafford said that there is a lot of "art" in produtingvthe desired
powder, but suggested that 75% of the control of powder form was in the
precipitation stage and 25% of it in the sintering and milling post-treatment.
Friction-grade powder is produced in a single precipitation and moulding-grade

powder by multiple densification. |
| - Hydrogen is produced by reforming desulphurised natufal‘gas or refinery

: by-products. Assuming 4 vols. of hydrogen per vol. of methane:
CH, + 2H,0 = CO, + 4H,

Mr Swafford estimated that they use 2-3 cu ft of hydrogen per pound of copper

for precipitation and protection in the sintering furnace.

3. DESCRIPTION OF PLANT

Mild steel is generally used except in contact with ammonia vapour where

.. Stainless steel (Type 316 or .possibly lower-grade) is required.

3.1 Leaching

. Scrap is leached in tH:ee 8 ft-diametér by 16 ft,percolation'tanks, cement
in five 15 ft diameter by 7 ft 8,060 gallon tanks agitated by a 50 inch
turbiné blade at 50 rpm, and very iight printed circuit board in a 60,000
gallon tank holding 200,000 1b. Scrap is loaded by clam-shell bucket and
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cement by front-end loader, and hatches are water-sealed. Vented ammonia

is scrubbed and the solution used for washing etc. Scrap residue is similar-

ly unloaded, but the 10-12% residue from cement is pumped out and removed on
the filter, an 8 ft diameter by 10 ft Eimco vacuum unit operated with about
5 inches of precoat (5-600 1lb per day) and fitted with a spray’wash. The

filtered solution goes to storage, whence it is drawn to the:hydrdgen—

.reduction autoclaves via a preheater.

3.2-Hydfogen Precipitation.

A Hydrogen is prodnced by a Chemical Construction Co. reforner, stored
in a 5,000 ¢ ft gasometer, and compressed from 6 ounces to 1,000 psi by a

compresser with a capacity of 180 cfm at 1,000 psi. A 600 hp boiler (and

. a newer; slightly larger .unit) supply process steam for heating solution and

distilling ammonia and carbon dioxide from a bleed stream of lean solution.

Distillation of this bleed: stream is done to maintain the water balance and

A‘ keep the 1mpur1ty‘1evel down, and is accomplished with live steam in a

2 ft diameter mild steel column paeked’with-Berl-saddles, steam passing up
the column eountercurrent-to the solution. The condensers are of stainless
steel. Ammonia—water is recycledband ammqnia and carbon dioxide 'gases
plped to the leaching tanks. . | ‘ |

The two reduction autoclaves, horlzontal stainless steel linéd vessels

' approx1mate1y 5 ft diameter by. 15 ft are fitted with three agitators.
" Solution is pumped in by a reciprocating positive displacement pump, made in
stainless steel. The autoclaves are operated. at approximately 300 deg. F,

' 1,000 psi total pressure (approximately 400 psi hydrogen). 25 minutes is

required for charging, and 50-60 minutes for reduction.. The slurry is

allowed‘to settle for 5-15 minutes before discharging it through heat

‘exchangers, which cool it to 100°F, into a stainless steel-lined holding-

tank. Discharge requires 20-30 minutes. A reduction rate of 39 1b per

min is usual, but 60 1b per min has been attained.

The slurry is centrifuged in a suspended basket centrifuge and the

‘solids washed before being sintered in a 20_ft:long hydrogen~swept gas-fired

furnace through which the prec1p1tated copper passes as a 2 inch cake on a
3.5 ft wide stalnless steel belt.
-Furnace temperature is l 300°F and throughput 1,700 1b per hr. The

sintered product is broken up by saw-tooth crushers and milled and sized”by

. a Mikro pulveriser hammermill and air classifier and Sweco screen. Fines .are
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collected by cyclone and Wheelabrator baghouse. Run-of-mill product is

drummed in black drums, and blending to épecification is carried out by

'two'men on day shift only in trailerfloads of 40,000 1b ponétituting 3-4
. batches in a Patterscn blender. The final product is'then_packed‘in blue
7600 1b drums.

3.3 Quality Control
The physical testing laboratory,'ih éddition to the usual équipmeht for
determining sizing and flowrate, had presses and equipment for determining
green strength of compacts and furnaces in which compacts could be sintered
to determine "gfowth".

The analytical laboratory, staffed by a chemist and two assistants, had

. facilities for determining copper in feed electrolytically and éssaying the

- final product: Shift operators make routine determinations on plant

solutions for CO, (add phosphoric acid, C02 displaceé salt solution), NHg
.(Kjeidahl and back titration - 15 minutes), total Cu (add acetic acid,

ammonia, use colorimeter).

3.4 Labour

The shift crew consists of five men, of which one is the leading hand:

~

Leaching and Filtration: 1 operator )
Reduction and Distillation: 1 operator
" Centrifuging: 1 operator
nying and Sintering: 1 operator
Reforming: ’ (fraction of

1 operator's time)

4. TFURTHER ACTION

Mr Swafford would be happy to supply samples to bona fide enquirers in
Australia, and to supply commercial amounts in Australia if tariffs etc. did

‘not price,their product out of the market.
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METAL POWDERS INC. :
A VERY SPECIAL CAPABILITY- o
FOR A'VERY SPECIAL COPPER POWDER :

46

©_The Metal Powders, Inc., plant in North Kansas City,
Missouri, was the first to produce copper powder com- -
'_mercially by hydrogen reduction of a complex of cu-.

prous and cupric ammonium carbonates m.solut_lon

The process is called hydrorefining. It is u‘nique'.. The

copper powder produced by this process is also unique

» Cts physical characteristics. These characteristics,in
- \Nwwrn, offer significant -advantages to the producers and .

.users of powdered metal parts and components. Deétails

of these advantages, and the process that makes them'

'-possmle are covered on the followmg pages...

_ However, there is.one dlstlnctlve feature of the process
‘which ‘should be mentioned here: The hydrorefining :
~ process has the capability of extractlng copper powder
economically from oxide ore-concentrates and almost

any copper-bearing scrap in concentratlons as low as
5% by weight.

Since the process can be used economlcally wuth ore - -
concentrates the price of f|n|shed powder need no'

Ionger be tled to the volatrle and unpredlctable cost

. of copper scrap.’

'leen ‘a-source of raw matenal in the ground mdepen-.
dent of the secondary copper market, price stability is.
assured and certain economies can be passed on
to copper powder customers. Metal Powders lnc has.
such asource. C :

The company is a subsidiary of McAlester ‘Fuel Com-
pany, an organizaztion which specializes in the extrac-

" ton of natural- mineral resources. McAlester's Zonla

‘mine in Kirkland, Arizona, provides the copper ore for
" the Metal Powders refining plant in North Kansas Clty

} ThIS plant in the heart of the midwest industrial com-

- plex, also has access to copper-scrap which can be

blended, when economically warranted, with the ore

’_*concentrates in the refmmg process

From'this plant comes a. wide. range of hlgh purlty,

' ,'tallor-made copper powders created to meet the in-

.;dlvrdual needs of our customers

. The Zonia copper mine hasa .
" -minimum of fifteen years proven.
.reserves, with thousands of acres
- - showing.a high degree of - " I
-mlnerallzatlon stlll to be drllled out.’




THE IMPORTANCE OF BEING CLUSTER_E_D '

47

Copper powders produced electrolytically, have a

 branched, or dendritic, structure. Powders produced - '
by atomization are nugget-like. But copper powders -
produced by the Metal Powders, Inc. hydrorefining

process have a grape Ilke cluster or botryordal
structure.

Our research, and our customers’ on-the- ]Ob expen-

ence, have. demonstrated that the clustered structure

with its irregular surface area has several lmportant '

effects on-physical properties.

Most important, MP powders have hrgher green
strength. This translates directly into lower production
Iosses between the die and the smterlng furnace

Second, the clustered confrguratlon provrdes higher

flowability. This means shorter cycle times:and m-j :

creased press production.

3

Third, hydrorefining results in highly. uniform powders.

Since it.is a chemical process, it is susceptible to strict
quality control and makes possible the production of

_powders made to exacting specifications. The obvious
. result is higher quality sintered parts.

It has also been found that hydrorefrned copper powder
sinters at' lower temperatures, and in a shorter peri

" of time, than powders produced electrolytically or by

atomlzatron

MP» powders have exceptional stability and resistance
1o oxidation over long periods of storage and at temper-

atures considerably above ambient.

" These properties add up to considerable savngs to
fabricators in terms of powder utilization, power con-
sumption, and speed of fabrication.

-~




47 OTHER WAYS . T
TO UTILIZE COPPER powosns

. -

.MP copper powders are produced in moldlng and frlc-- _
tion grades. Both grades are available in a wide range -

ot screen sizes, apparent density, green strength, crys-

- tal growth and fiowability. These and other character-

istics can be varied to meet your requirements by

’. altering the hydrorefining process parameters. ‘
' ce range ot applications can be still further extended

many ways: By the addition .of other powders or

agents with other metals.

powders is in the manufacture of oilless bearings. Fric-

;However |mag|nat|ve engmeers have drscovered

your own

: Abras:ve wheels.

..Aor/cu/tural app//cat/ons Farm ma'*hmery, food en:

‘ ‘richment, fung|0|des Iawn and garden equrpment so-"

condmonm:, o
' Aerospace: Brake hmng counterwelqhts o

o Automot/ve Bushmgs brake bands and ||n|ngs engme

d transmission applrcatrons

\. Bu:/d/na and Constcht/on Conductive and non spark B
flooring. decorahve plastlcs and Irnoleum _pipe joini
» compounas. . : . . '

Catalysts . o
Coatings: "Anti- toulmo oamts conductrve pamts ang

.supoorts; printea relays. . .

“Meat treatmert; Inflllratuon:

materials, or by the use ot copper powders as aIonlng.

Probablv ‘the wrdest use of moldmg grade copper e

tion grade powders are used pnmanly in clutch plates
" and brake llnmgs . ;

dozens of other applications. The list ‘below inciudes.
47 of them Perhaps their ideas will strmulate some ol

plastics. corrosion-resistant paints, decorative palnt° . ‘
' spray coatings:’ vacuum metallrzm"‘ »

"Electricai and Eilec tromﬂ Brushes contacts cryst’v

Electricai Discnarge and E/ectromechamcar Machm--"
- ing: Electroges, prerorms S G

/ndustrlal (general) Bearmgs and bushrngs frictior

materlar

.Jom/ng Brazmg resrstance we|d|ng electrodes

Lubncants Anti- gallmg pipe jolnt compound copper

y ) Iubrlcants plastic-filled metals
_Magnets

Nuclear Engmeerlng Gamma ray shuelqu

:Ordnance Armor- plercmg cores, lncendlary bombe,

flares, torpedos tracers, etc., prdjectiles rotating

“ bands. .
o Personal Products Cordless electrlc toothbrush and

razor, fmgernall lacquer.

‘ Radio and Telewsron Permanent magnets prmted cir-

CUItS

- Ra//roads Brake Ilnlng fnctron strrps on pantog'aph
Self- /ubncatrng Parts: Oil-filled, plastlc frlleo
o 'Sh/pc Antl-foulmg palnts

L rTypIcaI parts | labrlcated !ro*i )
copper oowoer:
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THE SECRET ~ = ¢
OF OUR SUCCESS -

50

The hydrorefining process at the MP plant in North -
Kansas City, Missouri, currently produces 300-350 tons
of high purity copper powder per month. Because of
increased demand for the ‘special characteristics of -
hydrorefined copper powder, plans have been com-

pleted to expand the piant to handle 750 tons per month.

! = : ' B .
('u.& (") Copper cement from the Zonia.mine and copper

scrap arrive in gondoIaAca_r's or by motor'_fre‘igh_t. .

(3 © Raw materials are assayed and stored.in sep-
arate bins. ' o g S '

) &{ Copper cement is charged by weight to one of

five cement leach tanks. Copper scrap is
charged to one of three scrap towers. Raw ma-

terials are solvated in a solution of ammonium
carbonate and sparged air to produce rich

copper-bearingliquor. - -

Then it is filtered through a large rotary vacuum
- precoat filter. The rich liquor is then stored for
future use or fed directly to the autoclaves. -

(D) in the two high-pressure autoclaves the copper
powder is reduced by hydrogen at 1000 Ibs. -

gauge, at 350°F.

(v”_s) © Hydrogen for the autoclaves is produced from .
o ~ natural'gas.or propane-in the reform plant.
(i)  When the reaction is complete; the, charge is .

‘decantedoverhead. .. . o

(&)  The rich liquor is purified to-rémove: con'ta'mi_-_4
nants such as tin, lead, sulfate, phosphate, etc.

Thé ecoiogiCaIiy-minded 'read_ér- should note that- the

" refinery does not produce noxious odors, loud noises
- or-movement of heavy equipment, and that all reagents,

except stripping chemicals, are reused.
For the process-minded reader, a schematic of the
plant is-shown at left. This.is the way it works:

0] &() The charge is then run to the centrifuges where

refined copper powder is harvested as wet cake.

(& (@ Ammonia.and carbon dioxide ar_e.recoVered in .
"~ stripping columns and absorbers. . .

O L'ean' I-iquor is stored in tanks before recycling
' to the leachers. ' ‘

(® Thewetcakeisfedtoa hydrogen oven where it
is dried and reduced to bright copper cake.

.(8) At the exit end of the d,rie‘r, a sawtooth crusher
- breaks up the cake. ‘ ' ‘

: :@‘II;Th.e bowder is screened and classified into

- various grades.

&@ Finished _poWd'erAiS‘che(.:kec'i by quality control’

* " ‘and then blended to the specifications of vari-
. - ous customers.

@a@ Powder is weighed and loaded. into 600-pound

-~ ‘vapor-proof drums. These are banded four to
- a pallet and shipped by motor freight. -




FOR THE PICTORIALLY-MINDED

Shown below are some of the
facilities and equipment of
Metal Powders, Inc. used in
various stages of the
production of copper powder
from ore concentrates.

1. Aerial view, Zonia mine 6
. Copper oxide ore 7
. Leading copper cement .. &
9
0
1

at the Zonia mine

. Unloading scrap at the refinery 1
. Autoclaves 1

. X-ray spectrophotometer
. Rotary precoat filter :

Cement leach tanks

. Autoclave panelboard
. Reform plant
. Centrifuge

12. Hydrogen reduction oven
13. Exit end of drier

14. Quality control laboratory
15. Scrap leach tanks

16. Warehousing

21
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CREATIVE TECHNICAL SERVICE
BEGINS IN THE LABORATORY ...

22

Metal Powders, Inc. maintains a well-equipped quality
control laboratory to insure that each lot of powder
meets your most exacting specification.

In addition, MP is well equipped to handle both physical
and chemical laboratory analyses on behalf of its cus-
tomers for use in the development of powders for spe-
cialized applications.

The capabilities of MP's own experienced personnel
are further extended by our continuing contract serv-
ices with two highly respected independent research
organizations.

Midwest Research Institute in Kansas City, Missouri,
provides highly sophisticated physical and chemical
analyses. SKC P/M Engineering is utilized for physical
and mechanical testing and the development of new
applications in the use of MP copper powders.

This combination of in-house and independent re-
search assures Metal Powders, Inc. customers of ah\
curate information and the most advanced thinking

the use of copper powders across a broad spectrum
of applications.




... AND CONTINUES INTO YOUR PLANT

23

MP technical service starts with consultation on the use
or development of copper powders to fit your require-
ments . . . and doesn't end until your job is coming
smoothly out of the sintering furnace.

Metal Powders, Inc. supplies free samples for testing
and evaluation. All powders produced by MP are spe-
cifically tailored to our customers' requirements and

&lnufactured to customers’ specifications. Chemical

and Physical Specifications Sheets, certified by Metal
Powders, Inc., are forwarded with preshipment samples
to assure strict quality control.

And, of course, MP engineers and technical personnel
are always available for consultation at any stage of the
process from powder development through final prod-
uct production.
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BASIC FACTS YOU Lo
SHOULD KNOW ABOUT MP POWDERS

ot
L%

MP COPPER POWDERS
‘  CHEMICAL ANALYSls

MP
Grades

PHYSICAL PROPERTIES

‘ Copper
Content
~ % Min.

. Hyd;ogen
Loss -

% Max. -

Acld
- Insol
%} Max.

Kp'phre.lit _'
Density

‘(Sec./ -
_so,g).. .

Screon Analysis '

100_.
4+

;

150"

. 200°
o+

v .zro

'| Granules

030"

002 "

© 380

.40-45

A.—4o+1oo 35_40

1015 2Mex.’|

" | MP.170-90
MP 250-80

'99.0
99.0-

075

T 075

', 0.05

005 .

-2.40-270

02Max.
' .02Max_-

* 05Max.

0.5 Max.

5Max. 5 Max.
0.5 'Max. 2Max.

5 Mak.

;.5AMax.'r 90 Min.
: 95 M!n.

.MP-250-60

L LG

MP 250-60
HG,-.

9950 |

'99.50 ‘

030

030"

C 002 )

002

2.55-2.75 |’

30

(.).'2 _Méx. -

. 02Max. -

15,

510 1015

,5-10

7610 |

510

.'5-‘10>‘>

60-70 |

. 85-75

MP 280-60
1-. MG -
‘| MP 280-60
T HG

b

9950

‘9950 |

' 0.30

030,

002 "

00277 .

275295 |

':.O',ZZM‘tix. »

R 0.2 Mt;x.. :

RN

5410

© 510 .- 10-15

1015 |

ET

5-10

6070 |. °. -

LG .

i HG

| MP 300-40

"MP 300-40°

8950

99.50’- _

030

0136

002

"0.02-

~a;25¥3.:4o .

3.00-3.20°

30"

. %0

" 0.2 Max. -

02 Max. -

| 1020

| 10:20. . 10-20

10-20

5-10

5-10

35-55

40-50,

MECHANICAL PROPERTIES OF MP COPPER POWDER

Compacting

Pressure

Sintering -
. Time

' Denally, glcc

Hardness E

Tensllo .-
Strengll\

Dimensional
- :change -

Grade

hrs.

Green

-Sintered

Rockweli .

psi_

%

%

=

|
|
4

| MP 17080

V- )

1
M2
2]

6.80 -

© 754
N

783,

760

. H74.

H79
HT8 -
H-74

32,500
31,000 = | :

210
310 *
219

21

- 94
- 10.0

=70
- 72

MP 250-60 | °

V2
1

1

2 ‘

682
734

745
757

1.7

767 ¢

_H-67
H-71
H-69
H-71.

24,900
. 28500,

26,400 .
“28,700 . -]

.148
.- 230

17.5
. 237

— 52

- 82
- 34
-39

I

1

]
i

| MP 280-60

; .

8ERY.

A
1

V2
1

" 7.40

684

759 °
7.75 -

749 . |

785 |

H-63 -

H-66 -
H6e -
'H69

". 20,600

25,500
-21.400

25,100,

e
184"

S TNns

181

| MP 300-40

\ L

20
30

- VW2
1

/2

1

6.87

.. 6.55

731
7.40
7.56 -

713 |

H-41
H-49
H-50
H-55

117.900: "

16,500
21,400 -

"l‘ . 10 {-
88
15.1

S I I

- LUBRICANT /%0 2INC STEARAT'-

TEST CON[.'MTIQNc

SINTERING TEMP. 1832°F {1000°C
SINTERING ATMOSPHERE CRACKED Nha




' 'MP COPPER POWDERS ',

rd

GREEN DENSITY vs. COMPACTING PRESSURE SR GREEN DENSITY vs. GREEN STRENGTH
o % % ZINC STEARATE - L " %% ZINC STEARATE
: 8'0 N . ) . B .

o MP 30040 HG -

MP 280-60 MG . -

MP250-60LG |- | "
. 4000

/MP 170-90- o

¢

MP 250-60 LG

Green Density, g/cc

o

MP 280-60 MG

-Green Strength,psi -

5 10-,-';2' 520 25 0
o BRI Compacung pressure Asi - - »
N
'GREEN STRENGTH vs. COMPACTING PRESSURE
: %% ZINC STEARATE

"_'10‘(')0"“' :
¢ MP 300-40.HG

. ’ MP170-90 . .|
N’ = -

' 45 .5 © 65 - .60 . 65 70 - 75

: ! R Y < o - AR ‘_: . ol T .Grée_qDensity,glc.c o
o ’ - Sl | e MeasoBOLG [ T s e e

MP280-80HG - .
g MP.250460HG

Green Strength, psi

P 'MP 3oo-4o LG

1000 'Mpsoo-wHe

o 5 . 10 . W5 201-: 25
. Compacling Pressure tsl




90/10 BRONZE ~

COMPOSITION: - 90% COPPER". ~ . -~ SINTERING TEMPERATURE: 1525° F
S ‘5% TIN--COARSE. - - SINTERING ATMOSPHERE:NH: -
5% TIN—FINE - S T
1% GRAPHITE . '
% % ZINC STEARATE

TENSILE PROPERTIES OF 90/10 BRONZE -
. — T Dimensional

»’ P%(\)AZ;EI?S 1 :D’ensh?,gg/cé B Hardhéés.4 ' Tghslle’Slre_leh _E_lo’ngatllon ’ Change, Length
- : Green- ‘Sintered. .| Rockwall - .{- - . . psi % 1" : %
MP 280-60 " - 6.07 L 6.02 . H-39 | 14,300 . .. 87 . =057 .
Electrolytic Cu 6.00 - 599 . - H-28 - 12,200 . " 6.5 —0.54 |
ReducedCu | 596 | 590 | H-30. | 13300 | er —0.57
'90/10 BRONZE BUSHINGS e L
‘ “GreenDensity,g/cc. - -] - - 60 - . | - 66 -
Sintering Time,Min. =~ | -~ 10 15 10 15
MP Sintered Density, g/cc - 5.81 1. . 584 612 6.20
2"80-60 M.G K Factor, psi | 23,200 . 23,600 29,500 29,500
" | Change'in Diameter in./In. | —0.001" ~ 0 | 4o00M + 0.008
Mp Sintered Density, g/cc | 548 '5.80 - - 598 : 5.94
580-60 HG. K Factor, psi . - 18,900 - - 20,700 - 25,500 © 25,800
' .." ‘| Changein Diameter In./In. |- 4 0.015 ~ 4-0.003 | - -+ 0.020 -+ 0.021
BUSHING SIZE: 170D x %" ID x 1" L I R .
".'. . - .
. T R )MPZSO—GOLG '
- . ~90/10 PREBLENDED BRONZE, . 3000 — '
GREEN DENSITY vs. GREEN STRENGTH -~ | /
g MP 250-60 HG
£ 2000 % MP 260-60 MG
. 8 MPZBO-GOLG
2 1500|-
g . -
5 o
© . 1000 } MP 30040 LG
L MP 300-40 NG - .
500 N

.80 . 82 84 6.6
L . ‘Grleanensl‘ly.g/cc

v
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 MP COPPER POWDER ADDITION TO IRON POWDER .

_ , B R - | Tenslle. | - Dimensional
1 S : . " Density, g/cc - .| Hardness ‘1. Strength |[Elongation| - Change
" Composition . | Copper — - -
_ o : ) Powder: - | Green Sintered | Rockwell " [ - "psl 1% 1 % Length
- 97% lron . — _ — -~ ——
1132;0 gopp:_z N " .. . . |REDUCED IRON |-~ -
o Graphite . - . . it : o ‘ .
* %:/s Zinc Stearate MP 28060 . | . 649 -. 635 | 'B49 | 45800 - 27 +0.45
~ . . .. . " |ElectrolyticCu| 643 633 | 'B-45 | 44700 | . 26 4048
ReducedCu_ | 644 632 - ‘B-47 | 45200 | 22 | +048

" conditions _
© Compacting Pressure, . — —
30tsi - , R E T :
- Preburned 1200°F. /2 hr. o |ATOMIZED IRON - Do »
Sintering Temp., 2050° F. DRO060 . 1 eea- | B8t a | '
Sintering Time, 1'/2hrs. - MP280-60 1 8.7 S 6’64 1 8 »81,' I 18 - 3
Sintering Atmosphere, - | Electrolytic Cul~ 665 6.60 | B-78. " 73400 - |- 19 0
._-.Cracl‘(ed N,_H? R 'R»e-dU(:e'__d‘Cu_j' .6-69 553 n B-7$ o 69,700 - 18 |, 0.

- ) . . . .. e et -
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VISIT 7: MIDREX DIVISION, MIDLAND-ROSS CORPORATION

“Situated at

900 North Westwood
TOLEDO OHIO

DATE: Wednesday 11 November 1970

MET: Mr Norman J. Klatt, SalesOManager

1. INTRODUCTION

" 'Mr Klatt said that Midland-Ross Corporation policy was to build and operaté
metallised pellet plants throughout the world and to supply metallised pellets

at a stable price on a guaranteed basis. Midland-Ross Corporation would

. invest their own money and own the plant, and wpnld normally require a 10

year contract for sale of product. An exception to the above policy has
been published in the press (page A-62) where it is stated that Midland-
Ross Corporation. will'participate in a joint venture with Chugai Ro Kogyo
Kaisha Limited to build a 400,000 tons per annum plant in Japan Midland- -

Ross Corporation would be’ very interested in 1nvest1ng in. Australla.

2. CURRENT ACTIVITY

The metalllsed pellet plant at Portland, Oregon was. stated .to be
operating (though competitors have since suggested that continuous smooth

operation has not yet been aahieved). The plant at.Gebrgetown, S. Carolina

 will be run-in in January 1971 and pellets supplied to the steel mill in

April 1971. The plant in Hamburg, Germany will be run-in in April 1971
and operating in June- -July 1971, this latter plant involving a new steel—
mill as well as pre~reduced pellet plant. A plant is projected for ‘Japan
as mentioned above, and plants are under consideration for New Orleans
(800;000 tons per annum - to supply mini-steel millsaand ironmakers) and

Montreal (Dominion Steel and Sidbeck?)

3. LOGISTICS
The most important siting considerations are an ample supply of natural

gas and an assure: market for the product. A plant to produce 400,000 long

tons per annum of metallised pellets, i.e. 400,000 short tons per annum of

882



. CTENRTSTITTT

steel, will use 650,000 cf per hour of gas. The. budget price in Adelaide

- (35-40 cents per thousand cft) was considered reasonable, the estimated
"cost at New- Orleans being 30-35 cents. Other requirements for a 400,000

.. tons per annum plant are:

30-50 acres land

700 gpm water (100 gpm potable, 600 gpm cooling
for closed-circuit operation

100 kw electricity.per ton

The ore to be used must be low in Cu, P, S and gangue, as the gangue -

content 1s increased by approximately 507 by removal of oxygen. The

Portland plant was designed to use Marcona ore but the plants in Georgetown

and Hamburg will use Swedish oxide pellets.. A magnetite ore or concentrate

‘could be processed in a shaft kiln as at Portland, but a hematite’ would

. require a grate which would increase the capital cost of the plant. A deep-

water port is very desirable, although the depth~available at New Orleans

will only be 40 ft (Savage River pellets ‘have been tried and proved

.satisfactory, and the Ti0, content can be fluxed )

"4, COSTS

4.1 Capital
Mr Klatt confirmed that the Portland plant, consisting of -both pre-reduc-
tion plant and steel plant, cost $US35 million. . The pre-reduction plant
including pelletisation cost $US12 million. - '

4.2 Treatment

Two'alternatives are possible, Midland-Ross Corporation purchasing either

iron ore concentrate, or flred oxide pellets. In the first case an ore cost

of $15 plus a conversion cost of $21 gives a total cost of $36 per long ton

. of ore- treated In the. second a pellet - cost of ¢18 plus a conversion cost of

$18 gives a total cost of $36 per long ton of oxide pellets These conver-

sion costs .are conservatively high. 1.38 tons concentrate give 1 ton pellets

" and- 550,000 tons oxide pellets yield 400,000 tons reduced pellets. lf the

plant capacity were 1.2 million tons per annum the conversion costs would be
reduced by -$2 per ton. Based on Midland-Ross Corporation experience in

installing .the shaft kilns at Savage River, Australian costs are a little

~lower than US.
882
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~ Regarding the use of lump ore, Mr Klett said they had made eome trials,
but this was a grey area. | . Asked if Midland-Ross Corporation had tried
‘ reducing green or dried balls without prlor induration he said. that strong
pellets were requlred to avoid attrition and fines productlon Oxide

pellets normally have a strength of 500 1lb and metallised pellets 100- 150.

-~ 5. . PRODUCTION ASSESSMENT

Analysis of the Portland product was given By.Midland—Ross Corporation
in correspondence (Table A-7.1). A sample of Portland metallised pellets
was provided. These were stated to have been produced 8 weeks pre&iously
and to assay 2%C. The New Orleans plant is programmed .to produce a
_portion of its output at 1.5%C for steel mill use, and Copperweld and
Babcock & Wilcox are potential customers. | The balance of the output
will conrain 3.0% + C for foundry use.’ Therpellets can be briquetted
and a eample”Briquette (old, produced in lab. ard probably conteining 1% P)
was obtained. General Motors produced 5 inch diameter slugs described in
a paper by Hafner & Clow (pages A-76 to A-82). Steelmaking tests at Portland
are described in a Midland-Ross ‘Corporation report dated December 1967
(pages A-71 to A-75). » ‘ ' C

"6. FURTHER ACTION

1f:Midland Ross Corporatlon are asked to carry out a- detalled feasibility
study they require $100,000 to be deposited.. The study normally costs.
$30 000-$50,000, of which the balance is either refunded or credited to
the client as product. If Midland Ross Corporation decide not -to proceed
'the-whole $100,000 is refunded. Two such studies have:been made to date,'
one being for the Canadian government. ) '
The concept of Midland Ross Corporation éupplying.capital as well as’
engineering is attractlve and this process w111 be further con51dered in

detall
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TABLE A7.1: SPECIFICATION OF MIDREX METALLISED PELLETS

61

Typical

P

Strength per'pellet
Bulk Density
Tumble Index (ASTM)

17 max. minus 28 mesh

250.1b min.
120 1b/cu ft min.
28 mesh 90,

28 mesh

Indicated ¥
Chemical Analysis
" "Metallisation 96 95 min.
‘Total Fe 93 91.0  min.
Mn .08 0.1 . max.
Cu 0.017 10.07. - max.
0.007 0.05" max.
S _ ) 0.002 0.02 max.
Pb, Sn, .V, Mo, Zn, Cr, - | R
W, As, - Sn, Co, Ni " 0.05 max.- 0.1 max.
' Carbon 1.0 A ' .7%.':min.
”'Gangue‘(total.—_eXcluding carbon) 5.0 max. 8A: ~ max.
Si0.2 21.93 . ‘appfox. 2.50’ max.
Al,0, .80 approx. .85 ‘max.
Mg0  .46' approx. 0.67_ max.
Cal ;47“, épprox. 6;55 ~ max.
TiO, .Olw; approx. 0.07 max.
‘ _ EQYSicaleHaracteristics

Size ‘Nominal °/¢" to '/," 37 ﬁax.ﬂminus

150 1b min
110 1lb/cu ft min

85 max.:

. Note: Percent Metallization . =

Metallic Iron

“Total Iron -
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MIDLAND-ROSS FORMS JOINT VENTURE IN JAPAN'
Chugai Ro Kogyo Kaisha Will BRe
Partner in Building and Running

Pelletizipg_Facility for Steel

By a Wall Street Journal Staff Reporter

CLEVELAND - Midland-Ross Corp. said it will join Chugai Ro Kogyo Kaisha_ﬂtd

of Osaka, Japan, in a venture to build and operate a multimillion-dollar

plant in Japan to produce metalized pellets used in electric- -furnace steel-
making. . _ A
The facility, which is subject to approval of the Japanese government,

.will have an initial capacity of at least 400 000 tons of metalized pellets

' a year. Construction is expected to begin about the middle of next year

‘and production is scheduled about 18 months later.

Production of the plant will be marketed under long term contracts through-

trading companies.

The announcement said Midland-Ross will receive an initial fee for use of

:its metalizing process, will be paid a royalty on the output of the plant and

will own 50% of the joint venture. The agreement also provides that future
metalizing installations in certain areas of the Far East will be constructed
by Chugai Ro for the joint venture. _ A

Midland-Ross" operates a metallzed pellet plant at Portland Ore. Other
of its plants are under construction in Georgetown, $.C.,and Hamburg, West

Germany.

The<Japaneee_plant will increase the worldwide capacity for Midland-Ross

‘metalized pellets to'at'leest 1.6 million tons a year, the company'said By

the end of 1971, the company expects to have additional metallzlng plants
under construction that will increase the combined capacnty of the fa01lit1es

when completed to about 2.5 million tons annually.
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The first commercial-scale production of 95 percent metallized pellets
for use in electric steel furnaces .
a development of Midrex Division, Midland-Ross Corporation

4




" anew dimension furnace steelmaking is expected © . the growth rate of new electric.

" ".in steel manufacture ~ toevolvesomedistancefrom .~ furnaces. One facet of this picture
“The highly metallized pellet has conventional steelmaking centers '—.part_icularly gratifyingto
burst onto the scene at the very . —closer to ocean transportation Mrdland-Ross—ls that lhe M-F_l _
moment the mini steel plant has ~ and closer to customers who will Pellet/electrlc furnace lnstallatlon
begun to make its move: Small benefit from a convenlent source provides a clean operation
steel facilities of 500,000-ton ' of steel : _ virtually free of air and water
‘capacity ayearand lessare .. . - ~ - poliution.
increasing steadily in numberas - @ new dimension -
sources of specialty steels for . for steel-poor B
_ regional customers. A significant - nations and areas o
factor in proliferating this growth =~ M-<R Pellet permits a steel plant of
will'bé the highly metallized pellet, limited'size to be constructed
- providing hi‘gher melt rates, ~ virtually anywhere. An :
" increased productivity and a more - underdeveloped country which
precisely- controlled end product. . cannot afford nearty $200 million
Through conllnuous feed these for a conventional large
- pellets increase steel furnace ‘'steelmaking facility may welcome:
output 35.percent or.more as . . 'a mini steel plant and pellelrzmg
’»Compared with: conventlonal sérap  “complex which'répresents an™ '
‘feed. By using:M«RPellet a steel’ ‘investment of approximately. $35 o
producer with three electric arc million. Also, a smaller steelmaking .
" furnaces can achieve additional facility is all that is needed to” - . :
output equal-to a fourth'furnace. - serve markets of limited size. The ~ * =«
Unlike scrap, M+ R Pellets are.not  “smaller installation, therefore; - ! '
subjectto fluctuations in supply ‘permits underdeveloped nations to-
or price. At the same time the manufacture steel atacostand
producer using M+R Pellets - . . ‘quantity which WI|| stimulate
-develops a high quality end. : 'mdustrlal progress not overwhelm
.product suitéd to plate, rebar, wire. it. :
"and a host of special shapes and ;- LT
sizes.. . .. -~ -+ - .anewdimension for =
oo : g . .~ Midland-Ross
a new dimension s COrporatlon
" in steel markets . * The first commercial- scale
M- R Pellet is expected to become™ installatiohfor highly metallized
the feed of choice for smaller. . iron pellets is another forward
_ sleelmakers with electric arc - 'step”in the growth of o
ffurnaces Conservatlve estimates Midland-Ross. Long a convért}er of
~~based on scrapas the feed — steel into products for varied
indicate-that eléctric furnace . industries and a’leading supplier
steelmaking will grow froma -~ - of components to steel and
current 14 percent of raw steel “automotive producers,
outputin the U.S to 17 percentby .. ‘Midland:-Ross for the first time . . _
1975. Mldland Ross, however finds its‘elfoh.the ground flo_orof . Cover. A single MR Pellet, pOIished‘
foresees the electric. furnace share steel production. Through its to highlight its sponge metallic surface.
- of total- productlon reaching at Midrex Division, the corporation” . gominates a pile of oxide pellets. '
least 20 percent by 1975—based’ plans to own-or partially own ’ A :
. on the néw-commercialized pellet  and operate all M*R Pellet Left. Electric furnace at -
- of high-metallization. This : . plants. Growth rate of such - Oregon Steel Mills produces steel

heightened activity in electric *installations will'be accelerated by - directly from MeR Pellets.

RN
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long discussed, now

‘a commercial reality

Oregon Steel Mills, a division of

The Gilmore Steel Corporation,

has constructed a modern _

integrated steel mill in the Pacific

Northwest. The site is in Portland,:

Oregon, on the Willamette River.

Oregon Steel Mills felt that a

metallized ore would provide. more .

efficient production than scrap - ’ , i

" metal in a small facility

equipped with electric furnaces.

All conditions favored adoption of
the Midland-Ross M+ R Pellet.as
the feed. Power and- natural gas -
.were readily available. Labor and
service facilities were in good

‘supply. Ocean- -going ships could

navigate the river. channels from
the Pacific Ocean to a dock
alongsrde the plant site.

Total cost of mlll and pellet plant
came to $35 ml”IOl'l Mldland Ross

: constructed owns and operates

an MR Pellet facnllty to supply

' 400 000 long tons a year The plant .

converts -high grade magnetite .
iron ore concentrate (69-70
percent Fe with low gangue). to
M-R Pellets (95 percent o

L metallization).

An onsite conveyor runs M Fl
Pellet contlnuously to the Oregon
Steel Mills plant. Oregon Steel

'_ runs metal from the electrlc
furnace into a slab caster Wthh

dellvers plate up to 100. mches
wide and 9{6 through 3 inches thlck

Result js the-world’s flrst totally

- integrated plate mill served by an
: electnc arc furnace—from the

iron ore drrectly to'the plate

The Midrex pellet plant and :
slurry pond at Portland.
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. The process starts with. any high.

grade iron ore. Thlsmstallatlon -

. uses aniron oxide slurry; an
unusual feature in its own right. The. .
- Midland-Ross M*R Pellet system -
then requires two steps to produce
.95 percent metallized pellets.”

step|
. an oxlde peliet
-~ This begins with a-slurry fed to a
“disc filter which dewaters to a

controlled moisture at 64 dry long

‘ "tons an hour ‘The filter cake is.
- .mixed with bentonite to. form -

nominal }5-inch pellets in a balling
drum.-This then is the féed to a
Midrex vertical shaft furnace
which, at 2,400°F., produces
hardened iron oxide pellets. The -
furnace then cools the product :
follownng which _special handllng

‘equipment transfers the oxide -

pellets to the metallrzrng operation.

'Excess oxnde pellets are stockprled ,

inthe. yard. For reclaiming they -

. pass over the furnace discharge - -

product-screen ahead of the skip -
hoist serving the metallizing -

furnace The oxide pellet operatlon .
is an mdependent system

step n _

reductlon to. .

hlgh metal content

The metalllznng operatlon receives
hot oxide pellets directly from .
process or cooled recirculated -

. pellets from the stockpile. This

section, however, is independent

of the foregoing oxide production. . -

That'is, the versatile metallizing

-plant can use screened lump,

oxide pellets from other sources: B
or input from yet other startmg

" poinits.. . .
This is an area of srgmfrcant mput-_

from Midrex Division which was
able to develop.a reformed gas

670

'M*R Pellet—a development of Midland-Ross Corporation

thirsty for'the oxygen bonded to

E the oxidized pellets—at most,

economical costs under highly

‘efficient conditions. Overall-heat -
. consumption in-metallizing

approximates 13 miflion B.T.U. for -

~each long ton of metallrzed
- product. :

: -Metalllzmg operations' invblVe o

two subsystems: a natural gas -

" reformer and the metallizing

furnace served by the gas. The gas’
reformer, developed by Midrex

o DlVISlOﬂ converts various gases to
.a blend of hydrogen, carbon

dioxide, carbon ‘monoxide, water ’ 4
vapor and nitrogen. High préssure

."blowers jet this hot reformed gas

as a counterflow through the bed of . ‘

" pellets. descendrng through the -
~ furnace shaft. In the lower section
“of the. furnace the pellets coolto
1 "120°F ., well below the temperature o
- of reoxrdatron

Final product passes over a scale o
for inventory tabulation en route "’
to a 5,000-ton holding silo and to -
Oregon Steel’ s electric arc furnace

:'Delivered price of flnlshed MR

Pellet is- competmve with scrap
prices: in thls and most other
instances.

Mldland Ross desngned the M- R

. Pellet procéss in modules at fixed .

capacmes so that effncnent
dupllcatlon is avallable should |
expansuon needs so dictate. The
site will permlt at least two more
modules requmng no more than
mcreased»_use of the hydraulic
dredge’in the slurry.pond,
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hydraulics applied to ore handling

Economical transportation of the
iron oxide to the Oregon Steel Mills
site is achieved by an inventive
slurry system developed by
Marcona Corporation of San
Francisco. The system provides
the benefits of liquid handling and
low cost unloading.

Marcona ships quality ore from its
own mine in Peru as a 70 percent
minus 325 mesh concentrate
Marcona pumps aboard ship (an
ocean-going vessel of 40,000 dry
long ton capacity) a slurry at 756
percent solids by weight. As the
slurry settles in the ship hold,
Marcona decants surplus water,
providing a shippable material with
less than 8 percent moisture.

Destination is a 10-million-gallon
slurry pond on Midrex property
adjacent to the Oregon Steel Mills

site. Unloading the cargo requires
slurry pumps aided by water jets.
This system delivers to the pond a
slurry at better than 1,000 dry

long tons an hour.

An 8-inch suction dredge dis-
tributes incoming slurry over the
pond to avoid segregation. The
dredge tows a flexible pipe from
the onboard pumps.

The same dredge, complete with
cutter bar assembly at the suction
head, removes settled solids from
the bottom of the pond. This
supplies a 50-ft.-diameter thick-
ener tank with a slurry of 33
percent solids by weight. The tank
system increases density of the
slurry to about 70 percent solids.
This then is pumped to a 40-ft.-
diameter storage tank. Solids
remain in suspension because of

a powerful turbo blade agitator in

the holding tank. From here pipes

carry the concentrate at regulated
rates into the initial stages of MR
Pellet production.

Recirculated water returns to the
slurry pond for cooling and clari-
fication before discharge to a
settling area for natural clarifica-
tion. This properly reconditions
the water before it returns to the
river.

Reground fines (screened from the
oxide product), dust collection
slurries and a small quantity of
furnace fume from the steel mill
itself are all returned to the pond
by a recirculation system. This
eliminates pollution
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M-R Pellet—a new process for a changmg world

"The M+ R Pellet process is ex-

pected to alter the shape of the -
steel industry throughout the.

world: Emerging nations and steel-

hungry areas are beginning to

embrace a steelmaking capability .
which requires modest capital in- . -

vestment: The use of M+ R Pellets

~ will substantially improve the re-'

turn on investment for electric-
furnace steelmaking. And this is
highly significant because, even
now, electric furnace steelmaking
with conventional feeds is record-
ing the best returns on investment
in the steel industry. Least impact.
from the new process will be felt
by the'major steel producers who
already have huge mvestments in
conventlonal facilities.

... The’ M *R Pellet ,‘.r__mmmlzes _the :

interest worldwude :
The technology of the small plant

-, is a reality today-with nearly 50 °

facilities in the U.S. and others
scattered about the world. Small

steel plants may be found.in

Canada, Mexico, Japanand the
European ‘Common Market Other
areas-expressing interest-include
Northern.Ireland, Venezuela
Mozambnque Tanzania and
Rhodesia, to prnpomt afew.
Limited markets and limited f|-
nances make these countries

ideal locations for electric furnace
-steel production: For example, a =
- basic oxygen furnace complex.
 requires outputonthe orderof
"2 million* ‘tons.a year to pay off.

* An installation.with blast furnace, -

BOF, coke ovens and sinter. plant

_might cost-$200 million..The same -
"tonnage from a series of electric
furnaces would.require an invest- .

ment of only.$70 million.’

. location consideration

The small steel plant with highly
metallized pellet feed'ideally
should be convenient to water

3 transportatron Any countrytoday S
" canshop the world markets forore,
‘carried in mcreasungty sizeable

ships. Currently 25 percent ofthe
world iron ore travels by sea’ and

" this is expected to jump to 40

~ percent within the ensunng decade.

" increased output.
‘The electric steel furnace achleves
‘atleast. 35 percent more output with _

M-R Pellet feed than it does with
scrap in a given time. perlod
Some ‘major reasons:

The furriace feed hopperiis .

* .continually replemshed wnth

. peIIets The sponge- IukeM R. ..
_Pellets melt down at unmatched
fspeed C T

reduced post-processmg

69

time needed to refine hot metal for
either rebar or plate. Scrap
feed requires considerable
refining to achieve the quality

. which M+ R Pellet produces right

from the pour.

. another major advantage

The M-R Pellet/electric furnace
complex operates virtually tree of
pollution. Midrex reports no’
gaseous effluent from the pellet
preparation process. At the
furnace, the clean charging
characteristics of M+R Pellet help

. by generating considerably less

fume than scrap does. As to liquid

. waste, the slurry pond—360 x 400

ft. and 15 ft. deep—serves as a

,coollng clarification and settling

basin. Much of the water is
_reused time and again. The

- excess, however, drains back into

the river pure as when'drawn.




Midland -Ross — a new source

of iron for steelmaking

Initial reaction to M« R Pellet
augurs a significant future for
Midland-Ross in the steel
industry. As the first commercial-
scale producer of metallized
pellets, the corporation closes
ranks with the new generation of
steelmakers.

The Midrex Division enables
Midland-Ross to retain control
over the M« R Pellet process. This
guarantees that the quality
designed into the process will be
evident in each pellet. In preparing
forits role in assisting the
steelmaker, Midland-Ross has
developed a capability with

the interfaces at both ends of the
M-R Pellet installation—raw
material into the system and the
finished pellet into the furnace.
The pellet plant fits smoothly
into the total steelmaking facility.

Such involvement for Midland-

Ross is not so sudden as it

seems. It has been developing a
technology in pelletizing for

the last two decades. As a major
designer and builder of
conventional pelletizing equipment,
it has provided installations
which account for 20 percent of
the worldwide pelletizing capacity
The Midrex Division has a staff

of wide plant experience—
specialists in electrical,
mechanical and civil engineering
supported by teams of
construction and purchasing
authorities. Therefore, Midland-
Ross is qualified to design and
build complete systems for
processing metals or portions

of systems as the need may be

Now Midland-Ross has expanded
its role in steelmaking—through
its M+ R Pellet process and the
Midrex Division. The need was

70

there and will take years to begin
to satisfy. In anticipation of the
overseas market, Midland-Ross
has joined with Korf Industrie Und
Handel GmbH to produce and sell
metallized pellets and specialized
steel products for European
consumption.

Midland-Ross is justifiably excited
over the future of the mini steel
industry and its own role as a
significant participant. The
corporation provided an important
contribution to basic steelmaking
with its conventional pelletizing
system. Now, with M+ R Pellet as a
major product, Midland-Ross
expects this business will represent
an increasingly substantial

portion of corporate sales in
ensuing years.
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" To - Mr C.W. Sanzenbacher - Prod. Engr. CC: Mr

SURFACE COMBUSTION DIVISION MIDLAND-ROSS CORPORATION

Ihter—Office Correspondence

D. Beggs - Engineering
. . . . Dr L.W. Smith - Engineering

From J.B. Allyn - Product Engineering. Mr T.A. Blanchard — R & D

Date December 6, 1967 . " Mr H.G. McVeigh - Minerals Proc

Subject M-R Pellet Melting Test at Mr W.A. AhFendt -R&D

Oreson Steel Mills Mr D.C. Meissner - R & D

| gon. Mr J.E. Bonestell - MP Admin.

R.E

Mr . Kranz - Minerals Proc.

_ On December 1, at the Oregon Steel plant, an electric arc furnace steel-

making test was perfbrmed. THe-purpose was to test the use of M-R pellets

. to find any difficulties that might occur in the future. - The furnace used

- was of‘22 tons. capacity, used hollow graphite electrodes, had a power input

of>l0,000 KW, and was made by Lectromelt. The initial charge consisted of
7 tons.of sized angle scrap, 5 tons of M-R pellets, and 500 lbs. lime.

After melt-down, another 10 tons of pellets were charged continuously through

the furnace roof at a rate of 700 to 850 1lbs. per minute. The average

pellet composition was 95.6% total iron, 96.32 metallizatibn, and 1.4% Carbon.

SUMMARY OF TEST RESULTS:

The test was successful. Initial melt-down was accomplished in about

.35 minutes. Pellets were continuously fed for another. 40 minutes. The

peilets had few chips or fiﬁes, fed smoothly and well, and were  absorbed »

easily during melting. The power—on—toQtap time, less deiaYs, was 1 hoﬁr

‘16 minutes, a new record for the furnace. Despite the 1;42 average pellet
: carbon'lével, only a 3 minute oxygen blow was needed to bring the melt to

‘a correct carbon level. An 11 minute.blow was originally anticipated. Slag

weight was low, the yiéld was 98.5%, and the product had very lo& sulphur and
phosphorus. - The product was ‘in all respects acceptable for further proéess—
ing; » A_ 4 L _.

Based bﬁ this test, M-R pellets éppear suitable for cohtinuous—éharge
steelmaking; provided that the carbon level is lower, perhaps between 0.5%
and.l.OZ. . | ‘ ' ‘ A ' |

TEST DESCRIPTION:

Tests wére-performed using_the,above,descriBed'furnace, plus a continuous
feed systeﬁ'designed jointly by Oregon Steel and Steel Company of Canada.

This system allows the accurate weighing, feeding, and distribution of



D N

12

-2-

‘pellets from a storage bin to three feed pipes. Each of the pipes then
;‘directs pellet flow to a hole in the roof of the furnace. Seetattached

~ sketch. ~ The pellets then free fall through the hole, into the slag

slayer, and slowly sink through into the melt. The tests were performed

~'by regular Oregon melt shop personnel, with Oregon. R &D people acting as

advisors and observers. - : s
The tests were well planned Thursday night, a test run was made using

S-L pellets and several malfunctions were spotted. The calibration of the

‘pellet weighing system was checked and furnace operatlon at 10, OOO kW was

tried with no ill effects (normal operation is at 7,500 kW). .Also:on

_-Thursday, a meeting was held to outline test procedure._ A copy of the

‘procedure is attached

On Friday. mornlng, at 9.30, melting of the 1n1t1al charge commenced.
Several delays occurred, all of a minor nature. Furnace power was set at
10,000 kW at the start, with 150 volts electrode potentlal ‘Typical'erratic
scrap meltlng operation was observed during melt- down with violent arc1ng,
power shifts, and much noise and smoke. Such operation trlpped the power .
supply several times so the 11m1t was set somewhat higher. No further dif-
ficulty occurred. A temperature and carbon test was made Just beforeAmelting
was complete ‘ The temperature was about 2980°F, with 0.31%C: About 0.50%C
was expected. | A o

_After melt-down was completed, pellet feeding was started at 700 1lbs per

minute. Feeding ‘was unlform with few chips or fines. ,A few coal black pellets
were;noted. Eight minutes later, the bath temperature was up to 3100°F whereas

‘about 2950°F was desired. The pellet feed rate was increased to 850 lbs per -

minute so as to lower the temperature. Eight minutes later the temperature

+

was down ‘to 2970 F so the feed rate was.Cut back to 750 1lbs per.minute. It

was interesting to note that at 850 1lbs. per minute the pellets were piling~up

“inside the furnace. Apparently, for the conditions, the _upper feed limit had
beén passed The test continued ‘at. 750 lbs per minute, w1th power fluctuatlons

:from 9700 to 10300 kW occurring during continuous feeding.

Further carbon and temperature-determinations were made during the duration

of theitest; Carbon‘rose to 0.375% whereas 0.66% had been“expected."Carbon

boil”was-evidentfduring continuous charging, which is beneficial
At the end of the continuous charging perlod, an ‘oxygen blow was used to

lower the carbon level. Oxygen was blown at a rate of 30,000 CFH, for 4

minutes. Much smoke and flame occurred during this time, which is typical.

I N N IS IE I BN BN S B S B B B B B e
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A slag raking operation then ensued, with the slag being of proper viscos-
ity. Further lime was added, along with some ferrosilicoa and ferromanganese.
The lime was not really'necessary but the operating crew was following standard
pfocedure.' The slag was then raked off. . Slag viscosity appeared correct.
Later tests showed it to be slightly basic because of the extra lime. . The
basicity ratio was 1.05. Included FeO was 87 ‘Total slag was 3,300 lbs but
Oregon anticipates that only 2,500 1bs will occur if an updated practice is used

The heat was then poured and later welghed._ Ingot weight was 22.2 tons:
which was expected. Electrode loss was 350 1bs total, or 15.7 lbs perlton
tapped. -The yield, on the basis of metal tapped to iron charged, was 98.5%.
Total power usedluas 513 kW per ton, but if delays and extra operaticns are
deducted, a 480 kw per ton figure results The ingots were acceptable in

every respect.

DISCUSSIONfOF RESULTS

Test results were»expected except for the unacccuntablytlow carboh'level
that resulted ' So far no one has explained this. Theoretlcally, 1% carbon

pellets will reduce all the FeO present and will give a 0. 3/ carbon heat.

The l 4% carbon pellets used should have given 0.66% carbon at the end of the
| heat but only 0.375% occurred. Further tests are needed to determine if thlS
was Just a fluke or a real effect _' _ o
The tests proved that a 10,000 kW input is fea31b1e for a continuously-

charged 22 ton furnace. However, further increases may be limited by the

ability of the slag to accept a higher rate of pellet flow.

It is interesting to compare the test results with those using ‘the Stelco—'

Lurgi pellets. Oregon has tested S-L pellets many times using the contlnuous

charging technlque. M-R pellets differed from S-L pellets in the following

ways:

1. Less slag - A typical S-L slag weight is about 4,000 lbs for a 22 ton

R e LT

“heat, whereas.2;500 lbs, is expected for M-R pellets. This means a

savings in power of about 30 kWh per ton.

2. Lower sulfur and phosphorus - The test heat had 0.012% S and 0.015% P
Lurgi pellets typically give 0.02 - 0.03% S and 0.01 - 0.03% P.

3. A more uniformly sized feed - Lurgi pellets vary from %" to over 1"

———re .

in ‘diameter.

m._,..l = s
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4. A higher carbon level - Lurgi pellets typically have 0.2% C, which
. requires carbon additions during a heat. M-R pellets in the 0.5 -
1/ c range w1ll provide enough carbon for the heat and- w1ll give a

2cont1nuous strong carbon boiling action for. good purlflcatlon

5. Both M-R and’ Lurgi pellets have about the same metallization, about
95.- ' 96%. - As a consequence, they both have from 2 - 3% FeO which

is de51rab1e to promote a carbon b01l durlng the heat.

A compar1son of the tested M-R pellets operatlon with normal scrap melt-

ing practlce is also 1nterest1ng

. M-R Pellets - -Scrap
Charge to'tap'time - 1 hour 16 minutes -1 hour 45 minutes to 2 hours
kWh per ton output - 480 - 480 - 520
Furnace output — 17.5 tons per hour 11 to 12.5 tons per hour
Electrode_consumption - 15.7 1bs per ton- ilZ_lbs per ton -

It is expected that electrode consumption will be about the same for
pellets or scrap operation. Several pellet tests are-needed to establish a
valid consumptiOn figure. 707'S-L pellet operation normally has a consump-
tlon of 12 1bs per ton for hollow electrodes._ |

A representatlve from Stelco was present durlng the tests, Dr Gordon
Forward. He was 1nv1ted by Oregon because of the past help they have received
- from Stelco in acqulrlng pellet melting technology. Dr Forward did not have

any particular comments to make on the test results.

" CONCLUSION AND COMMENTS:
' On. the. basis of one téstlonly, M—R-pellets in the 0.5 = 1.0% carbon range_
iappear to be suitable for continuous charge steelmaking.

Oregon is deallng with Lectromelt for a new 65 ton.arc furnace for the new
plant. Oregon is de51gn1ng the continuous feed mechanlsm They expect to get
at least 30 tons per hour production from this furnace. - For typical scrap
operat1on, only 16 to 20 tons per hour could be expected.:: The_use of reduced
pellets as a continuous feed for'arc furnaces can Certainly be called a break—.

hthrongh_in”steelmaking.

J.B. Allyn

JBA:sjip

" At ach.

Rgaed



|
/4

 FIGURE A-2: THE CONTINUOUS CHARGING APPARATUS
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DR T o o N new technology

in the Cupola

by R. H. Hafner Jr., Rsch. Met ‘and 's.C. CIow Tech Dlrector
: Clow Corp Coshocton 0

ABSTRACT .

Aninve slr;_,.rtron was made to determine whether proroduced pellets could be
successtully melted in a ‘cupola-and to study their. influence on the quality of

~the resulting gray and ductile ivon. Heats conducted in a’ 60-in. experimental -

- cupoly,” in which’ steel scrap had been replaced by increasing amounts of - pre-
reduced pellets, demonstrated that charges containing up to 70% prereduced -
material could be melted in" an .acid cupola. At this level the average blast .-
pressuré .increased from 14 oz to'19 oz with a momentary peak of 24 oz. Addi- .

tional coke was required -to slag: off the 6-8% siliceous gangue in the péllets.’
Carbon and silicon :values ‘were not appreciably affected provided the ferro-
silicon and coke charges were adjusted at the beginning and end of each heat to

compensate for the segregation of the. pellets within 'the cupola. The péercentage
- of ‘tramp -elements except: titanium appeared; to b - almost complete and no

increase in the iron oxide content of the slag could be.-found. Two full scale
heats in a 108-in. production cupola confirmed the results obtained in the ex-
perlmental cupola. Using up .to 40% prereduced . pellets resulted in an mcrease._
in the average blast pressure from 22 to 25 oz. Although the economics’ of

: Introductlon )

rl\u KEEP Apiiast of (Il.uu,m;, Ioun(lrv tulnmlo;,\
and to propar( for the ¢hallenges of the future, to-

“day’s progressive foundryman must be constantly seek-
ing new and improved methods and materials. One. -

of. thé new materials appearing on the horizon, cer-

reduced iron-ore pellets. .

the most desirable size to charge into a cupola but it
is the optimum size -for -efficient production of “high-
grade. reduced pellets by the SL/RN process used to
produce the pellets for this investigation.” The pellets

are, magnctic and. can. be handled conveniently by a
crane. and magnet. Their size. and shape also make

them ideal for mechanical handhng by an automated

cover. i O T

tain to be of future interest to many producers of qual- :
ity ductile, malleable and gray .iron castlngs are pre-

Prereducod pellets result from the direct reductlon
“of iron-ore pellets to metallic iron .péllets wrthout an
itermediate. melting step.' Their . development was -
motivited by acdesire to lind. o micans of . increasing
blast furnace melting rates “and to provide potential
melting stock for the electric steel furnace. The pellets .
(Fig.-1) are % to % in. diameter;. however, a small
" percentage .will fall between % and He in. This is not

storage and charging system. The pellets are not. fri- .
_ able and can withstand the roughest treatment . w1th- -
out creation of fines. Because the reduced pellets can .
- he reoxidized, they must be thpped and stored nnder o

~ using pellets has not been- established; realistic estimates. place their future cost
, somewhere between the cost of foundry steel and prg iron.. o

Those considerations that make prereduded |n:llr-ls
attractive as (.upoltt melting stock are:
. 1. A’source of virgin metal wrth alow’ tr amp ele-

’ .ment content.

2. The chemlcal Composrtlon is known and is con-

- .srstent

3. The avallabrlrty and price should be stab]c once

' commercial prodiiction becomes established. Known
_reserves of 'iron ore will insure an adequate supply of

ou of kihown composition for an extended period.

1. A lower cupola-charge cost might be possible de-
pe n(lmg on price -diflere ntinls between. |u-||( Is aind
competing chiarge materials,
©Attracted by the potential of pn rexluce l| pellets as
melting stock for producing ductile iron, the authors’
company conducted a research program in '1966 to

_determine the’effect of prereduced iron-ore pellets on
.cupola operations and to study the influence of pcllots'
.on the ‘quality of the resulting gray and ductile iron.

Exploratory gray and ductile iron heats utilizing pel-
lets were conducted in an experimental cupola capa-
ble of melting nine tons per hour. After determining
that it was practical to melt pellets in the small cupola,
two ductile iron heats were melted in. a production

’ cupola that normally melts 28 tons per hour.

- Three types of prereduced’ material produced in a
pilot plant were obtained for evaluation.
1. “A” pellets produced from virgin ore.
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milllqllj-a izi:lfisii.hlti_i'l||||-tl|{'i||h|||:1tr!i'h|t|;§a%

2. "B pellets m.ul( frmn llu t.ullngs ()I a. pnm (\-

tr ‘l(,ll()ll process.

. Fines (onslslmg., of nnpmpu ly forined or lnoken"

pdl(,ts largely resulting from reduction dlsmtcg,ra- L

tion and obtained when passmg “the reduced product -
over a % in.-mesh screen.:A screen Analvsm of the

fines was ds follows:™ - LT
31.6% whole p(,llets e W
56.8% broken pellets=6 to 20 mesh :
11.6% fines under 20 mesh:+ '

produced dnnm_, tlic manufac lm(- of pdh ts, they, were

of intercst as v possible source of lowZcost -material

‘that could be iije (ud into th(, (upola \\lth a. horm;_,s
nmdor :

The chemical lll.ll)’\( s of the pellets uw(l in th( in--
vestigation are listed in ‘Table 1. The information: in
the table cinhe Ll()lll)l | ml() f()m areis of major nn-(

pml e,

'. TABLE 1. Chemical Analyses of Prereduced Pollets.

rAT B O
Pollots’ Pellets Pellef Fmes
Total lron . 94.10% .93.40% 89 30% e
Metallic lron: - 92,20 . -~ -92,20. . - 87.40 ’
Fe ++ . 0.80 - 0.4 . 0.80 -
Siog 264 . 3.38°  -4.38
A1203 . 0.83 1.05 . R A
"CaO ) 00,30 - 0.70 = . 1.60 °
Mgo - - ©o 168 - 0.86 -t 1.58
.TiO2 - 0.05100.10 - 0.22 . 7 e
S s o 0.014 - . 0.012 © 0.059 .
(N - 0.068° ©10.250. 0395 - -
Ni - oo T - '0.]6‘ a T ee L e
P oo 70,023 0.018 SE ees
- Mn N.D. - 2 0.007 L
.Cr. N.D. 0.014 e
A . N.D.- N.D: -ee
Mo N.D.. " N.D: ---
Cu ' N.D." N.D. . -
Al ..0.006 0.008 -~
. Mg N ~ N.D. "“N.D. .. .es
Sn 0.022 - - 0.012 ae
T “Tr, o - © N.DL ---
Pb N.D. ! N.D. . ---
As ©0.012 - 0.003 .-

' Fig. 1. Prerec!uced iron ore pellets.

'Bdllj.,ll(, ]_)I(A(llt A ;,m)d L,Id(l(‘ ol |)(||(l\ \Imuld cons
tain-i minimum of 92% metallic iron. .

L ‘Description :of Experimental Cupola Heats'
Because i small.. peree nl.u_,( ()f fincs is mmvol(l l])l\'}"-' ’
‘h(l\ of adding pellets to a cupola charge were con-

© - equipped - with o 1000 F (538 C) hot blast and the

The metalliciron umlunl is (l( |)u|d(nl on the
dhucn(.y ()l the rcducll()u process and thc amount of

“measured-at l)-mmutv intervals and monitored contin-
lor spectrographic analysis. were poured “from  the

“spout dach 15 minutes and from the forchearth cach
ladle was filled. The three heats-

‘um lining burnout 24 in above the tuyeres to deter-
“mine the possibility of m]u,tm;., pellets. or pellet- fines

. coné:bottom charging bucket on top of the halance of

1

PR

. 2. The Fe'' represents unreduced iron oxide and
should be as low as possible.” Since a cupola is not 3
smelter, the iron oxide will normally. be lost in the slag.

© 3..The metallic oxides comprise thé g gangue portion

. -of the p(*llcts Since l)eneﬁcmtmn of.orc.does not pro- -
wovide 100% separation, -the pellets contained 6 to S,

ganguc.. At a hasicity of 0.35 to 0:57, lhc gangue is

“self-Huxing and will combin¢ with thie regular (‘upol.L
o slag during melting in an acid cupola.

4. The residual elcments with the cxccptlon of car-

bon and. sulfur : are controlled. by selection of the ore .

.m(l \\’l" be very l()\\

- Three experimental ‘heats designed to stidy the of-

ducted ina 60-in. experimental cupola lined down to
40-in. with: ain acid - refractory. The cupola’ was

necassary’ instrumentation for the measarement and

“control ol the  cupola '()pvi tion. The cupola was |
Ctapped mnlnnmmly into o
Sremoved by arear siphon’ sl.u, sponl,

5-ton Torchearth, Sl g wa

A -ton transfer ladle placed on i pl.lllmm scale

‘ ‘iri front of the forchearth permitted the metal poured.
. from -the forechearth to- be weighed each ‘time - the

transfer ladle was filled. Spout temperatures were

uously with.a u(m(]mu adiation pyrometer, Sunplu

time " the 'tumsfe
were pnmanly gray iron, although 5 ladles of ductilc

iron ‘were ‘made -by' the open-ladle treatment -during.

the heat of May 20th. Each of the heats were of 7 to S
hours duration during which period the hot met: ll was
used for production of (‘cntnfm.,dlly cast pipe.

A borings injector was installed in the arca of maxi-

(llrect]y into the melting zone.
Details of- the ‘cupola operations are listed in Table
2. The cupola charges listed in Table 3 were dévised

t() determine the effects of varying the percentage of

pellets in the charge on the operation of the cupola.

During the first heat on” April 30th, the pellets were

weighed on a platform scale, then dumped into the

the charge.” During the. second and third heats, the
pellets were stored in an overhead hopper normall)
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TABLE 2. 'C'u"polo Operb'ﬁng Do'd.

18

Experlmentol Heois

. _"S‘ep’.'_28

Production Heats

Sulfur

0.074 .

0.073

“- ' April 30 1y - May 20 “0et.5
Shell Diameter " 60in: P60 - 60 in. 108 in. © 108 in.
Lining Diometer ° . 40 in. 4 . 40 in. 72 in. 72 in.

- Hot Blast Temperature 1000F 1000F 1000F * 760F - +-700F
Blast Rate — Lb Min. . . 2758 325 300 300 - . 740 to 840 740 to 840
Nominal Metal-Charge-Lb . . 1500 1500 . 1500. . -5000 ' . 5000
Total Metallics Charged-Tons " - 64.1 o730 -58.9- 234.2 "234.4.
Melting Time — Hours 7.0 , © 8.42 7.25 8.92 9.17
Melting Rate —~Tons/hour 9.16 . . B.68 ‘ 8.12 26.2 25.6
Average Spout Temperature 2760F 2840F 2840F 2880F . 2890F
Average Spout Analysis - - : ’ ) BT

" Carbon 1 3.26% 3.63% 3.69% 3.36% 3.43%
Silicon 1.50 1.92 1.54 SRR 1.15
0.073 - 0.104 - 0.098

used Tor limestone and fed into thie coke-stone weigh- -

hopper by a vibrating feeder. After \vom;hm;, the pel-

lets were discharged .into the chm ging bucl\ct on top .
~ of the balance of the charge. ‘
“Ihe pellet-fines were injected into the cupola’ by the -
* borings. injector during the 'second heat on May 13th.
Feed rate was  determined by an automatic timer set:

to inject fines at a rate estimated to be 10% of the total

“metal charged. Difficulty was experxenced ‘with plug:

ging of the discharge end of the injection tube due to
the slow melting rate of the pellets and to molten slag
and iron droplets flowing down the ‘cupola lining and
dropping inside the hottom lip of the tube. Usc of the
injector was abandoned after 4% hours due to stop-
page of the injection tube.

During the third heat, pellet fines were wcn;.,hed on

- Results  of Experimental Heats

‘Blast Pressure o . )
Although it-was expected that increasing amounts of

.. pellets would ultimately result in prohibitive windbox

‘pressures. due to the decreasing permeability of the

_ cliarge, the actual dincrease was not excessive. The

- ranges of pressures obtained at different percentages

a platform scale and then added to. the balance of the o

of pellets are listéd.in. Table 4. An increase of péllets
‘up to 50% of the charge resulted in. an avetage pres-
sure of 15 oz with .a momentary peak of 17 oz. This
pressure’is within the operating range: of most cupola
blower installations and would not I)(- u)nsldored Q
significant pressure increasc.
The . injection of 12% pellet-fines dlroctly into the
melting zone. with the borings injector produced no
- significant incréase in windbox pressure. The- addition

charge in the charging bucket.

TABLE 3.

'of 15% fines together with 45% p(‘]lcts on;:May - 20th,

Cupold Chorges. N

3

I

1

Experimental Heats

Date of Number Coke ‘Ductile Steel Foundry = Silvery Ferro- Pelliets : Pellet -
Heat of Charges Ratio . Returns Scrap . Pig’ Pig Silicon Fines
: Apr.'30 .14 8.4/1" -0- 1,000 500 100 -0- =0~ -0-,
T 020 7.7/1 -0- 900 , 450 . 2 -0-= 160 -0-
.20 6.6/1 -0- - 800 400 125 -0- 320 -0-
19 6.5/1 -0- 700 350 137 -0- 480 ~0-
7 6.671. -0- 600 300 150 -0- 640 C -0~
CMay 13 6.3 750 -750 Z0- 75 -0- -0- =0
e 20 6.4/ '750 600 -0- 75 -0-- -0- 205
20 " 5.7/1 1750 300 ~0- . .75 -0- 160 L 75
15 5.8/1 750 150 . -0- 75 -0- 380 . 135
B S . 5.0/1 750 -0- o =0-, 75 - -0- 480 —0-.
. Lo 3. . 631 750 . -0- -0- . 75 - -0- 800 ~0=
_ Moy .20 20 .. 6.0:1. 750 .. 750 -0- .. 12 -0- -0- -0-
} 30 6.0/1 750 ° —0- T =0- T2, =0 550 - ;. .. 250
16 '6.3/1 600 ©-0- (20~ 98 . <0~ ©.710 . . - 250
- 6.0/ 450" i~0- =0 - -0~ 36 870" 250
. . . . Lo Production Heats : : -
Sept.28 21 7.0/1 750 4,250 -0- .-0- 90 - -0- ~0-
o BVE 5971 . 750 4,250 -0- -0- 120 . -0 w0
24 6.6 1" "750. - 3,250 P P 90, 1,090 -0~
2 6.0/, 750 .. 3,250 -0- =0 105 1,090 ~0-
- 31 6.41, . . 750 -0- -0 92 . 1,635 -0-
R 6. 41 750 -0- -0~ 84~ 1,635 -0-
- . :, ‘ o i e . L e g R . - oL !
Oct.5 24 o 7 0/ 750 Z0- -0~ .90 -0- -0-
- 2 5471 - 7507 —0- S =0- ;0 135 -0- -0-
19 ‘6,471 7500 -0- ERRRE (R 92 1,635 -0- .
2 L5/ 750, 0 =0 S 120-0 L0 107, 1,635 -0-
45 . 6.2/ . . 750 : —0-% LT0- - - 96 12,180 -0=

N



TABLE 4. Effect of Pellets on Wind Box Pressure

» Experimental Cupolu

e Blast Rate Pressure — 0z

Date ‘Charge. Lb/Min. Low Ave.- High
April 30 Base Mix - 25, 5. 6 7
10% Pellets . - 275"~ 6 7 9.
20% Pellets -+ . 325.... 7 N 4.
- 30% Pellets . - 325 9. 213
40% Pellets 275 5 10
" May 13 Bose Mix A 275 . ]0 12 13,
T 12:5% Fines o300 0 70 11 s

12.5% Fines +10%Pellets 300 11 13 16
.9.9% Fines+22% Pellets 300 N 13 18

35% Pellets . 300 - .13 13 14
50% Pellets 300 1415 17
May 20 Base Mix 300 10 14 7

15% Fines +35% Pellets 300 15 19 23
15% Fines +45% Pellets 300 .. 15 - 19 24
. 15% Fines +55% .Pellets” 300 - = 10 15 .20

increased the averige pressure from 14 oz to 19 oz
Awith a transient peak of 24 oz. This is a significant in-

crease in pressurc but one that could be handled by a
blower of. sufficient reserve capacity. It is not recom-

mended: that pellet-fines be used as top ch'u'ge cupola’

material because of ‘their effect on blast pressure. A

-further disadvantage is that a. large amount of fines are o

discharged with the effluent. stack gas.
Metal-Coke Ratio - ‘
~ Because the pellcts and pellet-fines contain gangue,

additional coke is required to melt this slag- forming

constituent. The first heat on April 30th began with a
metal-to-coke ratio of 8.4/1. The average spout tem-
perature of 2760 F (1516 C) was considerably below
the desired tapping, temperature of 2850.F (1566 C)
required for satisfactory carbon pickup. The ratio in
the subsequent heats was reduced to 6/1 on.May 13th
and 6.3/1 on May 20th. The average tapping tempera-
ture during the.latter two heats was 2840 F (1560 C).
No attempt was made to determine the optimum coke
ratio but past experience with the cupola indicated
that a ratio of 8/1 should result in an average metal
temperature of 2850 F (1566 C). It appeared that the
melting of 50 to 60% pellets IC(]IIII(‘(] an additional 30

lo 35%% coke.

Metal Yi icld

The wmght of metal tappcd exceeded the weight of
metal charged. After making material balances to ac-
count for carbon pickup and other changes in the
chemical analysis, the calculated viclds were ehqht]\
in excess of 100%. :

April 30 ... .. ... ..., 102.7%
May 13 ............... 101.1%
May 20 ............... 100.4%

The FeO and MnO-lost in the slag were not deter-

mined as the slag was not- weighed. Correction for

these losses in the material balances would undoubt-
edly reduce the yiclds to less than 100%. Tt does ap-.
pear_ that the mohlh(s in the p(”('ts were, substan-

3t l"\ recoverad.

9

c z;f)ola Slag
“The gangue was self-fluxing and after combining
with' the normal cupola slag, flowed- freely from the -

cupola. A comparison of the. gangue with cupola slag
hom a pellet-free reference heat is as follows:

_Reference”  “A” “B” ~ Normal |
Slag Pellets Pellets  Fines - Range
Si0. - 46% . 48.5% 56.5% 46.4%  40/50
SALO, - 15 152 . 175 20.2 10/20
CaO) . 34 364 0 26.0 33.6 25/38
NgO™ R L :
Basicity 056- - 057 035. 051 0508

A chemical analysis of slag samples taken at %2 hour

“ intervals indicated that the slag compositions fell with-

in the range of normal acid slags. Increasing the
amounts of pellets in the charge did not appreciably

~ alter the slag.composition; however the slag volume

was increased.

. Because the pellets and fines contained from 1.2%

to 1.9% Fe* * as unreduced iron oxide, an appreciable

" increase ‘in the FeO content of the slag was expected.”
It was found, however, that the pellets produced no’
: mmsuml)lc increase in FeO.

i Pellets Vumbcn of Y% FeO

Samples

0 . 4 207

10 5- 2.07
20 2 142 -
.30 5 192
40 3 5.94°

50 7 12,02

_ 60 2 l.93

70 1 1.91 .

°L .ow bhed dand spout température at (nd of h(-.ll

A\I('t(ll Composition
The silicon -analysis of each ladle of iron taken from

the forehearth during the heat of May 20th is plotted

in Fig. 2. Tt should be noted that a significant, tempo-

rary drop in silicon occurred each time the percentage

of prereduced material was increased. This occurrence
was definite and could be deteceted in all three heats

cach  time o change was made in the puunlu,( ol .

pellets len&,ul The silicon drop was especially pro-
nounced when the charge was changed from a base

~mix to 50% prereduced material. It is speculated that

the pellets, because of their size and shape, dropped
through the open charge and melted several charges
in-advance of the charge to which they were originally
added. This temporarily diluted the metal in the well

“with respect to silicon and upset the metal-to-coke ra-

tio. Eventually a balance was restored as the scrap and
ferrosilicon portion of the charge “caught up” and the
silicon was rcturned to a normal level. The charges re-

maining to be melted during the last 20 to 30 minutes
of a heat became increasingly depleted in pellets. As
a result, these charges contained increasing propor-

“tions of ferrosilicon and serap and thus became in-
creasingly higher in silicon. The silicon content of the
lagt Tadlé on May 20th was in éxcess of 3.60% which
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was the calibration limit of the spectrog,raph To ob
tain o uniform silicon level,- it appears necessary to
adjust ferro alloy additions at the beginning and end
of a heat to compensate for the melting . of the pel]ets

in advance of theirrespective charges.

‘Carburization and the resulting carbon. leveél was re-

lated directly-to spout température. No significant var- . -

iations in carbon were found to occur with -a change
in pellet charges unless that change was accomp'lmed
h\ a dmp in metal tempcmturc C
Description of Production Heats

Following the successful melting of charg,es con-

taining up to’ 70% prereduced material in the 60 in,

experimental cupola, two S-hour ductile -heats . were
run in a 10S-in. cupola to evaluate the effects of re-
placing 20,30 and 40% of low phos steel scrap with
pellets. Details of the cupola preparation and opera-

- tion arc listed in Table 2. The cupola charges are .

listedd in Table 3. To establish a benchmark, the nor-
mal ductile iron charge ‘consisting of 85% steel and
15% ductile returns was charged into the cupola at the
heginming of ‘¢ach heat. As soon as mielting conditions
became  stabilized - (approximately 90 minutes  after

tap-out) substitution” of pcllcls for pmt of ‘the steel

charge was begun. - :
" Previous experience with pellets in the (,xperlmental,
ciipola indicated that the pellets drop through the steel -
serap and melt several charges ahead of the charge of -

which they were originally a part. To offset the tempo-
rary drop in temperature and dilution of silicon when
this occurs. éxtra coke and ferrosilicon equal to the
amount required by one charge containing pellets

were added to the two base-mix charges preceding the

first charge containing pellets. A similar procedure was
followed each time the perceéntage of pellets in the
charge was changed during the heat. The amount of
coke charged with the base mix was increased when

charging pellets to provide for ‘the calcination, melt- *

ine and superheating of the gangue in the pellets.
Spnut temperatures  were momtorcd contmuously

with a recording radiation pyrometer and measured at -

15 mimite intervals with an optical pyrometer. A spec-
trographic sample was poured from the forehearth
cach 15 mmut(-s ~ :
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TABLE 5

" Effect of Pellets on Wind Box Pressure Production Cupola.

Maximum Pressure

CHARGE .. "
.at Blast Rate of:

7408/ 1908/ 840#/

_ Minute Minute . Minute

BASE MIX ﬁ L We: 190z . 220z

. 20% PELLETS - - 20 0z 20z 270z
30% PELLETS: - 220z . 260z 300t
40% PELLETS " 200z .- . 250z

Results ‘of Production Heats A
Blmt Pressure

Although- the ste pup to the larger cupola |esulted in
an inercase in melting rate from 9 -to 26 ton per hour
the effécts of using pellets in the larger cupola alinost
duplicated the results obtained with the experimental
cupola. Unlike the experimental heats, it was not pos-

. sible to opcmte the production.cupola at a constant

blast rate due to varying production demands for hot

“metal. As a result, variations in. windbox pressure re-

sulted- from both a change in the amount of pellets
ch wged and changes in blast rate.

. ah]c 5 summarizes the influence of p(,llcts on the
maximum pressures obtained at the three blast rates

. used durihg the two heats. The pressures obtained at

blast rates of 740 and 790 Ib/min-occurred during rea-

“sonably stable melting periods. The high values ob-

tained at the 840 1b/min blast rate with 20% and 30%
pellets occurred . during the transition p(,nods from-

base to pellet mixes. Of most significance was’the max-
“imum préssure-of 25 oz obtained with .40% pellets- at
an 840 1b/min blast rate. Cupola operations were sta-

ble thxoughout this two-hour period during which time

. the average pressure was 23 oz. This was an increase
-of only 3 oz above the base mix.

1.80

1.60 _ lt/\

)
'd

Fig. 2. Variation in s'ilico\n result- .
ing from segregation of pellets

PERCENT SILICON
. . g
g .

in-the cupola. 1.20 a8 i f
NS
7 1.00 e
0.80 - — . BwE— ,
7:00 8:00 . 9:00.. °10:00'  11:00 - 12:00 . 1:00  "2:00 3:00°
N BASE 35% PELLETS 4S%_PELLETS, |S5% PELLETS.
i - . 15% 'FINES _ .. 15% PINE§

15% FINES



TABLE 6 Slag Analyses Producnon Cupolu

i

Sepfember 28

Bosnc-.,

" TIME Si0, A’1203,'<':oq~ MgO' FeO MnO 'ity. Charge:

" 78130 - 47:68. 16.84 29:60 3.90 2.98 1.16 0.52 Base Mix
"9:30 . T 336

1:00 : o308 .
-2:00 :55.44- 15.00. 14.16 12.42 3.04 1.19 0.38 30% Pellets

' October 5

©.8:00 ‘52.54 13 68 9. 60 4.16.2. 3o‘o.sﬁ4" 0.48 Base Mix' .

9:30 - ° ’ 71,47 © 30% Pellets

10:30 48-.46 13 40 25 00 3. 78 2. 68_-2‘.7.9‘, '0.56 30%Pellets.
. g 40%Pe|lets
.2:0(_)'_ 5].'88 '20.04: ]§.20_ 5.12 2.10 0.38 0 .30 AO%Pellets e

“11:30 - o 1L72

N

g \lctul l(mpelutme

Spout te mpuatmc were” 7380 * 40 F (1582 * ".f -
22.C) during the production heats. This was below the. -
spout tcmpcratures of 2910 to2925 F (1599 to 1607 C)

usually . experienced -with a ductile lnw pe Alet- fr(‘
chirge in the pm(ln( (mn (up()l.xs

AMe ml ( oku Ruho

“Metal-coke ratios are llstvd in T'lble 3. -\< the pm-
centage of pellets was increased. the coke (‘h'm,e was
inere .m-d as follows:

o Pellets C ol\c Ratio

" % Increase
0o 7 70/1 L=
10 . 66/1 - . - 59
20 .. 64/1 - 9.4
30. : 6.2/1 S 129

The average metal tempelatures were about 30F
(17 C) lower than experienced w1th pellet-free-heats,’

therefore the above coke charges may have to be in-

creased if a spout tempcmture of 2910- 2925F (1599- '

1607 C) is to be attained..
( upola Slag

" Since thc pellets used in the productlon heats con-
tained 8% gangue, the addition of 40% pellets intro-.
duced l()() Ib .of ganguc per’ charge“that “had to be
slagged off. As the composition of - the gangue made it

self-fluxing, it was not nccessary. to add additional
limestone. The slag volume, however, increased 140%

This presented no problem in’ cupola operation but it
did result in increased labor to disposc of the larger
volume. The large volume of acid slag resulting from

the gangue makes it 1mpractlca] to use prereduced pel- o

lets of this composition in a basic cupola. .

The chemical analyses of ‘the slags listed in Table 6
arc within the tange of typical acid cupola slags. Al-
though calculations based on the 0.8% Fe** in the

pellets indicated that up.to 8% FeO could be expected

in the slag; the averages of the actual FeO values were
approximately equal to the FeO formed in the absence
of pellets. Thls confirmed observatlons ‘made durmg

! -‘the expenmental heats wherein charges containing

20% Pellets -

10:30° 49.08° -15.32 20 40 11.48 2.56 1.216 0.50 20% Pellets
i - 30% Pellets .
. “tion by the high-purity pellets, the: percentage -of all

lets were charged
‘-.1:,'Storage of Pellets v
« after completlon of the test heats were stored outdoou
~ protection. against the weather’ the pellets- were cov-

. ‘months period, the surface of the pellets still exhibited
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70% prereduced material failed to produce an increast:
in the FeO.content of the slag -

Meétal Composmon

 The effect of pellcts on rcsxdual tramp elemults |~'
- shown in Tablé 7. The “base iron” listed .in: the table

is a summary of 20 ught hour pellet-free heats made
with low-phos steel scrap and returns. Duc to the dilu-

tramp elements except tlt.nnum d((u.m d when pel-

" Thirty- five - ‘tons “of. pu_r(,duu,d pellus u,maumw
on, the ground from Sépt. 1966° to March1967. For
cred’ with a sheet of plastic. At theend of the siv

thelr sﬂvery -gray . lustel The onlv. pcllets xho“ ine

C TABLE 7.

Effecc Of Prereduced Pellefs
-~ On Resnduol Elemenfs. B

_ Produchon Henfs

. A‘vqr;:gt; High

-E_Iér_nem - Chorgo . ”kLko

S T Base ""..._"o.'oo9,'. 0,018 0.023
" Aliminum L 20% 0.002 ©~ 0,008 0.0
o - 30% . . 0.002 - 0.011  0.018
40% - 0.002 - 0.011 - 0.014

- s " Bose 0,002 0.004  0.007
Arsenic : 20% 0.001 0.001. 0.002
S 30% - -N.D.- Ce--- 0.002

" 40% . N.D, - .- 0.005

0L . Bdse | 0.028°  0.042  0.060
Chromium .. 20% . 0.012 © 0.019 0.022
- . © . 30% - 0.018 - 0.025 0.031
40% 0.018 . 0.025  0.036

— Base - 0.075 "0.087  0.094
"Copper .. 20% 0.052 ©0.073  0.082
S o 30% ° 0.055 0.064 - 0.073
40% 0.055 © - 0.062  0.071

] " Base - 0.20 o 0.26 0.29
Manganese - S20% . 06 0.21 0.24

' 30% 0.15° 0.17  0.22
C40% . 00 - 0.12 0.14

: o . Base’.: N.D. : 0.002  0.007
Molybdenum 20% ... N.D. N.D. N.D.
N S 30% . N.D. = -a-- 0.002
40% ~ “N.D ‘N.D.  0.004

L . . Base 0.030  0.035  0.044
Phos phorus 20% - 0.019 ‘0.023 © 0.022
o T 30% 0.020 0.026 .0.031
40% .~ 0.020 0.024  0.030

© -~ Base  0.008  0.011 0,012

Tin. .. - 20% , 0.000 _ 0.005 0.006
- 30% 0.004 0.006  0.007

© . 40% - 0.002 0.006  0.008

. Bose 0.002 0.003  0.006
Titanium 20% 0.001 0.007  0.014

' 30% 0.002 0.009  0.030
: ' 40% - 0.00 0.002- 0.003




~ signs of rust were found on the edges of -the pile where

they had not been covered. When fractured, a bright
metallic luster was found thloughout the interior of
the pellet.

The remaining pellets were charged into -the pro-

duction cupola as 30% of a ductlle base mix for a four-
" hour period. As a possible measure of oxidation during

storage, the FeO content of the slag was determined
during and after the pellet melting period. Surprising-
Iv. the FeO was lower during the penod the pellets
were melted. : :

Time % Pellets . % FéO
10:00 AM . 30 . . . 067
1:15 PM 0 2.30
3: 1‘3 PM B 0 PR ._,_l 13

I’n,u(luu d pell(t\ .nppm] to be stablc (nou&,h o ré-

sist oxidation if they can be transported and stored in

1 manmer that avoids direct exposure to rain and snow." - -

I'( onomics’

\Itlmn;_,h it was- dcmonstrate(l that' prercduced pel '
lets can be melted ‘successfully in an-acid cupola, the

cconomics of doing so has not been resolved. Because
the pmdnclmn of prmoduccd pellets has been con-

fined to pilot pluits, a firm pellet price based on_the -

actual operating experiences of a large (nmm(‘ronl

“venture hias not been established. 7 o
Several estimates have ‘been published®** indicat-

ing costs ranging from $30.00 to $48.00 per gross ton

of metallic iron FOB lower lake ports. The most realis-

tic estimates indicate, a minimum’cost of $40.00 for the
hetter grades of pol]( ts containing 92% or more metal-

lic iron. Assuming a $40.00 hase pellet price to which’

is added the cost of freight, extra coke and ferrosilicon,

the cost of using pellets in Coshocton; Ohio would be o

approximately $49.00 G.T. At this price-it would not
he economical to substitute pellets for low-phos plate
and structural steel scrap at today’s scrap prices (Sept.

1967). Prereduced pellets will become attractive, how- .
ever. if high-quality stcel serap bhecomes scarce or .

more (ostl\ than pellets.

No tests were made to ovaluatc prereduced pellcts"

as arsubstitute for. pig iron. However: it must be recog-
nized that the chemical purity of the pellets also
means freedom from the needed elements found in pig

iron. L.e. carbon and silicon and for some applications

manganese and even phosphorus. The cost of adding
these elements to the pellet charge must be added to
the price of pellets before making @ comparison \vnth
pig iron costs. There are some reduction processes in-

der development that produce a product contamm;', :

up to 9% carbon. although the high carbon content is
accomplished by nsing up to 40% FeO' which makes
the material unsuitable for cupola melting  stock.
Based on metallurgical behavior, prereduced pellets of
the composition used in this investigation arc more
properly considered a replacement for steel scrap than
as a substitute for pig iron. -

Auuil(l])ilih/ of Prereduced Pellets

Pickands Mather & Co., Steel Company of Canada’

and lurgichemic made thc prereduced pellets avail-

able to the Clow Corp. for thls specific rescarch pro-’
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gram. Production has been confined to pilot-plant op-
crations where limited quantities have been produced

_to prove reduction processes and to supply reduced

material for specific research projects associated with
the use of pellets in the blast furnace, electric arc fur- .
nace and cupola. There is, nevertheless, a snowballing

. interest throughout the steel industry accompanied by

‘much activity in the research and development areas®

“and a number of firms.are seriously considering con-

struction of full scale reduction plants. Since the use of
prereduced pellets in the cupola is not a current prac-

. tice and ‘because the cconomics of doing so is uncer-

tain, it is probable that their availability to the cupola
operator will follow the development of their use for
the blast-furnace and/or electric furnace. There is cer-
tain to be abundant supply of oxide pellets available

for, reduction"North- American capacity to’ pr()duu'_' :

oxide “pellets "is now 52,600,000 tons :nnually and
21,250.000 tons of- additional capacity are under con-
struction.” All of this production, however. will not be
available or ¢ven suitable for reduction.

The technology .of reducing oxide pellets by an Cex- .
ternal reductant such as the SL/RN process has been.
‘developed successfully and the ability of the cupola to
melt. prereduced pellets has been demonstrated. Just

“when prereduced pellctq will become .nmlab]e to the
* foundrymai; however, is Llr;_,dy_ a.question of the cco-

nomics. of prodicing and uh]mng this mfltona] by the _
iron and stoc] mdustr\ : '

COncIuswns

1. Charges.containing up to 70% prereduced pellets
can he suceessfully melted in a cupola without creat-
ing excessive windbox pressures or advvrqe]y effecting

“weneral cupola operitions.

2. When  substituted  for xl(,(l scrap. in cupola -

- charges, prereduced pellets, because of their high.pur-

itv; reduce the amount of undesirable tramp elements
found in the resulting castings.
- 3. Estimates place the cost of pellets somewhere be-

"tweun the cost of foundry steel scrap and pig iron.
- However. in- the absence of a” firm pellet price, the

cconomics of usmq pellets ean not bo accuratcly dc-
te rmmed :
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.VISIT 8: - PEACE RIVER MINING AND SMELTING LTD

Situated at -
Concession 2 Road,
AMHERSTBURG, ONTARIO CANADA-

DATE: ThursdayﬁlZANovember 1970

" MET: . Dr Tyson Rigg, Chief ‘Chemist

1. INTRODUCTION

Dr Gravenor has very-recently left the company to take ﬁp a position at
the.Univérsity df-Windsor, and the new GeherallManager.is Mr Ken G. Whiteley.
Dr Rigg supplied a number of papers'regarding the iron powder process and
related topics which give a flowshegt for the process. The new plant is

designed to produce 50,000 tons pef annum of iron powder from scrap, and

~while certain units have been operated, the plant is not yet ruﬁning.' The .

three péperé appended give techniéal and cost data. A fufther'papérAwas"

seen 1ater»"PeaEe-River Iron Powder Plant in Ontario” Steel Times June 1969.

2. DISCUSSION

2.1 Feedstocks

'In answer to questions regarding iron ore types Dr Rigg said that hema-

‘tites and some magnetites, especially those containing apatite and titania,

dissolved readily. Pure pyrite does not readilylaissolve but pyrrhotite

" does: Peace River.have had some discussions with Murphyores regérding
' ilmenite treatment by the Peace River _process, ahd this is economically
- attractive because of the value of the synthetlc rutile. - _Dr Rigg has been

- examining vanadiferous 1lmen1tes and tltanomagnetltes,_1nclud1ng one from

Australia:which dissolves readlly, iron and vanadium both going into solutlbn.

Red mud is a less attractive feed because of filtration problems and loss of

_hydrogen chloride by combination with sodium and calcium. Chlorides wﬁich

will not hydrolyse or reduce are to be avoided. Dr Rigg considered that

w1th sufficiently cheap ore a plant of half the present capacity’ could be

v1able. The present plant treats wet, 01ly turnlngs

A2.2 Product
- Dr Rigg said that the big posSibility_for powder exploitation was in

gggformed shapes for hot forging. When it was realised that in forging from
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bar stock 35-40%7 of the metal was wasted, in comparison with only 5% when
l.psing a preformed compact, the prices were eompetitive. In addition the

_.éools,last7three.times,as longiwheﬁ a preformed compact is used. - Alloys

can’ be produced by mixing powders. The Peace River powder .consists

' essentlally of - 51ngle crystals and contains none of the 1nclu31ons present

1n~d1rectlv - reduced iron powders. - He. showed hlgh—ren31le parts produced
by this means. ' ' '

The product will sell for 8-10 cents per lb

3. DESCRIPTION OF PLANT

Dr Rigg showed me over the plant, commencing with elevators cohveying

"superficially rusted steel turningS'over the fence from an adjecent‘scrap

“heap into storage hoppers which feed the dissoiving tanks. The batch

hydrogenfreduction vessels,.four<in all,,were-massiveAvessels and were under-
goingimodification. A continuous reduction process is being’sought.
Reduction is carried out by hydrogen at a temperature well above the melting
point of the ferrous chloride brlquettes, whlch do not melt because the

reactlon is endothermic.

4. FURTHER ACTION

Peace River Mining and Smeltlng Ltd would be prepared to test ore samples

submitted and’ schedules have beén prepared giving prices for the supply of

Alnformatlon. A copy could not be found while I was there, but was sub-
'sequently posted to Adelaide (pages A-85 & A-86). It'appearS"that my visit

- constituted the greater part of a Level 1 disclosure.
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SCHEDULE NO.  pp.o

. . § . - . PEACE RIVER - Mar. 16,1970
gf@ i @ﬁ Vi@ | IRON POWDER PROCESS SUPERSEDES NO. pp.1 .

-
O

" PEACE RIVER IRON POWDER PROCESS

lnterested Aparties can arrange to obtain thje details of the Peace River Iron Powder Process
: by s:gnmg a secrecy agreement -and payment of -a disclosure fee. The size of the fee depenos
upon the depth of the disclosure as described below. <

" Level - Depth of Disclosure ~ S - Fee
| ' Plant tour arid-fwo hoer discusksioh meeting. A$}.'1_,000 non-redeemable.
"II, . Economlc and techmcal dnsclosure of process $15,000 non-redeemable.
Adetalls : C :
: ‘III.'. - .. Preliminary feaeibility study for a specific » $50,d00 “minimum plus

plant location and feedstock. . . $200 per day.
s S : for all Peace
River staff time
4 _ . _ - ~'in excess of 90 .
o A e ot ‘~ mandays plus all
B B L ' ' travel expenses-
~non-redeemable.

‘The depths of the disclosure levels can be described as fo_ll_o'wsf

E

Level |
‘A.-tour of the Peace "Ri\./er' Iron Po.wder'PI'ant at-Amherstburg, Ontario. plus a two hour dis-

. cussion of the general economics and technology -of the Peace River Process with: senior re-
search, engineering and management personnel. ‘ ' ‘

Continued over. -

P EACE RWER MIN'IN:G & SMELTING uﬁ.'

‘ " AMHERSTBURG - ONTARIO © - - CANADA
(519) 736-2125 TELEX 024-77737




Level Il

A detailed written disclosure of the Peace River lron Powder Process with technical
reasons for the choice of the process steps, an outline flow diagram with process’
conditions and mass balance (excluding details of the Aman reactor), materials of
construction with reasons for. choice, description of the contro! system, estimated
utilities cons_umptidns, manning schedules, plant efficiences sufficient to allow operat.
ing costs to be evaluated. typical North American capital equipment costs for main
process items, land- and. site service requirement, raw materials requirements, and
. descriptions of capabilities of the products produced by Peace River at Amherst-
“burg. Discussion of the written disclosure. .

Level 1
A preliminary feasibi!ity- study prepared by Peace River technical personnel with
respect to a specific plant location and feedstock as selected by the interested
party. : : : : : :

FOOTNOTES

© The fees shown above for Level | and Level Il Disclosure are the net fees to be . realized
by ‘Peace River, payable in Canadian funds in advance of. receipt of the disclosures. The

~ details of the fees for Level lll. Disclosure will be defined in a written contract between
the parties concerned. o C :

This disciosure offering is subject to withdrawal or change without notice and the normal
limitations of prior agreements between Peace River Mining & Smelting Ltd. and other
interested parties applies. ' : : S

~ Schedule No. PP-2
Date of Issue Mar. 16, 1970.

©® Changed since previous issue .
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Process Flowsheet

PILOT PLANT near Edmonton was constructed to test the ferrous chloride reduction stage on a large scale basis.

Reduction of Hot Ferrous Chloride Is
Key to Iron Powder Production

Initially developed to exploit a low-grade iron deposit, this process starts by leaching scrap
iron with hydrochloric acid. The resultant ferrous chloride is reduced to sponge iron in a
batch-type reactor. Product yield is high, and the iron obtained is of high purity.

CHARLES LAW, World News, Toronto

A plant that uses a novel process for making iron
powder is scheduled to go onstream next year in
Canada. Engineered and built for Peace River Mining
& Smelting, Ltd. (Edmonton, Alta.) by its wholly
owned subsidiary Great Lakes Forgings, Ltd., the
$14.5-million, 150-ton/day installation will use the
hyvdrogen reduction of ferrous chloride to obtain
molding-grade powders for the automotive industry.

Iron powders are presently made by reducing spe-
cially selected oxides or atomizing molten metal. But
Peace River Mining, working with the Research Coun-
¢il of Alberta, and Woodall-Duckham Ltd. of England
developed the hydrochloric acid leach process to exploit

a low-grade oolitic iron deposit it ho. . in the Clear
Hills region of northwestern Alberta.

In the near future, however, scrap rather than
Clear Hills ore will be used as raw material for the
new plant; this is because Peace River Mining be-
lieves that a large-volume demand for pressed parts
must first be established before exploitation of its
remote ore property is warranted. Thus, the decision
to locate the commercial unit in the Windsor-Detroit
area is based on the proximity of established powder
markets and an abundant supply of scrap.

Now under construction in the town of Anderdon,
the new plant will be in operation next August. One
interesting aspect of the venture is the prospect that
the high-grade powder product can be rolled and

Reprinted from CHEMICAL ENGINEERING, July 29, 1968. Copyright © 1968 by McGraw-Hill Inc. 330 West 42nd St., New York, N.Y. 10036
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sintered to a steel strip attractive to a wide variety
of steel fabricators. (No significant demand now
exists for sintered strip—primarily because there
has been little powder available at costs sufficiently
low to spark a development program.)

» Development Work—In a joint effort, Peace River
Mining and the Research Council of Alberta first
tried a sulfuric acid leach on the iron deposits; this
was abandoned because of high acid-loss and the
difficulty of obtaining a high-purity, sulfur-free iron.

The chemistry of the chosen hydrochloric acid
route is simple enough, although considerable engi-
neering development was required before it became
workable on a large scale. Process variables, espe-
cially those that regulate ferrous chloride reduction,
were determined in a $1-million, 5-ton/day pilot plant
that has been operating near Edmonton since early
1966.

Dissolution of the iron is the first step, the follow-
ing reaction taking place at 194 F. and atmospheric
pressure:

Fe++ + 2HCl — FeCl, + 2H~

Subsequent reduction of the ferrous chloride is
what poses major design problems. Essentially this is
a high-temperature (1,112 to 1,472 F.) step in which
the above reaction is reversed by combining the
briquetted ferrous chloride crystals with hydrogen at
atmospheric pressure. The heat needed for reacting
is about 37,000 kcal./mole, but an additional 23,000
kcal./mole are provided to preheat the feed and evap-
orate residual water.

The reduction step takes place in batch fashion
inside fixed-bed reactors. An attempt was made to de-
velop a continuous reactor, but this idea was dropped
because of difficulties in handling hot ferrous chlo-
ride. In the chosen units, bed depth is about 2 ft.; the

CENTRIFUGE separates ferrous chloride from mother liquor.

charge is loaded and unloaded in a stack of trays.
Peace River Mining says over-all process yield is
higher than 939 in terms of iron input. Final product
is 99.9% Fe.

» Operating With Scrap—At the new plant, scrap is
fed into a dissolver and reacted with hot acid con-
taining 20 to 259 by weight HCI. Iron dissolves in
the acid, and the ferrous chloride solution containing
3 to 5% residual acid is pumped to a filter that re-
moves insoluble impurities.

Crystallization of ferrous chloride tetrahydrate is
dc in a vacuum crystallizer, and separation from
the .r?:)ther liquor is carried out in a subsequent cen-
trifuge. The mother liquor is returned to the vacuum
crystallizer, but the supernatant liquor from the cen-
trifuge, which contains soluble impurities such as
metal chlorides, is sent to a spray roaster. Here, the
impurities are hydrolyzed to oxides, and the hydrogen
chloride released is recovered for use in the dis-
solving step.

Because these vessels handle ferrous chloride solu-
tions, they must use rubber-lined steel, whereas the
piping is made of glass-fiber-reinforced plastic. Pump
internals are made of either silicon iron or graphite;
the centrifuge has an all-titanium front end.

To improve both the strength of the recovered acid
and the quality of briquettes, the tetrahydrate is
dried to the dihydrate stage in a dispersion dryer.
A roll press then shapes the hot, dry material into
pillowlike briquettes that improve gas-solids con-
tacting in the reduction stage.

» Reduction Step—The FeCl. briquettes are charged
into trays and loaded into the reactor; meanwhile,
hot hydrogen is injected through the bottom of this
unit. As the reaction proceeds at temperatures up to
1,472 F., HCI gas issues from the top of the reactor.
After heating hydrogen from the compressor, the gas
is sent to an absorber. Here, hydrogen is obtained
from the top, recompressed, and returned to the re-
duction step; liquid HCI recovered from the bottom
is sent to the dissolver.

Peace River Mining engineers say no unusual pre-
cautions are necessary to protect individual units
against high temperatures and corrosion. However,
certain reactor sections are built of high-alloy steels
to guard against temperatures above 1,472 F. Carbon
steel is adequate for other pieces of equipment.

Since hydrogen is a byproduct of the dissolving
step, it is recovered, purified and used in the reduc-
tion stage. Because the raw material is scrap iron,
only a small hydrogen generator will be needed to
make up for losses. On the other hand, if iron ore is
used, hydrogen must be produced elsewhere in a sepa-
rate facility.

The material that leaves the reactor is a mass of
sponge iron. This is ground, screened and blended
to give a specification product.

Peace River Mining hasn’t released production cost
figures for its Anderdon plant. The unit, however,
will employ a staff of 80 to 100. The $14.5-million
capital cost includes preproduction expenses and
working capital.
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ABSTRACT

The process described has been developed to utilize low-
grade scrap — turnings, borings, tin cans and other types
of ferrous scrap which currently has been of limited or no
use in conventional steelmaking processes. If scrap of this
type can be converted into high-purity iron by chemical
means, then there is a potential saving of several million
tons of metal annually in North America.

The process is chemically quite simple and consists of
dissolving ferrous scrap in hydrochloric acid, followed by
evaporation and crystallization of the resultant solution to

ield ferrous chloride crystals. These crystals are dried,
Kriquetted and converted to iron sponge by reduction in
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hot hydrogen. The HCI produced from the reduction step is
absorbed in water and the hydrochloric acid so produced is
returned to the dissolver circuit. The hydrogen produced
from the initial dissolution of the scrap is used to reduce
the ferrous chloride. Purity is maintained by bleeding off
impure chloride solutions from the evaporator-crystallizer
circuit, and converting these chlorides to oxides and HCI
in a high-temperature spray roaster. The HCI produced in
the roaster is absorbed in water and the hydrochloric acid

‘returned to the dissolver.

INTRODUCTION

IN RECENT YEARS, there has been increasing concern
over the build-up of indestructible wastes in North
America. Tailings piles, and slag heaps from mining
and refining operations, red mud from alumina plants
and increasing amounts of iron and steel scrap in
garbage dumps and in the form of abandoned auto-
mobiles are creating unsightly blights on the coun-
tryside. Not only are these waste materials a problem
in terms of land usage and appearance, but they also
represent a loss of potential raw material to the metal-
lurgical industry.

It has been pointed out by Rosenbaum (1966) in an
address to the Engineers’ Joint Council Meeting that,
until recently, automobile scrap has been considered
as a valuable source of salvage and scrap. However,
the over-all composition of automobiles is changing
with the increasing use of stainless, aluminized and
galvanized steel, aluminum, zinc¢ and copper. This
means that the automobiles which will appear in the
scrap yards in the 70’s will have a more complex com-
position and hence will be more difficult to use in con-
ventional steelmaking processes. In addition, there are
large tonnages of steel in the form of tin cans and
other refuse which are being used as land fill. This
represents a loss of several million tons of metal an-
nually in North America and hence is a wasteful prac-
tice.

It has long been recognized that if hydrometallur-
gical processes could be applied economically to steel-
making a close control over quality could be obtained
and consequently low-grade scrap could be used to
produce high-purity products. At present, there is a
modest amount of low-grade scrap used in the steel
industry, but materials such as machine-shop turnings
are not considered as good feed stocks. Consequently,
the value placed on scrap iron is proportional to the
physical nature and purity of the scrap. In industrial
areas, the current value of high-purity scrap is in the
order of $20.00 to $40.00 per ton. In the same areas,
impure scrap has a value of $6.00 to $20.00 per ton,
even though the total intrinsic value of the impure
scrap may be higher than high-purity scrap. It is
evident that if wet chemical processes can be devel-
oped to handle the lower-cost material, such processes
would aid considerably in the control of impurities
build-up in recycled scrap, and would provide a means
of decreasing the mounting supplies of metal waste
while at the same time producing high-purity metals
to the benefit of the economy.

—1—
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" HISTORY OF PROCESS DEVELOPMENT-. :°.

" ‘the advantage of having a large surface aresn which

A research proglam was set up in 1960 at the Re-
.search Council of Alberta to develop a process to pro-

~ duce iron powder from the low-grade Peace River iron

deposits. The resuits of the early laboratory and small-
scale pilot:plant work were pubhshed in 1964 (Grave-
nor-et al., 1964),

At the conclusion of ‘the small-scale pllot-plant in-
vestigations, it was recognized that the process would
have to be tested in @ much larger pilot plant using

commercially available equipment before a. full- scale -
commercial plant could be built. Consequently; in. 1964,
funds were raised by. Peace River Mining’ & Smelting.

. Ltd. to start the design and construction of a 5-tpd
plant. Design wasd started eayly in 19656 and in the late
fall of 1965 erection of equipment commenced on space
lensed from the Resenrch Council of Albertn. The erec-
_tion was completed in the spring of 1966 and testing
started in March. By the fall of 1966, all equipment
had been commissioned and the firat iron sponge pro-
. ‘duced, Experimental work on the scrap process has
‘now"been completed and the plant.is bemg used for
other developmental purposes,

In order to simplify the initial start up of the pllot-
plant, it was decided. to use scrap metal as « source of

iron and later to convert to Peace River iron ore as the

feed. Various types of scrap have now been tested, .in-

- cluding heavy- scrap, turnings and tin cans. Experi- .
ments on. the dissolution of Peace River ore were

started in the spring of 1967, and thls program is be-
_ing contmued

After ' running the: plant on scrap for several'

months, it was decided to-explore the possibility. of
using scrap as the feed-stock in the first commercial
development There are many reasons for this deci-

sion, but primarily a scrap plant can be economical on

- a smaller scale than an ore plant and hence would be
an .excellent interim development allowing time:to im-

prove the technology prior to .the construction of a’

large plant based upon Peace Rlver ore.

SCRAP PROCESS

Essentially any type of ferrous scrap can be used

as feed to the process 1t is economically advantageous -
to use low-cost scrap such as machine-shop turnings

and mixed tulmngs and bormgs tm -cans and auto-
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FIGURE 1.—The Scrap Process. |
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‘mobile s_crap..hl,u general, this type of scrap also of fers

leads: to rapid dissolution in hydrochloric acid and,
in addition, .usually contains appreciable amounts of

other metals, . -some of whlch may be recovered as by- .

products. . .
Briefly, the process consists of ‘the dlssolutmn of

. .8crap iron in hydrochloric acid; followed by the evap-

oration of .the solution to yield crystals of ferrous
chloride. The ferrous chloride crystals are dried and
briquetted, and the briquettes are reduced in .hydro-
gen to produce iron sponge and hydroc¢hloric acid;
the acid is recycled to the dissolution stage. An outline

-of the process steps.is shown schematically in Fig- -

ure 1, and the followmg is a description uf each stuge

" of the process.

'DISSOLUTION

As there is little information available on the delib-
erate dissolution of large quantities of steel serap in
hydrochloric acid, a laboratory and pilot-plant pro-

~gram was undertaken to' provide the necessary data
for up-scaling the dissolver system to commercial size.

‘The results of this lab and pilot program. have huen

_pubhshed recently bv Rigg (1968). .
Iron- dissolves’ readlly in hydlochlorlc uud and the -

rate of. dissolution' increases markedly with an in-

" crease in surface area and. temperatule Although the

‘reaction is exothermic:
Fe 4 2HCI (aq) =% H: '+ FeCl: (aq) AH = A-ZO% K.cal.,

“in practice’ it" has been- found- that it is necessary to

preheat the acid to about 95° C. After this initial pre-
heat and using machine-shop turnmgs as the feed, it
‘has ‘been found that the reaction is self-sustaining.

" The hydrochloric acid fed to the dissolvei also re-

acts with carbides and sulphldes in the steel turnings
to release hydrocarbons and H.S. Essentially all of
the sulphur in the initial feed.comes- off as H.,S, ex-

~.cept-for a small part which reacts with ¢ertain metal- -

lics (i.e.’ copper) to form insoluble sulphides which

“are trapped in the filter residue. Gas chromatographic”

analysis of the dissolver off-gas shows ‘it to contain

0.13 per cent..CO, and 0.11 per cent hydrocarbons (Ci . )

to C;). As thé hydrogen from the dissolver is to be

used to reduce ferrous. chloride, it is first passed’

through-an absorber to remove traces of HCI and then
sent to a MEA scrubber to remove H,S before being

. _placed in storage for use in the reduction stage..
' leot-plant results mdlcate that a- typlcal solution -

coming from the dissolver contains about 31 per lent
ferrous chlorxde -and 3. per cent free acid, :

| .FII';TRATION

The ferrous chloride liquor from the dissolver con-
- tains & mixture of insoluble materluls which must be

removed before evaporatwn and crystallization, Us-

- .ing clean turnings as the feed, the dried insoluble resi-

diie’ amounts to aliout-0.1 per cent of the weight of the

. feed. For this purpose, a pressure-edge filter was
" . chosen*for high solid capacity and ease of manufac-

ture with . acid-resistant materials. The composition
of the insoluble residue varies considerably, depending
on the nature of the scrap. An analysis of  the insoluble
,resrdue is .given' in' Table'I (metals determmed -8pec-
trographlcally) and represents an average of several
analyses ' .

—a_
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'l‘ah'le. I'— Analysis of Insoluble, Residue. . . |
(.onqtitucnt “o Constituent 7, -
O . 351. , CFe. - matrix’
8- 002 1. Ph+ " trace
" Al 1.0 - Mg - 04 -
Sh 04 . _]  Mn . 05
As 025 | . Mo =~ 03 .
Ba trace - 'Nb-- = 'N.D: -
Be - ~-ND+ -1 . 'Ni : -7 .07
'Bi- - N:D. Si _ matrix
B - 'N.D. Ag . trace
Cd N.D. . " Sr * trace
Ca 0.3 "Sn 0.003
Cr 0.8 .- Ta ‘N.D
Co -.0.01 . Ti .03
Cu 01 W / 0.1,
Ga N.D. . \Y% 003
) o Zn trace.
*N.D. -- non-detectable . o -

It is evident that the combmatlon of dlssolvmg and

_fnltenng pxovldes a major punflcatlon step in the ..
‘treatment of scrap. The bulk of the’ carbon,” sulphur

and silica is removed in these stageq as well as a sub-

- stantial. amount of aluminum and .other metals pre- |-
’ :sumablv pneqent as refractory mclus10ns in the scrap

.EEVAPORATION AND CRYSTALLIZATION

The ferrous chlorlde liquor from the fxlter is fed to ’
an evaporator -crylstalhzer where -the concentra_tlon of -
ferrous chloride in the solution is increased to ap-

proximately 48 per cent. For the first few months of

.pilot-plant. operation, heat was supplied to the evapora-

<tor-crystallizer circuit by submerged combustion in
which combustion gases from a natural gas burner are
‘passed down a titanium dip tube into a tank of circu-

" lating liquor: ‘As-the gases pass through the liquor,

" rapid heat transfer takes place and the hot concentrat-

ed solution is then pumped dl_rectly to a vacuum crys-
tallizer. Alternatively, and in the system now in use,
heat may be supplied from a graphite-tube heat ex-

changer-in which steam is-used_to supply heat to ‘the

circulating liquor. Both. ‘systems operate satlsfactonly,

_ but there are some process” and’ heat economy advan-

tages in the use of ‘tube heat exchangers. -

-+ The erystallizer is maintained-under a vacuum' (50.
mm Hg absolute) by a steam e‘]ectorr system and, as
.the hot liquor (75-80°C) is sprayed into the vacuum:
‘chamber; concentration is effected by the evaporation ‘
of . water. Concentration and’ coolmg of the “liquor
causes crystallization of ferrous chloride tetrahydrate .
"and the crystal slurry passes down a barometric leg

into a 4ettle1-tl wsifier. A ‘spe(.trogra.phlc analys_ls of

unweished crystals is given in-Table II. The elements;

are wpmted as’a peuent.lge of the lron Lontent of the

: fm rous ¢ hlm 1(!9

C ENTR]l‘ UGL

The (l\\trll ~11unv f1 om the base of the settlel-ddqr
<ifier is pumpéed to a horizontal pusher-type centri---

fuge: The centrifuge basket is made of titanium wire
screen, with the slots parallel -to -the horizontal axis.
The basket rotates about the horizontal -axis and the

crystal sturry is fed, at one end. onto-a plate normal to-
_the basket axis, which rotates at the same speed as. the .
_ basket. As the cake forms. on the:basket, the .plate.

*N.D, — non«detec’thbic -7

Table. lI——Analysns of Unwashed Ferrous
’ Chlorlde Crystals

g (reporu.d as per cent of the iron umtcnt——

t

Cons_'titl'le'n't ey Constituent RS
AL 0004 - |. .Pb .N.D.
&b . . N.D.s. Mg 0.001.
JAs. L UND | Mn 0.18
“Ba- 7 trace - |7 . Mo 0.007
" Be N.D. - Nb N.D.
- Bi - - N.D. = : Ni 0.029

.B - N.D. : Si -0.07
Cd SNDS L Ag {race
Ca - trace - - Sr "N.D.
Cr 0.07 Ta N.D. -
Co Lrace Sn N.D. .
Cu 0.011 Ti - 0.04
Ga trace w N.D.
Au . N.D. \Y% - trace
: Zn N.D.

Table III _—",Scree.n 'Analy‘sis__bf Ferrous
Chloride Tetrahydrate Crystals '

- -Tyler Screen Size C - Y% Wt
+ 10~ - - : ) s L. 250
..+ 2 - s - 481
o4 40 o . L - 429
+ 60 S S . ‘5.0

 + 80 1.5

cscillate.s along the basket axis and so gradually pilsh—s

C.es the crystals along the basket . until they are dis-
~charged at the open ‘end into a catcher . rmg As the
.crystals are pushed along toward -the open end, they -

may be washed to remove surface impurities: present

‘in the. mother liquor adhering to the outside of the-
crystals. The crystals -as discharged, contain 35 per -

cent- free moisture. . v
"The efflctencv of the centr)fuge washing operation

- 'has been determined by.the addition of a small quan- -
“tity of. phosphorlc acid'to the evaporator-crystallizer
fmrcmt and. by, measuring the amount of phosphoric
‘acid in the mother liquor and in the crystal cake with

and. without washing.. By this technique, it_has been‘

found. that a washing efficiency ot .80 per cent or
_better is readily attainable. Washing efficiency  is de-

fined as the percentage of’ adhenng mother llquor :
washed out of the filter cake. .
The. cryqtalq of ferrous chlonde tetmhvdmte are

"'dllowed to grow in:the crystal settler, so thdt they can
" be (entrlfuged w1thnut blinding the queen "and pre- .

sent a small surface area which facilitates washing.

“Table 11T shows a typical screen ‘analysis of the fer-
* rous chloride (lV‘iLdl*l as dellvelul fmm the u\ntn-

fuge

FLASH DRYER

The ferrouq chlorlde tetr dhydrdte (,l‘y‘itdl‘i dellvered A'
from the centrlfuge are- not free-flowing, are diffi-
cult to briquette, would add too much water to the

‘final reduction reactor gas system and have a low.

iron-to-volume ratio, which would add con51derably to
the size of the. reductmn reactor. For'these reasons, ‘it

‘..1s necessary to dry the crystals to the dlhydrate state

-3
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prior to briquetting. This drying is accomplished in a
Raymond flash dryer wherein the wet crystals are en-
trained in the hot off-gases from a natural-gas burner
and the di'y crystals removed in a c¢yclone. During dry-
ing, a small amount of . ferric oxide is formed

and the hydrogen chloride produced is removed from ..

" the stack gas by means of an absorber. A typical ana-
lysis of the dried product ig FeCl..1.7 H,0, and 2 per
cent of the iron is present as ferric oxide. Table IV
gives a.typical screen analysis of dried product. from
the flash dryer. If the ferrous.chloride hydrate is
dried to an extent corresponding to ‘the composition
FeCl..1.0 H.O, the oxide content increases to about 3

per cent and then increases rapidly with further dehy- -

dration. .

, Table IV — Screen Analysis of Dried - |
v ' Ferrous Chloride '
) Tyler Screen Size - G Wt
o ¥ 10 06

+ 200 - : L ~. 118
+ 40~ - ’ ve 2101
4 60, ) . - - 154
+ 80 - .79
+ 100 49
+ 150 4.4
- 4+ 200 9.8
. 4 250. 1.6
+ 325 . 84
— 325 1256
BRIQUETTING

‘A cbnsideruble amount of early experimentai won;k
was done at the Research Council of Alberta on the

reduction of ferrous chloride powder in both fluidized -
- beds and batches. The fluidized bed .proved difficult

because of particle.density changes, agglomeration and
consequent .defluidization, and the presence of exces-

sive amounts of chloride in the product. Fixed beds -
“of powder. can be reduced, but the time of reduction

" is' unacceptable .due_to the difficulty in contacting
. large volumes of hydrogen with the solid unless very
" high gas pressure drops are acceptable. Consequently,
in order to obtain good gas-solid contact with the min-
_imum pressure drop across a bed, it was decided to
briquette the ferrous chloride. Dried ferrous chloride

‘can be briquetted, without a binder, in a Komarek-

Greaves opposed-roll press. The briquettes produced in
the pilot. plant are pillow-shaped and are % in. in
thickness by 1% ins. in length by % in. wide. They are
stored in hoppers prior to charging to the reduction
" equipment. If the briquettes are exposed to humid
coriditions . for prolonged periods, they will take up
moisture, expand and disintegrate. Hence, if these
conditions are anticipated, the briquettes shoul_d be
stored under a dry inert gas blanket.

AMAN HYDROLYSIS

Iri‘Figure'Il, a bl_eed-off of ‘'mother liqubi‘,-"from the
evaporator-crystallizer circuit is shown. This bleed:-off
is required to maintain a low impurity level in the

mother liquor and.. consequently to prevent break-
through of impurities to the ferrous ch]otﬁ‘ide_:tet‘rahy- -

drate crystals. Using; machine-shop turnings or 'pther
mild steel scrap, it has been found necessary to re-

move ‘from 3 fcd 7 per cent of the iron .at this stage

in order t6 maintain a high level of purity in the fer-
rous chloride crystals. As this represents the main

“loss of iron in the over-all circuit, it is estimated that
it will require about 1.1 tons of feed to produce 1 ton .

of powder. The additional loss is primarily due to
oxidation of the iron scrap prior to treatment.
The Aman reactor was developed by the Woodall-

Duckham Company in England, and is essentially a
high-temperature spray roaster. The waste chloride

_solution (containing primarily ferrous. chloride with

smaller. amount of other metallic chlorides) is sprayed

. into the top of a brick-lined tower and the droplets fall

through an up-flowing spiral stream of hot gas gen-
erated by a natural-gas burner near the base of the
tower. As the droplets fall through the hot gas at
temperatures of 600"C to 700°C, the chloride solutions
dry and the chlorides are hydrolized to. oxides. The
ferrous chloride undergoes oxidative hydrolysis ac-
cording to the following reaction: :

2FeCly + 2H;0 + 140, = Fe,0s + 4HCI

. 'Displacement reactions may also take place during
the drying of the waste chloride solutions, e.g.:

3CaCl; + 2H3PO« — Cas(PO4): + 6HCI

The combustion.gases and HCl are taken off from
the top of the tower and-passed through an absorber
to -remove the .HCl as hydrochloric acid, which is re-
turned to the dissolver circuit. The oxides are removed
from the base of the tower and go to solid waste dis-

* posal.

If the feed material is rich in alloying elements (i.e.
nickel, copper or molybdenum), then it could be eco-
nomically feasible to remove these constituents either
from the waste liquor before it enters. the Aman reac-
tor or from the oxide product of the Aman.

REDUCTION OF FERROUS CHLORIDE -

Pilot-plant results on the feductibh of ferrous chlo-
ride briquettes with hydrogen were presented in 1968
by Stone and Rigg. :

Prior to the pilot-plant work, a considerable amount

“of ‘research ‘was carried out on a smaller scale in an

attempt to develop various types of reduction equip-
ment. This work, which was done by the Research
Council of Alberta and the Woodall-Duckham Company
of England, included investigations:.on the use.of
fluidized beds, travelling belt reactors.and static-bed

reactors. Although the fluidized bed ‘is, @ priori, an

attractive technique, three major problems were en-

“countered. First, the particles in the .bed tended to
_agglomerate, which made it difficult to maintain fluid-
- ization; second, a considerable amount of ferrous chlo-

ride volatilized; and third, there was an excessive
amount of ferrous chloride in the product. The latter
problem is perhaps the most serious, as it is impera-
tive that all of the ferrous chloride be essentially re-
duced to iron sponge. By-passing of gas proved to be
a problem in the use of travelling belts and, although
static beds .of ferrous chloride crystals can be reduced,
in practice this is not feasible because of the high
pressure drop created by the large volume of gas which
must:be contacted with the solid (12,000 scf of hydro-
gen: per ‘cu.ft of solid). . - : -

To “overcome the pressure drop problem in fixed
beds, it \g'vas decided to briquette the ferrous chloride

" in order to provide sufficiently large pore spaces for
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tion.

TA

gas passage the umform size of the brlquettes cut

" down the problem of channelling, which is one of the
most difficult problems to overcome‘in any fixed-bed -

reactor. After considerable experimentation with large

fixed beds, it has been determined that beds of up to

3 feet in thickness can be reduced without encounter-
ing serious gas channellmg problems :

A considerable amount of equlllbrlum data on the

reaction:

Fd]z+}h——*Fe+2HCl . :
"=has been published and has been summarlzed by Rigg

(1964). The reaction starts below 400°C; but does not

"reach appreciable percentages -of HCl'in the off-gas -
until temperatures of 600- 700“C are-attained. For
. example, at 500°C the" mole ‘per cent:-HCI "at equili-
“brium is about 3 per cént and at the melting temper-
ature of ferrous chloride® (673°C) the per cent of’

HCl is about 16 per cent. It'is thereforé evident that

-the temperature should be raised to the maximum al-
‘lowable in order to keep the amount of recyclmg of the.

gas to a minimum.

In early experiments, most of" the heat was’ sup-_

plied by.radiant- heatmg, ‘when . hlgher temperatures

were reached :(i.e. above the M. P, of ferrous chioride),
" the - chloride melted which resulted in sévere ‘reactor

design problems. It was therefore decided to put all
the heat into'the system by preheating the hydrogen

" to ‘about .800°C" — well above the melting point of .
ferrous chloride.- Under these conditions, the ferrous
* chloride does not melt, due to the fact that the reaction

is strongly ‘endothermic ‘(approximately 34 K.cal./

"-mole iron at 600°C).-At the reaction front in the bri-

quette, this heat requirement acts as-a heat barrier,

so that the temperature of the centre of the briquette .
. does not exceed the melting pomt of ferrous chloride..

The reaction is usually topochemical and it has been -

1easoned that iron ‘transfer occurs vie the vapour-

‘phase. mlgratlon of ferrous chloride.- In 'this way,

1easonably large cubic crystals of Fe (a) are formed.

" The.size of the. crystals may be increased, and ulti-
- mately iron “whiskers” are formed, by decreasmg the
hydrogen flow and introducing heat from a source -

other than the hydrogen. The general rate equation

. -for the topochemlcal reactlon is .as follows (Rigg,

1966) : E

_' where f is the fractlonal penetratlon of the reactlonl
front (as a fraction of the radius of the partlcle),

pre is the density of iron (initially present as chlo-
ride) in gm/em?®, t is the reaction time in minutes, d

"is the partlcle diameter in cm, R is the universal gas

constant T is the reaction temperature (°K), P is the

partial ‘pressure of- hydrogen chloride in the reaction

zone:and P, is the equlllbnum partial pressure of hy-
drogen chloride. When  f is plotted agamst time, it
can be shown that f is a linear function of reéaction
time and that the reaction front advances at a con-
stant rate (Rigg, 1966). Hence, the geometry of -the
briquette -is important, as the minimum 'dimension
will determine the length of tlme for complete reduc-

“In’ practlce, where large beds. of brlquettes are re-
duced, it has beeri found that the rate of reactlon is
roughly one-third the theoretical rate (Stone and

Rigg, 1968). This slower rate is attributed-to the fact

that there is some'breakage of the brlquettes in-han-

dling and hence some of the pore space is- blocked by -

e

o

powder and small pxeces of brlquettes which in turn

.gives rise-to.channelling.

"The pllot-plant reactor is 3 ft, 6 mches in diameter
and has a total bed ‘depth of 10 feet and a capacity
of 8,000 lbs of ferrous chloride dihydrate briquettes.
As mentioned ‘earlier in this paper, the maximum bed
depth which can:be used without encountering severe
channelling is about 8 feet. Consequently, the reactor
was loaded with beds separated by stainless steel
grids. Generally, three to four beds were employed,
using combinations of 2- and 3-foot beds. At first,
the reactor ‘was installed with a downward flow of
hydrogen; however, it was found that as the reac-
tion proceeded” the pressure drop started to build up
and the flow of hydrogen'had to be cut back. This
build-up of pressure was caused by the squashing of
the’ bed of-briquettes, which are very weak when they
are fully reduced and at high temperatures (i.e.,
800°C — the temperature of the incoming hydrogen)

- After -geveral tests with downward- flowmg hydro-
gen, the reactor -was converted to up-flow and, al-
though the pressure drop did not increase appreciably
during .the reaction, it was found that there was a
long “tail’” on the reaction. By examining partly re-
duced beds,. ‘it was found that the long reaction time
was due to channelling . up the side walls of the reac-

'tor Once the material on the side was’ reduced ‘there

was mcreased pore space at ‘the sides of the,reactor

due to shrinkage of the brxquettes away from the side
‘walls, and hence it took a long time to reduce the cen-
‘tre of the bed, thus accounting for the “tail” on-the

reaction. This _problem was overcome by increasing

-'the flow of hydrogen and driving the hydrogen direct-
Ty through the beds, so that reaction took place as a o

moving front rather than. from the side walls into the
centre of the beds. Pilot-plant results indicate that it
requires about 40 moles of hydrogen per mole of 1ron :

. for complete reduction.

The HCI - hydrogen gas mlxture from the reactor is
first passed through a heat eéxchanger to-recover some
of -the heat and cool the gas before the next stage.
The gas exits..from: the heat exchanger at  about

.250°C .and .next passes to a desuperheater, where it is

contacted, with a spray of concentrated acid in order

" to cool,the gas to about 60°C. From the desuperheater,

the cooled gas is passed to an adiabatic absorber,
where the HCI is removed from the hydrogen ‘stream.

. This acid, which has a. concentration of about 25-30 -
~ per cent; is returned to the dissolver circuit to dissolve

new scrap ‘After the HCI has been removed, the hy- ‘
drogen 'is compressed and from there passes throu.gh ]
the heat eéxchanger previously mentioned and then to

" the main hydrogen ‘heater, where it is heated to 800°C

and then passed .up through the reactor. More than:
200 batches have been processed in the reactor at theA
pllot plant . : .

POWDER PREPARATION

The briquettes are found to be llghtly smtered to-

"gether when taken from the reactor and the beds are
first chopped into-lumps about fist size and. then
ground to powder. in a hammermill. From the ham-

mermill, the powder is first passed over a screen to re-

"move most of the coarse (plus-100-mesh) material
and to an -elutriator where some of the minus-325-

mesh material is' removed. The fines from the elu-

‘triator are recycled. to the brlquetter circuit, . where

they are blended with ferrous chloride d_1hydrate -prior
to;briguetti.ng."Ifhis' step is an:important part of the

h—



process, as straight ferrous-chloride reduced in hot
hydrogen and then hammermilled produces.a powder
- which consists of 80 to 90 per cent -325-mesh material.
However, by seeding. the ferrous chloride ‘with recy-
¢le powder it has been found possible to grow aggre-
wates of . powder particles within the sponge. - After
grinding, this produces a coarser. material suitable

for a moulding-grade powder. Conszquently, by vary-

ing the amount and size of :the recycle powder and

varving the screen openings.of the hammermill, it
has been found possible to produce powders differing
in apparent density from 1.8 to 3.3. In commercial
practicé, three powders will- be made. The .first is a
very fine powder for special purposes, and the second
and third powders will have apparent densities of 2.4
and 2.8, respectively.

Table V gives a tyvpical chemical analysis of the
powder, produced in the pilot plant; Table VI gives
the screen analysis and other physncal characteristics
of 2.3 A.D. powder.

~ Powders with a density of about 2.40 show similar
" chemical and screen analyses, but have a somewhat
- lower ‘green density (6.83 at 40 tsi) and higher green
strength (4,500 psx at 40 tsi). Powders of higher
chemical purity can be obtained by giving the product
- powders a‘wash in very dilute acid. This is possible,
because the impurities present are largely external to

the iron particles.: Some powder may be given this .

" treatment in the commercial plant 1f ultra- hlgh purity
Tis 1equned bv consumers, .

Tablé V — Chemical Analysis af Iron Powder

: (‘ons‘tituent' Wt Constituent % Wt.

Aluminum . 0.003 - Zirconium’ . N.D.
Arsenic N.D. . ~Carbon . 0.024
Bismuth ‘N.D. Phosphorus -0.001°
“Boron - N.D. Sulphur . 0.001°
Cobalt -0.002 Manganese - .0.20
Copper 0.003 | Silicon . 0.011
Chromium 0.003 1 Iron | balance
~Lead - N.D. Oxygen . . 0.2*
Magnesium’ 0.020 (as hydrogen loss)
Molybdenum | 0.006 Insolubles 0.0
Nickel ~0:060
~Tin N.D. -. *This is-primarily “skin’
Titanium - N.D. oxygen on the exterlor of
Vanadium. :© N.D. .

partlcles o

Table VI — Physical Characteristics of- Powder

Apparent Density .. .......... .. 28

Q .
\lk:-ixs':n:g

Screen Analysis. ..o ....Mesh : U
o . ’ : 100 ©
100 + 150
150" + 200
200 4+ 250° -
260 4 3256
325 .. -

:_l L+

(]

[ ST
ml\::—-v—‘b}l\‘a

—

Subsicve Sizes C i o

* (=325 fraction)....... e 30 w - . 16.
. : 20 . T

: 10w, . . 3.

10 " . 0.

Flow Rate — 29 seconds —

"‘Green density . . . . (at 40 tsi — 1% Zn Stearate) — 6. 85
Green transverse rupture strength. . ;

R

(at 40 tsi— 1% Zn Stearate)—lBOOpsn .
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Alloys of nickel,. cobalt, molybdenum and iron have

"been produced in the pilot-plant reactor by co-reduc-
ing salts of these elements mixed with iron chloride.

The conditions required for plo’ducihg' alloys of this

‘type (maraging steel) are the same.as those for re-

ducing ferrous chloride. The alloy powders produced
have been .compacted, sintered and hot-rolled. The cha-
racteristics .of the fully dense strip are similar to
those reported for commercial maraging steels of si-
milar compositions,

Although nickel, cobalt and molybdenum can be re-
duced, it is not possible to reduce manganese com-
pounds under the sameé conditions as ferrous chloride
and a-special technique has been developed to produce
a manganese alloy. This involves mixing manganese
dioxide with the ferrous chloride dihydrate prior to

~briquetting. During the low-temperature phase of re-

duction, the manganese dioxide reacts to form man-

ganese chloride, which volatizes and migrates through .
-the br 1quette Eventually, as the ferrous chloride re--

duction nears completion, there is insufficient HCI to

suppress hydrolysis of the manganese chloride by the"

moist hydrogen. Under these conditions, the manga-

- nese chloride -hydrolyses to MnO and HCI, and hence

a very fine'grained MnO is dispersed throughout the
iron. In the manufacture of powder parts, the finely
dispersed MnO ‘is reduced by .carbon, resultmg in a
homogeneous alloy.

The manganese alloy produced in this manner has
an ‘advantage in that the powder has good compres-

»qlblllty and.green strength, but it has a ‘disadvantage

in that it requires a slightly longer sintering time to
achieve homogeneity. The carbon can be added as
graphite to reduce the manganese oxide or it can be
added by changing the composition of the endo gas in

. the sintering furnace. Attempts have been made to

add the manganese dioxide directly to the iron powder,

-but this technique has not been successful as it does
. not"nge the fine dispersion. of mangancse oxide re-
quned for complete reductlon and rapid homogenw-

atlon

COMMERCIAL PLANT

A commercial plant to produce 50,000 tons per year

' 'of iron -powder is now under construction near Am-
herstburg, . Ontario. The feed will be steel turnings.
from ‘the autcmotive industry. The plant - will.

be completed toward the end of 1969 and powdels will
be available early in 1970.
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From scrap . . . fo iron

Y EARLY FALL 1969, the Peace

River Process for making iron
powder should be on stream. The
initial plant will have a capacity of
50,000 tons of molding grade iron
powder per year.

The process is unique. It all started
as a project to produce iron economi-
cally from the large, low grade ore de-
posits in the Pcace River area of
Alberta, Canada, From the hydro-
metallurgical process envisioned, a high
purity iron powder would result. This
product, in turn, would be roll com-
pacted, sintered, and hot rolled to form
sheet and strip. But to prove out the
process as quickly and economically
as possible, the investigators decided to
start with steel scrap instead of the
iron ore. (There really was no dif-
ference except speed and development
costs.)

Instead, Peace River Mining &
Smelting Ltd. working with the Re-
search Council of Alberta and Wood-
all-Duckham Ltd. of England, found
that they had a low cost process for
making very high purity iron powder
from scrap material that is, presently,
almost a drug on the market; chips,
turnings, and light gauge trimmings.
(They are continuing to work on the
problem of producing iron powder
from the low grade ore.)

How does the process work? Basically
the process is quite simple. Dissolve
the scrap in hydrochloric acid, crystal-
lize out ferrous chloride, and dry it to

HC!
Make up

I

Dissolver

Y Fe Cl, Solution

form the dihydrate. This material is
then reduced to iron by reacting it
with hydrogen. The end product is
an iron powder varying from 99.4 to
99.8 percent iron depending on the
grade required. Hydrochloric acid is
formed as a byproduct of the reduction
step and is recycled back to the dis-
solver. The process is shown in simpli-
fied form in the flow chart in figure 1.
In theory the process is a completely
closed cycle with only iron needed as
a raw material since hydrogen is
evolved when the iron is dissolved in
acid. Practically, of course, small
amounts of both hydrogen and hydro-
chloric acid will be needed for make-
up to compensate for less than 100
percent reaction efficiencies and for
normal losses due to leakage. The key,
of course, is low cost scrap and that’s
why the initial plant will be located in
the Windsor, Ontario area, just across
the river from a huge scrap generator
—the U. S. automobile industry.

Properties of the powder. Two grades
of iron powder will be produced at the
start. These are Peace River Pow-
ders 240 and 280, they differ slight-
ly in chemistry and screen analy-
sis, but the major difference is in
the apparent density of the powders.
Table I lists the properties of both
powders as they are being produced
now in the 5 ton per day pilot plant.
When the main plant is in full opera-
tion it is confidently expected that an
even better powder will be made.

powder 9

Specifically, the hydrogen loss will be
lowered to about 0.1 percent and the
carbon content lowered or perhaps
eliminated.

For the design engineer. This new iron
powder will have two important assets
for the design engineer: A high degree
of compactability so that parts can be
molded to high density at low com-
pacting pressures, or conversely much
larger parts can be molded on the
presently installed low tonnage form-
ing presses. The second advantage
will be price. Present indications are
that the powder will sell for about 10
cents (Canadian) per pound, or rough-
ly 9 cents per pound in U. S. money.
At this cost, many parts which are

Dr. C. P. Gravenor, General Manager and
Director of Research (left), D. H. W. Allan,
Manager of Marketing, and G. R. Heffernan,
President of Peace River Mining & Smelting,
Ltd. (right) discuss a section of the 12 foot
long model of the iron powder plant under
construction at Amherstburg, Ontario, Canada.

FIGURE 1. SCHEMATIC FLOW DIAGRAM OF THE PRMS IRON
POWDER PROCESS USING STEEL SCRAP AS RAW MATERIAL
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mechanichlly feasible now, but priced
too high, can be made from iron pow-
der. '

By using onc pereent of zine. stearite
luhru..mt and sintering for 30 minutes
.at 2050°F in an hydrogen atmosphere,

_usable strengths can be developed in -

the 240 powder cven at quitc low
final densitics as shown in figure 2.

The 280 powder, shows -about the
same propertics at the same densities,
but when moderate amounts of copper
are added there is an impressive in-
crease in  mechanical properties “as
shown by the two curves in figure 3.

The designer should note that the
mechanical properties which have been
given are for material essentially free
of carbon. While data arc not yet
available on carbon additions, there is

cvery rcason to expect that significant

increases -in strength levels will ‘result
from' small carbon
proper heat treatment.

For the parts producer. Other than
- the propertics already given some data
are available that are of importance to
the parts’ fabricator. Figure < shows
the increase in green density " as a
function of forming pressure and figure
5 shows green strength 'as a function
of forming pressure. )

Both powders shrink when sintered,

but the amount of shrinkage is less

than-0.2 percent at low densities and

- less than  0.05 percent. at higher densi- .

ties as shown in figure 6.

Equally xmportant to the parts pro- :

ducer is the much lower ejection pres-

sure required for this new powder as_
shown in figure 7. Based on the cjec--

tion pressurc data it would seem that
the amount of lubricant mixed with the

iron powder might be greatly reduced.

‘Markets. Threc. important markets

additions’ and :

98

TABLE"I — PROPERTIES OF PEACE RIVER IRON POWDERS

" 280

1 0.22

240
" Screen Analysis
(weight percent) -
+100 1.5 25 .
- 100 +150 158 134
© - 150 o 4200 . 231 214
- 200 +250 125 17
- 250 4325 180 225
- 325 o 286 - 28.1
,Subsuevc suzes -
{percent of 325 fractlon)
* 30 microns ' 146 : 16.3
+20 8.6 ) 78 .
+10 31 .. 34
- 10 20 ) - . .06
'Apparent'Densitv L
Ag/cc) 241 .. 279 .
‘Flow Rate - _ _ N
. (for 50 grams} 33.0 seconds 29 seconds
. [ -
Chemical Analysis '
_ {weight percent)
_ Manganese 0.273 0.19
Carbon - 0.012 10.02
" Sulphur ' 0.005 0.007
Phosphorous - '0.0055 N.A.
“Sitica "~ 0.006 0.006
Hydrogen loss

0.25

The . primary ‘one; of course, is for -
parts which are larger than any now"

being made at moderate to hlg.h densi-

“ties.

"A developing market, pnrticular'ly'in
the automotive industries is the use of
powder metal preforms for closed im-

" pression die forging. This market will,

for Peace River at lcast, probably
have to wait for the dwdopmcnt of
pre-alloved powders. However, some
progress has been made using alloy

curing during sinfering,
The third important market . is
the production of hot rolled strip (hot
band) from metal powders. In this
case considcrable progress has already
been made and pilot costs indicate that
the process is quite.feasible due to the

low powder costs and reduced capital

investment involved.  Figure 8 gives
comparative flow charts :uul'illu.\lrulcﬁ
the much simplcr process . possible
lhrou;:h pm\du metallurgy compared

-

seem likely targets for this new powder. . mixturcs with adequate diffusion oc- to the convmtlonal method. [PM|
CONVENTIONAL PROCESS . . :
. ' * Lime
Ore . ore Pellet Bast | | oopsic Ingot Soaking
concentrator b-em— plant -t furnace | furnace casting  o— Ingot . Lot . “oits o
PY N | ‘ Coke ' 4
: C Oxygen
Coal———————p— o%g’:‘es plants
Iron .
Ore -~ . powder - . tron
process powder
i . : Hydroaen" L - Ma’:g-'upA
" PRMS PROCESS k(o -
Hydrogen . - - s
plant  b———————— Natural gas
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' By our AMERICAN CORRESPONDENT

Peace River Mining & Smélting Is currently
building a high-purity iron powder produc-

| tion plant at Amherstburg, Ontario, having

an annual capacity of 50,000tons. The
installation employs the Peace River pro-
cess, which is based on dissolving iron-
bearing material in hydrochloric acid to
produce a ferrous chloride solution. The
end product is sponge iron varying from_
99.4 to 99.5% purity. This sponge iron is
crushed and blended to produce powders
wnth specn‘lc characterlstlcs

PEACE RIVER MINING & SMELTING (PRMS), Edmonton,
Alberta, owns extensive ore deposits in the Peace River area
of Alberta, which are situated close to an inexpensive source
of natural gas. The firm, in conjunction with the Research

" Council of Alberta and Woodall-Duckham, of Crawley,

England, and assisted by grants from the Canadian Defence
Research Board, has -developed a hydrometaliurgical

~ process for producing iron powder from both this ore and.
_other iron-bearing materials, including steel scrap. The
. use of iron powder for the production of structural parts, .

particularly by the. automotive industry, is increasing

-rapidly. With a view to enlarging the potenuial markets

for its powder, PRMS has carried out research and develop-

‘ment on a semi-commercial scale on the rollmg of i iron
. powder directly into steel strip.

The company is now constructing.an iron powder plant

.at Amherstburg, ncar Windsor, Ontarro, with an initial
capacity of 50,000tons/year to supply iron powder to the
automotive parts industry in the Detroit-Windsor area and

- Y Flow sheet of Peace River iron powder process.
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to other consumers in the United States and Canada. This
plant will .use low-grade stecl scrap as its primary raw
material and will enable PRMS to penctrate the npxdlv
growing North American jron powder market.

‘The derbuuon service facilities include two railway

systems whose tracks cross at the corner of the plant
property, well maintained secondary roads with rcady
access by both bridge and tunnel to major highway systems
and to “Ontario’s Main Street”’—Highway 401. Docking

facilities at Amherstburg and Windsor are available for the

loading of ships using “the St Lawrence Seaway system.

- The major automotive mdustry phnts, which represent the

larger individual consumers of iron powder parts, are
located in the Detroit area across the river from Amherst-

burg. -

Since the decision was made to proceed with the construc-
- tion of the Amherstburg plant, there have been announce-
“ments by several major companies in the US and Canada

that they are also proceeding with the construction of iron
powder plants using a varicty -of different production
While this rapid expansion of capacity may
result in a temporary oversupply of iron powder in 1970,

Peace River believes that its chemically-produced pow ders

have a quality . advantage and that it will be able to meet
wbatever competition develops -

e

PRMS PROCESS

The process variables, especially-those that regulate ferrous
chloride reduction, were determined in a Ston/day pilot
plant that has been' operating near Edmonton, Alberta,
since early 1966.

The dissolution of the iron is the first step, (Figl) the

following reaction takmg place at .194¢ F and atmospheric

pressure:—
’ Fe++ + 2HCl —> FCC]‘) 2H+
The subsequent reduction of the ferrous chlonde is the
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<tcp'cau§in2g major deéign problemﬁ 'Essehtially tﬁié s a

‘high-temperature (1112 to 1472°F) step in which the above -

reaction 1s reversed by combining the briquetted ferrous
.chloride crystals. with. hvdrogen at atmospheric pressure.

. The heat needed for reacting is about 37,000kcaljmole, but :
- dnradditional 23,000kcal 'mole are provided to preheat the .~

feed and 1o cvaporate the residual water.

The..reduction step - takes place in batch fashion inside
An attempt was made to develop a -

fixed-ked reactors.
cofitinuous. reactor, but this idea was dropped because of
difficulties in handling hot ferrous chloride. In the chosen

.units, the bed depth 1s about 2ft; the charge is loaded and’

unloaded in a stack of trays. The overall process yield is
‘higher than 9395 in terms of iron mput, arxd the ﬁnal
product 1s 99-4 t0 99-95Y%,

" :At the new plant, scrap wxll be fed into a dissolver and :

reacted-with hot acid containing 20 to 25%, by weight HCI.

Iron dissolves in the acid, and the ferrous chloride solution

containing 3 to 5%, residual acid is pumped to a filter that
removes msoluble 1mpur1tles

The crystallisation of ferrous chloride tetrahydrate is done

in a vacuum crystalliser, and separation from the mother
- liquor is carried out in a subscquent centrifuge. The
mother liquor is returned to the vacuum crystalliser, but the

supernatant liquor from the centrifuge; which contains
.soluble impurites, such as metal chlorides, is sent to a -

-spray roaster.” -Here, the impuritics are hydrolyzed to
oxides; and the hydrogen chloride released is recovered for
use in the dissolving ‘step.

Because these vesscls ‘handle ferrous:chloride “solutions,
they must use rubber-lined steel, whereas the piping is made

.of glass-fibre reinforced plastic: '
““are made of either silicon iron or graphite and the centrifuge
- has an all-titanium front end.
To improve both the strength of the recovered acid and the
quality of briquettes,. the tetrahydrate is dried. to the
dihvdrate stage in a dispersion dryer. A roll press then
shapes the hot, dry material into pillowlike . briquettcs
designed to 1mpr0\e gas- solxds contact m the reduction
stage..

FeCl» bnquettes are chargcd into trays and loadcd into the '

-'xeactor, meamxhxlc, hot- h} drogen is injected through the
bottom of this unit. " As the reaction proceeds at tempera-

tures: up to 1472°F, HCl1 gas issues from the top of .the -
After heating hydrogen from the compressor the -

reactor.
gas is sent to an absorber. Here, hydrogen is obtained from
- the: top, recompressed, and returned to the reduction step;

‘liquid HCl rccoxered from the bottom is sent to the

dissolver:

Since hy drogen is a by-product of the dissolving step, itis

récov ered,” purified, and used in the reduction stage.
Because thu raw material is scrap tron, only a small hydrogen
generator will be needed to make up for losses. .
other hand, if iron ore is uscd, hydrogen must be produced
clsewhere in a separate facility. The material that leaves
the reactor is a mass of sponge iron..
screencd and blended to give a specified product. . -

POWDER PROPERTIES

“Tivo grades of iron powder will be produced at the start.
These are Peace River Powders 240 and 280; they differ

slighty in chemistry and screen analysis,- but the major .

" difierence is_-in. the ‘apparent density of thé powders,
Tablel below lists the properties of both powders as they
_ar'e bang produced now in the Stonjday pilot plant., When
the main plant is in full operation it is coniidently-expected
that an even better powder will bewrade.  Specifically, the
. h\ drogen loss will be lowered to about 0- 1% and lhe carbon
- content lowered or pcxlnps eliminated.

o
P
ki

The pump internal parts.

" densitics.

-On the’

This is ground,
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Table 1,—PROPERTIES OF PEACE RIVER. IRON POWDERS.

. ; 240 | ’ - 280
“Screen analwsns (weight %): . ! _
+100 )15, - 2.5
~100 ' —-150 t15.8 (13-4
—150 . +200 23.1 - 214
—200 +250 -12.5 11.7
- —250 : +325 - 180 | 22.5 .
. =325 o ' |. 28-6 28-1 -
Subsieve sizes (9 of -325 fraction): - .
" *30 microns 14.6 16-3
+ 20 - 8.6 7-8
-+ 10 3.1 3.4
— 10 2:0 06
Apparent densnty (g/cc) 241 2.79
Flow rate (seconds for 50g) 33.0 - 29
Chemical analysis (weight °/) : ’
Manganese 0.273 0-19
Carbon . 0.012 0.02
Sulphur 0-005 0-007
Phosphorous 0-0055 N.A.
Silica 0-006~ 0-006
Hydrogen loss 022 0-25

4

- This new iron powder will have two important assets for

the design engincer a high degree of compactability so that

‘parts can be moulded to high density at-low compacting
‘pressures, or conversely much larger parts can be moulded

on the presently ‘installéd low- tonnage - forming presses.
The second advantage will be price. Present indications
are that the powder will sell for about 10cents. (Canadnn)/lb
By using 1", zinc stearate lubricant and sintering for

30min at 2050°F in a hyvdrogen atmosphere usable strengths

can be developed in the 240 powder even at quite low final
The 280 powder shows about the same proper-.
ties at the same densities, but when moderaté amounts of
copper are added there is.an impressive increase in mech-.
amical properties as shown by the two curves in Fig2. It

“should be noted that the mechanical propertics which have
-been given "are for material essentially free of carbon.

2_ Transverse ruprure strengrh of N0280 powders WIth ‘copper
additions.
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~for closed impression die forging.
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While data are not yet available on carbon additions, there is
every reason to expect that significant inereases in strength
levels will result from small carbon additions and proper
heat treatment. o

" . Both powders shrink when sintered, but the amount of

3/

'shrinkage is less than 0-29) at low densities and less than
0-05%at higher densities. Equaliy important to the parts
producer is the much lower ejection pressure required for
this ncw powder. Based on the cjection pressure. data
available it would seem that the amount of lubricant mixed
with the iron powder might be greatly. reduced.

POWDER MARKETS '

Three important markets seem likely targets for this new
powder. The primary one, of course, is for parts which are
larger than -any now being made at moderate to high
densities. A developing market, particularly’ in the
automotive industrics, is the use of powder metal preforms
“This market will,
probably have to wait for the development of pre-alloved
powders. However, some progress has been made using
alloy, mixtures with adequate diffusion occuring during

sintering. 'The third important market is the production .

of ‘hot rolled strip from metal powders. In this case
considerable progress has already been made and pilot costs.
indicate that the process is quite feasible due to the low
‘powder costs and reduced capital investment involved.

PRODUCTION OF STEEL STRIP -
PRMS has installed d semi-commercial mill at its pilot

plant and successfully produced, from its iron powder,
high-quality steel strip 6in wide and 0-040in thick.. The

powder rolling process consists in feeding the iron powder

1

Da\)y—‘lAs'_'h_mofe Found r)/

‘Companies Reorganised

TO ACHIEVE higher efficiency .and préﬁtability 'through specialised production,
general reorganisation for the four foundry
_companies in the group. The programme will take one and a half years to

Davy-Ashmore. has planned a

complete.’

00 s

intoa hopper that rests on two rolls placed side by side, and
as the rolls rotate, the powder falls into the nip of thé roils
and emerges below as a green strip compact. It is then
fed continuously into a furnace having a reducing. atmos-

.phere where it is heated and minor ‘oxide “impurities

eliminated.. The hot strip then passes continuously into a
second rolling mill where it is brought to full density in cne
rolling pass. The product of this simple process is equiva-
lent 10, or better than, hot-rolled strip made by conventional
methods, can be made very thin, and does not requirg' the

- usual acid pickling operation to remove scale before further
" processing,. : : .
. The equipment for powder rolling is much less expensive

than the requirements for the rolling of cast ingot or slab in
the currentiy conventional processes. The high puiity
level of the iron powder and the decreased amount .of
rolling both contribute to the tlimination of the undesirable
directional characteristics found in strip made by present
practices. Cold rolling of the hot-rolled strip made from
iron powder requires cssentially the same facilities as used
in conventional practice.” ‘ . .

The following are the approximate average vields based on
iron content at each stage of the operation. In the “con-
ventional process”, ore to pellets 90%,, pellets to blast
furnace iron 93%;; blast furnace iron to steel ingots 92°;,
ingot to hot rolled strip 70%;,. From ore to hot rolted strip
the cumulative yield is of the order of 54%;. In the
“PRMS process”, ore to iron powder 80°, iron powder to
hot-rolled strip 95%, giving a cumulative vield of about
76%. The results of a comparative study have shown that
the “PRMS process™ requires significantly less-capital cost

- per annual ton of production and the direct operating costs
- are marginally smaller than for the “conventional process”.

This indicates that the “PRMS process” for producing
hot-rolled strip can be competitive with the “conventional
process’ at a much reduced production rate. o

" Mr Turnbull has now retired from the post
of managing ‘director, but -remains for, a
period as a non-executive director. o
Mr H H Utley, managing director of Davy’
and United Roll Foundry, has been ap-
pointed managing director of Armstrong
Whitworth (Metal Industries), responsibie
for the management of both the north-east
companies and for that part of the reorgan-
“isation which involves them.

Mr ] O Taudevin, chairman and managing
director of John M Moorwood, has become

- foundries
(Meztal Industries), at Gateshead and Jarrow,

" will be futher enlarged by transterring the .

" roll-making business of Davy and United

CIis understo.od there willl‘be some redund-

‘ancy in the case of the two companies

.operating on the north-east coast, but to
what degree is not yet known since normal .

losses of personnel during the long period of
reorganisation, coupled with retraining and
interdepartmental transfers, will help to
mitigate this. o

The largest roll manufacturing unit in the
group, Armstrong Whitworth

Roll Foundry from Billingham to Gateshead
and Jarrow. :

. In order 1o allow roll manufacture to proceed

unhindered by othier activities in Close

-+ Works, Gateshead, and the Jarrow foundry,

the production of rock crushing machinery
will be completely segregated from roll
making within the Close works and operited
as a separate and fully autonomous business
in respect of management and oroduction

facilities. AN other activitics within the

/Armstrong Whitworth company will be
discontinued. o
Davy and United Roll Foundry, Billingham,

Teesside, will concentrate on steel castings,

in which it has established a repuration,

while the gencral steel casting business -

carried on at the Jarrow works of Armstrong
Whitworth will be transferred 'to the
Billingham foundry. This is intended to

result in a substantial increase in work load, -
which will provide a reliable foundation for’
_further growth. ’ :

John M Moorwood and the Brightside Ro-ll

_ Foundry, both in Sheflield, will continue

specialising in rolls, but with closer manage-
ment and technical co-operation.

Top level management -changés are also
envisaged in the reorganisation. Mr F L
Turnbull, managing director of Armstrong
Whitworth; reached retirement age last year
but consented to continue until the re-
organisation scheme had been formulated.

managing director of Brightside Roll Foundry -
responsible for the management of both the
Sheffield roli-making companies. '

]

Continuous Casters
Galore

. ) . e
WITH THE RECENT commissioning of a two-
strand continuous casting machine, built-by
Officine Meccaniche Danieli & C, SpA,; of
Buttrio, Iraly, at the works Ferriere
Acciaierie Sarde, SpA, at Cagliari, [taly, the
number of Danieli continuous casters in
operation is now 21 with a total of 52 strarids.
This latest installation produces billets- of
90mm.sq (3lin sq) and 140mm sq (5iin 54).
At the present time Danieli has a further
_seven continuous casters for a tota! of, 19
casting strands under construction. * ; -



VISIT 9: SWINDELL-DRESSLER COMPANY

Situated at

441 Smithfield Street,

 PITTSBURGH Pa.

' DATE: Friday 13 November 1970

MET: Mr Ken A. Jackson - Manager, Process Engineering Department

l; INTRODUCTION

Mr Litton ‘had adv1sed that he would be out of the country all the week

but Mr Jackson filled in. He said if T requ1red further 1nformation after

returning to Australia it. could be obtalned either direct or via Mr Hutchison

ln Melbourne who had recently been to Pittsburgh. He supplied some papers

~and a brochure regarding the HyL process.

" 2. 'ECONOMICS

Table 3 (page A—ll9) in the paper by Gearhart and Jackson gives data for a

modern plant to treat either lump ore or. pellets The orlglnal HyL.plant had a

capac1ty of 200 tons per day. The papertln.EMJ giVing‘a cost breakdown

- does not include ore-yard labour. The shift crew cbnsigts.of 6. to 7 men

.so that at 9,000 paid man-hours per man per shift (which.includes night

differential) the labour per annum isp54,000 to 63,000 man-hours. In

reply'to a question on degree of instrumentation Mr Jackson thought that the’

be assumed. A capital cost of $US8.5 mllllon can. be taken for the plant

for which data is glven on page A-119.

3. TECHNICAL.ASPECTS

If lump ore is used, the ore must be hematite, >60% Fe, minus 2 in.

plus '/, in. A modified Gakushin test using some hydrogen . is used to

'.’assess,reducibility.b The metallised-pellets produced would pfobably be

satisfactory as cupola feed as little breakdown occurs with Alzada pellets:

during reduction, but he would have to confirm this with Hylsa. Lump. ore

.does. disintegrate somewhat on reduction. With lump ore there has been a

variation in degree of reduction between top and bottom of the reactor but

with pellets metallisation has been over;9OZ, at the top and 84-85% at'the'

" crew could be reduced by several men so that 49, 000 man-hours per annum could
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bottom and subsequent handling effects blending. -The pellets flow readily

out’ of the reactor, whereas lump ore had to be extracted, and are bucket—

‘charged to ‘the electric furnaces.  The pellets should be 1ndurated just

sufflciently for handllng ‘as over- 1ndurat10n glazes the surface and hinders

reduction. Alzada pellets produced on a Lurgi grate are used at Monterrey
and Puebla. '*Spec1f1cations call for a compressive strength-of 300—500 1b -
'and'200'lb'night be setisfactory; Cold-bonding processes are a possibility,

but a shaft furnace is the cheapest, on a small scale, of the_highmtempereture

processes. ‘HyL aim for 1.5-2.5% carbon in their product, but .not for high
metallisation (85/) ‘
Refinlng of the steel is carried out in the electric furnace. El

Encino lump ore produces sponge containing approx1mately 0.4% P which con-

‘stitutes 60% of the electric furnace charge, the'remaining'40%.being'scrap.

When’reduced pellets of lower phosphorus content Were-usedrto'constitute,8$Z

_of the eleCtric'furnace charge there was a'tremendous reduction in heat time

and the metal was right on spec1f1cation ‘without refining

Some tests have béen made of the use of HyL sponge for copper cementa—

tion and 1nd1cations are that it should be crushed.

A plant at Salvador, Brazil to use LVRD Itabira pellets is scheduled

“to. be complere in 2 years tlme.-

4. FURTHER ACTION

‘Preliminary bench-scale or "bag" tests.COSting $2,000-$3,000 can be

carried out on a 501b sample of ore to see whether an ore is definitely un-

A suitable for the HyL process, or not. A pilot-plant run at Monterrey would

cost $30,000-$60,000 excluding freight and require 50 metric tons of usable

material. An estimate of production capacityifor a giyen ore can then be
made. Melt-shop -tests would have to be arranged with Hylsa.

- 882
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SWINDELL-DRESSLER COMPANY is the exclusive world-wide sales and lic

ensing agent for HyL Direct Reduction Process.

SWINDELL-DRESSLER Company

441 Smithfield g g e 1
mithfield Street | D jlman Incorporated |

Pittsburgh, Pa. 15222

102




Bl N N I D B B B B D B B B B IR B B B ..

iHE HyL DIRECT

]

REDUCTION PROCESS

The evolution of the reduction
process of iron ore began around
1000 B.C. in Asia Minor, when it was
discovered that workable iron could
be produced by burning wood
charcoal with high grade ore.

For the three hundred years which
followed, iron was used only
moderately for the fashioning of
some war implements until the
Assyrians recognized its full value
and converted their metallurgy
from bronze to iron, ushering in

the Iron Age.

It took some 2500 years to result
in the first major innovation when,
in the 18th century, British
ironmaster Abraham Darby
discovered the use of metallurgical
coke instead of wood as a reducing
agent. In both Europe and Asia,
forests surrounding iron-producing
cities had become so depleted, that
these centers faced an iron famine.
Darby’s discovery provided the
basis of the modern blast furnace
technology which, in the United
States, swung over to the use of
coke during the first half of the
19th century.

The use of coke and the blast
furnace led to the incredible
expansion in the use of steel during
the industrial revolution; but this
technotogy became its own limiting
factor. Blast furnace reduction of
iron ore depended on the avail-
ability of metallurgical coke,
required major capital investments
to construct the furnaces and coke
ovens, and demanded a high
market to make the operation
economical.

The electric smelter appeared
in Europe in the early 20th century
partly in answer to the limitations
of the blast furnace technique. It
could use lower grades of reducing
media, but it required vast

quantities of electric power, keeping

its operating expenses high. The low
shaft furnace which, by virtue of its
reduced height, does not need high
grade metallurgical coke to support
the charge, has been considered as
an alternative, but it too has not
proven sufficiently economical or
efficient for wide-scale use.

In the past few decades, new
techniques for reducing iron ore
have been developed, particularly
“direct reduction” processes.

Of the many hundreds of direct
reduction schemes proposed using
a variety of fuels and reducing
media, one has proven commer-
cially successful—HyL direct
gaseous reduction.

Natural gas is the basis for the
HyL process. Itis reformed by
mixing with steam and catalytically
treated in a furnace to produce
hydrogen and carbon monoxide
foruse in ore reduction; the
residual gas, after reducing the ore,
is utilized as fuel for the gas
reforming furnace.

Where gas is not available, other
reformable hydrocarbons such as
naphtha can be used as the source
of hydrogen and carbon monoxide.

The HyL process frees the user
from the dependence upon solid
fuels and from the often expensive

use of electric energy to reduce
iron ore. In addition, the HyL
process permits economical opera-
tion of steel plants with a wide range
of output capacities and products.

To investment interests in nations
with growing economies where a
definite demand for steel exists, the
HyL process offers a means to the
economical formation of new steel-
making industries. With a natural
gas direct reduction process avail-
able, a nation undergoing increased
industrialization can take a new
look at the problem of how to create
a steel-based economy.



The 500 Ton/
Day Plant

A commercial 500-ton/day direct
reduction plant has the general ap-
pearance of a modern chemical
plant, rather than the traditional
steel mill. Essentially, the plantis
divided into two main sections; the
gas-reforming and the ore-reducing
systems.

Highly automated, the entire plant
operates with a crew of only six
men per shift. All valving is operated
from a central control room employ-
ing a graphic control board system.
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Gas-
Reforming
System

Natural gas piped into the 500-ton-
per-day HyL plant is first de-
sulfurized in an activated carbon
desulfurizer. Itis next mixed with
steam in a molar steam/gas ratio of
2.1to 1.0 and the mixture is heated
to 430°C prior to entering the gas-
fired vertical radiant tubes in the
principal portion of the reforming
furnace. A nickel catalyst and re-
formation temperature of about
850°C (1562°F) speed the reaction
of gas with steam to produce
reducing gases as follows: CH, +
H,0 = CO + 3H,. Composition of
the reformed gas is approximately
74% H2, 13% CO, 8% CO;and
5% CH.,.

As the hot gas leaves the reform-
ing furnace, it passes through a
waste heat boiler or heat exchanger
where the excess heat is recovered
by converting water into steam for
recycling. Most of the steam is used
in the reforming operation to pro-
duce reducing gas; the remainder is
utilized elsewhere in the plant to
provide power for turbine driven
pumps and other equipment.

A coil for superheating the steam
is located in the preheater portion
of the reforming furnace. This ar-
rangement provides a recuperative
heating system; steam is super-
heated and simultaneously the

mixture of desulfurized gasiscooled.

The entire plant is self-sufficient
and requires only natural gas and
water from external sources.

Leaving the heat exchanger ata
temperature of about 230°C
(471°F) the gases are further cooled
in the reformer quench tower. From
the cooling tower, the gas is piped
into the ore reduction reactor
systems.

Though the 500-ton-per-day
plants in Mexico use natural gas,
the HyL process is flexible, and
plants can be designed to handle
other hydrocarbons, if available
resources and other economic
considerations so dictate.
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Ore-

| Reduééng
System |

~ Ore reduction occurs in four reactor

vessels, which are coupled togas -

- preheaters and quench towers. Each

reactor systemis interconnected
by piping. The piping is manifolded
to allow the bypass of any reactor
system for the purpose of
maintenance. - , A
Conveyors move the ore from
storage bins to charge hoppers. A
complete reducing cycle for each -

' _reactor requires 12 hours and the

stages for conversion are as follows:
(1) Preheating raw ore with
partially spent reducing 'gas
(secondary gas)—3 hours. :
(2) Reducing the preheated ore to
sponge (exposure to primary

- gas)—3hours.

(3) Cooling the sponge.with fresh, ';

cool reducing gas—3 hours.

(4) Unloading the cooled sponge
iron and reloading wnth raw '
ore—3 hours.

To accomplish the above cycle on:

an efficient, continuous basis, the
flow of reducing gas through the
reactors or reduction systemiis. in.
accord with this pattern.

Heatis introduced to the reactor
through a special patented pro- -

cedure which was developed by the

engineering staff of Hojalatay
Lamina, S.A. After the reducing gas
leaves the quench tower ateach -~
reactor, as previously described, it

is heated in a conventional tubular- -

gas heating furnace to a tempera-
ture of 1300°F to 1500°F. At the

“\

same time a stream of air is also
heated to approximatelythe'same
temperature in another furnace of a
design similar to that used for pre-

‘heating the gas. A carefully con-

trolléd quantity of this preheated air
is then injected into the reducing

- gas stream, causing the combustion

of a portion of the reducing gas. The

" resulting heat of combustion raises.

the temperature of the gas mixture |
from-1800°F to 2250°F. This hot gas
then enters a reactor containing .
hot, pamally reduced ore which has
just completed the secondary stage.
In this primary stage the bulk of the’
ore reduction takes place anda

considerable quantity of wate_r vapor

and-carbon dioxide appearin the
exit gases. As in the case of the

' gases leaving the cooling stage, the -
‘gases from the primary stage are
* also cooledin aquench towerto -
- 'bring about the removal of water by

condensation. The gas is again
heated to a high temperature and -

flows into a reactor which hasjust

been charged with fresh cold ore.

- During the ensuing secondary stage,

the ore is heated and partially re-
duced by contact with the hot gas.
The gases which emerge from the
secondary stage still contain ap-
preciable quantltles of hydrogen
and carbon monoxide and are used

-as fuel to supply heat to the various

furnaces and heaters in other parts

. of the plant. The calorific power of

this final gas is not quite sufficient to

~supply all of the heat needed in the

' one stage to another of the 12-hour

range of 1600 to 1900°F is accom-
"plished by the following reactions:

Fe:0; + 3H, = 2Fe 4 3H,0
Fe;0; + 3CO=2Fe-+3C0; .- .
 3Fe +2CO=Fe,C+CO; -
. 3Fe 4 CH,=Fe,C + 2H,

process and itis therefore neces-

sary to introduce some additional

natural gas into the fuel gas system.
The reactors are switched from -

cycle by motor operated valves -
remotely activated from a panelin

" ‘the control room.

The reduction.of ore with re-

.ducing gases in the temperature -
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meltmg Alonger melting: timeis.:
' requrred and additional energy |s
.. needed for'meltirg the greater.- . _
amount of slag constituents. Refrac-
‘tory life is often shorter due to

-acid slag condrtlons -
", With the presence of sponge rron o
‘however, there are fewer voids in the .

 Production

“Millions of tons of HyL sponge have
~..-been converted to quality steel by

meltrng in electricarc fu rnaces.

“These furnaces varyin. srze from 6 ]
‘to 25tons of metal per charge
_~.Most heats contain from 50 to. 75% .
spongeiron, with the balance e
made up-of scrap.

: The'melt-down with sponge |ron

'_ is characterized. by its generally
- lower electric and thermal conduc-

tivity, as’ compared to all-scrap

charge, and so less- radiation < = -

“escapes to the’ refractory lining.of
~ the furnace; moreover, the elec-

trodes: are completely su rrounded

‘by the charge, and this causes :
increased heat absorptron by the T

charge.

' Unlrkethel—lprrocess theblast :

l‘urnace and.electric arc smeltrng

processes are both based on the use .

of solid fuels to produce molten prg

{iron. Yet where blast furnaces are - .
-concerned, the need forlarge S

amounts of capital, the: blast. .
furnace’s metallurgical coke ie-
quirements, and the large output
required to make the blast fu'rnace

-economical, have deterred - many

natlons from developlng therr own':

steelmakrng rndustrres Srmrlarly, ‘
wide use of electric smeltrng has -

“also been limited.because of its - ]
-heavy demand for electricity and its
' relatlvely hrgh costof: operatron in
- most countries.

These conditions, plus the abllrty

" ' ‘to control the slag in melting, tend to
offset the effects of lower conduc- - -

tivity and Iarger slag volume when

‘melting spongeiron.

Any comparative data; however

- mustbe based on the entiré steel-"
~ making process inorder to realize .

sponge iron’s true significance.:

- While it costs sllghtly moreto

convert sponge. iron to steel than it

- does to convert scrap ‘the over-all

cost of steel per toniis’ lower if the -

steelmaklng fdcility i rncorporates an

‘HyL ore reductjon unit with its

. -inherent savings in'over-all caprtal ‘
cost and the cost of energy.

The table on page 14 |Ilustrates
the performance of electric fur-
naces when melting mixtures.of -
sponge-iron and light. scrap. These

- data permit calculation of the cost

of electric furnace operation in. any -
plant using unit costs forthe .".‘ -

. particular location.

Costs for casting sponge irgn

‘heats are the same as those for -~
.scrap heats, and the technlques
- usedare the same in every case.

The calculation of costsfor steel-
making, considering. the overall-

_operation at the Tamsa rnstallatlon

are: glven on. pages 16 to 19,

| Quallty of E

Sponge Iron

~ Produced

. The quality of. the sponge rron wh|ch o
. can be produced by the HyL process. .
-isentirely contingentuponthe * - .. .
_grade and characteristics of the ore™
-or concentrate charged into the ..

- reactors. The ores used at Mon-

- terrey and Tamsa during normal .
.-productlon range from 55t0°65%. |n

- * iron contentand-are low in suifir -

and phosphorus. The reductron

- process removes 90% or more.of -

the oxygen. Up:to 85% of the sulfur
in low=-sulfur ores also.is removed.

- Thereduced product averages 85%
-metallization. Gangue constrtuents L

not removed by preliminary. proc- :
essing are removed as slag during

- subsequent:melting and refrnrng

operatrons

10
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Producing

Steel with HyL
Sponge lron

HyL sponge iron is highly suited to
use wherever cold melting stock is
normally employed: the basic oxy-
gen furnace, the open hearth, or the
electric arc furnace. Experience to
date has primarily been with electric
arc furnace melting where HyL
sponge is.used with scrap for the
production of rimming and low
carbon steels. Electric furnace

‘operation is flexible; producing

either carbon or alloy steels.

Electric Furnace Data
(Basis: 17 ft. Furnace;. Low Carbonw
- Steel Product)

- Case1 Case 2
Furnace Charge : o
'~ Scrap—% .. 40 15
Sponge lron—% 60 85
Total Charge—% 100 100
Ingot Yield—% - - gi4*  93°
Tap-to-Tap Time .
—Minutes . 304 ., 320

Roof Life—Heats 43 43

Consumption per Metric Ton

of Ingot Produced- )
Electric Power—KWH 680 . 790

" Electrodes—KG 8.0 9.7.
Lime—KG T -82 100

. Dolomite—KG 105 115
Magnesite—KG 5.2 6.6
Refractories—KG -10 10.4
Ferro Alloys—KG 58 ~ 58
Labor and ’ .
‘Supervision—
Man Hours’ ) 19 2.0

*Ingot yield experienced ty Hojalata y
Lamina, S. A. High yield in Case 2 is
based on use of high grade home scrap
only.

Lining Life—Heats 120 - 118 (
‘| products, both.from the standpoint

Advantages

A high grade ore or concentrate,
when reduced in HyL Process
Reactors, will produce aspongeiron
which is lower and more stablein -
cost than scrap iron in many locali-
ties, and more dependable in supply.
Also composition of the sponge iron

~ will be more uniform and tramp

metal content will be knownand
under control. The quality of the
steel produced from sponge iron,
whether by the basic oxygen, open-.

hearth or electric arc furnace will be

benefitted by the controlled low
residual content compared to steel
produced from scrap iron.

Two fundamental advantages
gained by using sponge iron are
lower steel production costs derived
from increased yields and improved
surface finish of steel products.

Improved surface finish is espe-
cially important in the manufacture
of galvanized; tinned and enameled

of product yield and quality.

Other factors which favor steel
produced from.HyL sponge com-
_pared to similar steels made from
scrap are improved grain size
control; improved cold workability
pertaining to cold rolling and deep

- drawing operations; improved

_ response to process annealing,
-allowing for shorter annealing’
cycles;and good weldability, as
evidenced by the quality of electric-
resistance welded pipe product
where rejections based onweld

defects have been markedly fewer.

Applicability
of the HyL
Process-

Swindell-Dressler Company, the
exclusive world-wide sales agent.
for HyL, makes feasibility-opera-
bility studies to determine the
applicability of the HyL process to
specific regional conditions. These
studies use actual operating -

_experience as a basis for relating

costs and consider the followmg
aspects:

(1) Antlcupated market or requnredl

plant size;

-(2) Type and quantlty of products

. that will be produced;
(3) Location of the market;
(4) Existing steelmaking facilities,
if any, that could be integrated
into a new facility; .
(5) Prospective plant Iocatlon

" (6) Source, chemiical analysis and
cost of natural gas;
(7) Source and reserves of the

- ironoreanditsgrade; = .
(8) Evaluation of available ore;

_(9) Preparation of sponge iron for .

sale as melting stock.

If the preliminary survey indicates
that the HyL process would be

feasible fora partlcular steelmaker
Swindell-Dressler thenrequestsa.
sample of available ore for a verifi-
cation test-runinpilot plantfacilities.

Construction
of
Facilities

Facilities using the HyL process for. .
reduction of iron ore are designed - :

. and built by Swindell-Dressler . o
Company. Installations can range . =~

from small plants devoted entirely

to HyL reduction to compiete, inte- -

grated-steelmaking facilities -

" involving ore beneficiation, HyL

installations, melt and-casting

_shops, rolling mills and finishing

faculmes

HyL plants can be deS|gned to be; )

operated with simple or complex .-

control techniques; as determined ‘

by existing local conditions: The

'ultimate goal is to provide a plant of f.

economncal design that can.be’

operated by the user’s own staff.
Hojalata y Lamina, S. A, of -

Monterrey, offers to assistin the

. training of personnel for operation
~ of new HyL plants. Instruction

manuals and other aids for plant
operation are provided by the
Swindeli-Dressler Company.

116
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Congres internatioral sur la- producﬂon et l'utilisation des minerais réduits
' Evian (France), 29 - 30 et 31 Mai 1967

AY

Epreuve d’:'rﬁprimerie non relve par
les auteurs. Reproduction interdite sans
I'autorisation expresse du Secrefarlat
Général du Congreés.

ELECTRIC ARC FURNACE STEELMAKING WITH
Hy L SPONGE IRON.

. . 5. CELADA s. |
-Director of Engineering

Hojalata y Lé.ni_ina, S. A. ‘Md_n_terrey, México -

Homlato y Lommu has up to the present produced in its electric arc )
furnaces 3.2 mllhon tons of steel using sponge iron as the major source
of metallics. Melt shop practice is described and data are give on yield,
power and materials consumed. A discussién is made of the effect on the
melt of such spcnge iron variables as metallization, carbon content,
phosphorus and granulometry. There is growing woridwide appreciation

of sponge iron due to its intrinsic advantages as low residuals and ease
with which it can be handled.



TABLE I

DURING FIRST QUARTER 1967

(Percent by weight, dry basis) . -

- Iron in Feo'gso
Iron 1n Fe C
'TOTAL IRON >
c |
Gérbon in _Fé3C_
TOTAL CARBON
PHOSPHORUS
 SULPHUR
- sio,
A1203
CaO
-GANGUE>

- OXYGEN in Feg 50

Percent Metalhzatxon (rl-Q-rl_Q._li_lm)

total iron

47,42
13.88
.09
, 86,39 -
0.09 :
_1.80
1.89
0.417
0.023
. 7.1
4.18
100,00
83.93 %

. AVERAGE SPONGE IRON COMPOSITION -

1967

12




TABLE II

SPECIFICATIONS FOR STEELS CURRENTLY PRODUCED FROM

SPONGE IRON HEATS

- ' ’ ] . .| basic ,)roperty or
Spec. C Mn P S Cu Ni Si Cr Sn | apptication
' SAE 1006 .07 .25/.35 .015 .030 .08 .06 - .06 .01 | Extra deep drawing‘
weooem .08 .25/.40 | ..020 .030 .10 .08 - - - | Deep drawing and
o P - ‘coating
oo .08 ©.25/.40 ..020 .035 .20 .08 - - - .| Light drawing
" 1008 .10 | .25/.50 .035 .045 .40 S22 - |l - - | Light drawing
" 1010 | .09/.14 | .35/.55 . 040 . 040 .20 .10 - - - Pipe manufacturing
- - ' ’ - ' . Std.
" 1012 | .11/.15 | .30/.45 .035 .045 - .35 .12 - - - | Light structural
oo .11/.15 | .30/.45 .035 . - .045 .20/.45 | .12 | - - - | Light structural
HyL 1541 |.09/.14 | .45/.65 |.045/.075 |.035/.065 .20 Jdo0 b - - - - | Machined fittings
SAE 1020 | .18/.23 | .30/.60 .020 .030 .20 .10 - - - [ Auto chasis
HyL 1530 | .10/.14 | .70/.90 .020 .040 .25 .10 .10 - - Y L.P.G. porcable'
s C . ' cviinders .
SAE 1018 | .16/.21 | .65/.85 .035 ©.040 . .30 .12 .10 - - | storage tanks
©omo1027 | .20/.25 |1.20/1.60 .020 .045 .35 12 .10 - - | High tensile
HyL 1536 | .15/.20 | .85/1,15 .040 .050 | .30/.60 ].50/.70 .10 - - | Heavy structural
. ' : . o trailer & truck chassis
"o1527 .08 .25/.35" .030 .040 S ¥ .06 .60/.70 - - | Motor's laminations
SAE 1045 | .43/.50 | .60/.90 .040 .050 .40 .15 .10/.20 |© -~ . - Laminated springs & -
: . : ) . . ' . . shovels :
" 950 |.06/.12 | .30/.45. | .090/.110 .035 .35/.50 |.45/.55 |.25/.35 |.80/1.00 | - High tensile and
' : ' i ’ atmbspheric cor- -
rosion resistance
Notes: 1.- The specifications listed are produced in the forms of structural
' plate, hot rolled sheet and strip and cold rolled sheet and strip
and include applicatiohs of extra deep draw and coating finish.
. 2.=- Low carbon rimmed steel = 68% of steel produced

£

' Medium carbon rimmed steel -

23% of steel produced-

Killed and semi-killed ste€l - '9% of steel produced

i
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" TABLE III

Retained '
39

59

95

59
14

.69
.41 |
.36

.88

Accumulé.ted :

23,

47

T 62,
12.

18,

83

88,
94,

100

~ SPONGE IRON SCREEN ANALYSIS
.~ MADE WITH ENCINO ORE
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12
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PRODUCTION OF METALLIZED PELLETS

BY THE HyL PROCESS

BY: H, E. GEARHART, PROJECT MANAGER AND
' K. A, JACKSON, MANAGER PROCESS ENGINEERING DEPARTMENT ’
" SWINDELL- DRESSLER COMPANY
DIVISION OF PULLMAN INCORPORATED
PITTSBURGH, PENNSYLVANIA

ASSOCIATION OF IRON AND STEEL ENGINEERS

. 1970 ANNUAL MEETING



L cOMPANY

CHYLSA

- HYLSA

S TaMsA

© HYLSA DE MEXICO

P N
7

 TABLE. |

. {/\‘
L

' COMMERCIAL HYL PLANTS

~_LOCATION

MONTERREY. MEXICO
* MONTERREY. MEXICO
© VERACRUZ. MEXICO

© PUEBLA. MEXICO .

~ RATED CAPACITY

200 MT/DAY .

500 MI/DAY
500 MT/DAY

500 MT/DAY

RATED CAPACITY IS BASED ON OPERATION WITH EL ENCINO' LUMP ORE

__START OPERATION - -

1957

1960

1967

1969

il



- TABLE 22 7

SPONGE IRON PRODUCTION

1960

1961

1362

1983

ooy
1985
1986

197

1969

TOTAL

© ANNUAL METRIC TONS - TOTAL IRON

[14. 000

175,000

166. 000

170,000

203,000

213,000

SRR I

265,000
317,000
- 363,000

385,000

2,370,000



TABLE 3

LUMP ORE -~ ALZADA
OPERATION ~ PELLETS
1969 6 MONTHS - 1970

(" 'RATED DAILY PRODUCTION . s0 680
METRIC TONS FE o

NATURAL GAS SCFT . 25000  20.300
METRIC TON FE - » N

WATER - a3 - 1,060
© GALLONS - METRIC TON FE- o
" ELECTRIC POWER KWH e
~ METRICTON FE 10 -

/
\

Nt b

"AVERAGE % METALLIZATION 823 ey

AVERAGE % REDUCTION ~ 88.2 . 9ls



"VISIT 10: JERSEY ENTERPRISES INCORPORATED

Situated at
30 Rockefeller Plaza
NEW YORK. . NY 10020

. DATE: Monday 16 November 1970

MET: Mr F.P. Barrow Jr., Executive Vice-President and Director

‘1. HISTORY OF FIOR PROCESS

Mr Barrow said that the 300 tons per day semi-commercial plant in Nova
Scotia was operated in a technically successful manner, correlationAobtained
with tne Baton Rouge pilot plant, design parameters estimated, and a
'considerable tonnage of 4 by 2 by 1 inch pillow briquettes produced. The
' plant was then shut down in October 1969 as the process proved to be not

economic at that small scale. Market development was accelerated and a

- commercial undertaking on the Gulf Coast of Texas to produce 1.5 million

metric tons per annum of . slightly thicker brlquettes was planned for
completion in the third_quarter of 1972. The briquettes, 92% metallised,
would contain over 907 metallic.iron. Response to.the product was quiteb
good at a quoted price of $38.50 cif Japan and Europe and it was teeted“in
Japan, USA, Europe in larger quantitieS~than tne product of any other develop-
ing process. ‘In tests with joint participation of Esso and’the steelmaker
'theiproduct was universally acceptable, but in some tests in‘which Esso did -
not participate a learning'period was required before the steelmakers were
able to use the product's unique properties Lukens Steel Company ‘near
Philadelphia carried out some tests which were reported in the flrst quarter
of 1970 (Smailer and Price, 1970 - summary page A-123).
Esso found .on re-estimation that the natural gas reserves on the Gulf

Coast were largely committed and that the price vould be supstantially hiéher
than previously estimatedt Ocean freight had escalated and iron ore
15uppliers increased the prices quoted. The US Government also removed the"
| investment tax credit. As a result the return was no 1onger suff1c1ently

high to attract Esso into a new field, and design work was stopped early
in 1970. ' ‘

882



| }'il |  1 _i : :.‘_ , : ..- | o | o | j.zFl

2. PRESENT STATUS

~Mr Barrow pointed out that FIOR is a technical asset and that ESSO were
‘éqnsidéring‘sites fdr its exploitation outside the USA, and might consider
a joint vénturé. The process requires hematite fines - nct finely ground as
for pelletising but minus '/, inch.  Four percent gangue in the ore would
probably be.the limit as it would constitute 6% in the product, which éan bé
used for electric furnace steelmaking or cupola feed (though increasing the.
cupola slag volume). The FIOR Briquettes, of which he showed a sample, are
prodﬁced hot and do notAweather faster than scrap and can be shipped in open
cars. While the Nova Scotia piant has been dismantled thé pilot plant

remains at Baton Rouge.
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OPERATIVG BENEFITS OF COVTIVLOUSLY
CHARGlVG PREREDUCED ORE BRIQUETTES
TO A 150 TON ELhCLmTC FL?QACE

By

R. M. Smailer and J. A. Price

For. Presentation At

IﬂAmerlcan Iron and Steel Instltute Technlcal Commlttee Oﬁ

Electrlc Furnace Steelmaklng,AFebruary 6, 1970 .

. And

: Amerlcan Instltute of Metallurglcal Englneerlng NOH And

BOSC Conference Apr11 7 -1970
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I. SUMMARY

The basic objective of these trials. was. to develop-a continuous
addition practice with prereduced iron ore briquettes which would result.
in substantially 1mproved productivity and reduced operating costs, while
maintaining satisfactory product quality. = The benefits obtained in the
experimental briquette runs fulfilled this objective in all respects.
Overall, 17,000 tons of steel were produced employing continuous addition

- practices in.two complete furnace refractory campaigns. The results of’’

108 experimental heats’ compared with 200 conventionally charged all -scrap
runs are summarlzed as follows:

(l) Productivity increased 18%

(2) Tap-to-tap time shortened 39 minutes :
"(3) Furnace refractory life and costs were ‘unchanged
(4) Electrode consumption was lowered 22%

(5) Oxygen consumption decreased 40%

(6) Energy requirement increased 2.6%-

(7) Metallic yield was unaffected.

(8) Product quality was. unchanged

" 'The continuous addition .of FIORTM* prereduced iron ore to a
-molten scrap bath resulted in a productivity 187% more than that obtained
~with standard charging practice. This value. is based on tap-to-tap time
‘including all .shop delays. For this and other reasons discussed later,
18% is considered to be a conservative number. The increase in produc-
tivity resulted -from a reduction in tap-to-tap time of 39 minutes. Most .

- of .this was due to the ability to compress the melting and refining oper-

.ations into a single procedure during continuous addition. The furnace
'refractory life on a reline-to-reline basis durlng the brlquette runs was
: equ1valent to standard practlce

In addltlon, the above llstlng gives some of the important
secondary effects arising from briquette usage. Electrode consumption was
227% lower than for conventionally charged heats. Oxygen usage decreased
"~ 40%, primarily due.to the residual iron oxide content of the prereduced
briquettes. The total energy requirement increased 2.6% for the FIOR bri-

quette heats over conventional runs. Also, metallic yield was unaffeeted.

4»Other benefits of continuous operation with prereduced briquettes
.were realized in steel chemistry. Final residual metal contents such as

':;COpper, nickel and chromium werée controlled to similar levels for briquette

‘and.all-scrap runs by accounting for the dilution effect of the briquettes.

. ' This effect was anticipated and permitted a. larger percentage of lower

" ‘grade scrap to be charged in the briquette heats.. Slag practice allowed
-phosphorus and sulfur to be controlled as required. Rolling performance
-and metallurgical quallty of steels made w1th brlquettes were equal to
.standard production.

*Trademark applled for by the FIOR D1v1s1on of Jersey Enterprlses, Inc.,<
an afflllate of Standard 0il Company (N. J ) :



95% of the oxygen present is removed.

VISIT 11: HYDROCARBON RESEARCH INCORPORATED -

Situated at

115 Broadway,

NEW YORK NY 10006

DATE: Monday 16 November 1970

MET: Dr Edwin T. Leyng - .Ekecutive Vice President

Mr H.O. Johansson - Manager, Contract Sales

Mr William Volk. .- in charge of Research

"1. HISTORY OF H- IRON PROCESS

Dr Layng said that 1n1t1al development began as a 301nt venture with
Bethlehem Steel in 1953 and culminated in.a 120 tons per day semi-commercial

plant by Bethlehem Steel at Vernon, California, near Los Angeles. = This

‘plant operated euccessfully but was shut down- due mainly to air pollution

problems. -Another plant of 50 tons per day capacity was de51gned for
the Alan Wood Steel Co. at Conshohocken to produce 1ron powder for mouldlng '

and welding-rod coating. It was later sold-to the Glidden Corporatlon

‘of Hammond, Indiana and has operated for a total of 13 years but has noﬁA

been shut down.

2. PRESENT STATUS

A brochure supplied 1s reproduced on page A-126 _

- Dr Layng said that there appears to be a revival of interest in direct
reduction and in the H-iron process. - His compapy.was coneentrating on - foreign
sales and was interested in treatment of ilmenite, their original work heving
been co-sponsored by National Lead.

He said that a single H—Iron_reéctor could treat 200,000 short tons per

~annum of feed and that the complete facility including briquetting and passiva-

ting of product would cost $US8—$U89 million. It might be possible to intro-

.duce ‘a magnetic concentration step after reduction.

Feed specification would be‘nominally 20 mesh, i. e 100% minus 12 mesh,
not more than 35% minus. 325 mesh (a normal 20 mesh concentrate would contaln
5-6% minus 325 mesh)

If the product were to be.sold as powder it could be screened and the

coarse fraction used for welding-rod coating and the fine for powder metallurgy.
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3. COSTS

The capltal cost of a plant to treat 200,000 short tons per annum feed

- was estlmated to. be $US8-$US9 million.

Hydrocarbon Researoh representatives would only outllne operatlng costs

as follows

- $ per ton of product
Fuel a o
Powder’
Water
Steam

. Chemicals
Labour . 2.7

Supervision . ? .
Maintenance (47 annually of capital cost)

N D D D )

Total L ' 12 -

They assumed that an investment of $8 million was -amortised over 15 years, and

used a 12% rate of return. ' They assumed a cost of 47 cents per thousand cubic

ft for hydrogen and said that magnetlte requlred 24,000 cu ft hydrogen per ton
of product. '

4. 'FURTHER ACTION

Dr Layng offered to supply.a written cost breakdown for a specific case.

.They would carry out a prellmlnary evaluation test on a single ore: for $12 000,

'made up of a $4 000 standard fee, six runs at $1, 000 each on 300 1b samples and :

$2,000 for briquetting tests. They have 'a unit which will take a 5-7 ton

‘batch.’
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I. INTRODUCTION'

: The H-Iron process, a joint development. of HRI and Bethlehem
Steel, is a method for making melting stock by direct reduction of iron
ore with hydrogen. Reduction is carried out u51ng finely divided ore .
in fluidized beds at a temperature below 1,000°F, and a pressure above
200 p51g The low reduction temperature chosen avoids stickiness of -
the iron powder, and elevated pressures are employed to simplify drylng

- the hydrogen and to increase the rate of reductlon

This process represents an economical method for the manufac- -
ture of feed to a steel making furnace. Electrical furnace performance

- employing H-Iron has been demonstrated to be as good as the performance
- obtained with scrap. Product uniformity is excellent, and the problems -

of the tramp elements encountered in scrap are almost entlrely elimin-
ated i 4

‘HRI offers the H-Iron process for license, and is prepared toﬁff
undertake the several technical functions required to bring a project

. to'successful commercial reallzatlon The serv1ces offered include:

Pilot plant evaluatlon of ore samples,
-Technical and economic¢ studies, :
Plant design, engineering and construction;
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I PROCESS'BACKGROUND

: Pilot plant development of the H-Iron process was conducted at
_ the Trenton research laboratory of Hydrocarbon Research, Inc., in collab-
.. oration with Bethlehem Steel. Early: work' was directed towards a study of

- reduction kinetics on various ores to provide assurance that satisfactory’

- reduction rates could be achieved for commercial application. A 10 tpd
:pllot ‘plant was then built at Trenton, in which more than 1,000. tons of

. product has been made for evaluation in steel making. Two possible appli-

“cations include charge to the open hearth, "as a substitute for the custom-
- ary purchased scrap and ore charge, and a 95 percent reduced product for

N electrlc furnace charge.

Two commercial scale H-Iron plants were built. One plant; of

50 tpd capacity, operated by The Glidden Company, produces reduced iron
 powder for sale in the powder- metallurgy market. Mill scale is the charge

.. to this operation. A demonstration plant of 110 tpd design capacity was
. built at_the Vernon works of Bethlehem Steel Company in Los Angeles. This

1-'p1ant operated during 1961. and 1962, and its. product was used as a meltlng

~'stock for ‘electric steel making furnaces

_ ' Durlng the final phase of the program 120 tpd of 95 percent re-
"duced- powder was ‘produced. Reduction of 95 percent or better .was readily
“achieved and the day to day uniformity of reduction was excellent.
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I1I. PROCESS DESCRIPTION

"Iron ore f1nes, of the proper partlcle size, and hydrogen, are

_Asupplled to the battery limits of the H-Iron process The H-Iron process
-flow 1s shown in the flow diagram. . ‘

Ore is sent by bucket elevator to storage bins, and flows by
gravity to a charge hopper. After the hopper is loaded, it is valved-off
from the ore supply and purged of air by the use of nitrogen. The hopper
is then pressured with a slip stream from the hydrogen reduction circuit.
When the pressure in the hopper is higher than the reducer pressure, ore '
is delivered ‘through a p1pe to the top bed of the reducer by merely open- . -
ing a valve in. the line. The powder practically at its settled density,
flows much-like water through a pipe. This is known as dense phase

] transport

Reduction is achieved in - -three fluidized beds in series. Fresh

.,.ore is partially reduced in the top bed. It is then transferred to the
‘middle bed, where it is further reduced, and .lastly, to the bottom bed,

where final reduction takes place. The produce of this operation is sub- =

- sequently transferred by dense _phase transport to storage h0ppers

Dry hot hydrogen enters the base of the reducer and passes
through the three fluid beds in series. The hydrogen reacts with iron
oxide forming metallic iron and steam. This reaction is endothermlc, and -

.. the heat required is supplied by the hot hydrogen stream.

Effluent gas from the reducer is cooled by exchange with the

dry hydrogen being recycled to the reducer. This gas then passes through

a water scrubbing tower where most of the water formed in the reducer is

.condensed from the gas. This water scrubber also serves to remove dust

carried over from the reduction vessel

A portion of the‘recycle hydrogen stream is vented to prevent

:- accumulation of inert gases. The major portion of the dry hydrogen is
- recycled through a compressor and is.then joined by a make-up hydrogen

stream. The combined streams are preheated in the effluent/feed exchanger,
further heated in a furnace, and returned to the reducer. By recycling the
reducing gas (hydrogen), a considerable savings are. achleved, ‘compared to

_once through processes.
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_Pyrophoric Powder .
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IV. UTILIZATION OF H-TRON PRODUCT

Briguetting

At Vernon, two methods of charging H-Iron to the electric fur-
nace were used. In1t1ally, reduced powder was briquetted and passivated
in a furnace at 1,600°F. Briquettes were then charged to. the electric
furnace. Data obtained with briquettes of 95 percent reduced H-Iron

_ product in-an electric furnace indicated that yields, heat time, poWer“

consumption and fluxes were essentially the same as for scrap charges.

Lower levels of reduction resulted in increased heat time and power con-
sumption, and decreased yield. One of the outstanding advantages of the
H-Iron process is its ability to produce 95 percent reduced iron uniform-
ly and consistently, thereby ach1ev1ng economlcal electric furnace oper—

_ation.,

In another part of the program at Vernon, powder, not briquetted

" or passivated, was charged directly into an electric arc furnace. Up to

40 tons of 95 percent reduced powder (40 percent of the charge) was melted

K _smoothly with normal yields (93 percent); while heat time, power consump- .
" tion (504 kwh per ton) and fluxes were essentially the same as obtained
-with all scrap heats. In those tests no attempt was made to exclude air
~ from the furnace, yet the extent of oxidation of. the powder was negligible.

Exper1menta1 melting tests on active reduced -H-Iron have been
successfully conducted in a one-ton arc furnace at the U. S. Bureau of

‘Mines, Albany, Ore., Metallurgical Research Center. Results of these tests

demonstrated that active H-Iron powder with high gangue and high percent-

. ages of other metal oxides can be melted satlsfactorlly ‘and’ produce spec1—

fication steel.

In this program 27 heats were made, 24 on H-Iron .and three with
all scrap iron or pig for comparison. The melts were of four general types;
charges of ‘H-Iron only, charges of scrap only, charges of H-Iron and 25 per-
cent scrap, and charges of H-Iron plus a synthetic.slag mixture to simulate
the refining of H-Iron from high slag ores. One typical melt from each
group is shown in Table I ‘

.
4 .

The melt-down time for all scrap heats was longer than for the all
H-Iron or the H-Iron and scrap heats; power consumption was essentially the
same in both cases. Power consumption varied depending on the degree of

- preheat of the furnace (the tests were conducted during the day shift only
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IV. -UTILIZATION OF H-IRON PRODUCT

Pyrophoric Pewder {continued..)

and normally two heats were made per day). eALikewise,'the yield figures
varied dependlng upon the amount of mater1a1 left in the furnace after
pouring.

Hot Cﬁarges

If product from the reducer in a commerc1a1 plant is ‘charged

¢d1rect1y to the electric furnace, the sensible heat of the powder at

800°F represents a saving of almost 100 kwh per ton in the electric steel
making step. In the production heats at Vernon charging cold H-Iron pow-
der,” the power requirement was 504 kwh per net ton and the yield was 93

percent. These values are in good agreement with the values shown in
Table I. . .

) In these_expefiments, as in the production heats at Vernon, no
attempt was made to exclude air from the furnace and no measurable re-oxi-
dation of the H-Iron product was observed. In some of the tests the

'.H Iron product was charged at the beginning of the heat; while in others,

the powder was fed continuously to a molten bath. Both types of operation

.‘Hwere entirely successful. The heats in which slag constituents were added -
demonstrated that active powder w1th a high gangue content can be success-

fully melted and reflned
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* DIRECT REDUCTION BY H-IRON

TABLE 1

"ELECTRIC FURNACE TESTS ON H-IRON POWDER!

RUN 0. - 1266
RINTYPE. - H-Iron
: . -only
CHARGE, POUNDS - N
' - H-Iron _ o 966
.. Scrap :
Slag Mix
Melt down = ©0:37
- Refining -7 0:48
‘Total . - 1:53
H e o
Melt down r -300
Refining A . 210
- Total © 530
Iron .. . e " . 863
. Slag _ 231
- IRON_RECOVERY, % ~ . 98.5

_POWER_CONSUMPTION,

'KWH/NT “Product>. A . 547

Irests conducted at the”Albany Metallurgical Research Center, U.S:

271 250
Scrap =~ H-Iron §.
only Scrap
. 679
1,012 260
1:02 0:52-
0:43 0:25
2:22. 1:52
330 320
200 70
1590 460
920 ‘857
342 198
190.8 98.0
486 528

~ of Mines on melting H-Iron powder in an Electric Arc Furnace.

3 Values were corrected for heat leak.'

130

261

H-Iron §
Slag?.

586
107 .
o129

0:45 .
0:18
1:25

250
=70
380

590
214

92,3

547 -

Bureau -

- 2 Slag constituents cofreSponding to a titaniferous ore were added to the H-Iron.
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V. H-IRON ECONOMICS

" Investment and operating requirement data are presentéd in

- Table 2 for a plant to produce 300,000 MT/Year of reduced powder. In

Table 3, these data are used to develop the proce551ng cost - §$8. 87/MT
This cost is exclusive of:

" Hydrogen cost,
Ore cost,
Crushing and grinding - if required,
Briquetting and passivation - if required,
Materials handllng and offsites.

Figure 2 develops the total cost of producing active reduced
powder from fines, as a function of hydrogen and ore costs., Should ore
grinding or product passivation be required, ‘these would add the foll-
owing approximate costs to that derived from Figure 2:

Ore crushing and grinding, 64% Fe $1.75/Ton of -product
. Briquetting and passivation ™~ I 1.82/Ton.of product.

Materials handling and offsite costs w111 vary con51derab1y w1th
the specific factors of a glven locatlon
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DIRECT REDUCTION BY H-IRON

" TABLE 2

300,000 METRIC TON PER YEAR H-IRON PLANT

INVESTMENT AND. OPERATING REQUIREMENTS™

~ RAW MATERIALS

Iron Ore fiﬁes;'64% Fe
Hydrogen

- PLANT INVESTMENT

“ OPERATING REQUIREMENTS

Fuel

Power
Make-up water
Chemicals
Labor

470,000 MT/Year
24,000,000 SCED

$8,600,000

167 MMBTU/Hr.
1,250 KWH
© 440 GPM .-
$ 27/Day :
-8 Men/Shift

*These are battery limits requirements for the plant shown in,Eigure'l,
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DIRECT REDUCTION BY H-IRON

TABLE 3

300 000 METRIC TON PER YEAR H-IRON PLANT
UNIT PROCESSING COST

Fuel , 4.4 MM BTU/Ton -+ ,@ $0.30/MMBTU

Power ,. 33 KWH/Ton : »@ $0.007/KWH
Water , 0.7M Gal/ton o ,@ $0.025/M Gal
Chemicals _ : ~ : .
Labor , 0.28 Man-Hrs/ton $3.50/Man-Hr.

25% labor cost

@
Supervision @
@ 5% Investment
@

Maintainance § Insurance
Plant Serv1ces & General Overhead,

L

Total Unit Costs

. Capital Charges _ ¢ ,@15% bf Investment

Total Processing Cost

137

" Cost/Metric Ton

25% labor & Supervision :

Fe Product
$ . 1.32
T 0.23
0.02

.0.03

. 0.98

. 0.25
. 1.43
..0.31

S § 4.57
- $ 4.30
$ .8.87



~ TOTAL COST/METRIC TON. Fe

H- IRON POWDER .

EIGIRE 2
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BASIS: 64% Fe IN ORE

W
un

A

30

25

20

300,600 METRIC TON/YEAR OF

Y m@lwvmma'

| y

N

-

X

Wy ¢

7

15 ‘ -
: . 0.0 -

0.15

| _ | 025  03%
© HYDROGEN COST §/MSC.F

.0.45



:VISIT 12: TREADWELL CORPORATION, NEW YORK

Situated at
1700 Broadway,

NEW YORK NY 10019

DATE: Tueéday 17 November 1970

MET: Mr E.S. Roberts, Vice President

1. FURTHER TECHNICAL DETAILS RELATING TO ANACONDA-TREADWELL PROCESS‘

Mr Roberts, who used to be with Chemetals Corporatlon, sa1d that the pebble

»heater and desulphurlser were not yet proven at large size. He said that he
“had inspected at Union Carbide an Orbital Furnace supplied by-an English manu-
facturer through Dravo Corporation, and thought this might be‘releVant.‘ He

" . also referred_toicracking‘of the fibreglass-resin sulphoriscrubber, and the

‘precipitation of hydrated silica by cyanide. . I said that I ‘did not.want.to

see a laboratory demonstration of the copper cyanide precipitation but would
like as complete information as possible on estimated process costs. He had

a member of,his staff give me details of the laboratory cyanide precipitation

technique.

He also described the precautions taken in the design of the hydrogen

. reductlon reactor to prevent ingress of air. There is a- charge hopper above,

T,and one below, the reduction shaft, and above. and below each hopper are, from

top to bottom, a slide valve and two ball valves. A multi-loop control-
system.eneures that these are operated in proper sequence.

Ferrous sulphate is crystallised as heptahydrate by refrlgeratlon to 0° C

.and the'crystals melted and spray-dried at 500 F to glve the sesqulhydrate.

2. CAPITAL COST DATA
For.a plant to produce 80,000 short tons of copper per annum, using copper

powder as reductant as would be done if treating an oxide ore, Mr Roberts

-supplied the.following data:

2.1 Major Purchased Equipment . : - ' . -$US million
Sulphate Leach Operation ' o : . 2.54
Solubles separation from pebbles . : ) 0.43
Gas scrubbing A PR T 0.71
Sulphur Dioxide handllng : : : : R _ o 0.28-
Solution Purification o ) : o - 0.31 .

882 ) ’ ’
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“A;Jor Purchased Egplpment (Cont.) . o - . $US million

Cyanide Precipitation - - AP - 0.81
“Filtration of Cuprous Cyanide R 0.47 .
Briquetting and Reduction , ‘ o 1.04
- Melting and Casting - ‘ : o 1.02
Acid and Iron Recovery . - : . ©3.00
Tailings Treatment . - : : o 0.13
Utilities ' o : 0.78
Total Purchased Equipment : , 11.52

2.2 Other Items, including:

UConcentrate supply

Piping
‘Electrical
“Installation
.Process Structure
Instrumentation
] Palnting
Industr1a1 - Englneerlng
: Drafting
Purchasing

_ Travelling
Field ~ Tools rental etc,
Taxes and Insurance‘

Start-up N . o
Total . ., : 30.2
Total Fixed Capital‘Investment ' o ) $US41..7 million

_(Thls estimate was made in October 1969 and shou1d be adJusted if necessary.

It does- not 1nc1ude any worklng capltal)

3. OPERATING COST DATA
For the same assumed planﬁ Mr Roberts suppliéd the attached material flow-
sheet (Drg 2505) and Table Al2.1 pages 142 & 143. He said” that HCN could be "
produced by the Andrusséw process at a molar cost three times that of ammonia.

He supplied the following breakdown of labour:

‘Strong Copper Melting and . Acid and - Tailings. Utilities
" Acid Recovery . Casting Iron Recovery _and Services
Foremen 0 1 2 o 0 1
Operators - 2 2 14 2 1 1
Helpers 2 2 ) 2 1 1
Shifts/day 3 3 1 3 3 3
Shifts/week 21 21 5 21 - 21 21
260 . 1092 ' 1092 1092

Shifts/year 1092 1052

882
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141

and estimated the following:

Operating Supplies and Maintenance: 2%7 per year. of cap. cost
Maintenance Labour: S . 2%% per year of cap. cost
Technical Supervision: . - 20% .of Labour cost

Plant Overhead: 607 Qf Labour cost

(342»operating days per year assumed, 365 days fof-supplies and 1ab6ﬁr)



TABLE A12.1: UTILITIES ‘AND PRODUCTS.
Copper 240 ST/D -

(Table .supplied by Treadwell Corp.).

Power, Natﬁral¢ 606“1b 250 lb. ‘Z;P;A T;eatéd- éooling Ra@ . 'so;" ﬁ; N2y, -. HCN Burned H,S0,. FeSO, FeyO, Sulphur
Req'd . Gas Steam . Steam Steam Water .2 - Water Water Gas - ~Gas Gas Make . Lime . 100%- 7 HZ0
. (20psi): 20°F : _ ~up Basis
: Rise , o L
KWH/D MMfBTU/D< M-LB/D .. M-LB/D M-LB/D.. M-LB/D - M-GAL/D M-GAL/D ST/D ST/D : SCF/D ST/D ‘LB/D ‘ ST/D ' ST/D ST/D - ST/D
Steam . ©(99500)¢ 1720 511 (2230)
Water Supply ' . . :
Cooling Tower 23600 ' ~ (36000) 1080
Water .Treatment 697 - ' _ (9020) - ' 1200
Steam Supply 3810 3130 (2340) 234
Hg and ,Nz Supply s ) s o ) ' :
Gas Reformer. 572 . 715 115 - . _ 1290 - -(3.9)
N2 Plant , 72 9. 1 4 : 22 ' P (24800)
Yard-and Offsites 2000 33 - 9
Strong Acid- : ‘ ' _ :
Bake ‘Reaction 26700 4000 © 14400 - . ' . 1850
Solubles Separation - 3850 : : ' o T ' ' _ ' S .
Gas . Scrubbing 12200 - : (480) = 480 5040 4 o _ : (224)
SO, .Handling . 4590 : : ' 6250 .- 181 ‘ (646) ‘
~ Acid Cyanide | ' o |
" Purification - 4870 . _ © 8600 . 82 R
Precipitation 24000 ' - 480 . 38 : 2.0
Filtration | 23000 ' . 1200 : ' ‘
Briquetting & ' L ' ' .
Reduction - 8830 - 240 509 : , 4800 : 323 A 3.9 24000
Melt and Cast: 16200 800 . 480. 1600
Acid & Iron-
- Multiple Effect.- _ - o
Concentration 15200 24 - 2230 (4460)
FeSOa Crystalliza- . -
tion & Centrifug- ' : .
ing 17200 C ' "1610 ‘ ‘ 4 -(1060)
FeSO, Drying & ' _
Roasting : 6720 2690 ‘ 216 (242) ‘ 1060 (293):
Submerged Combus- . . ‘ ‘ :
tion Concentra- : .
tion 6000 . : ' (672)
. Contact ‘Acid- : o :
Reconversion - _ 27100 148 . (535) , : ' 768 (1180) :
Continued
882



TABLE A12.1: CONTINUED

143

HaS0Q, '

o w

For purging.

c. . Bfa;keted'figgres}are,credité.m

NB: - L.P. 'steam 1@ credited as kw of electrical power.

882

Power Natural . 600 1b 250:1b Treated Coéling. Rawa SO; Ha. ‘ Nip., HCN Burned‘ ) FeSO, Fes0, Sulphur
Req'd Gas . Steam Steam Water.a Water Water, Gas Gas Gas Make. Lime ©100% 7 'Ha0.
20°F . up Basis
Rise - ’ .
KWH/D MM-BTU/D M-LB/D M-LB/D M-LB/D M-LB/D M-GAL/D M-GAL/D ST/D STI/D  SCF/D_ ST/D LB/D.  ST/D- ST/D- ST/D, ST/D
Gangue -Finishing !
Tailings Treatment. 50
Sulphides Reflota- ,
tion 3000 50
Precious Metals ,
‘Cyanidation ; 200 . -1 . - 800: 0.4 800
Credits. 99500 _ 2340 535- 13500 36000 888 3.9 1850 1060 293 224
- Debits 219000 17700 2340 535 13500 . 36000 2600 . 888 3.9 24800 2.4 800 1850 1060 - '
Surplus - . | , 3 293 224
Purchase’ 119000  , 17700 2600 24800, 2.4 800 :
Notes: . By'iog exchange - for bdiler and;wasping.cuprous.cyanide.i }



PURCHASE

LOW PRESSURE STEAM

250 psig STEAM

600 psig STEAM

TREATED WATER

T COOLING WATER

1 I

RAW WATER 2600 m galid

e | e | — | — ] — | —om

—_— e | — | |4

'a credit to electrical supply. In practice, steam
Power would drive directly such equipment as
tans, blowers, etc. ’

3 Turbine efticiency has been taken as 60 % tor

power calculation.

PRODUCT §

TREADWELL

NEW

YORK, N.V.

CORPORATION
’ EASTON, PA.

" DRAWING N° 2505

NATURAL GAS 17,700 mm BTU/d | | | | I | L1 | | A
ELECTRIC_POWER 119,000 kwhi/d | | | | : I |l L] |1 ]
= o ‘ -
£ b
o| o =
= HEERE:
8 3l 8l 2 2
gl aleleld 32 e
2 8 E P 8 3 o© 3 - | 2
al 3~ : E E 23 ol 2| 5 § 2
o, 3| <{ 2] R -
ELECTRICAL M HA - ol El ¢l Z 33/ 2f2 o2 3.
3| A 2| = el = o | of @ .
SUPPLY WATER be; [ Gt B ol €|l gl 2 29 el $ | =
SUPPLY A Slalx|al ] el e = o 3 = 13
STEAM - ol o ¢ < al o 2 ol=fe{o|2
SUPPLY S BT ON] 4 bl z|®3])3l s .
STEAM . Ef € g 3lel=| | A
| _ el .
POWE R Myt N, 2 & ZIELEIRE
SUPPLY _YARO & ala[Rl2el . o3| [
FFSIT e S O s B A ] Y
.OFFSITES ~3 - a3l 3 & r
: =155 el
, .DRY BASIS CONCENTRATE 800 st/d STRONG . €|E| E| E|E ol 2
30 % Cu 0% S ACID 2|3|812[318] =3 2| e
3wl ol af~|F 3| o] of =|
: o| s |o =4 -] € ;:
ICuso,,' o :
Hy 39 stid — ;jg: 2 |||
- , Nz 24000 sciid i Acio 2lalel 213z oo
i JHCN 2 st/d _ - CYANIDE = Il I SEEEEEN
502 120 s Elelelel el
. Copper MELT & ol wlo]| o] ~lole .
* sponge CAST 4 [P e B R S ’
- o] |[«f-1 |~ o' 2
- . §H50, & FeSO [ © sl 3
MAKE UP HCN _2-4 siid . 250, & FeSO, : | o
B : 1392 646 sud § ACID & (RON ¥ E
‘M50, 1950 st/d - I RECOVERY ol 5
) . “Ng 800 sctid :
HCN 04 stid . { : GANGUE
BURNED LIME 800 Ib/d i ; FINISHING
NOTE :- . ‘ . _ R :
1. All tigures rounded to three signiticant digits. 224 stid . 240 st/g 3 stid 293 st/d
: ’ SULPHUR "COPPER HpS0, Fe30,
2. For tlow iltustration, steam power is shown as I CAST SHAPES- . . ‘

[Ta-



VISIT'13:‘ BRITISH IRON & STEEL RESEARCH ASSOCIATION »
Process Phy51cs Sectlon : :

oSituated at

Battersea Park Road
LONDON -

DATE: Thnrsday 19 November 1970
MET: . Dr A.A. Rush-

. Dr Rush explained that he had been endeavouring to produce powder,
suitable for compaction into thin mild steel strip; by gas atomisation of

molten steel. However the powder ‘he produced was spherlcal and not flne

enough for produc1ng the thin strip desired at British Iron & Steel Research

“Association's Sketty.Hill-laboratories near Swansea, which required a minus

- 53 micron powder. . The methyl cellulose binder ran.through the powder he

produced. - He d1d not consider it economic to 1ncrease the veloc1ty of the

- nitrogen Jet above twice the speed of sound to produce finer particles as

.the energy requlrement became- exce581ve. He sa1d that a su1table powder,

f1ner and 1rregular,'1s now belng produced ‘using a water jet of sonic veloc1ty,

 at Port Talbot Wales, the model work having been done in London.

At Brltish Iron & Steel Research Association's Sheffleld laboratorles
alloy powders are belngzproduced.hy water-atomlsatlon, and compacted into

strip, and a visit to these laboratories was arranged . Dr Rush considered

"~ that productlon of alloy powders was more profltable and said that .the econom-

ics of mild steel powder productlon were well- known

. He said”that research and development on the use. of iron powders -to make

. preformed shapes for forglng is belng carrled out by Stanton and Stavely,

‘now part of the Tubes Division of the British Steel Corporatlon The1r

address is PO Box 72, near Nottingham NH 10 5AA, Phone Ilkeston (06072)-2121.

Dr D. Cratchley is in charge of .this work, depnty MrAT.B. Reeve.,

Relevant references cited by Dr Rush were: .
© 1. ,Mlchalke_M & Scholz W. . Chemie Ingenieur Technik 41 1-2 pp 16- 22
- (Jan. 17 1969) "Production of alloyed and non-alloyed iron powder
by.atomisation"; A . B o o }_ _
2. Tamura K..& Wanikawa. S.. Japan Powder.Met 15 302-7  (Oct. .1968)
"On the atomlslng varlables in the production of metal powder by

‘1iqu1d atomlsatlon



3. Anon Metal Bull. Friday March 21, 1969, "Iron Powder lin_Perspéctive"
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VISIT 14: WOODALL-DUCKHAM LIMITED

Situated at
Crawley, Sussex,
ENGLAND

DATE: Monday 23 November 1970

MET: Dr Peter ‘Finlayson (Manager Metallurglcal Industrles Development)
Mr Frank Singleton (Chief Chemist)
Mr Jim Marshall (Senlor Extractive Metallurglst)

1. 'INTRODUCTION

Dr Finlayson outlined how Nordac,.now taken over by Woodall Duckham

Jwith ekpertise in HCL technology had been the successful renderer to develop

‘the process devised by the Research Council of Alberta for Mr Jerry Heffernan,

Managing D1rector of Peace River Mlnlng and Smelting and several other

~ concerns. Dr F1n1ayson carried. out a survey for a c11ent (BTP) 12 months

ago~to assess the market for iron powder, possibly produced as a:byproduct

~of conversion of ilmenite to‘synthetic_rutile; Tt was believed that a

" reduction of say two pence per pound in the price of iroh powder might>greatly
bincrease its usage. The conelusions of that éurvey were that until rhe

. use of iron powder in preformed shapes for forglngs is developed there is’

no incentive to build a new plant..

Japanese demand for iron powder is currently 20 000. tons per annum but is
rapidly increasing. . Kawasaki produce 13,000 tons per annum and Kobe expect

to open a plant to produce 15,000 tons per annum in 1971.

21= IRON POWDER PRODUCTION

2.1 Hydrometallurgical

Woodall—Duckham have exclusive world rights to engiheer plants usiﬁg'the
Peace River process. They are not active in the field at the moment as
Peace River Mlnlng and Smelting Ltd chose to englneer thelr Amherstburg plant

themselves. If Nairne pyrite were used as feed to a Peace River process,

. despite its. natural pyrrhorite content, it would almost certaiﬁly have to be

heated to conVert pyrite to artificial pyrrhotite to confer HCl-solubility.

2.2 Atomisation

. Woodall—Duckham have,technical know-how in ‘this field.and coold build_a
882 ’ : ;
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plant, Dr Finlayson said.

3. . ZINC EXTRACTION FROM SILICATE ORFE

‘Some 10 years ago WOodall—Dugkham developed in the'laboratory_an HC1-

 extraction process for extraction of zinc from a Brazilian silicate ore,

followed by electrowinning. The process appeared attractive and Woodall-

.Duckham would welcome a sample of S.A. zinc silicate ore'from-the léase—

. 'holding company'fdr a free preliminary'appraisél;

[

4. OTHER TOPICS

~ The following were also discussed briefly:

Jf~ . 1. Attack of HCl on apatite and clays..

2. Dilute, cold acid-leach of malachite-azurite ore to avoid attack

-'upon dolomite.
.3." HC1 leach of uranium ores.

:_The Aman NCl-recovery process was discussed in detail with slides,

literature (pages A-149 to-A-154) and comparison with the Lurgi pfpéess.

882
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Steel picklers are being forced to control their
effluent. Graham L. Hodgetts shows how a

Britain’s steel picklers today are under

significant pressure from local autho-
rities and river boards to control the
efluent from' their installations. In
some cases the big stick has compelled
operators to -examine their tech-
niques analytically.

Often such self-examination not
only reduces the offending contami-

.nant to an acceptable level but also

‘reappraisal of techniques can boost profitability -

improves other aspects of operation,

Particular instances are more eco-
nomical usage of acid so less is con-
sumed for cvery ton of steel pickled;

indirect heating-of the bath eliminat-

ing the condensation water associated
with direct steam injection and re-

<ducing the liquor volume; and more

effective usc of rinse water.
In an attempt to capitalize on the

Fig. 1—Plant for 'recove;y of HCI from spent liquors
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present dilemma of the acid pickler,
dry de-scaling . techniques are now
being offered. But these have made
no significant inroads into the indus-
try, either in Britain or abroad, des-
pite the hovering effluent inspectors.
Fresh approach. In recognizing that
acid descaling is a thoroughly well
proved and accepted technique, a

tfresh approach to eflluent -optimiza- ~

tion has been ‘made by the Woodall-
Duckham Group.

Two of its member companies,
Woodall-Duckham
Crosta Mills, have combined their
knowhow to provide industry, for the
first time, with a complete package
for tackling and solving pickle
cffluent problems — fig. 2.

Following the general. swing to
hydrochloric acid — HCI — for pick-

‘ling flat products and wire, W-D/

ACM has concentrated on the treat-
ment of effiuents from this medium.
Recovery. The achievements by W-D

in the recovery of HCIl from spent-.

liquors are well known to the steel
industry. This process not only re-
covers the free HCl in the liquor
but ‘it completely regenerates - by
hvdrolysis in a spray roaster the iron

~ chlorides back to HCIL. This elimi-

nates the spent liquor effluent —
fig. 1. It overcomes the main problem
of the medium-to-large pickler which,

_in most cases, currently has to rely
-on the acid supplier to haul away

the resulting spent pickle liquor.

Thickener. Ames Crosta Mills, which
is prominent in the field of effluent :
treatment, has taken a long hard look

at the problems associated with the
removal of gelatinous hydroxides
from neutralized rinse’ waters. By

Lid and Ames.

'

nature ferrous hyvdroxide flocs are :

very slow to settle and. extremely
difficult to remove by filtering.

There are some processes available .

that oxidize the ferrous hydroxide to

the ferric form. This does go some -

way to improving settlement and

filtration, but these. processes are ex- -

pensive and susceptible to -changes
in the iron content of the rinse water.

Having rejected settling ‘and filtra-
tion ACM now employs a novel tech-
nique. Neutralization is carried out
normally but the resulting liquor is
fed to the Komline flotation thickener
— fg. 3.

the flocs, their buovancy is increased
by the action of minute air bubbles.

Here, rather than attempt to settle

These become attached to the flocs, -

causing them to rise to the surface.
A portion of the clear water is re-
cycled at a controlled rate and mixed
by the action of a water ejector with
air in the air-mix pressure tank.

The buoyant condition of the

sludge blanket — normally 8in to



24 in thick — causes the upper sur-
face to rise above liquid level. Drain-

by = a  variablespeed = skimming
mechanism. Scroll conveyors in the
base of the unit remove any dense
particles which reach the bottom of
the tank.

usually contains less than go ppm
solids, and the resulting hydroxide
sludge has a sufficiently high solids
content — typically 79, by weight
or more — to reduce the problems
of external transport.

Sources. Before applying either or
both these processes 1t 1s essential that
both the pickler and the rinse sections

-are examined and modified so that -

cfluent produced is the minimum
without detriment to the pickled pro-
duct.

In certain cases of continuous strip

pickle- lines. operating at low. linc -
. speeds. — up to 100 ft/min — the

rinsc section can be arranged to
achicve efficient rinsing with a suffi-

Fig. 2—Package effluent disposal plant

age of the flat then takes place before |
it-is swept into an adjacent hopper

With this unit the clarified water.

ciently low volume of primary rinse

water to correspond with the water
feed required at the HCI absorber on
the recovery plant.

In this way the effluent problem is

reduced so that only nominal dosing

of the secondary rinse is necessary, if
at all, to maintain the required pH.

In these systems the iron content of.

the secondary rinse water is usually
low enough to be acceptable.

A bonus from using such tech-
niques is that the rinsed strip is very
much cleaner and does not rust or

“stain so readily as strip with a rela-
tively high proportion of surface resi-

- dual chlorides. o o
- The counter-flow rinse principle of
such a rinse section is shown in fig. 4.

here, but more tanks, usually, are
used. : '

Of particular importance are the:

high-pressure fine water jets directed
on the strip before it leaves the pickle
bath. Air can be used for this, but
- operators with under-hood fume ex-
traction systems consider water jets

" out

.ever, for high-speed stri

Two counter-current tanks are shown-

2L

play a double role in reducing drag-
and maintaining the watcr
‘balance on the pickle line.
Wire problem. It is not that easy, how-
lines where
dragout is notoriously difficult to re-
strain within tolerable limits. Neither
is it quite so straightforward for wire
picklers, though a lot can be done
to improve on the infamous ‘hose in
the corner’ technique. .

An example of a batch rinse system
is shown in fig. 5. Naturally, . some
existing installations will not lend.

“themselves readily to the approach

suggested but in many cases reduction

"in rinse water volume can be achieved

with nominal modifications.

. It can be said that processes are
available which, when applied effi-
ciently, allow the ‘acid descaling
operator to observe the ecological
standards of society despite the

-medium he employs and upon which

he relies for his livelihood.

Graham L. Hodgetts is executive, industrial sales,
Woodall-Duckham Ltd. .

Fig. 3—ACM/Kbm/ine flota{ian thickener

Skimmer
Clean water
. i |

B ———L ——

| Pickler ] .Rinse section |
A i | =N

R ickened
L - —— 3 hydroxide
Recovered | Rinse water
Pickle acid 'y V S <t—
liquor . ’ Rinse water
from
: WD ’ ACM. floculation
o HCl recovery Komline tank
plant thickener
. ) "l ° o
Thickened " / - » )
) hydroxide Water ejector . : Air mix pressure tank
' Treated . : :
water

Fig. 4—Counter-current rinse line

’ Fig. 5—Batch rinse system for high-speed wire lines
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‘hydroly3|s of
metal chlorldes

the Woodall-Duckham
regeneratron process

Durmg the last 15 to 20 years the number ol processes usmg

" chlorine or 'chloride technology has greatly increased in the
inorganic chemical fleld These fall into four groups, based on

the use of:
1. ‘Solid chlorides; 2. Gaseous chlorine 3 Gaseous hydrochlornc

_acid; 4. Aqueous hydrochloric acid. . .
. The last group has expanded most of all, and for this the

process described below is largely responslble

Many chemically sound processes have in the past ‘not been _-'
feasible due either to the poor economics or the problem of
- disposal of chloride effluents. The recycling of hydrochloric acid
. at low cost made possible by the Woodall- Duckham regenera- -

tion process. makes such processes viable. Examples are —

1. Descaling of steel; 2. Production of high purity oxides such

- as thosé of magnesium, ‘cobait, nickel, ‘etc.; 3. The upgrading
and beneflcratlon of ores, - etc., such as’ |lmemte, bentonite,
mangamte, sands; etc.; 4. Production of hlgh purlty metal

: powders,eg iron, cobalt, etc. =~ .

Yoy The Woodall -Duckham- regeneratlon process operates either -
‘as a-process in its own right, of ‘as-the essential closing link in

a larger process where it permits the recycling of hydrochlonc

o acid back to the acid consummg stage

) Exlstlng processes - -
It has been known for some time that a number of metal chlondes' i

will hydrolyse in the presence of steam at high: temperatures to
give oxides and HCI gas. .
‘However, the severe corroslve conditions involved in. such

reactions prevented their commercial exploitation until more

resistant materials of construction became available. This has
only happened in the last decade, and previously in most cases

waste chloride liquors were treated as effluents and discharged.

to-drain. Even if steps were taken to neutralise any free hydro-

" chlorie acid in such an effluent the resulting liquor was still

obnoxious due to-the.high percentage of dlssolved sollds,
present as chlorides. .

In an éarly hydrolysis process developed in Germany, the
liquor was first concentrated and the ferrous chloride precipitated
as FeCl,.4H,0, The crystals were then. roasted in a multiple

: hearth furnace followed -by:fluid: bed caicination. This process
- was dlﬁ‘cult to operate and was soon abandoned.

The Regeneratlon Process

.-The heart of the process Jds the spray roaster in whlch the metal
“chloride is hydrolysed to ‘hydrochloric acid ‘and the corres:
Apondlng oxide according to the following ‘general equatlons

- (1). MCl, -+ H,0 <> 2HC! - MO }
(2) 2MCl, =+ 2H,0 -+: iO.—» M,0, + 4HCI-
: (3) 2MCl, + 3H, 0—>6HCI + M;0; ’
where M represents the metal atom.

The main steps of the process are evaporation, and hydrolysis

in the spray roaster, removal of fine oxide carryover in a cyclone

system and absorption of the hydrogen chloride in water, either -

in an adiabatic absorber or in a cooled absorber system. In many
cases a pre-concentrator is used, while in Some cases a:sub-

merged combustion or steam evaporator is also mcluded in -

the plant.

The heat required for the reaction and for evaporatlng water,‘
etc., is supplred by the combustion products of a gaseous or.oil.

tuel which are introduced into the roaster near the bottom. The
chloride solution is sprayed into the top, counter- current to the

gas flow, using spray nozzles and pumps specially developed -
- for the process. The drops as they pass downwards are first -
dried, then hydrolysed to the oxide'and hydrogen chloride. The -

oxide is removed continuously from the bottom of the roaster.
The mixture of combustion products, water vapour and hydrogen
chloride gas leave the top together with -an amolint of finer
particles of oxide. It then passes through a cyclone wherée most
of the oxlde is ‘removed and then proceeds to the absorption
system where the hydrogen chloride is-absorbed in water to
produce aqueous. acnd of the desrred concentratlon

e
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A consi'de‘ra_ble 'degre'e of -heat economy is achieved in many .’

.cases by-installing a pre-concentrator upstream of the absorber.

" Like the absorber this is-a simple mild steel column lined with
- rubber and acid resisting bricks and packed with intalox saddles. -
" The incoming feed liquor is circulated around it continuously. -

Hot exit gases from the roaster enter the base and are cooled by
contact with the liquor. The heat transferred to the liquor results

E in the evaporation of 25-30% of the total water so that Iess heat

is then required in the roaster, °
. Mild steel is unattacked by dry’ hydrogen chlorlde gas below

" about 500°C. The roaster shell; cyclone, and ducting to the

pre-concentrator .are in contact with. combustion gases and

~hydrogen chloride gas at temperatures less than this and can

therefore be safely fabricated in-mild steel. The roaster is addi-

tionally lined with refractory: bncks or concrete to malntaln the -
) shell at 200-300°C. :

“The use of tntamum for key items such as spray noazzles,
“pumps, fan impellers etc. has virtually eliminated the corrosion
“problems of handling chloride liquors and the assocnated wet
gas streams containing hydrogen chioride, which have prevented
the earlier development of a satisfactory process. In order to

" ensure that there is no leakage of HC| from the plant during the

changing of a spray boom etc., the system.is operated under a
slight vacuum and this is achieved by a titanium suction fan

installed after the absorber. The system can be operated with any .

normal oil or gaseous fuel although in extreme cases it may be

necessary to use a distillate fuel or alternatively a high purity -

gaseous one when an extremely pure oxide is required.

Not all chiorides can be hydrolysed in the spray roaster. The
alkali chlorides require theoretically higher temperatures than
are practicable, but would in any case volatilise before this and
leave the roaster in the gas stream. Calcium chloride will undergo
a partia! degree of hydrolysis only.

For che particular mixture of chlorides containing calcnum

Py

“chloride & fluid-bed-

- bottom . of the
‘roasterin order that
‘the ' -reaction . time

* (COMBUSTION _
-~ PRODUCTS, -
{ H;0&HC)" -

chloride could be

| REFRACTORY_ T . ‘however, a most -
R ’ I [ . exceptional circum-
. . - |morowrss - stance and- in -the
- COMBUSTION P NP -+ -event "was .shown |
(GASES’ N T . 'nottobenecessary. -
FUEL—aYJ .+ - With- chlorides | = . -
"COMBUSTION . which' - hydrolyse -

. easily; e.g. FeCly’
- the efficiency of re-
generation of HCl is

_ very high, being 98- .

P . -99%, at least. -The
CXIDE PRooucT -losses are - repre-

sented by the traces of HCl in the exit gases from the absorber - .
“and the residual chloride in the oxide. With reasonable main-

tenance and care in operation this can be reduced to 0-1% Cl-.

The oxide is generally discharged from the roaster via a rotary
valve. It is transferred from here to a hopper either by screw
conveyor or pneumatic conveyor. If required in the powder form
itis then bagged. In some cases itis more convenient for storage
or transport to pelletise the oxide in a tilting pan pelletiser. With
some applications, e.g. upgrading of silica sand, the. product
is a mixture of several different oxides and is of no value. it is
then disposed of as a slurry in say a disused section of a quarry,
by discharging from the roaster straight into an irrigated trough.

FEED ) "j'was mstalled at the =

- could be extended
P Ny, IR - “and  complete - re- -
* 1 spRay NOZZLE— e [ 0 covery . of-the

EVAPORATION - achieved. This was:,

2 ::\_:/ery'dil_ute effiuent to dra_in "

' Operatlng parameters .

-.The reaction in the roaster can be duvnded into’ two broad over-
g Iappmg bands. In the upper one water vapour |s evaporated
-+ from the drop aleng with any free hydrochloric acid. In the lower -
-one the now anhydrous chloride and' in some cases.possibly
. oxychloride, still in contact with water vapour, is hydrolysed to
-the oxide and hydrogen chloride gas. For any given chloride
.~ the hot zone temperature at the bottom of the roaster is fixed
“and is related to the temperature at which hydrolysis takes place.
" For _most applications it is in the range 600-850°C. Starting '
.:therefore with a fixed temperature at the base, a temperature
- pattern is set up in the roaster, the final temperature. at the top

and the temperature gradient being determined by a number of

"parameters such as concentration of feed, size: of ‘roaster,

through put, etc.
- For maximum thermal efﬂcnency in such a system |t is necessary

‘to operate ‘with the lowest possible gas exit .temperature.

Counter-current operation of the roaster permits close control of
the exit gas temperature, this usually being in the range 300-
350°C. The addition of a direct contact pre- -concentrator to-the

- circuit reduces the effective gas exit temperature even further-

to below 100°C. This reduces the cost of operation-considerably "

-.and results in regeneration of HCI more econom:cally than by
" .other processes.

- Throughput and efficiency of hydrolysis are greatly mfluenced

“ by the, contact pattern. between the falling drops.of chioride.

solution and the rising stream of combustion products To obtain-

" ‘maximum contaqt timea splral motion is imparted to the combus-

tion products entering the roaster by mounting the burners
tangentially. Careful placing of the spray nozzles is required to
ensure that oxide is not deposited on the walls. No exact
science exists for the precise determination of the gas and spray
patterns but investigations on a farge number of commercial
plants have given reliable design. parameters. Operation over a
wide range of these parameters is very stable and the roaster




A

L
\

'can operate at reduced throughput without signltlcant loss of .
'efﬁcrency '

In the evaporation the Ilquid dropiets are converted into hoIIow

spherical particles of solid chloride. When these particles reach

the hotter. zone of the roaster and are hydrolysed the resuitant
product is a. hollow spherical particle of oxide. Its ultimate

_particle size is usually extremely small, and this property is often .
of particular value in the subsequent use of the oxide. Thus,

iron oxide produced in this type of plantis a suitable raw material
for ferrite and pigment production.

" Most of the heat input to the roaster is used ior evaporatlng
water. The heat of reaction and sensible heat in the product

.oxide are generally small by comparison. The concentration of.
chioride in the original feed is therefore of considerable import- -

ance. Any given sized roaster will have a maximum heat input.
Thus the maximum output of oxide or hydrogen chloride is
directly related to the feed concentration. This type of roaster
is not the best tool in which to carry out evaporation either from

_consideration of efficiency or capital cost. It is therefore in many
cases advantageous to preconcentrate the liquor before feeding .
to the roaster. In most cases superheat in the exit gases wiII o

preconcentrate the feed. Others require an evaporation step. .
‘Feed concentration is also of great importance with regard
to-the final concentration of hydrochloric acid. Since HCI and

water form an_azeotrope at a concentration of- approximately . -

21%, w/w_HCI, if the mixture of water vapour and hydrogen’

‘chloride in the gases enterIng ‘the absorber is less than 21%
w/w HCI, the maximum concentration achievable in an adiabatic -
absorber will be Iess than 21% w/w Normally the acid produced -
s about 18/20% HCI. If higher concentrations of HCl are requireéd o

then the HCI content of the gases must exceed 21% wjw HCL

~ . To .achieve this, higher chloride concentrations are necessary '
- in the ‘feed to the reactor and thus in most cases some form of
_preconcentratlon of, the feed will be required. For product hydro- .

chloric acid concentrations higher than.21% the adiabatic
absorber is replaced by a cooled absorber system. Careful
consideratlon therefore has to be.given to each particular case
to determine the best feed concentrations required to give

lowest capital cost, maximum eﬁ'iciency and the desired product o
-.. acid-strength. '

Experience has shown that’ In spite of the very iow wettlng rate
used in the adiabatic absorption column there is no risk of
escape of HCI into the atmosphere with the stack exit gases.
ThelAlkali Act lays down a maximum limit of 0-2 grains HCl/scf

non-condensibles, and figures much lower are-normally achieved

. without the need for a tail scrubber. Operatlon is so eﬂectivethat L ’
Citls possible to use dilute acid (up to say 2% HC!), such as would:

result from wash waters, as feed to the absorber and still not be
in danger of exceeding the limit.

. The success of the process can be measured by the Increase
in plant capacities which has occurred over the last seven years.

‘From a pilot plant of 6 ft ‘diameter the first commercial roaster -
“of 15 ft diameter was" commissioned in 1962, since when many
: piants have been operated with diameters of 10, 15, 20, 25 and 30 ft.

Although scale-up has ‘been based on very conservative

‘principles, the increase of plant’ capaclty (which is approximately

propottional to roaster cross- sectlonal area) is an indication

~ of the successful operetion of the process

Applrcations

As an example of applications of the process we have chosen’

steel descaling.

In the rolling of steel to strip and other sections alayer of scale A
forms on the outside, which must be removed before further ' -

finishing operations can be carried out. This scale consists of

oxides of iron, being generally FeO adjacent to the metal, Fe,O.: .

in the intermediate layers, and Fe,0, in the surface layers.
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Tradrtronally this scale has been removed by mechanlcai or
chemIcaI means, or a combination .of the two.

- By far the most common treatment has been to Immerse the

steel in a bath of sulphuric acid, in which the bulk of the scale is

serious problems, and although various regeneration processes

. dissolved: Disposal of the resulting spent acid has presented

have been developed the overall economics have proved un- .

favourable.
If hydrochloric. acld is used for scale removal, then the acid is

easily regenerated from the resulting ferrous chloride liquors

by the Woodall-Duckham regeneratlon process. Apart from the.

_hydrochloric: acid ‘which Is recycled to the descaling |Ine, iron

. oxide is produced as a dry free-running powder.

Spent pickle: liquor can vary considerably in composition

“according to the type of pickling line, contact time, type of steel,
“type of line heating, i.e. live steam or indirect heat exchangers,
~ and other factors.-Some lines operate with a spent liquor con-

taining virtually no free acid, e.g. 25% w/w FeCl,, 0-5%, w/w HCI,
while others can have a-composition of 14% w/w FeCly, 8% w/w

HCl. The Woodall-Duckham.regeneration process can handle

_any composition of spent liquor found in practice. The presence
- of free HCI presents no difficulfies. This is evaporated oft: with

‘the water in the upper part: of the roaster. The FeCl, reacts

according to the equation

" 2FeCl, + H,0 + io. — Fe,0, + 4HCI
The iron oxide is-very pure-and can be pélletised for return to

pigments or ferrites. .

Disposal -of rinse water resultmg from washing the pickled ’

stesl-is frequently a problem in- a steel mIII and can often

. necessitate a neutrallsatlon plant

~ Rinse water contains up to-1-2% HCI and is too dilute to
justify handimg in a regeneration plant. {t is, however, pertectly
acceptable.as feed to the absorption column. Some modern
large-scale ‘steel. stnp pickling lines are designed to limit. the
productron of rinse water to be no greater than the absorber
réquirements and to use it first in-the pickle:line fume scrubber

‘ No neutralisation plantis then required. .
Since the costs of regeneration are generally much lower than

the cost of ‘new acid purchase, the -overall descaling process

. becomes more economic. At the same time use ot the. process

solves a serious effluent disposal problem.’
When the iron oxide is sold as a by-product then significant

: profits can be shown on the regeneration stage.

In additIon to. the. straightforward  benefits outlined above.

'there are very slgniflcant secondary benefits from ‘the use of

hydrochlorIc acid.. Because the acld is more selective in. dis-

" solving iron oxide than metal, less pitting of the steel occurs,

: ,,fthe ‘blast furnaces, .or - used as a valuable feed materual tor‘ -

-and a better surface finish results. Also hydrochloric acid dis-f

- v Capacity of plant -

. ClminFe,0, -

solves iron oxide more rapidly than sulphunc acid, so that scale
removal is faster. This permits much higher throughputs and the
elimination of the expensive scale-breaking equipment used on
sulphuric acid pIckIIng InstallatIons

plant -

w/w FeCl, and 0-5% w/w HCI

Recovered acld make 2,700 I/h of 18% w/w HCI

© Wt. of Fe,0, 570 kg/h

"Heat Input- Y. oo .. 2:20 x 10¢ Kcailh
Power - e 150KkW
Rinse water (to absorber) 2,600 I/h
Process water 200 I/h
33% HC| make-up* 10-20 I/h

HCl in exitgas -... ' ‘01 gm HCH/Nm?*. non-condeneibiee

0:5% or.less

*Excluding Io.sise'e-on the plckle Iine, e.g. drag-out, turrie loss etc:

-

P

'Economlc data for operatlon of a plckle Ilquor regeneration ’

. 2,900 ilh of liquor ¢ontaining 25-0% )
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© VISIT 15: 'BISRA MECHANICAL- WORKING DIVISION

Situated at ' -
Hoyle Street,
Sheffield ENGLAND

"DATE:  Tuesday 24 November 1970

MET: . Mr Geo_Sturgeon

1. ALLOY POWDER PRODUCTION

Stainless steels of the composition of 304, 316, 430 have been water-

- atomised in the laboratory and can be dried and used for compaction into

.- strip without any'post—tfeatment. The powder used averages 20% minus 100

plus 200, 30% minus 200 plus 300, 30% minus 300 plus 400 and 20% minus 400
mesh. Molten metal is poured at say 50°C above melting point and the

ratio of water volume to metal governs powder fineness. - 90% conversion

- into usable powder is obtained and a large proportion Qprarticles of the’

pqwder’have the desired irregular shape. . Alloy pdwders are‘presently made

- by.BSA (1;00041,500 tons per annum) and sold at 8 shillings per 1b and by .

Hoganaes in USA (soon to be produced in Sweden), costing IO-shiilings per 1b
in USA. These pfices-appear Very inflated.ahd;Mx;Stqrgeon believes that.a
powder suitable for cémpgcting into strip, if not suitable without further

blending etc for sale for powder-metallurgical uses, can be made quite

Aéheaply. The whole proceés.is being tfied ét_present'and budget estimates

have yet to be made, but Mr Sturgédn thinks alloy~powder producfion could be

viable at 1 ton per hour.

2. STAINLESS STEEL STRIP- PRODUCTION

BISRA have been producing 4 inch wide strip from 0.08 inches down to

- foil. Mr Sturgeon thought'that plate productidn from powder could not

~ compete due to compaction speed limitation. Air has to be expelled in

compaction and tends to fluidise the powder. No binder is used. - Hacksaw .

‘blades may be a viable product and Mr Stugeon showed stainless strip in

various stages of production from powder and finally rolled as cladding.on to

aluminium window T-section. - The process is nearing possible commercialisa-:

- tion and he could not show me the opefation.- We could write later to find

whether the British Steel Corboration would release the know—how; The.only_
882 : : ' :



puBlishea papef appears in Powder Metallurgy 13 (26) 1970.

3. TRON POWDER GENERALLY

Mr Sturgeon said chat mild-steel powder was not yet.being produced at
Port Talbot, and that his division was probably doing more than Stanton and

Stavely on preformed shapes for forging:. He agreed that adoption of this

process would take time, but said that the Ford Motor Company in Europe were '

keen to use it and that they had tested powder-forged connecting rods and
gears. He thought that cold isostatic.compression would be used for larger
components such as whole crankshafts, which had been'produced by this method.

Each part would have to be assessed to determine whether powder forging was

~ the most economic method.

88



157

| VISIT 16:  BISRA IRONMAKING DIVISION

'Situated at

Grangetown,
MIDDLESBROUGH. ENGLAND .

'ADATE: Wednesday 25 November 1970

‘MET: Mr J.M. Rldglon - Head of Tees side Laboratorles

Dr R Wlld - Deputy Head of Tees- 51de Laboratorles

1. GENERAL

Dr Wildpis'an authority on direct reduction processes, and.hadcvisited
North America to see and discuss direct reduction processes about six weeks
previously We dlscussed each in turn and he gave his assessment, after -
which they gave me a tour of the laboratorles.

They considered that the budget price I quoted for gas was not really

o cheap and should be capable of reductlon.

2. DIRECT'REDUCTION PROCESSES

2.1 Using Natural Gas As Sole Reductant

'Dr Wild considers that if a plant was to be bu1lt 1mmed1ately, the only

process 100% sure of successful operation would be H X . The process is

somewhat inefficient thermally but recent use of pellets at Pueblo has

improved this as well as output and uniformity of reduction. Gas consump-

- tion would now be 20,000 cu ft per metric ton of iron in reduced pellets and

.in al million ton per annum plant might be reduced t0'18 500 cu ft. The

process 'is engineered by Sw1ndell Dressler who have enormous experience 'with
gas reformers and the Mex1can operatlon claim to have not replaced a reformer‘
tube in 2 years. Their first plant,’ stlll«operatlng,.lsizoo tpd.

:The Mildland—Rossrplant at Portland.(AO0,000 tons per annum) conSisrs~
of two shaft furnaces, that at Hamburg will use only one furnace of double

capacity, But this is as large as can be built' at present. In the Portland

plant only the reduction section was built by Midland-Ross, and they consider

that the electric furnace installation does not use their product to full
advantage.. At Georgetown also their~plantrwill be only'an adjunct to the
steelplant, but the Hamburg plant which will use four Concast strands is’

designed as an integrated operation. The electric furnaces will use 80%

“ss2’
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“of reduced Swedish pellets, 10% in-plant scrap and 10% purchased scrap.

The Portland plant is having to use purchased pellets of higher sulphur

content than anticipated. The-éulphur content is not .high enough to

cause7trouble in steelmaking but is being removed in the reductioh stage

.and over-loading the desulphuriser. One furnace has now been mod1f1ed

.so that. sulphur is re-absorbed by the coollng pellets, and  the- de31gn out-
put and fuel efficiency is stated to be attained. Gas,requ1rement of the
process is stated to be 13 million BTU/gross ton of product containing
917 Fe. | S

The proprietors of the Purofer process claim to be able to use green

,pellets, so that their process should be the cheapest. . Mr Voice of BISRA

saw the plant and said it had been made to work, but the-efficiency is not.

;known.  von Bogdandy of HOAG claims that Midland-Ross have'infringed his
patents which contributes to Midland-Ross's unwillingness to admit visitors.
.'Both are shaft-furnace processes and both -can recycle top-gas. Purofer gas

»reformlng is discontinuous using a reformer and a recuperator but probably

insensitive to sulphur. ,

' The Armco process is very similar and the reformer only d1ffers in
engineering - the method of getting gas in and out, pellet loadlng, etc. The
process will probably go ahead if Armco'can obtaln sufficient capital.

Summarising these processes, it can be seen that Armco,_Purofér and

Midland-Ross on the one hand are essentially similar. continuous shaft

furnace processes, and on the other hand H HyL is a batch process.

Mr Wild considered that. the new process being developed by AlllS Chalmers
should also be watched. This company wish to exploit their grate- klln
expertise, but have rejected their Acar process in favour of the. present
development which consists of a conventicnal dryingefiring grate, preheating _
pellets to 1,100°C, followed by a rotary kiln Whichbcan admit either air or
gas through rings of six peripheral ports_spaced alohg the length of the
kiln. - 'Valves are-arranged so that while the.ports are submerged, gas is
admitted and immediately cracked in the bed of hot iron ore. While the ports

are not submerged, air is admitted. In this way one obtains the advantage of

'a.rotary kiln with solid reductant in that a strongly reducing atmosphere can

be maintained ‘in the bed while combustion can be caxrled out in the less reduc-

ing gas phase. The need for gas reforming equlpneﬂt is also ellmlnated " The.
process is a little legse efficient thermally, us1ngA15., to 16 million BTU per

882
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~ ton of product, but. can also operate with 10 to 20% solid" reductant in the -

pellet and possibly with green ‘pellets, reduclng the fuel requirement (gas

.plus solid) to 13 to 14 million BTU per ton. Allis-Chalmers are very keen

- to apply their-process, possibly as a ‘joint venture with a steelmaker,‘but

in any case -to make steel by 1973.

The: flu1d bed processes comprlse Fior and US Steel - The latter's process

. resembles thelr earlier Nu- Iron process and the: product is known as HIB. The

Venezuela plant, contrary to some reports, is only designed to make a 70% .
reduced product. Their Monroeville laboratorles are testing the fea51b111ty
of making-a 90% reduced product, but say . that this will require more than a
‘once through”-process. The process is compllcated and has a long through—

put time and involves'COnsiderable reformer. chemistry.

é 2'Using Solid Reductant -

The SL- RN process seems to be -on the. way up. There are reasons for the

" New Zealand problems .as an 8% TiO, concentrate, green pellets, and llgnlte
- with 257 moisture are.belnggused.‘_ Stelco-Lurgi are puttlng considerable -
“effort into solving'these problems. - The  South Korean operatlon 1s worklng at
'spec1f1ed output producing 70% metalllsed feed for electric pig-iron furnaces.

“The Sudbury, Ontario plant to produce 90/ Fe, 1.5% N1 pellets is, now belng

comm1351oned - it is a beautiful and hlghly 1ntegrated plant to treat

.

pyrrhotlte.g-

-The Midland- Ross Heat Fast process is. clalmed ‘to be technically satlsfac—

.tory but 1s actually a complete englneerlng ‘failure due to the metal stresses

in the large annular f1r1ng arrangement. The plant built in the USA to

produce “oxide pellets 1n1t1ally then reduced pellets ‘was converted to an

* Allis Chalmers grate—klln plant

McKee are not active in the’ f1e1d of dlrect reductlon The !DLM process

1is operatlng at 400 000 toms per annum in Alabama to produce foundry iron for

gcast iron . p1pe ’_There have_been rumours ofgtrouble with the electric arc

furnace.

'. 3. BISRA RESEARCH

The pllot plant area is well set up and equlpped to study crushlng and :

screening problems at quite h1gh throughputs

o1

" The Contlnuous Ironmaking Process (CIP). be1ng 1nvest1gated 1n the. Tees—

51de Laboratorles resembles the Dored process, but BISRA are endeavourlng to
082 . ..



overcome refractory attack by the high FeO slag By rotating the 5 ft diameter
by 10 ft vessel at high speed so that the slag is contained within the

centrifuged molten metal. This creates numerous engineering and safety

problems and such research is.obviously expensive.

I met Mr R.A. Oliver with whom we had éorrespondencé regarding reduc-

ibility testing. BISRA are engaged in standardiéing the VDE test for the’

Standards Association and mentioned that the constitution of the Standards

Association sub-committees was changing in favour of technical people.

- They are also working on a reducibility test (Burghardt) using a constant ..

load of 9 psi on the burden.

The laboratories are also studying sintering under high suction (100 -

"inches W.G.)

esa
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.~ VISIT 17: MANNESMANN PULVERMETALL ‘GMBH

‘Situated at

M6nchengladbach;

DATE: Friday 27'November 1970 : o -

MET:. Hein K.B. Schmidt ~ Sales Manager-

. Dipl Phys Joseph Hewing - Metallurgist

" The 2% /, hour v151t was in the form of an 1ntroductory dlscussion with
Mr Schmldt, who spoke English and was well-informed regarding the processes,
followed by a tour of the plant with him, -and flnally-a discussion at which

Mr Hewing was present to answer more technical questions.

‘1. INTRODUCTION

' Mannesmann produce 25;000 tons per annum of .iron alloy~powders'for all

: purposes by atomisation of 1iquid metal, with or without subsequent heat-

treatment. Leaflets descrlblng the products for powder metallurgy have
been supplled ‘ ' '

Mr Schmidt said that his company sold little powder in Australla and
that the Australian market was satlsfled by Hoganas, Domtar and QMP. 1His
company could not compete pricewise after: ‘paying all the frelght costs,
duties etc. He said that the cheapest’ grade of 40 mesh iron powder for
welding rod coatlng would sell in large quantltles in Germany for about '
DM 600 ($A150).per ton. When I estimated a’ pr1ce of around $A180 (DM 720)

in Australia he sald'that DM300 (SA75) m1ght be consumed in- these on-costs.’

. Since they could not economically supply from Germany, Mannesmann mlght

therefore be 1nterested in part1c1pat1ng in a joint venture to manufacture
in Australia. -
Mr’ Schmldt said that some .years ago Mannesmann had calculated a minimum

viable output of iron powder by atomisation as 400 tons per month (5 000 tons

per annum). . The Australlan consumptlon of 3,000 tons per annum is mnot far

short of this. . Now with 1ncrea51ng costs and reduced prices the minimum -

" plant-size in Europe would be.nearer 800 tons per month. Australia could not

’expect to gain much of the Japanese market as, in addition to the present

Kawasaki'plant Kobe have been operating a pilot plant and will next'year have

. a commercial plant u31ng A. O Smith's process. This is a water-atomisation

882
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process using an elliptical arrangement of jets which is understood to produce
more coarse oversize than does Mannesmann's circular_jet'arrangement.

If forced to dOISO by rising costs, Mannesmann will transfer atomisation
to the 81te of their Hoo&1ng(7) steel plant several miles away and use hot

metal from the oxygen converter.

2. PLANT OPERATIONS

The works comprise (a) the older RZ operation consisting of cupola

melting to give a relatively high-carbon metal which is air-atomised and

quenched in water. In the subsequent heat-treatment the excesé carbon
‘reacts with the oxide layer formed in atomisation to-give, without external

-reductaht, a reduced iron'powder of form suitable for powder metallurgy. The

second, newer operatlon (b) is the WP plant, 1n which scrap is melted in an
electric- furnace and the melt atomised with water. It was intended to thus
produce without post—treatment a more spherical powder for welding~rod coat="
ing. ' However, research by Mannesmann showed that the water-atomised powder,
if ‘reduced by reduc1ng gas, gave a powder superior in many 1espects to the
RZ product for powder metallurgy. ,

It suits Mannesmann to keep both plants operatlng, but if a new plant were
now to be built Mannesmann would use water -atomisation. The® water-atomised
powder is suitable withoutAfurther_treatment for_acid rutile—coated welding
rods, but basic lime-coated rods require a‘lower oxygen .content which.can be

most cheaply obtained by use of the RZ product. .

‘2.1 RZ Plant.

High-purity scrap, consisting of offcuts from Mannesmann's tube plant is

fed with a mixture of coke and graphite.(to reduce the ovevali sulphur content

of the fuel) and lrmestone to two cupolas’ operated in parallel. Slag is
tapped but no other refining of the metal is possible, and. the 5%C metal is
poured from a ladle into the atomlser., Jets of air break ‘up the falling
stream and the droplets are quenched in water in the bottom of the chamber.
The water-level and hence the time exposed to air gcverns the oxidation of
the partlcles. " The iron .particles are removed from the water by cycloning,
filtered on a continuous vacuum filter and. dried ‘The product is analysed
in batches, blended to obtain the correct C:0 ratlo and charged into- 15 inch ‘
by 15 inch trays which pass through seven or elght electrlcally—heated fur-

naces 1n parallel, cach furnace being 12 to 15 ft long thh a cooling zone of
" esa2
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similar length. .. No external reductant is used and the CO produced burns

- gently at the ends of the: furnace. These Elino furnaces are capable of

1,300°C but were Operating:at_l,OSO C at the time. ~The-cake of powder, now

silvery-grey.can be just broken by hand, .and. is fed into a breaker followed

by a toothed-disc disintegrator. Oversize amounting to less than 1% of
production is removed by Siebtechnik Vibrating screens.and'sold to the
chemical industry. _ o

This was frankly admitted to:be-a_rether arehaic'end labour-intensive

operation, but cupola-melting was stated to be cheaper than use_ofdan

" electric furnace.

e ~ ‘. 2.2 WP Plant -

Screp, bf~high grade, but not of such»QUality and-uniformity as used in

E.the RZ plant,-is charged to a 10 ton electric. furnace which 1s operated on an

off-peak contract from 1300- 0800 houts daily. Cr and Mn.were stated to be

. removable,~but copper and nickel cannot be, and'Cu»must be less than 0.1%

'in the scrap. - The furnace is' tapped into a ladle which.is transferred to

a position.over-one of three tundisheS'beneeth.each¢of which are water jets
arranged circularly to give a conical envelooe.of high—pressure'uater.- .The -
'particleshfall into water.and are recovered and driedAas'in.the_RZ‘plant.v
For_acid—uelding—rod coating the dried'produet'is simply screened as in the

RZ plant. For powder—metallurglcal purposes the dried product is fed to

"Elino furnaces similar to those 1n the RZ plant, but: w1th ‘cracked ammonia

supplied for :eductlon. Mr Hew1ng said later in reply to-my questlon that

reformed natural gas would be satlsfactory but would result in a carbon

”content of about 0. 06% C, similar to the RZ product, instead . of 0.002%
' currently obtalned 1n the WP product) The small electrlcally—heated Elino

furnaces are the bottleneck at present,vand employees were busy on a much -
larger 51ngle unit (nlcknamed the - jumbo—Jet") which will be gas-fired and
opereting next year. The reduced-product is treated 1n‘a menner251m11ar
to that in the‘RZ‘plant.‘ ' ‘ | |

" 2.3 Powder Metallurgy Applications-_-

Mannesmann do not consume any of their own powder, but have a powder
metallurgy -shop.equipped; with a full range of presses, sintering;furnace etc.

for assistancefto clients. - They design dies ard supply.presses which must

exert a pressure of about 6- tons per 5q. cm. 'A large.range of products were

'_exhlblted and tool cost was quoted as averaglng $5,000 so- that powder
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metallurgy is only applicable to large runs. Powder—mﬂtallurgy parts

aggregate to 3 kg in an average car (4 kg in a VW)

3. CONCLUSIONS

For a WP plent of 500;8005£pm (6,000-10,000 tons per annum) Mr Schmidt
quoted a capital.inveetment of DM12 million (without fedﬁétiqn) or DM 15
million ($A3.8 million) (with’reduétien)'dﬁdef German conditions. This
includes'the buildings (but not lend) the expeﬂsiveiheavy foundations, etc.
Water is recirculated at a high rate. o ‘

Mr Schmidt said that Mannesmann would be happy to discuss w1th a potential

S.A. steelmaker a co—operatlve 1ron—powder operatlon.

882
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;eVISIT?IS:%_MONTECATINI INSTITUTO RICERCHE Gi.DONEGANI.-

‘Situated at

Via Del Lavoro 4,
NOVARA. ITALY

DATE: Monday "30 November 1970

MET:  Dr G. Sironi

. The object of discussion with Dr Slroni was to assess the feas1billty of

applylng fluld—bed magnetising roastlng, upgradlng and pelletlsatlon, (p0551—

“bly with reductlon to metallic iron at ‘some stage) to’ South Australlan

pyrite cinders. -

Dr Sironi 0ut11ned Montecatini practlce at Follonlca which I. was to see

: the following day and supplied a number of reprlnts. 1,600 tons per day of ‘

ca1c1ne is produced assaylng 507% Fe and yleldlng after. dry magnetlc separa—

tion using Sala—Mortsell machines 1,100 tons per day concentrates of '65- 66/

Fe and thence 1,100 tons per day pellets. All magnetic.separation is now

done dry. - Magnetlslng reduction is carried out in-a 7 ft diameter reactor

_at 750°C and a space veloc1ty at temperature of 5: ft per sec, using’ d1rect

inJectlon of Bunker C fuel oil, Montecatini have a capac1ty of 80 tons per
day per square metre of grate area, but space rate, 51ze, capac1ty, and

dlsp031t10n of o0il 1nJect10n guns will depend on the particle size of the

- pyrite cinder belng considered. Dr Sironi considered that a temperature of

-900 or>(probably) 950°C would be required if natural gas were to be ‘directly

_injected due to the Stability of methane. A 1ess thermally-efficient process
~would result. Fuel_consumptioh by Montecatini. is 24 Kg oil per metric ton of
calcine, and a residence time of 20-25 minutes is ample. - However one calcine

tested by Montecatini simply did not reduce under'these'conditions

Montecat1n1 have cons1dered fluld bed reduction to metal but found a
number of d1ff1cult1es in the course of experlmental work in a 4 1nch dlameter
reactor. Dr Sironi considers the process to be expensive in capital and

heat,'and_while it might be justified for'making high-priced iron powder,

. production of a scrap substitute is not economic. The project has thetefore

been shelved
On the subject of scale, Dr Sironi con31dered that Montecat1n1 were pelle-

tising at the minimum economic throughput - approx1mahely l,OOOAtons per day or

“gpproximately 300,000 tons per annum.. He would not consider pelletising
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70,000 tons per annum. I pointed out the possibility'of avoiding firing by
charging green pellets to a reducing furnace; or the possibility of using a
cold- bondlng process. ‘He said that he had tried charging his synthetic
magnetlte pellets green to a shaft, but they exploded. If a hematite were
available to blend with the synthetic magnetite to reduce'the exothermicity
of the.re—oxidation and hence cracking ofgthe pellets (and also to reduce
the.impurity content) it Would_eISO‘help,the'economics. Montecatini
themselves blend 10 to 20% of hematite with their'magnetite at present to
reduce the exothermicity of firing. The."coldébonding” process using lime
developed by Kilstehdt at Stockholm and‘Volin at Michigan, and the
Grangesberg process.uSing cement (which also-introduces acidic oxides) were
agreed'hy Dr Sironi to permit economic operation at lower throughput,.but

unlike the firing process, do not eliminate any ‘sulphur which. is a problem

“with pyrite calcines. Montecatlnl ‘find that reductlon ellmlnates 50% of

sulphur at the 1% level, but less at the 0.1% level.

Another -important consideration is the non-ferrous metals content. Steel—

makers generally require Cu <0. 04, Zn <0.06, Pb <0.06, As <0. 03, § <0. 02%.

Montecatlni operate a pilot plant at Follonica in which they areAinvestlgatlng

at a. scale of 50 tons per day, the removal of non-ferrous metals by fluid—bed‘

treatment with chlorine. They have worked on numerous cinders - one at present

assays: Fe 55, Cu 0.85, Zn 2.8, Pb 1.3, As 0.4%. A previous cinder assayedi
Cu 0.4, Zn 0.6, As. 0.1%. A difference from the LDK process is that the latter
does not remove As, and also that .strong pellets can be made after-removal

of non-ferrous metals. However to the present S has only been reduced to

_ 0.05% and a level of 0.02% is requlred

.On the whole Dr Sironi stressed_the need for caution in any such venture

to treat pyrite calcines, and said that the unit cost at the low throughput

possible penaltles for . 1mpur1t1es, and behaviour of the pellets would all have

to be carefully assessed.

He sa1d.that‘Montecatlhi's-pilot plant was suitable‘for reduction of
ilmenite to the ferrcus state andlthat they hed a technically feasible route
(similar to the Slnha—Waugh process) to produce synthetlc rutlle, using the
know-how they had obtained on direct fuel injection. If they could find a

partner producing ilmenite they.WOuld-go ahead with this.

RO CEE



L %7 . VISIT 19: MONTECATINT EDISON S.P.A.

_.Situated'at L
FOLLONICA ,lIALY

DATE: Tuésday 1 December ‘1970 -

- MET: Dr Bruno Viviani of Montecatini ) who .are .in charge of the pilot plant

Mr R. Moro of- Dorr-Ol1ver Mllan) for non-ferrous metals recovery. The"
’ latter interpreted for the whole of
: : my visit..
- Dr Angelo Lorenzo .~ Manager of the Sulphurlc Acid and Iron Ore Pellet
- plant. - a

R

i

S s 1.} INTRODUCTION

"~

Montecat1n1 mine pyr1te 10 mlles away and truck it to the acid plant,"

which has been descrlbed in var1ous papers,-(pages A—169 to A-178). I ‘confined my

AJattentlon to the stages of process1ng the. ca1c1ne from removal of hot ‘calcine’

from the pyr1te '‘roaster. to product;on of green balls of iron ore: concentrate.

'Montecatini'have also on the same site'a "pilot;plant' for testing’ their

‘chlorination process for removal of non—ferrous metals from pyrlte cinders.
" They have tested Russian c1nders, are now testing Rio Tinto c1nders and

-expect to- test Bulgarlan -and Portuguese cinders. .- This is a joint project

between Monteéatini andiDorr—Oliver. Mr Moro alsoISpoke of the ‘likelihood
of using the plant <to- investigate production of synthetic rutlle from ‘
ilmenite .when- the current programme is’ complete.‘”. S »,'. “A’ A S

PP S

- 2. CONVERSION OF PYRITE CINDER TO IRON ORE- PELLETS

Some changes have taken place 31nce earlier publ1shed descr1pt1ons, notably
that all reductlon 1s accompllshed by d1rect fuel 1n3ect10n, and all ‘magnetic
separatlon is done dry. There are four roast1ng and reductlon lines .in '
parallel, the reduced calc1ne from all four being comblned for magnetlc
separatlon., The reductlon sectlon is sketched in Flgure Al9-1 page A-179

The tuyeres are hexagonal ‘cast alloy, protrudlng 3 to 4 inches above the
grate w1th holes drllled in the flat faces. -

v s

”f3.: PILOT PLANT FOR NON- FERROUS METAL REMOVAL
. ThlS plant, wh1ch treats 50 to 60 metric tons of calcine per day stands

8g2

approx1mately 45ft by 2’ft by’ seven levels of 8ft hlgh (1 x12 + 7.x 8 = 70ft)



exclusi?e of the rotary dryer and was stated by'MrAMoro to have cost approx-

-,e.imetely'Slimillion.* It consists of one'fluid—bed reducing reactor 5 ft

diameter (6 ft diameterdfreeboard_secrion)'operated by direct fuel injection
at approximately 700°C, followed by two chloriuatiou reactors.4_ft-diameter
(6 ft dlameter free board section) of whlch only one has been found to be
.bnecessary 'The reducer eliminates some arsenlc but its main purpose is to
supply heat‘to the chlorlnatlon stage by .means of the exothermlc ox1dation
of magnetite, since it is preferable not to burn fuel in that stage.
Chlorination is carried out with a chlorine-air mixture at.900bto l,QOO°C'
‘A brochure is reproduced on pages A-180 to A-185. |

Incomlng cinders are dried, screened at 0.5 mm and the oversize ground
‘ The chlorlde—bearlng gases after dust removal are scrubbed with recycled
solut1on which is simply filtered at present. The purlfled calcine goes to '
the commercial planr. An ‘absorber had been iucluded to remove excess chlo-
‘rine from che'tsil-gases but it'has been found. that 0.8%2 S in the reduced
cslcine gives sufficient S0z to reduce all excess Cl: to HClzwbich'isf
absorbed 1n the scrubber along with the SO0, A _

RlO Tinto calcine was quoted as contalnlng Zn 2.8, Cu 0.8, Pb 1 3, As 0 7%
and current final assays are Zn 0.08 to O. l/ 51m11arly Pb, Cu 0.02 to O. 03%
similarly As. " Little work has been done on Ag snd Au but Mr Moro thinks 60

to 70% could be recovered. No work has been done on Co or Ni.

4. FURTHER ACTION

Montecatlnl and Dorr Oliver would be ready to reply in detail to any

further enqulrles.

88z .
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FLUOSOLIDS REDUCTION OF
HEMATITE BY MONTECATINI

‘Monteculint's Follonlen plant,

A major new plant in Italy is usmg a process that gets the last squeal” out

of pyrite. Key to the process is fluzd -bed reductzon by mgectzon of fuel ozl

by U. P. Colombo, T. D Heath,_. G. S,iro‘ni,‘dnd,G.A Tomasicchio -

oastmg of iron, pyrltes for. sulfur dloxxde, used forf
Sihe productlon of. sulfuuc acnd also yxelds hem-?

atitic calcines. These havé so far been cons1dered
a by-product of limited commercial value. .

While development of the fluidized bed roasting
technique has permltted the constructlon 'of large-
capacity. units and- the recovery of considerable
quantities of the heat produced in the oxidation of
the pyrites, it has further aggravated the problem of
utlhzmg the calcines for metallurglcal purposes. This
is largely because the pynte decrepx_tat_es to a con-
siderable extent in the course of the  fluidized bed
roasting process, so that the resultmg calcines are
extremely fine. -

u. P COLOMBO'and G. SIRONI are with the G. Donegani.

Research Institute, Montecatini Soc. Gen., Novara, Italy.” T. D.
HEATH is with Dorr-Oliver Inc., Stamford, Conn. G. TOMASICCHIO

is associated with Dorr-Oliver, SpA Mllon, ltoly Thls urtlcle was

presented at the 94th AIME Annual Meehng

Increasmg competmon from natxve sulfur and by-

-_-,;-'.ploductfsulfur -recovered:. from-. hydxocurbons has
placed the: pyutes in a critical posmon on the world

market. This situation is particularly serious in Italy,
which is the world’s fourth 'largest producer of
yrltes (after- Japan the USSR, and Spain).
The Montecatlm ‘Co. which in 1963 extracted from

"its mines 1,375,000 het tons of pyrites, corresponding

to about 90% of the.whole Italian production, has
met . this situation by the complete utilization of .

. pyrite. They now regard it as an iron ore as well as a

sulfur ore. The final objective has been the produc-

& tion of hlgh-grade iron oxide pellets eminently
‘suitable for blast furnace feed.

In order to put the new process on an economic

basis, Montecatini: has concentrated the treatment of
“pyrites in a large plant built at Follonica, on the
‘ jTyrrheman coast; m the nelghborhood of the pyrite
“ mines. S _ BLdd
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Fug 1—Flowsheet of the process

THE MONTECATINI PROCESS
Fig. 1 shows the flow-sheet of the Montecatini

Process', as applied-in the Follonica plant. It consxs_.ts'

of the following steps:

l—Dead roastmg of 2200 met1 ic tpd run- of -mine

pyrites containing 35-39% 'S and 35- -39% Fe

' in four parallel trains of FluoSolids* reactors
(Fig. 2). 1esultmg in a productxon .of 2200

metric tpd of sulfuric-acid (100% basis), 570,-. -

000 kw-hr of-. electuc1ty (from waste heat),
and 1500- metric ‘tons of hot hematitic calcines.

2.—Reduction of the hot hematitic calcines to mag- -
. netite in four -parallel ‘trains of FluoSollds re-

~actors (Fig. 3). .
3.—Up-grading of the magnetlte by combmed wet

and dry magnetic concentration, resultmg in’

the productlon of 1100 metric tpd of concen-
trates with about 679% total Fe and 12% mois-
‘ture.

——Green pelletizing . in a rotary drum- and ﬁrmg
on a travelling grate, yielding 1100 metric tpd
-of high purity iron oxide pellets with 66-67%
Fe. = : '

In the case of pyrites this process colnbines for the

first time in one factory unit all four steps listed
above and offers the following advantages:

L ——Cheaper non-selective ore mmmg methods are
.employed for the productlon of- the ‘pyrite
needed in the plant.

2.—Crude ore .is not submitted to any dressmg'-
operation, but is fed to the roastmg plant as

‘run-of-mine pyrlte crushed to ¥’ in.

" * FluoSolids ‘is a registered trademark of Dorr-Oliver lnc.'_'
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- 3.—Hot hematitic calcines, as discharged from the
roasting step, are immediately utilized in the
successive reduction step, without appreciable
heat losses. '

4.—Feeds to the magnetic separation and pelletiz-

' ing steps need only a minor amount of grinding
due to the considerable degree of decrepita-
tion of the pyrites in the course of the roasting
step.

5.—Magnetic concentration by both dry and wet
methods produces a combined concentrate with
almost the right amount of waler needed for
the green balling step.

6.—Thermal balance of the pelletizing step is sub-
S‘tanti}u]ly improved by the cexothermic heat of
oxidation of ‘th¢ magnetite to hematite. Fur-
thermore, a better desulfurization of the prod-
uct is ‘achieved because of the resulting homo-

) geneous temperatme profile thxoughout cach

e pellet -

' MAGNETIC REDUCTION
wrm THE FLUOSOLIDS SYSTEM

Magnetlc reductlon of the hot calcines prior to

‘ -.magnetlc qqncentratlon can be considered, on account
-of its novelty, as the most significant step of the

whole Montecatm1 process. 1t will be de:cubed in
detail. ) :

From the various techniques proposed for the re-
duction operation in the literature,*** fluidizatior wax

. selected not only for its well known inherent advan-

tages, but also because of the nature and particle size
dis_tributi_()n of ‘the ‘pyrite calcines obtained from
FluoSolids roasting. Furthermore, only a fluidized-

. béd technique permitted the utilization of a new

" method of reduction involving direct use of oil as a

reductant in.the fluid bed. The method is called di-
rect ‘fuel mJectlon and w1ll be- lefeued to in this
paper as DFI

’Laboratory and Pllot Work

- This ‘cooperatlve Montecatini-Dorr-Oliver process
was started -in 1960, with extensive laboratory and
pilot work on the reduction step of the process. The
previous -experience of Dorr-Oliver’ was primarily
related to the reduction of natural hematltes and the
need was felt for a thorough comparatlve investiga-

’ ‘tion on the art1ﬁc1al hematite from pyrlte

As a first' 'step, a thermogravimetric study on the

_’reduc1bxllty of natural hematites and pyrite calcines

was performed. High-iron-content samples were
tested in order to eliminate side effects due to differ-
ent gangue composition. A Stanton mass-flow ther-
mograv1metr1c balance was .used for this investiga-

‘tion.

Typical reductlon curves at 650 C (1202° F) are
shown in F1g 4. Pyrite calcines exhibit a higher rate

of reduction than natural hematites. This was ob- -
‘served throughout the whole temperature range

under study (300° to 750°C). :

.The reoxidation of reduced samples was also in-
vestigated with the same thermobalance, and the re-
sults obtained at. 300°C -(572°F) are shoyn in Fig. 5.
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‘ " Table I'—l.Specific shrfoce Areus'of"Nuturdl and Artificial
Hemuhtes Compared with those of their Mognetic Reduction und
-Re- Oxldnhon Products (Froctlon 100-325 Mesh)

Hprclﬂc uur!ncc area, m: prr ‘

Unreduced : ueduced ne oxldl:od
Product Product Product
\ B R . .
Pyrite calcine 1.65 S 1.81 . 180
Hematite from Italy 0.20 1.46 (i“l)g

Hematite from Brazil 0.21

The different samples are characterized by more

-slmllax behaviors in the reox1dat10n klnetlcs than in

the previous reduction.

Brunauer- Emmett Teller*
Elmer-Shell Sorptometer The results are shown in

Table I, - : i
" . Correlation ‘of specific" surface area data -with re-

ductlon and - reoxldatlon kinetics- of.- the dlﬁerent

~samples-led to the conclusion that the unusually hlgh '

1eact1v1ty of hematitic pyrite calcines was due, es-
\entmllv to their high specific surface arca arising
from the structural changes during pyrite roasting.

theu‘ similar behavior in the reoxidation kinetics. The

tites to yreld .magnetic y-Fe.0,, or non-magnetic -a-~
Fe,0, (hematite), were also mvestlgated and the
COndlthnS required 'to avoid any reoxidation to non-

fable I1—Contintious Tests ih G- 4-in. Diam. FIuoSo‘hds Reactor:
- Hematitic and Reduced. Pyrite Calcines (Reduchon mth
Separutely Generuted Guses) )

Particle size distribution: eumuln‘tlve‘% by"wt’

wt " © .. Mesh (Tyler) .

Distri- . — - - —

bution +4 8 14 - 85 65. 100 200 - 325 -—3828
Cumpmltt.
unreduced . . ’ L ¥
caleines 100 0.1 13.3 27.2 48.3 61.8 "70.1 82.1 87.3 127
Reduced. T S '
calcines . o : O
tbed) . 92.8 12.1 222 46.0 589 80.0 92.0 96.1 4.9
Reduced : ) . .
calcines . . . T
{cyclone) | 7.2 i . 05 21 "75 171 829
Chemtcal analyses: % by wt

Fo : 8§ 8 .

Fe 'Fer- 8 . Sul- Sul- L. . -

Total rous Total fate fide Ca0 MgO SiO;.Al,0; CO;
Composite
unreduced : : : i
calcines 48.14 1.32 3.28° 2.85 043 7.76 0.67 12.82° 2.07 0.62 .
Reduced . - o
calcines B : o ; L .
(bed) 48.25 16.01 3.40 298 042 830 071 1383 2.21 0.61
Reduced . - . .
calcines _ . o ) : L ©
{cyclone) 61.52 2040 260 2.05 0.55 3.18 0.39 3.80 .0.95 0.87.-

The specific surface areas of unreduced, reduced’l
-and reoxidized samples were measured by a modified -
method, using a Perkln—ﬁ

Magnetites obtained by -reduction: of .natural hema- -
tites have specific surface area values comparable to
those of .reduced pyrlte calcineés, and this explains’

mechanisms of the reoxidation of artificial magne-’

magnetrc hematite ascertained. Full details.of this in- . -
_vestigation have . been publlshed elsewhere®™®, It has
also been conﬁrmed that the. presence of water mole-

". ductants;
jbyDFI I -

»‘_Tests Wlth Gaseous Reductants
L “From contmuous smgle-stage tests usmg a. ﬂuldu-_ .
ing ‘gas contammg about 33% H, 4 CO and 67"0
it 'was’ found: that the’ Montecatini’ pyrlte (,..l](,m('s ;
" were amenable to fluidization and that they could be

) 'temperatures above :250°C '(482°F).

"Fig. 2—-Thé pyrite roasting'.pla'nt.' -

.ot

.

cules and of hydxoxyl ions in the lattxce of thc mag-

netite stabilizes its spmel structure which dlsfavoxs

the formation of o Fe.O, in a possrble reoxxdatlon

L The findings of such studies led to the introduction of
- -‘a steam-ﬂuldxzed magnetlte coolmg step‘in ‘the process.
_ " Comparative reducmg tests were made in a 4- mg .
: idlameter testing reaétor’ on Montecatml pyrite. cal-:
"' cines and on natural hematites. In one series of ‘tests,

reduiction’ was. obtamed by the use of gaseous re-
in another serxes

S

easily and homogeneously reduced, in spite of their

" widely distributed. particle-size’ range.: Davis tube
", tester determinations showed iron recoveries as high

as 979% with 68% Fe'in. the concentrates. In'Table 11,
the chemical and particle size analyses of unreduced
and reduced calcmes are presented. Table III shows

'red_uctlon performance data on natural hematite

compared to pyrite calcine. As predicted from the
thermogravimetric work, the pyrite calcines can be
converted essentially to'- 100% magnetlte under

milder reducing’ conditions than natural ores. It was-

also found that reoxidation takes place readily at
’ > >

r eductron '\yas, obtained’

]

LY

e o .




Fig..j—A view of the magnetizing reduction plant.

Tests' With DFI

This method. of reducmg hematite to magnetlte is
- based ‘on the direct injection of oil into a bed fuid-

ized by an amount of air less, than that theoretlcally .

required to burn the oil completely. ‘The gases from
this partial combustion (N, CO, H, CO, H,0,. and
hydrocarbons) create a sufficiently reducing atmos-

phere to convert the hematlte in the feed to magne- e

tite.

direct fuel injection dev1ce and reduction tests on
pyrite calcines and on natural hematités were made..
Both single-stage and two-stage reductxon tests were
made on the natural hematites. Some typical results

are presented in Table IV. The conclusions’ of the'

tests can be summarized as follows:

1.—On pyrite calcines, satlsfactory reductxon val-

ues were obtained with DFI,- but somewhat.
higher fuél requirements were" 1nd1cated for’

DFI than-for gaseous reductants.
92.—On natural hematites, satisfactory - -reduction

was obtained in a single-stage DFI operatlon_ o
only by use of a relatxvely high temperature
(900°C) and higher fuel mput (1. 23 million .

Btu per ton ore).

3.—By the use of a two -stage DFI reductlon on

- natural- hematites, satlsfactory reduction’ re-
sults were obtained at.a temperature (650 C)

and fuel input approaching those . requxred»

when usmg gaseous reductants Furthermore
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The 4-in. pllOt plant reactor was equlpped w1th a
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Table 11l—Continuous Single-Stage Tests in a 4-in. Diam
FluoSolids Reactor: Reduction with Separately Generated
Reducing Gases.

.

Hematitic Natural
Pyrite Cnlcine Hematite

’ .Stages of Reduction ’ Co . ' One: One

Size . : —4 mesh — 10 mesh
% total Fe in feed L 68.14 42.4
Reduction temp, °C 650 650

Heat requirement (high heat) accounting
for gas generator efficiency (Million

- Btu/ton feed). 0.80 0.95
% Excess reducing gas over that requnred .
ior reduction only © 60 80
Iniet gas composition .
% CO . - 16.4 18.0
% Ha - - : 17.2 © 140
% CO2 s : T Tr 5.0
Bed product: ) ’ :
Detention tlme {minutes) . 25 27
% by wt, " 88.2 71.0
%. reduction 97.7 . 95.0
Davis Tube results:
% total Fe in concentrate 68.0 . 84.8
% Fe’ recovery 99.8 97.0
Cyeclone product: . . ’ .
% by wt 11.8 29.0
% reduction : : 98.6 97.4
Davis Tube results:' S . .
‘% total Fe in concentrate . 68.5 65.5

6 Fe recovery i -96.9 96.8

the. milder reduction temperature not only
_minimizes oil requirements but also prevents
the formation of high-temperature iron com-
pounds which are not amenable to subsequent
magnetic concentration.

The -overall results ‘were exti-emely encouraging!

“in view of the great simplification which could be

ant1c1pated for. commercial operation by elimination

- of gas generators. However, it was felt that problems

mlght arise in connection with scale-up to commer-

-cial size, and the possibility of undesirable effects on

the performance of the magnetic separation. It was
demded for these reasons that the industrial reactors
for the Montecatini plant at Follonica should be de-

»sxgned for operation with either gaseous reductants
or hquld fuel by the DFI method

Tabla IV—Conhnuous Tests in o 4-in. Dnum FluoSolids Reactor
Reduchon by DFI

Hennntlilc ) Naiurni : Natoral
‘Pyrite Calcine’ Hematite A  Hematlte B

Stages of reductlon * ' One

. One Two
- Size : —4 Mesh — 10 Mesh
"% total Fe in !eed o 47.8 41.2 39.0
Reduction Temp, * 875 - 900 o 650
Heat requlrement (high 1.07 ©1.23 1.09
_heat), million. Btu/ton :
. feed - .
Bed product: : : : .
Detention time, (min) 25 - 40 66
% by wt : 75.3 76.0 . 62.5
Do reduction . 99.8 100 0 98.2
.. Davis Tube results . R . .
. % total Fe in concentrate 68.3 89.6 . 70.2
.% Fe recovery ’ . 9863 . . 975 98.0
Cyclone product S . . : :
% by wt X . 24.7 - ‘24,0 .. 298
%o reductlon . - 100.7 >100.0 95.0
Davis Tubs résults . ' o . .
% total Fe in concentrate 68.9 . 72.6 . | 69.9

% Fe recovery . 87.8 . 92.4 95.9
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Fig. 4 . «Reduction %y ;.‘-limc of hematite gt 650°C.

Comuncnt wnlh 1cdu1tlon testing, othel extcnslvc
and pllnl work was searvied  oul on
subs'_cquun} magnetic separation and pelletizing steps
of the Montecalini process. The results were most
satisfactory and led to the decision to. proceed- with
the design and-construction of the industrial plants.

l: |lm|.||u|)

" The Industrial Installatlon

Roasting of crude pyrites and reductlon of their
calcines are carried out 'in four separate lines, each
of which has a roasting and a reduction unit.

Euch’ u)astmg line consists of a FluoSolids reactor

with an inside diameter of about 20 ft, a LaMont type
waste-heat boiler, r
scrubber. Approximately 600 metric tpd of 35-394 S-

pyrite, crushed to % in., are metered by an electronic -

Table Vflndusirio.l Operations at the Follonica Plant

article slge distethution: cumulalive . Ivv wl '

-Wt
 Distei- | . .
butionn . o - el

. M« sh (lyler) .
% 44 8 14 a5 65 100 200 325 Luz2n

e w e e [RSRUR PN

Iyeite LA IO 280 L2 L0 B DuT . D82 L u

Caleines
from bed - 52.4

50212 435 772 972 093 - -
Calcines T . . - L
from hoiler .
71.0. 29.0

and eyclones 4t - - L e 6.1 - 243 55.6
Caleings . ' ' .
from . . . R ) :
serubber 4.3 e — T | X 07 0.9 991
Chemical nnnlvnt-a % by wi . .
Fe 8 -8
Fe Fer- s Sul- Sul- )
Total rous Total fate flde CaO MgO’ S10: /\I-_-();| O

38.53 -— 38.26 0.‘21 3805 597 096 10.29 119 3.04
.0.33 2.71 1.89.

Pyrite |
Calcines
from bed
Calcines .
from boiler
and

cyclones 57.70 1.53
Calcines
from .
scrubber

" 40.59 1.50 © 3.34 3.01.

2.34 198 035 559 050 6.00 0.18 041

'66.12 0.22 0.08 0.01 007 243 011 256 023 Tr~

A100 tong of ‘pyrites yicld 78.5 tons of hcn\:ll.iiic calcines. .

B charged through the waste heat boiler,
~ 750 metric ons of steam at 590 psig and 450° C. The

-3 Minutes

“lerred o the adjacent

the -

onc ‘stage of cyclones, and a gas

" flowsheet shown in Fig.

" B0F

19.91 276 0.36
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: weighing belt feeder and delivered to the reactor.:

There ‘the ore is extensively desulfuriiéd"in a dead
roast, yleldmg a gas with 127, SO,. The .gas-is dis-
which yicld\

calcines, amounting to 440 metric tpd line, are ob-
tained as three ditTerent products: coarse fraction at
950°C (1742°F) from the fluid bed; fine- sized frac-
tion at 300°C (572°F) from the boilér and cyclones;
and ultrafine fldctxon, collcctcd wet in the gas
scrubber. : -
~ This latter fraction, thanks to the selective hbua-~
tion of the minerals during roasting, has an Fe con-

tent of about 66% and therefore does not requirc

further up-grading. It will be recovered as a sludge

from a thickener and sent directly to the pelleti‘zi'ng '

plant.

In ()1dcn to minimize- heal. losses, Lalunc\ from the
Illllll(‘(ll‘l|(‘|\’ frans-
Table v
i!isl,ribuli()n ol

roaster, Doiler and cyclones are

reduction: anil. In

chemical analyses and particle size

pyrite.and of -corresponding calcines tuc'shown
Two . reduction lines were put on stream caly in

1964, one using }..,.l\(l)ll\ u(lu(l.ml, el e, ullul [T

Cing L)H For several munths (_UIHp.lld(.lV(: dittr were
',collected on the performan(_e of the two systers. At

the end of this period, it was concluded that the DFI

. ‘system is by far superxor and so 1t was adopted for

all four reducing lines.
It is of mterest at this pomt to .\.ummauzc the

- charactemstlcs of the two reduction systéms and. to

evaluate their respective - performance data..
- Reduction” at Follonica is basically a three-stage
operation: preheating, rc(_luctiim proper, and cooling

‘of the calcines. In the case where reducing gas pro-

duced in a a separate oil cracking unit is utilized, the
6 was adopted. It incorpo-
rates a- three-compartment. FluoSolids reactor where -
solids flow countercurrently to the gases.

Hot calcmes from the roasting plant are fed to the

"preheatmg compartment, whele their temperature is

further raised by the hot gases . from the udnum,
.\'ec!ngn and by the heul_. released in the c.()l’thlSthl’_\ of

" .4 % Reoxidation

40F

30

. -j--Pyrite'Colcine .
20 o—o Hematite from Holyl
‘ ‘— Hematite from Byozii :

PR | I i 1 1 L

o 5 .o

—
Hours

Fig. 5—Rcoxidation % vs timc of arhhcml mogncmcs

.
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the resxdual reducmg gases w1th a controlled amount- '

of mJected air.

The preheated hematitic calcmes are transferred to"
- the '5-ft - diameter' reduction compartment where .
they are fluidized by the reducmg gases at proper'
. temperature and held there long enough for reduc-

tion to ‘take place.

- For cooling, the reduced calcmes are dlscharged'- :
into a bed ﬁu1dlzed with cold reducing gas, which 1s,.
in turn, preheated. Reduced calcmes are further‘
cooled below reoxidation temperature in. an external
bed. fluidized with steam-and. cooled by a water .
spray. The cooled bed product is sent to dry magnetlc\ )
separation. The reduced fines, carrled over by the '
" gases, -are collected in a cyclone, quenched in. water, .
and sent to wet magnetlc separation. The reducmg .

gas, produced in a separate cracking. plant is fed

-under pr essure into the bottom of the FluoSohds re-

actor

Operatmg data for the gaseous reductlon system.

are. reported in Table VI, togetheér ‘with chemical

‘analyses,. partlcle -size distribution of the ‘reduced

calcmes, and Davis tube-test results
As illustrated .in: "Fig. 7, the use of DFI techmque

permits substantxal sxmpllﬁcatlons in: the system.
. Heat balance is such.that calcmes need not be pre-.
p heated above the. temperature at which they are de-
o llvered from the roastmg plant. Instead théy are fed

.dlrectly into the .reduction reactor 'Fluidization is
mamtamed by the reducing gas produced by partial

'combustlon of -0il with' air. -Oil is 1n]ected directly -
- into the ﬂl.lld bed through a number of guns, -while

air. is admltted from under - ‘the constrlctxon plate
through a number of- tuyeres Bed temperature de-

tention time . of . SOlldS air-to-=oil, and- oil-to- feed

ratios:are the. govermng factors of the process The
hot-reduced calcines. are dlscharged into the steam-

’»ﬂuldlzed bed of a separate reactor. and cooled below
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" cyclone - 6117 1000 0.

Tuble VI—Industru:I Plunt at Follomco _
Reduction with Separotely Generuted Reducmg Bases'

Operating condltlons. : . : S T
Feed rate, metric tpd . | Lo . © 400

“Total Fe in feed, % - . S -%,-48.4 .
Reduolng Has composltlon i s oL . A
., % by vol. ’ ' S --19.0
H- "% by vol . . . Lo 0121
¢+ CO2 % by vol ‘ . : ’ 4.2
N:, % by vol ' R R 64.7
Avg temp of feed, °C . : .+ .- B30
Preheat compartment temp, °C o ' - 680
Reduction compartment temp, *C . . - - " 6840
. Cooling compartment temp, *C ’ . . 330
Final cooler temp, °C 180

.Heat requirement, accounting for gas’ generator et’ﬂciency._

million Btu/ton feed S
Power . requirement, including gas generator, kwhr/ton ‘feed o 135

. Man-hour requlrement lncludlng gas generator, man hr per

ton feed . . - oz

Pnrtlole size dls'trlbntlon, cumulatlve % by wt

Caleines

. Calcines : .
from - T ate * PN . SRS e
cyclone.” . 47— — - - 917 .
Calclnes -~ "7 R
from R . e e o )
'scrubber . 187 — = = = 0 95.0 -
. Chemlcal nnalyues and Davis 'l.‘ube Tester reunlu. % by wt . - -
i i - ' Davis Tube
Caloines . o, "-Concentrate
Fe Reduc: 'S8 K] . - Fe

Calcines from

Calcines from

Calcines from .. CEE L .
scrubber, . 66.83 . — 062 061:. 001

Table VII—Industrml Plunt ut Follomcu
Reduchon \mh DFI Techmque

Operntlng condltlons .
. Feed rate, metric tpd

. Total Fe in feed, %
. Avg temp of fccd *C: Do

. ‘Reduction. compartmcnt temp. ‘¢ . .
Final cooler temp, °C: T
Heat requirement, mlllton Btu/ton feed

Power requirement, kw-hr/ton feed:
& Man-hr requlrement man-hr/ton feed

Pnrtlnle al:e dl:vtrlbutlon, oumulntlve % by wt

‘Distri- - " 0 Melh ('l‘yler)
bution - .

Cn lclncs

Calcihes
from

Calcines |
from

scrubber 17 — — . 'q.z 12 111.88.9

Chemlcal annlyaes and Davln Tnbe resnlts, % by wt -' Vo
- Davis Tube

) Dlstrl- . A Mesb ('l.‘yler) . DT
bution - - = =
- %, 44 '8 - ‘_14 35 . .68 110_02 200 = 825 -—-3825 .

from bed: . 3.7 -39 124 254 451 B9.7 693 862 922 7.8

Total. . tlon % '.l‘otal Sullate Snlﬂde 'l'ot.al Recovery '

bed - . ©:4853 +99.4- 312 - 215 o’.'a-/f"éa.ss~‘l:.es.'ao S
083 0157 69,48, 08.41 :.

% +4 8 14 ‘.‘Aas; 10‘5..'100». 20’9’ 326 -82%

frombed: 770 32 140 235 383 540 654.915 971 "29

cyclone 213 — .= —° Sl =" 097205 66.2 338 .

, Cnlolnes e . [Congentrate
" Fe. Réduc- .8 8 s‘i.. Fe - . Fe'

. Total .tlon %. Total smnm Sulﬂde “Total Reécovery

Caicines fréom - " . : o )
bed o -, 4535.. 986 351 " 3.11. - 040 -. 66.92 - 95.63
Calcines from ) : .04 .

_cyclone : ., 6281 1004 . 132 103. 019 '69.88 - .98.53 h

Calcines from

scrubber 6541, 731 053 0BT 002, — T—
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‘the re'd)ridation ’temperat'ure by a water spray. Fines
. are collected in a cyclone.and quenched. in water.

In Table V11, DFI operating data are ngen along

: w1th chemlcal and particle-size analyses

" The .performance of the industrial plant has shown

‘good agreement with the result of the pilot tests, and

has proved that a. satlsfactorlly reduced material can

" - be produced, suitable for subsequent magnetic sepa-

ration. In the commerc1a1 DFI reduction reactor, the
heat requirements amount to about 1.1 million Btu-
per ton. Commercial operatlon has shown that the
DFI system has ‘these .inherent advantages over the

" use of gaseous reductants

) l—Slmphﬁed less expensive 1nstallat10n and re-

' duced operating expenses Reductant_gas gen-

erators -become, unnecessary and are replaced

'by'a conventiorial oil pumping station. Need

'for productlon of inert gas for purging the Sys=

‘E-tem on start-ups and shut- downs disappears.
Use of Buriker C oil presents no problems.

'-A‘2 ——Slmpler, easier and safer operatlon and -

A . creased ﬁex1b111ty .
3 ——Substantlal -savings’in the overall electric en-
t ergy consumptlon and manpower requ1rements

o ,The use’ of ﬁu1d1zed beds for reductlon has specxﬁc
advantages. Intens1ve gas- -solid contact at high mass-

" flow and at high heat-transfer rates, typical of fluidi-
- - zation, produces partlcularly favorable kinetic con-
_- ditions. The reduction reaction is- eas1ly controlled by
. changmg calcine detention time, beéd temperature
-and strength of reducmg atmosphere.

The reductlon chamber of the DFI reactor is de-

-"sxgned and operated to’ _produce a 150 mesh classifi-
'catlon of the products -This is optlmum for subse-
" quent dry magnetlc separation of the .coarse bed
‘.'_-.product and- wet magnetlc separatlon of the fine cy-

clone product.’ (See Fig. 1.) .
" The ﬁne-srzed partlcles whlch represent 20- 25% .

.' of the total reduced product are separated from the
- reactor stack gas by a: hot cyclone, . quenched in

water, and pumped as a slurry at about 25% sohds'

_"'to the wet magnetlc separatlon w1thout any addl-

tlonal screemng and grinding...
The bed and cyclone products ‘are both very close

o to 100% magnetlte In the case of the carrled over

- particles, ‘this is made pos51ble in spite of the very
‘.'short detentlon t1me, by the great’ reactivity of the
_ fier particles. "This is related in turn, to thexr high
. specific surface area.

. "The calcines from the bed of the 1eductlon reactor,

',havmg lost" the finer fraction, are essentlally dust-
- free, ‘and they can therefore be handled.in dry mag-
. netic separators with most satlsfactory results.

-It-has been found that a certam amount of carbon,

, correspondmg to 4-5% of the. heat value of the fuel

! used is- depos1ted on the. magnetic calcines. About.

- 60%. of ‘this’ carbon is recovered in the concentrates

o . from the magnetlc separatlons, and is available as a
. source of heat in the pelletlzmg process.

-The steps which follow DFI reduction are mag-
netic separatlon and pelletxzmg -of the- concentrate.

_' J They -are not descrlbed at length in thlS article, since
. data has been prov1ded in another us pub11cat1on
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Nevertheless, a schematrc ﬂowsheet of these opera-.'ﬁ_ :

tlons is shown in Fig. 8.
The magnetlc separation plant mcorporates two

' sectlons, one for the dry up-grading of .the coarser ] '

fraction (by means of Mortsell- Sala separators), the

other for'the wet separation of the fine cyclone prod-i -

uct and of the ground middlings from the dry sepa-

ration (by low-intensity permarent : magnet Sala’

drums). The dry and wet concentrates are mixed
after dewatering of the wet product, resulting in a
final concentrate with about 129 moisture. Since

“green balling requires a moisture content’ of about i
'149%, the additional 2% is added dlrectly to the ball-., o

ing'drum of the pelletizing plant.

The pelletizing plant is of the straight grate type B
based on the McKee design.. The effective grate area: .
is 540 ft*, and the specific capacity is on the order of - .-
two tons of fired pellets per ft’ per day. Pellets are
first dried, then preheated and fired to a maximum
temperature of 1320°C -(2408° F), and ﬁnally cooled_‘- :
to 90°C (194°F). At this temperature, they are dis-. =
charged from the grate and conveyed to storage. .

Total fuel oil consumptron in pelletlzmg is in the
order of 0.73 million Btu per ton of pellets. Energy
~ consumption of magnetic separation and pelletizing
" . plants is about 50 kw hr per ton.

. Flg. 9—Right—|ron'bdlunce in' the Monrecutini process .

Flg 8—Below—Flow sheet of magnetic concentruhon and
’ pelletmng umts

COARSE REDUCED. - FINE RLOUCED
CALOINES (DAY} ° | CALCINES (WET) .
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: FYRITE FEED
T Fe%3853
ooy -~

—]. FLUOSOLIDS ROASTING

CALCINES FROM BED . CALCINES FROM CYCLONES cALcm:'s FROM SCRUBBER
Fe% 40,69 © . ANDBOILER ' . AND WET ELECTROFILTERS
(433) L Fe% 67,70 - © Fe% 66,12

L A tai.s) S tul) .
l ” .

FLUOSOLIDS MAGNETIC ﬁEDUCTlON}_l'
Fi : (D FI1) .

.| REDUCED CALCIN!B REOUCED CALCINES REDUCED CALCINES

.FROM-BED - FROM CYCLONE FROM SCRUBBER’
- Fe% 4838 - ‘Fe% 62,01 . Fe%es sl

.(eg,8)’ T (28,8) - . @2 .

g UNDERFLOW - OVERFLOW
MAGNETIC CONCENTRATION Fe% 68,31  Fe% 66,02
= i (7,00 (0,9}
TOTAL TAIS FINAL CONCENTRATE
Fe%10,04 ~ Fe% 67,08

LS B (1 Y U .
| pecLeTiziNG

. FIRED PELLETS
. Fe%e6,6
] m.z) )

figures in brackets show
iron bolance in perceat

A comparlson of the fuel . requlrement for redue- :
’ ‘ing’ and pelletlzmg pyrlte c¢alcines by the Montecatmx
process ‘with "that for pelletlzmg a’ hematitic ore is
;'_revealmg ‘The preparatlon of 1 metrlc ton of pellets

from .pyrite: calcmes at Follomca requires 2:18 mil-

. lion Btu,. of ‘which 1.43 mrlllon Btu-are used for the

S reductlon (equivalent to 1. 05 million. Btu per ton of '
. 'pyrite calcines), and thé remaining 0.75 are-used for
pellet ﬁrmg Under similar .conditions, the estxmated'

heat requirement for -a natural hematitic ore’ or con-

"centrate is about 1.25 million Btu per metrlc ton of -

pellets. ’I‘hus from an overall process standpomt the
net heat cost of the reductlon step is only 0.93 mil-

. lion Btu per metric ton of pellets (or 0.68 million ° '

Lo MEtCOWCEWRME Sy ]

Btu per metric ton of pyrite -calcine). With magne-
tite, moreover, control of the pellet firing operation

S £ much easier because of a more uniform tempera-

ture profile through the pellets.

Analytlcal data of magnetic concehtxate. and of

pellets are presented in Table VIII. )
.The overall iron balance of the - Montecatini ‘pro-

cess at the Follonica works is shown in Fig. 9. Total '
"Fe ‘recovery ‘is' over 93%. The fired pellets- average

66% Fe and 0.019, S, with only minor .traces of non-

- ferrous metal impurities.

- The -operations. at Follonica are closely contr olled
by means of instrumental analytical facilities of the

- same scientific standard as those employed for re-

search work. For instance, the determmatlon ‘of iron

" in pyrlte and calcmes in the various phases of the
process is made by a Philips X-ray fluorescence spec-

trometer. Non-ferrous elements are determined
spectrographically by - a.direct reading Jarrell-Ash



© equipment, Atom-counter model. - Sulfur is deter-
- mined by combustion technique, .using a D1etert ap-- -
“paratus. Equipment for differential thermal analysis, )

: -thermogravrmetrlc analysis, gas chromatography and

polaxography is also ‘available in the plant Jlabora-

such as- copper zmc lead, and arsenic.

CON CLUSION S

ductants and also compet1t1ve with such conven-

" tional methods for up- gradmg natural ores as. con—' '
centration by gravity and ﬂotatlon It is possxble to’
ant1c1pate treatment -of - many low- grade hematlte'- .
ores such as the. tacomtes of the North Central states -
the Canadlan specular hema_tntes,{ and the European- :

Y

Toble Vlll—FlnaI Concentrates and Pellets Produced at the
: : Follonuco Plunt :

Pnrtlcle slze dlstrlbutlon cumulatlve % by wt

Concentrates R Pellets_n o

.Mesh ! %

cum. -

1100 ., 5. + 18 0.5
150 © 5.3 127 ©12/4
200 10.2 8 94.0
325 31.2. 3. . 985

68.8 - .15

—-325

Chemlcnl nnnlyses % by. wt

Concentrate Pellets
Fe total ‘. 67.08 .. 66.60
S total . . L10 - 0.015 .

.S sulfate-. -~ - " 0.88 %" 0.015. -
S sulfide ' - . 0220 77 -_—

- CaO | 2.06 © 2.04
MgO : 0.35 0.34
Si0a .2.09 2.07
AlsO3 0.42 " 0.41
Cu 0.021 0.020
Zn 0.025 - 0.021 :
Pb 0.016 0.013
As _ 0.010 +0.010
P ) 0.001 - -+ 770.001

a Compressive strength: =~ - 150 kg

. Resistance to abrasion’

: (Tumble’test): - !

True density (kg/dm‘) X
'Poroslty — 23%

7%—§8 mesh

" . .CRUSHED . -
" HEMATITE ORE .

tory. Current research in the Montecatini labora=:
tori ies .aims at the further development of this pro-
‘cess, ine v1ew of its apphcabllxty to. other pyrite ores,'
contalmng greater amounts of non-ferrous metals’

Full scale operatlons at Follomca have shown that L
the beneﬁclatlon ‘of pyrite . calcines by FluoSohds -
‘magnetizing reduction is technlcally sound and.at-
.tractlve from an. economic pomt of - v1ew Appllcatloni
‘of the DFI ‘technique has further contributed to im-- ‘
prove these favorable results by permlttlng greater"
ease and safety of. operatlon as’ well ‘as 1mportant sav-: 3
ings. in the operatmg costs. Compared to the use of
} 'separately generated reducing :gases, the DFI tech- ‘
nique resulted in a decrease (per metrlc ton of-cal-
_-¢ine) of power- consumptlon from 13.5 to.4. kw hr A
. -and of man-hours from 0.2 to 0.1, while heat.require-.

‘ ments were :1.05 1nstead of I mllhon Btu. “Elimina- . -
. ‘tlon of the, reducmg gas generator and of 1nert gas
" for. purglng purposes along thh 51mpler reactor con-
struction means a substantlal reductlon of ﬁrst cost‘
" on the order of 50%. ' o - o
' These results show that the DFI process is superxor L
.to other reduction techmques employing gaseous re—-

" pp. 1642-1650:"
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N
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COARSE PRODUCT

"Fig. FFIHO—:H'em.ot_ite magnétic reduction with dnrec_t fuel injection.

'carbonate ores.: By product fractlons obtamed flom.
ﬂifthe concentratlon of non-magnetlc ores, such as

sem1 tacomtes are also amenable to. concentratlon

» .'.'by magnetlzmg reductlon followed by magnetlc con-~
' ;__‘centratlon

. Based onthe results of. extenswe pllOt test work'
on a great number of iron oros and on the commer-

~cial . operatlons at Follomca it is antlclpated that the -
'»reductlon of 1100 net tpd of natural hematlte thh
409, Fe would requlre a: FluoSollds reactor incor-
' ’;fporatmg three’ ﬂuldlzed beds 1n series, of whjch two. .

‘are for a two- stage reduction’ step and . ‘one’is for the -,
. preheatlng of the.cold ore by means of the’ hot ‘out-.-
- gomg gases. The umt shown schematlcally 1n Fig. 10,
. has an overall ‘height -of about 80 ft and a maximum .
outside diameter  of. about 12 ft. The opérating re-.

qulrements per: metrlc _ton of ore, are estimated at’
‘about 1 million Btu, 0.07 man-hours, and 3.5 kw-hr.
Large-capac1ty units” will - Justxfy ‘the recovery of
the sensxble heat of | ‘the reduced ore and of the stack/

gases, thereby further- 1mpr0vmg the thermal efﬁ- .
c1ency of the system .
‘The cooperatxvc efforts . of- Montecatml and Dorr-'

b'Ollver continue towards . further. 1mp10vements of

the. FluoSollds magnetlzmg reductlon technology for

:fnew and wrder appllcatlons
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FIGURE A19.1;
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REMOVA] OF NON FERROUQ MFTALS ARSF‘NIC AND SULPHUR
351'::".;-"“-?FROM PYRITE CAL(‘INFS (MONTECATINI- EDISON PROCEsS)

: ‘ 1 '.'The':P'ro_e’es’s' o
The process is based on a hlgh temperatur-e selecnve chlormanon of the o
"non ferrous metuls (eu Zn Pb Ag, Au Co, N1) px esent in rhe pyrite -
' calcmes The chlorldes thus formed are glven off as Vapours‘and r‘ecover_-. _
L .' cd b_y subsequent scrubbmg \nth water . o | .' o ‘ ; |
| | "'_'--_;‘Durlng the chlormauon also arsemc and shlphur are extenstvely remov- -
ed The pur1f1ed calemes reprecent now an 1ron ore, suuablc for the 1ron.i »
_ '_ and stee’i mdustry. The non ferrm.c rnetals values are reeovered from the
J A.‘- chlomde squnon by hydrometalhxrgtcal extracuon In practlce the p“o- o
cess mcludes the fo‘lovn tg steps S I
11 Pre heatmg and mag'letlzmn reducuon of tho calcmes Ll’ a fluldlzed bed
o ,- reactor bV the D. F I., systcrn (DlreCL Fuel Injectton) . "

i Thls step can be avoxded 1f the calcmes are. avallcible at hlgh temperature

'as for mstance when they are au'ec*ly w1fhdrdwn from the pyrlte roaster

operated under spec1f1c LO'IGIT.IOHS .

12 Flmdlzed bed chlormanon of the celcmes commg from step 1, usmg gese- '
: ,r -ous chlorme (or HCL) The reaction temperature is held mdkmg use of the |
R sen51ble and chemtca1 heat avallaole in the sohds under treatment
i In the course of thls step the non ferrous metals are Vo‘latlhzed as chlo- .

AR A r1des Also Sulphur and arsenic. are conveyed in the gaseoas phase .
T S : n DR :
1.3 Coolmg of the put 1f1ec1 c_alcmes The convemence of recovermg the sensi

ble heat of the sohds o.epends upon the eCOnomlcs of each 1nd1v1dual case.- '

i i 1. ; : - . g

j: -
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Recovery of the metal values.tThe chlortde vapours are cooled and scrub -

: ’IJ.bed w1th water From the solutton thus obtatned copper is. recovered as .
Ahlgh grade arsemc free cement (>90/o Cu) Moreover the copper cement
."'_”contams most of the sﬂver and gold 1n1tta11y present in the calcmes. Lead
,“__can be recovered as cement (>90/: Pb) zinc as oxide: The opportumty of -

8 ‘recoverlng this latter metal 1s dependent upon economlc con51deratlons .
:_»'The arsemc remcved from the calcmes is present in the chlorlde solutton '

Eventually it is dtsposed from the system.

" The Pilot Plant

. Ine. (U S. A. ), who' have engmeered the flutdu_ed bed reactors. ‘

"'A.fter extenswe\research work carrted out at the "G Donegam Research
: :‘”‘-Instttute Novara a 50 mtpd pllot plant is operatmg at the Montecat1n1 E- N
'dtson works at Scarhno Follonica (F1g 1) The pilot. plant is flex1b1e e-

‘ nough to be able to. treat cold stockptled calcmes from d1fferent sources -
‘;_(Spam, Portugal USSR etc, ). A 51mp11f1ed ﬂow—sheet of the plant is \
shown in th. 2 whtle th 3 shows the pl].Ot plant 1tse1f o

"The research work is being carrted out in cooperatton w1th Dorr Ohver

3 -'From the test work carrled out s0. far, it appears that by usmg not mor.e
l' .that 1 1-1, 3 times the stomhtometrtc amount of chlortne necessary for '
A.the chlormatton of the non ferrous metals the amount of 1mpur1t1es 1eft m' .
.:‘processed ca1c1nes is reduced to satlsfactory values, such as : % Cu o, 02.
:"':-O 04 AZnO 03 0, 06;. %PbO 03 o, 06 %As.O O3 O, 04 % S

0,2 - O 02 dependmg on the: nature and composnton of the feed These low

e -sulphur calcmes can be used as feed to a cold pellettzmg process cheaper

than htg‘t temperature ones.. L

Economics

~ An economic evaluation of the process had been made based on the data .ob
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' tamed in‘the 1aboratory The operattons of tho ptlot plant have S0 far con
};ftrmed that the 1mt1a1 assumpttons based on pre pllOt data were reahstlc
‘ , and sound. Further-testmg ‘on. d1fferent calcines is bemg carrled out and
it is expected that sets of operatlng data under w1de1y dtver51f1ed condl— .
A_-f"tlons shall be ava11ab1e in the near future These data w111 enable Monte—
k ‘catlm Edtson to asses the fea51b1hty of the process for dtfferent types of
' feed and under vary*mg local economic COI‘IdlthDS. A . o
A 1t is worth mehttomng r1ght now that in comparlson w1th other processes,
A the present one'is hlghly flex1b1e, techmcally effecuve and economtcalh

.attractlve also w1th hlghly contamtnated calcmes .

"% January 1970




FIG. ? - GENERAL VIEW OF THE SCARLINO-FOLLONICA WORKS WHERE THE PILOT PLANT IS
LOCATED
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APPENDIX B

B

IRON ORE RESOURCES IN THE OLARY»?ROVINCE‘

(From a letter from the Director or Mines)

L1 acknowledgeAyour letter of 9 October 1970 referring‘to sources of iron
ore for a mini-steel works. _ '
“The Olary Province was mapped in the early 1950's and is being remapped

at present. While current mapplng may define more closely the stratigraphlc

‘units and the geologlcal structures, past prospectlng has been intense and it

is unlikely that any new sizeable iron ore outcrops wlll.be discovered during
this mapping programme. . »

Of the three iron ore types found in the Olary Province; those associated

" with Lower Proterozoic (previbusly called Archaeaq)Arocks are considered most

: iikely to be economic. These are described in Summary RepOrt,RB.54/86:ﬁ

Deposit o - One Mile. : Reserves Grade Miles From:
' : Sheet . Tons Per , % Fe . Olary R.S.
o 100" Depth S :
Koolka ~ Kalabity . 350,000  66.3 - 37 -
Plumbago Plumbago " 185,000 - 66.6 . 35
0l1d Toraminga Kalabity : ’200,000?' 64.6 . 28
Alconie o Kalabity T small . ~67.3 ‘ .1 25
Billeroo . Glenorchy 100,000 © 65.5 40
Billeroo _ - Glénorchy : 1.5 million 48 © 40
© . Total . High grade ore . 800,0007 - . 65-66 25-40
ii. Concentrates from 1 million? 60+ 40
Billeroo e c '

‘This information is based on detailed 100 scale mapping and limited
surface_sampling.. For all deposits the P,0s5 content may be a concern. Dry

magnetic éeparation has produced- a 60.6% Fe conéentrate from Billeroo low grade

with 88.7% recbvery.. Humphrey spirals have produced a 61.8% Fe’concehtrate'
~with 85.9% recovery. Summary Report ‘RB.54/86 is available at cost of copying

.as is also’ Report RB 54/96 on "Benef1c1at10n Tests on Billeroo Iron Ore" (by ,

L. Bollen).
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APPENDIX C
IRON ORE DEPOSITS, OLARY PROVINCE

1. HIGH-GRADE ORE

1.1 Koolka B

1.1.1 North Outcrob
Assume: (a) 4:1 Barren rock:ore ratio
(b) mining to 200 ft below plain level
whence (c¢) ore reserve 550,000 tons

1.1.2 Main South Ouﬁcrop

Assume: (a) 4:1 Barren rock:ore ratio
(b) mining to 140 ft below plain level

whence  (c) ore reserve 95,000 tons

1.2 Billeroo Dam

Assume: (a). 4:1 Barren rock:ore ratio o
~ (b) mining to 140 ft below plain level .

whence (c)  ore reserve 200,000 tons

1.3 Plumbago

Outcrop is of similar size to Koolka (North). - Assume same data.

1.4 0ld Toraminga Dam

.H‘Assumiﬁg continuity between Outcrbps, deposit'would'bé of similar area to
Koolka (North) but of negligible height.
Assume: (a)  4:1 Barren rock:ore ratio
(b) :mining to 160 ft below plain level

whence (c) ore reserve 400,000 tons

2. LOWER-GRADE ORE

2.1 Billeroo Peak

Assume: (a) 1:1 Barren rock:ore ratio
(b) mining to 160 ft below plain level
whence (c) ore reserve 1.7 million tons
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Assume:

whence

b_(a)

(b)

(c)

2.2 Billeroo Centre

-1:1 Barren rock:ore ratio
mining to 140 ft below plain level

ore reserve 1.3 million tons
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‘into the atomisation unit.

APPENDIX D
DATA PROVIDED BY WOODALL~DUCKHAM LTD

'DUTY

‘Plant to produce 5,000 tons per annum of iron powder from scrap, work1ng

two shifts per day for 250 days per year.

' PROCESS DESCRIPTION - - . = =

Melting . o » _
E The scrap metal is transferred from storage and melted in an electrlc

‘ induct1on furnace. The molten metal is transferred to a ladle_for pour1ng _

“Atomisation -

The molten metal 1s poured contlnuously from the ladle into a heated

ltundish situated over the atom1s1ng ‘chamber. . The metal stream pour1ng into
the chamber is subjected to a controlled h1gh pressure ‘water blast which -

:.converts it 1nto powder partlcles that are cooled very rapldly These collect

in a large tank of water. . .

. . . Drying
- When the whole of the furnace charge has been atom1sed the powder and

‘water m1xture is:partially dewatered, and the slurry which is left is

transferred to a dr1er where the remaining water is removed

_ A _ Annealing _

The dry powder is transferred to trays and passed»through a conveyor
furnace in a reducing atmosphere at a temperature suitable for softenlng the
particles. The anneallng time is pre—set to allow for the removal of
impurities. . ‘ _ \ -.,

After annealing, the lightly sintered powder cakes'are broken up inﬁa

slow—speed hammer mill so that the partlcles are restored to their as

‘atomised size.

The soft powder passes through a sultable screen .and the small percentage

_of oversize is fed back to the melting furnace.
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Flnishlng and Packlng

The screened powder is now ready for blendlng or storage.

For. 1n—p1ant use, large storage containers or drums may be used.. A
' bagging machine can be 1ncorporated if desired. ' _
 Suitable inert atmosphere condltlons are malntained in the f1n1sh1ng

' 'section of the plant.

'COST ESTIMATES

Capltal Cost (Budget Prlce) E -

Cost of plant erected ,on U.K, greenfleld site = £500,000 (1nclud1ng

'all'process plant, buildings and utilities).

, Operating Costs

B a.'_Raw Materials

1.1 tons low" carbon steel scrap per ton of product Packlng oags.

b, Services —.per ton of.product basise

~ Power ' = ' 800 KW
.Hydrogen'orACracked Ammonia. - . - .~ 200 cu ft
Towns Gas : | - ' -7 . 6 therms

' Water “' -"“ o L 200 gal A _
.Sundries (incl. Nitrogen) ' - . Equivalent to 25¢.

- Co -Labour-Requirements

Labour (2 shifts, 250. days per year),.20 operators
1 General Foreman

" 2 Maintenance Men

d. Indirect Costs

Insurance
‘Maintenance - 5% of capital cost
- . Depreciation

" Interest. on borrowings
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APPENDIX E
AN APPRAISAL OF

EXPORT MARKETS FOR

A. -~ IRON AND FERROUS—-ALLOY POWDERS

‘B. -~ COPPER AND COPPER-ALLOY POWDERS

" for

~ THE AUSTRALIAN MINERAL DEVELOPMENT LABORATORTES

. - INTERNATIONAL TECHNICAL SERVICES LIMITED

.. "717 February, 1971
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INTRODUCTION

On December 30, 1970 The Australian Mineral Development Laboratorles

requested that JInternational Technlcal Services Limited undertake an appraisal

“of export markets for two classes of metal powders:

a. vIron and ferrous-alloy'powders

b. Copper and copper-alloy powders

It was suggested that in the appraisal Japan, Europe and North Amerlca be

' excluded for iron powder and North Amerlca ‘for copper. powder.

The limited budget and the short time allowed for data. gather1ng mean this
appraisal should be considered as a 'best attempt" under the circumstances.
‘The appraisal is based on information and comment from Australian

Government Trade Comm1ss1oners and powder metallurgy 1ndustry sources overseas.

'AUnfortunately, the time factor together with the QANTAS Strlke which delayed

- overseas mail has meant that replies containing’ 1nformat10n relatlng to

potential markets in various ‘parts of the world have not yet been received.

'This ‘has: resulted in gaps in the appralsal, partlcularly 1n South Amerlca.*

. SUMMARY AND'CONCLUSIONS

1. No potentially unsatisfied markets for 1ron, copper, ferrous alloy or
'copper—alloy powders were found. ‘

2. In the markets appralsed it was notahle that:suppliers originated from,
.several sources. Sweden, West Germany, U.K. and U.S.A. appear regularly
as countries of origin in the 1mport statlstlcs and in several cases up
to twelve countries. are llsted as- suppl1ers This 1nd1cates that an

‘Australlan exporter would face strong compet1t10n in almost all
potential markets from these established exportlng nations. ' _

3. In certaln markets such as those in European Economic Communlty countrles,
Australlan exporters would have to compete with suppllers enJoylng
preferentlal tariff treatment. »

4. Many developing nations face severe foreign exchange difficulties which

 limit potentlal imports of metal ~powders. -

5. The appraisal was based malnly on import statistics from- countries
con51dered-potent1al export markets. The broad cla331f1cat10n in all
the statistics does not .allow the identification‘of specialised markets

such as those for a. particular metal alloy powder. Further study of

. * Information received later is given in the Addendum (page E-33 et seq.)
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types and usage of imports could reveal potentially profitable markets.

The applicatioﬁs and usage of powder metallurgy require a level or stage

~of industrialisation not yet reached by a majority of countries outside

Europe, North America and Japan. Therefore it is suggested that any

. further study of export opportﬁnities for iron and copper powders should

. place emphasis on cpportunities for market development in addition to

identifying existing markets. -

asa
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- 1.1.2 Import Statistics

.1.2.1 General

1. .SOUTH-EAST ASIA - IRON AND COPPER POWDERS

1.1 Hong Kong
1.1.1 General _
Imports of iron and ferrous- ~alloy powders totalled I, 159 2 tons in 1968
1,278.8 tons 1n 1969 and 593 6 tons for the first nine months of 1970 Main

supp]iers were Japan for iron and steel powders, Norway and Japan for A

manganese alloys and Canada and Mozambique for other ferro- alloys

Import statistics for 1968, 1969 and the first nine months ‘of . 1970 are

Acontalned in Appendlx EA.

i 1.1. 3 Tariffs and . Import Dutles

The Australlan Government Trade Commiss1oner in Hong Kong has adv1sed

that there are no import duties or tariffs relating to copper, iron and

) ferrous alloy powders

1. 1 4 Summary » . _ » , »
" The market 1s small 1nvolv1ng approx1mately 1, 200 tons annually The

A-annual amount spent by Hong Kong consumers is in the order of $120, 000 wh1ch

. is shared between six’ or seven exportlng countries

1.2 India

Imports supply the bulk: of the Indian market as local production is
insignificant. Sintered parts manufacturers are the main consumers. In view.
of the continuing import restrictions and the emphasis on import substitution .

there is little ‘doubt that dependence on 1mports w1ll gradually be decreased

by 1ncrea51ng local productlon

1.2. 2 Import Statistics - Iron Powder

. April 1969/March 1970

April 1969/July 1970

Quantity Value - Quantity "Value

(Tons) (Rupees) (Tons) (Rupees)

West Germany 4 10,553 14 15,324

Italy 1 ' 2,189 - -

Japan 2 - 7,515 3 11,102
Sweden - 214 : 359,153 62 - 116,985

- U.K. 1 3,175 .2 2,801
U.S.A. 104 197,763 .15 28,685
) Total ~326 580,348 96 ' 174,897
o2 (5A71,700) ' -($A21,500)



1.2,.3 Tariffs and Import Duties

Imports of iron powder are subject to import licensing.
Under the regulations for April 1970/March 1971, only actual users are
eligible to obtain import licences for iron and copper powders for the

manufacture of sintered parts.

1.2.4 Summary
The Indian market is small in volume and value. An Australian exporter

would be faced with import licensing restrictions and with competition from

other'countries at present supplying the Indian powder-metal market.

1.3 Indonesia

1.3.1 General
Unfortunately Tndonesian import statistics include imports of copper,
“iron and ferrous-alloy powders under the classification 'chemical elements,

not elsewhere §pecified”. The total value of this item in 1969 was $45,421.

1.3.2'Import Statistics

1968 ~ 1969

o Gross Weight Value - Gross Weight Value

Source of Imports Kilogrammes CIF USS Kilogrammes CIF Us$
Japan _ 2,099 382 - 53,559 - 7,418
Pakistan : - - 2 _ A 18
U.S.A. - - 212 2,980
U.K. - 34 106 70 82
Netherlands | 30,443 2,362 625 1,148
West Germany - ' - 5,799 33,168
Austria 79 641 1 In
‘Switzerland . - o 2 436
" Total 32,655 3,491 60,271 45,421

1.3.3 Tariffs and Import Duties

Iron powders'are imported free of duty under Tariff Item 524, They are

‘classified as essential goods under Category '"B"

1.3.4 Summary
Metal powder used is limited in Indonesia. This situation will continue

until significant industrial development takes place.
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1.4.1 General

~ .1.4 Singapore

Over the past three years there has. been an increasing trend in usage of

ironApowders by industries in Singapore.

are still insignificant.

1.4.2 Import Statistics

Description of

‘Goods and Countries

of Origin

'Coppér Powders and

Flakes (682240)

Germany Fed. Rep.
Hong Koﬁg -

AJapan

" Sweden

United Kingdom

"U.S.A.
W. Malaysia
 Australia

China

Total . '

Iron or Steel Shotz

. Powders or Sponge

(671300)

Australia
Germany Fed. Rep.

‘India

Italy and San Marino
Japan

‘United Kingdom

U.S.A.
W. Malaysia

N
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1969

However, the quantities imported

1968

o 1.11 - . 54,

| . 1967
- Qty. Cif Qty. Cif Qty. Cif
(Cwt) ~ (S$) (Cut) (s$) (Cwt)  (S$)
245.34 72,153 265.74 70,883 355.80 98,998
3.72 0 4,698 4.61 2,103~ 1.98 .- 1,023
" 6.42 2,921  15.19 9,979 - -
21.42 6,849 17.83 . 5,322 -k
109.16° 39,643 ~ 30.50 - 13,619  10.15 5,818
1.78 1,214 11.40 10,747 2.67 1,850
38.16 5,172 - 0.03 - 35  0.89 . 300
- - 0a3 . 36 . - . -
= - - - 8.30 1,919
426.00 132,650 345.43 112,724  379.79. 109,908
- Qty. Cif. . Qty. Cif Qty. Cif
. (ton) (s%) ~(ton) _ (s$) (ton) (s$) -
37.48 16,816  68.83 31,529  5.00 1,755
10.02 129 - = - 26
12.47° 4,911  27.00 . 13,355 . - -
24.60 11,482  0.01 ) A
6.88 5,401 - 0.89 3,269 6.95 4,186
154.34 56,878  51.18 16,990 100.13 37,726
1 0.98 1,000 - - i.50 1,641
7.60- 3,150 - -



1969 - 1968 1967

Qty. Cif Qty» Cif . Qty. - Ccif
(ton) (s$) - (ton) (8%) (ton) =~ (s$)

Thailand - - 0.90 1,240 - -
Canada ‘ - - - - ©0.98 1,360
" Sweden - _“ - - - 5.00 5,390

244.37. 99,767 149.92° 67,497 119.47 52,084

1.4.3 Import Duties and Tariffs

There are no import duties or tariffs imposed on import of iron powders
into Singapore. Similarly there are no import duties or tariffs relating to

_copper powders.

1.4.4 Summary
| The market for these powders in Singapore is small. and would have to be

shared with at least ten other exportlng countries as can be seen from the

import statistics above.

l.S.Pakistan

- 1.5.1 General

Pakistan has an acute shortage of forelgn exchange and import trade is
subJect to strict controls. The. current 1mport policy valid to June 30, 1971,
permits importation of metal powders under Free List. Items on this list may
be imported only from specified countries in terms of barter aid, loan or .
credit agreements which Pakistan has coneluded with some countries. Australia
does not have an agreement of this kind so fhat under present conditions the
'Pekistan iron pbwder market is closed to an Australian ekporter.‘

HoweVer, ferrous alloys can be imported under the cash—cum—bonue list which
in effect means that Australian exporters could export ferrous.alloy powders
to industrial users and establisﬁed importers according to their quotas and

entitlements.

1.5.2'Import Statistics .
Import Statistics for these powders are not classified>by'type, usage or
country of origin. The following statistics show the value of imports for

the last three years.

. | * 1967-68 % 1968-69 % 1969-70
Iron and Steel Powder - 11,553 2,030 3,053
Copper Powder and Fiakes 10,194 88,360 214,236
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* 1967-68 % 196869 * 1969-70

‘Ferro Manganese - | 1,489,607 732,568 1,944,948

‘Ferro Aluminiwm 6,478 | 6,212 10,160

Ferro Silicon Alloys . ' 743,165 712,959 1,256,098

Ferro Alloys N.S. 163,328 70,317 846,952
Ferro Chrome Alloys NES R : "16,295 . - 10,174
* Value in Rupees ‘- (5.38 rupees = A$1.00):

1.5.3 Tariffs and Import Duties

‘ The following import duties are applicable to metal oowders:

"Iron and Steel Powder .. .. . 25%.ad. val.
- Copper Powder ‘;. e ve ..-ZSO% ad. val.-
rFerrOgAlloys}Powder e ee .. 25% ad.. val..
. 1.5.4 Summary | | |
' The 1mport statistics and the current 1mport restrlctlons mean that only
ferro—manganese could possibly be exported to Paklstan However, further

investigatlon is obv1ously warranted

1.6 lPhilippines ;
l:6 1 General . o » _
: The potentlal market for these powders in the" Phlllpplnes is’ not promising.
There are -no trends or planned developments which could'see a significant
increase in local usage. In'addltlon, ‘imports have been,heav1ly.curta11ed hy |
Government restrictions during 1969 and 1970 as a direct eonseQUence of . an

acute shortage of foreign' exchange.

1.6.2 Iﬁport'étatistics

" The latest statistics received are those for 1967. Later statistics are

being obtained. _ _ :a ) - R -

1967 Imports of Iron and Steel Powder

" Country of Orlgln o S Quantity (Kilos) " . F.0.B. Value

‘ U.S. Dollars
United States . R L 92,608 ' 18,228

Federal Republic of Germany ‘ . 4,000 : St 1,342
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Country of Origin - . . Quantity (Kilos) F.0.B. Value

U.S. Dollars
Sweden | ' 80,100 | 12,204
Japan S | - 108,975 . 25,563
285,683 | 57,337

1967 Imports of Copper Powder>and Flakes

Country of Origin Quéntity (Kilos) Value

: ' . U.S. Dollars
United Kingdqm , A 226 o 259
Japan - 10 A ' 61
236 _ 320

1.6.3 Tariffs and Import Duties

Imports of iron powders are free of duty. The appiicable rate of duty on .

éopper powder is 20% ad valorem which is assessed on the C.I.F. value.

'1.6.4 Summary.
The market for metal powders in the Philippines is small and shows little
indication of growing. » '

Competition from existing suppliers and the import restrictions make the

prospects even less encouraging.

. 1.7 Thailand

1.7.1 General

The market is small as the usage of metal po&ders is related to the stage

of Thailand's industrialisation.

1.7.2 Import Statistics

The statistics for iron and steel powders and "ferro alloys" imports
follow. However, the proportion of .powders in the "ferro-alloy" statistics

are not récorded,

Iron-and Ferrous-Alloy Powders

a. Quéntity is in kilograms

b. Value is in Australian Dollars
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1967 - 1968 .. - 1969

“Iron and Steel Powders°‘-'Quantity Value Quantity Value Quantity Value
Japan - : 67 52 14,874 5,152 " 250 58
Sweden . D - < - = . 5,000 1,482
United Kingdom 100 24 731 60 . - =
Australia _ 2,000 282 . - - < S

Total . 2,168 364 . 15,607 5,223 5,349 1,763

Ferro-Alloys . - e A S 4
~ India _ - - 365,847 61,798 614,707 134,284

Japan ~ . 220,360 55,906 975,571 178,910 637,000 109,976
‘Norway 294,416 49,485 291,835 52,539 338,850 52,171
© U.S. Africa o 1,260,161 197,130 1,413,161 227,808 1,790,000 280,832

Total 2,332,092 417,983 3,487,383 638,328 3,604,633 635,444

1. 7 3 Tarlffs and Import Duties

Import duty on iron and ferrous alloy powders would be 5% on the c.i. £f.

Bangkok prlce . A business tax of 1.65% on the aggregate of the c.i.f. price

'plus duty would also be lev1ed

'1 7.4 Sumary . L B -

The Tha1 market is small ‘and does not appear to have prospects of rapld
growth. The size of the ferrous alloy market cannot be gauged from import

statistics.

1.8 Other Possible Markets in South—East Asia

There are possible markets in Malaysia and Taiwan for iron and copper

.powders _ Unfortunately, Trade Commissioners, respon31ble for these areas have

not yet forwarded information requested on local markets for these metal

powders. .

- 1.9 General Summary of South-East Asian Markets

The existing markets for metal powders in South-East Asia are small. Most
of‘the.countries in this region have foreign exchange problems which curb
potentlal imports. In addltlon, these countrles have not reached the stage
and rate of 1ndustr1al development that results in 31gn1f1cant demand for
metal powders. . . '

The small market that exists in these developing nations of South East’

882



10

- Asia is suppliéd by six or seven industrialised countries. Consequently, an

Aus;ralian exporter would meet considerable competition in these markets. In

. barticulér; Japan which imports copper>alloy powders but exports copper powder,
is expected to increase its exports of ‘copper powder to South-East Asia.

.Appeﬁdix Two contains details of Japan's exports of copper powder for the

past three years.

2. SOUTH AFRICA - IRON AND COPPER POWDERS
2.1 General

In the limited time available it has not been established with certainty
whether all_copﬁer, iron, and'associated'alloy powders uséd(in South Africa
are imﬁortea. Supreme Metal Works Pty.Ltd.. in Transvaal, Which is the only
. South African associate member of the U.S. Metal ?owdérs Producers Associ-

ation, produces aluminium powder only.

2.2 Import Statistics

Product - Iron or steel powders

Tariff Item Main Sdppliers ' Imports ‘Value 1969
' 3 ' 1969 (1bs.) " (f.o.b. -
: © . Rand)
73.05.10 Sweden - 2,179,160 104,613
U.K. 69,186 10,411
France 162,095 10,266
2,453,276 136,565
Imports -Value
1970 - 1970
73.05.10 Sweden 2,808,158 135,687
S U.K. 18,403 11,193
Belgium 144,842 7,433
W. Germany 35,939 10,931
Canada 200 871
U.S.A. 830 3,197
3,008,372 169,312
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_Product - Copper Powder & Flakes

Tariff Item . ] ‘Main Suppliers - . Imports 1969 “ Vaiue 1969
74.06 Te o UK. - 213,878 161,940
’ : ' W.»Germany: . IR 48,582 . 36,006
268,013 © 203,188

Iﬁports 1970 . Value 1970

' Sweden . - 2,018 " 1,438
U.K. S - 208,462 . 177,149
- W. Germany - S 36,457 - 30,641

France - e : :jfllo . o l88'

U.S.A. 2,350 3,339
249,395 212,755

2 3 Tarlff and Import Dutles

The metal powders in questlon are.imported free of duty into South Africa.

» _ A 2.4 Summarz ' _

‘ The 1mport statistics show that the 1mports of iron and steel powders grew
from 1,095. 2 tons in 1969 to 1,343 tons in 1970 Taking an exchange.rate of
'one Rand to 1.2513 Australian dollars these 1mports were worth $Al70 884 in
1969 and $A211,860 in 1970. _ o

.While at least 5_years statistics are.needed to establish any tredd, the
two yeard statistics available indicate the South African market for irop
and steel powders is grow1ng ; | o

The 1mport statistics for copper powder and flakes show that 1mports ‘

declined from 119.6 tons in 1969 to 111.3 tons in 1970. These imports were
valued at $A254,249 in 1969 and $A266,220 in 1970. '

- '3. JAPAN. - COPPER POWDERS ONLY -
‘ : "~ 3.1 General h
As mentioned in Section 1.9 Japan exports‘copper powder but imports
copper-alloy powders. . The Australian Embassy Trade Office has advised in-
Japan copper metal supply is currently in a surplus situation.  The three

major copper powder manufacturing companies are Fukuta Metal Foil and
882 . :



Powder Company, Mitsui Mining and Smelting Company and Nippon Mining Company.
These companies are supplying copper powder to Japanese and overseas markets
'fparticuiarly in South-East Asia. In 1969 Japan exported copper powder
worth $A7,200 approx1mate1y to Australla.

It is understood that copper alloy flakes and powders are expected to be
produced in Japan by the end of the year. The producing company will be a
joint—venture between the Asaki Chemical Industry Company of Japan and a

German manufacturer, Eckart-Werke.

‘3.2 Import Statistics

Import statistics relating to imports of copper alloy powders and exports
statistics relating to the export of copper powder can be found in Appendix

Two.:

3.3 Tariffs and Import Duties

The presept Japanese’tariff on copper powders and flakes is 167%. This
will be reduced to 15% later in 1971. -

3.4 Summary
The . Japanese market for copper powders and copper alloy powders does not.

look promising for an Australian exporter. Local production and tariff
protection, together with competition from established suppliers, indicates
~ only a small share of the market for copper alloy powders could be anticipated
d- Japanese imports of copper alloy powders were worth approximately $A340,000
in 1969.
4. EUROPE AND UNITED KINGDOM - COPPERAAND
COPPER ALLOY POWDERS
4.1 Austria
4.1.1 General |
The only information received from Austria is that in 1969 imports of
copper powder and flakes were 124.5 metric tons valued at $A240,000. This
»llmlted information would indicate little market potential in Austria for an

'Australlan exporter of copper powders.
4.2 France

4.2.1 General
France is both an exporter and importer of copper powders. However, the
tonnage of 1mports is far greater than the export tonnage which was 98 m tons

in 1967, 162 m tons in 1968 and 249 m tons in 1969.
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| 4.2.2 Import- Statistics

French imports for the years 1967, 1968 and 1969 are given in the table

below. Quantities are in metric tons and values in Australian dollars.

1967 1968 1969
74.05.12 |
- Copper powder, lamellar and
. flakes fof-dye manufacture.
| Alldyed or non-alloyed; | , T-_ .
Total o 325 T 343 Not detailed
T " ($550,000) ($582,000) '
" of which E.E.C. 260" 284 |
CUJGK. 61 54 ° - -group in next -
 ’U;S;A._ 4 5 item |
74.06.13 N
.Copper powder, lamellar and
‘flakes for other uses..
:  Alloye& or non-alloyed. o R
Igggl'(origin not given) : 4>_- - :15' : C 448
- » ($13,500) -~ ($36,000) ($900,000)
of which E.E.C. - - 356
| U.K. - - 81
U.S.A. - - o 11
74.06.15
Other copper-poWders‘or
flakes, having at least
907Z (in wéight),ofAO.BlS mm
diameter ' ' . »
Total 487 - 486 989
' ) . ‘ ($590,000) (6628,000) ($1,580,000)
" of which E.E.C. 118 107 - © 309
" U.K. 324 359 517
U.S.A. 45 20 I 151
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1967 1968 . 1969
' 74.06.17
Other copper powders n.e.i. . .
Total : ' 246 297 : 432
o ($263,000) ~  ($347,000) © ($626,000)
of which E.E.C o - - T 67 | 158
| U.K. 19 © 229 267

4.2.,3 Tariffs and Import Duties

Copper'powders,'lamellar and flakes, under tariff number 74.06 of the
Brussels nomenciatufe are subject to a duty rate of 10.8% when entering
Francé from coqntries other than members or associates of the Common Market.
. Other copper powders are subject fo 1.8% duty. Duties are.applied'to c.i.f.’

landed prices.

4,2.4, Summary

.I The F;ench market for copper powders appears relatively iarge on the basis
of importAstatistics. However, existing suppliers have distinctive advantages
over an Australian exporfer. E.E.C. member suppliers have a tariff and
geographic advantage while = U.K. suppliers have a geographic'advantégé and

possibly a tariff édvantage if the U.K. joins the E.E.C.

4.3 West Germany
4.3.1. General .
Coppef powder production, imports, exports and local consumption from

1959-69 in West Germany in metric tons are as follows:

Year Production Imports . Exports 'Appafent Local
S Consumption

1959 4,006 31 1.489 2.548
1960 - 4.749 107 1.477 . 3.379
1961 4.839 80 1.750 3.169
11962 4.895 69 1.882 3.082
1963 5.786 -~ 109 2,277 ) 3.618
1964 6.167 93 2.774 3.986
11965 6.648 173 2.574 4.267

882



~Furth/Bay , Kaiserstr. 30. (See Section 3.1).

4.3.2 Import Statistics

- 882,

Year : Production ,_. 'Imports | Exports ' Apparent Local
: - A o Consumption

1966 6.0 1107 . 3.132 © 3.858

11967 7.109 S 122 .. .3.588 - 3.643

1969 10:095 2200 - 4,560 ' 5.535

These figures show in. particular'

"a. the- consumption of copper powder in 1969 was more than tw1ce as
‘high as in 1959. ; o '

b. llocal consumption is mainlp;covered by.local production..The-
rate of growth of production is‘higher than that of consumption.

c. 1imports have grown rapidly:over'the iast'years-but are small in
relation to the market. B ‘ o - B

Y - little ‘less than half of the copper powder production is’ for

export. '

Copper powder production for pigment purposes is larger. than for sinter-

.ing purposes and more than half the production for p1gment purposes is

exported. This export figure may be d1v1ded into one half exported to

" E.E. C. countries and the other half, to U.S.A. and Sw1tzerland

In the case of copper powder for 31nter1ng purposes one- third goes to
E.E.C. countries and two-thirds to the Soviet Union and Sweden, . Imports of
COpper powder.for sintering purposes come mainly from the U.S.A. and the

U K. whereas imports of. copper powder for pigment ‘use. come mainly from o

._Switzerland and the E.E.C. countries.

Prices vary ‘and are based on London Metal Exchange quotations. At

'present German FOB/Free German customer: prices are:

DM 5.40 ($A1.33) per kg for 31ntering copper powder
- : (coarse grained)

DM 8.70 .($A2.16) per kg»for pigment copper powder
' ' (medium fine grained) '

The largest producer of sintering copper'powder in Germany is Norddeutsche
Affinerie, Metallhut ten-und Schmelzwerke, 200 Hamburg 36, Alsterterrasse 2.

The largest producer of pigment copper powder is Eckart—Werke, 8510

‘These can be found in the table in the preceding Section (4.3.1).
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4.3.3. Tariffs and Import Duties

Import;duties'for copper powder are:

740610T' 10.8% for copper powder with lamellar
structure or flaked

740620T 1.8% for copper powder other than above

4.3.4 Summary

The current trend in the West German market "for copper powder is toward
a higher rate of domeétic production and falling pfices. This situation
is indicated by the statistics in the table in Section 4.3.1.

This trend, together with the tariff barrier, would make the marketing

of Australian copper powders in West Germany difficult.

_ , 4.4 Italy
" 4.4.1 General _ A .
'Copper,powders are produced in Italy but the bulk of Italian consumption

is supplied‘by imports from the United Kingdom, Sweden, West‘Germany.

4,4.2 Import Statistics

Copper Powders . o ' Quantity . -Value (SA)
: ) (m tons) -
" 1968 108 207,000
1969 . 103 -+ 396,500
Jan/Sept. 1970 : - 56 ©142,500

Coppér Alloy Powders

1968 176 | 256,000

1969 ' 133 . - . 272,000
Jan/Sept. . 1970 : 152 534,000

) 4.4.3 Tariffs and Import Duties

A Impoft duties on copper and copper alloy powders is 11.06%. In addition

there are other taxes payable ‘amounting to about 9Z.

4.4.4 Summary
‘.The Italian market for copper and copper alloy powders is reiatively small
and E.E.C, suppliérs have a tariff advantage over a potential Australian

supplier.
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4.5 The United Kingdom

4.5.1 General

‘The United K1ngdom is one of the leading exporters of copper and copper

alloy powders to all parts of the world.

-4,5.2 Import Statistics

In 1969 imports of copper powders and flakes totalled 77.5 tons valued
at $A188,101. ' ' ‘ '

4.5.3 Tariffs and Import Dutiés

 Imports from Commonwealth and European Free Trade Association countries

are free from duty; | Imports from other countries areAsubject to 127 duty.

:l4'5 4 Summary

As the Un1ted Kingdom is a major exporter of copper and copper alloy

powders strong compet1t1on ‘from local producers from the U.K. market could be

' expected The relatlvely small volume -of 1mports is further ev1dence of the

strong hold local producers have on the British market for copper and . copper-

talloy powders.

->4.6’0ther Western'European'Countries-

" To date information requested from Greece, Spain, the Netherlands and
Sweden has not been received. It is known that Sweden is an. exporter of
copper powders. Belglum and the Netherlands, being members of the European

Economic Communlty, would have similar tariff barrlers ‘to Australian 1mports

-'of copper powders as were described for. France, West Germany and. Italy.

The markets in Greece and Spa1n would probably not be as large as those

in more industrialised Western European countrles.

4.7 General Summary of Western European Markets

An initial appraisal of‘markets for copper and copper alloy powders in

" Western Europe does not reveal any major export opportunities. . In addltlon,

there appears to be a trend toward production growing at a faster rate than

consumptlon in the 1ndustr1allsed natlons of Western Europe. The only

statistical ev1dence for this received is the table relatlng to. West Germany '
‘reproduced in Section 4.3. l However, this trend is also ev1dent in

* North Amerc1a and Japan according to metal powder industry sources in those

countries.-
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5. NEW ZEALAND - IRON AND COPPER POWDERS

5.1 General
The New Zealand market for these powders. is dependent on welding as the
. use for sintered parts is considered insignificant. Market growth is there-

" fore not expected to be rapid.

© 5.2 Import Statistics

The latest import statistics’ available are those relating to 1967-68.
Statistics relating to imports of ferrous alloy and copper alloy powders are
unfortunately not seﬁarated from imports of ingots and bars of ferrous alloys

and'cppper alloys.

Imports into New Zealand 1967-68

.Country of Origin- ' Quantity . c.i.f. Value
' : -~ (cwt) o (NZ Dollars)
Iron or Steel Powders o _- o
Australia . - o 864 : 10,655
West Germany : | - . | .13
Sweden | o 181 5,704
: Unitéd Kingdom - - SRR ‘ 1314
} 1,651 . 16,676

Copper Powders/Flakes

Australia - - : ' | 378

" ‘Canada . _ : » - A ' 1,060
West Germany ' - - ‘ 19,252
Norway » ‘ : C - - 2;618
‘Sweden N ’ . 1,152
- Switzerland ' ' : +145
United Kingdom | - : 4 19,866
U.S.A. ' 2,533
47,004

. 5.3 Import Duties and Tariffs

The metal powders in question are free of 'duty and import licensing

restrictions.

. 2.4 Summary

"New Zealand currency is officially at parity with Australian currency.
The 1967f68 import statistics listed in Section 5.2 indicate that the annual
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- New Zealand markets for iron éndAcopper powdérs are very small. = These

markets.Woﬁld presumably have grown marginaily since 1967-68 but would still

6.1.1 General

.6.1 Mexico

. bresen; a poor outlet for an Australian metal powder producer.

6. SOUTH AMERICA - IRON AND COPPER POWDERS

The following import statistics show significaﬁt markets for both copper

and iron powders. 'Unfortunately ferrous-alloy and coppef allby'powders>ar¢

not separated from ingots and bars in the Mexican import statistics..

6.1.2 Import Statistics

Item :

. Iron or Steel Powders .

Copper Powders

Origin

Canada

U.S.A.

W. Germany

‘Belgium

Sﬁain'

U.S.A.

IFW. Germany

Belgium

Italy

U.S.A.
G.F.R.

-Belgium

Spain
France

Uniﬁed Kingdom

_ Italy

‘Weight (Kilos)

2,472

448,601
76,521
119

o

©. 527,718

428,952
35,581 -
123

464,713

195,810

147,955

167
113 .

9

1,257

1,721

1969

-1969

Value (Pesos)

6,891
12,203,876
. 251,309

2,016

14

2,4642l06

. 1968

 :1,646,831
102,874

©. 2,063

~ 505

1!7522273

4,931,008
4,075,731
3,906

- 36

- 438
38,834
50,767



~Item Origin
Copper Powders Netherlands

Sweden
Switzerland
Japan

Total

U.S.A.
G.F.R.
Austria
-Belgium

France

United Kingdom

Italy
Netherlands
Swedenb

Total

6.1.3 Tariffs and Import Duties

WeightA(Kilos)
| 219
6,060
35.
2

- 353,238

123,376
135,701
1,625
1,339
1,199
© 388
1,684
1,109

23,936

290,357

1969
Value (Pesos)

17,279
133,057
1,509

28

9,252,593

1968 .
2,508,498
3,255,750

- 38,094

30,416
18,756
15,265
47,747 .
23,665
541,209

.62479,400

import duties are 15% levied on the official price which is 18 pesos

pef gross kilo in the case of copper powders and 3 pesos per gross kilo for

iron powders.

6.1.4 Summary

‘Using an exchange rate of 1 peso to 7 cents Australian, impofts of iron
powders were valued at $A122,659 in 1968 and $A172,487 in 1969. Copper
powder imports were valued at $A453,558 in 1968 and $A647,682 in 1969.

6.2 Other South American Countries

Replies to our request for information relating to markets in other

- South American countries have not been received to date.
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(671320)

Iron, Steel Powders

Germany Fed.‘Rep.

APPENDIX EA

‘ Imports into Hong;Kong

, 1968 ' 1969 - Jan/Sept 1970

Cwt. HK$ Cwt. HKS Cwt. - HKS$
18 1,067 - - - .

16,949 482,129 18,133 531,752 5,032 . 150,858

Japén
16,967 483,196 18,133 531,752 5,032 150,858
(A$69,028) © (A$75,965) - (A$21,551)
© (671400) | B : -
Fe Manggneée Alloys _ : . ,
Norway ' 3,000 - 139,991 1,574 71,898 - - -
: Japan, C 59 5,135 653 . 37,294 - '*» ,' =
" South Africa 600 27,078 1,800 122,078 4,089 . 209,590
‘Taiwan . - o - _590_ 31,927 - S -
' MbZambique - S - :600 46,000 - - I
' Germany Fed. Rep. - . ' ':57 .- 590 52,604
France - e - - 23 2,853
o R 3,659 © 172,204 5,217 V‘ 309,197 4,702 265,047
| | (A$24,601) ©(A$44,171) . (A$37,864)
- (671500)
'Ferrb Alloys, n.e¥s. o : e ‘ _ o L
Canada 1,968 120,665 = 984 58,551 '1;139. " 99,436
Taiwan "590 35,633 - e o .'}ﬂ;
U.S.A. | - = . &0 16,710 - -
 Germany Fed. Rep. - . - 2. 2,30 -, L
United Kingdom ‘ o - 9 - 7;127A . -
Japan - - 104 10,841 - -
Mozambique - - 1,000 56,610 1,000 55,974
| 2,558 156,298 2,226 152,219 2,139 . 155,410
(A$22,328) (A$21,746) (A$22,201)
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(682240)
Copper Powders‘
U.S.A.

- Canada

‘Sweden.

Germany Fed. Rep.
United Kihgdom

' Japén

A$1.-  to HK$7.-)

1968 1969 - Jan/Sept 1970
Cwt. HK$ Cwt., HKS$ Cwt. HK$
35 43,215 23 28,962 56 56,583
9 7,300 19 13,300 - -
8 6,300 8 4,932 5 3,120
1,329 830,005 1,159 765,705 1,086 799,026
428 341,864 518 394,400 710 697,467
84 59,119 78 _ 68,615 __ 47 _ 31,831
1,893 1,287,803 1,805 1,275,914 1,904 1,588,027
(A$183,972) (4$226,861)

(A$182,273)
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_APPENDIX EB

.:Japanese Imports.of Copper—Alloy Powders

‘ and Exports of Copper Powders

Source: Ministry of Finance

1967 1968
. Impbrted from Qua;;ity l,ggéusen Imported from Qua;;ity ll,ggéu;eh
" United Kingdom " 286 308.  United Kingdom 28,002 23,698
:West'Germany ;- 64,920' 50,388 . West Germany.’ _ 100,876 77,289
Canada A » 50 . 328 Canada o : -_‘. L=
. U.S.A. 27,222 14,855  U.S.A. 13,578 10,826
‘Total 92,478 65,879 - Total 142,456 111,813
| Exported to Q“a;gity' 1 ;Xgéu;m Exported to ' Q‘f?;;ity ’ 1‘,‘(;8(1)u;en
Ryukyu 445 457 . Ryukyu 300 319
South Korea 9,683 8,499  South Korea 6,535 ° 6,092
Communist China 14,945 13,568 | Commuﬁist China 14,710f 13,350
"~ Republic of China 11,510 ‘10,947. Republic of China 20,1227 17,919
Hong Kong 6,474 6,044 Hong'Koﬁg 12,046 9,434
‘Thailand © 750 813 Thailand . 820 702
- Philippines 871 838  Philippines 1,503 1,271
Pakistan 197 168  Pakistan 203 1176 -
Iraq 376 396 Iraq 749 580
. Turkey 1250 430 Turkey 200 336
 Nigeria 100 134  Nigeria 200 258
Australia 7,644 3,989 . Australia 12,500 7,569
' Indonesia 100 - 199 Indonesia - -
Ceylon.l 38 41 :. Ceylon - -
lAfganistan 226 244 Afganistan - -
Mexico - 700 - 870 Mexico - B
Brazil 1,000 751 Brazil - -
T .



1967 1968
Exported to Qua}‘zgtity . J_,\(;gcl)u;en Exported to 'Q,ualr;?t_y N ’ggéusen
* Tanzania 50 53 Tanzania - -
North Korea - - North Korea 75 92
Rep. of Vietnam - - Rep. of Vietnam 1,000 1,048
Singapore’ - - Singapore " 390 571 -
" Malaysia - - Malaysia | 40 A 72
Cambodia - - Cambodia 360 291
India - - India 150 132
Iran - - Iran 300 163
"Israel - - Israel - 50 107
U.S.S.R - - - U.S.S.R 100 225
U.S.A. - - U.S.A. 132 502
Chile - - Chile 500 523
.AArgentina - - - Argenfina 11,200, _ 762
Total 55,359 48,441 Total 74,185 62,494
1969 1970 (Januéry—October)
Imported from Qua;;ity l,gzég;en - Imported from Quaﬁgity l,ggéu;en
unitéd Kingdom 42,726 35,524 United Kingdom 34,203 31,892
West Germany 83,136 66,605 West Germany 77,502 75,644
 U.S.A. | 40,785 32,679  U.S.A. 56,747 48,252
France- .50 89 France - -
. Italy 270 555  Italy - -
. Canada - . - Canada 13 110
Total. 165J967 135,452 .Total 168,465 155,898
8682
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1969_ 1970 (Jénuary—Qctober)
_Exported to- Quagity 1,ggéu;en Exported to Q“azgit}" lchl)geyen -
Ryukyu 544 741 - Ryukyu 480 615
. South Korea 8,112- . 7,392  South Korea 18,792 16,518
lNorth Korea - . 65 A 102 North Korea . . 690. o 872
Communist China 11,290 10,832  Communist China 1,300 1,334
Republic of China 28,834 18,575  Republic of China 36,529 31,159
Hong Kong ' 7,501 6,240  Hong Kong 7,257 8,248
~ Thailand ’630 : : 514 Thailand | 1,113 1,857
' Singapore" ' 514 646  Singapore “‘968 1,048
‘Malaya 0 142 ‘Malaya 50 85
‘Philippines 826 999  Philippines 7,697 - 10,458
Indonesia l427 .187 . Indonesia 1,217. 1,907
India 199 121 India 113,400 11,645
Israel 100 205  Israel 100 205
Nigeria 100 130 Nigeria » 200 0 285
Australia 4,727 2,892 Australia 2,000 1,378
Rép.ibf Vietnam A SOOA‘ " 415 Rép‘of Vietnam - -
- Cambodia ' 381 333 Cambodia. - -
Pakistaﬁ .>254.. 265 APakistan - -
"Iraq' 218 289 Iraq - -
U.S.5.R 224 487  U.S.S.R. . - -
U.S.AL 695 . 708  U.S.A. - -
Panama 90 94  ‘Panama - -
| Lebanon - - Lebanon 30 . u¥217
"Canada - - Canada 20 © 392
Chile - - Chile 30 98
Céylon - - Ceylon 16 43
Total 66,231 52,309  Total 91,889 88,364
662,
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-APPENDIX EC

Notes On The Iron Powder Industry In North
America Extracted From I.T.S. Files

The powder metallurgy process derived its basic impetus from two quite
different soorces; The first, and probably most important, was a need for
soft sintered iron rotary bands for Gerﬁan artiilery shells during World
War, 1. The critical availability of copper, which was the conventional
matefial, prompted the search for a substitute material. Rotating bands
made from iron powder:were deVeloped end used. This requirement reappeared
during World War 11 and again the powder proceSS'wasAemployed The accep-
tance of iron and copper parts fabricated from powders has shown a strong
" rate of growth since that tlme. _

The second important 1mpetus for the powder process was the 1ncrea31ng
.demands for the refractory metals such as tungsten and molybdenum. While
both tungsten and tungsten carbldes were conventionally produced by the
powder process, the requirements for improved grades of these materlals
prompted con51derab1e research on the powder approach. ThisAled to the
development of improved compacting and sintering techniques which were in
_turn applied to iron, eopper, aluminum, and more recently, titaniom_parts
<fabricated.from powder. In addiﬁion to ingots and mechanical parts, the
powder process is widely used in the production of porous elemenﬁs and
Acurrently is receiving considerable atteotion for the production of wrought
strip and sheet and for seaﬁless tubing blanks; However, the major appli-
cation of the powder process is in the production of molded parts of iron
and steel. The following discussion is based on previous studies conducted
by Battelle-Columbus on iron and stainless steel powder parts problems.'

 The 1ron -powder industry in the United States showed a decade of
. grandual development during the perlod 1945 to 1955. Since 1955, there has
-~ been a sharp increase in the growth of the industry. For example, the ship-
ments of iron powder increased from 32,000 tons in 1960, to 100,000 tons in
1966. During this same period, the shipments of iron powder parte increased
from 12,000 tons in 1960, to 62,000 tons in 1966; Iron powder parts produc-
tion consumed approximately 30 percent of the total iron powder produced
during the period 1955 to 1961. Since that time, this percentage has

iﬁcreased, and in 1966, powder parts consumed approximately 60 percent of o2



the total powder shipments. However, it must be noted that the total powder

'shipments shown include all grades of iron powder, 1nc1ud1ng those used for

weld1ng and cutting applications.
Tradltlonally the productlon capacity for iron pqwders in the United

States has exceeded the shipments by about 60 percent. This ratio of excess

. capac1ty decreased durlng the perlod 1963 to 1966, as the sh1pments

increased at a greater rate- than did the production capacity.  However,.

addltlonal capacity brought 1nto productlon during 1968, together with more

* . than 130,000 tons of new capac1ty planned for 1969 _assures a more than

adequate supply for present ‘and near future requlrements.
In addltlon, there has been a significant increase in 1mports of

powder.to the United States from Italy and,Japan with1ngthe~past 3 years.

_However; imports represent less than 3 percent‘offthe'total powder market

at present. » .
. In 1965, powder metallurgy parts accounted for 65 percent of the total

iron powder_shlpments, weldlngffluxes 23 percent; flame cutting 7 percent

' electronic and magnetic‘applications‘Z percent; and miscellaneous uSes

3 percent. .It is expected that the proportlon of . parts to the total
production w1ll continue to increase in relation to the overall 1ron powder

consumption, partlcularly w1th the advent of 1ncreased ‘captive productlon

.capacity in iron powder parts produc1ng fac111t1es

. The dlstrlbutlon of powder metallurgy parts, by the percentage of total

- weight, to the consuming industry is as follows. As would:- be expected the

.automotlve industry is the largest single user, representlng in 1965 about

60 percent of the total demand. It is expected. that thlS proportion of the

market will 1ncrease. Present automotive consumptlon of powdered parts

'represents about 10 to 12 pounds per car, and it is expected that, by: 1970

thlS will 1ncrease to about 20 ‘pounds per vehicle. This weight, however,
includes the use of not only iron," but also copper, alumlnum, and. some
stainless steel parts. . -

. The appliance industry is second to the automotive field in total weight
of iron parts consumed malnly because of the utlllzatlon of relatively
small parts 1n these appllcat1on5w-‘ Other 1mportant segments of the market
include farm and garden equlpment at 8 percent, hardwareeat 7 percent, and

bus1ness machines at 6 percent. These latter segments are expected to.

‘grow at a higher rate than the automotive portion of the pressnt market.
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_ The increasing acceptance of the powder process is being reflected in
a.mafkéd upward trend in the acceptance of stainless steel powders.. In
1968 the U.S. shipments of stainless powder amounted to 4 million pounds.
‘In 1969 the shipments of stainless powder are expected to increase to slightly
more than 5 million pounds. The increasing acceptance of stainless powders
in the 310, 316, and 410 grades. can be attributed to the fact .that the
oxide coatings of the particles can be reduced during subsequent heat’
treatment by use of proper furnace atmospheres. The primary reason for the
increased acceptance of stainless powder is the marked saving in machining
costs. | | ‘

While the current U.S. capacity for ﬁroducing iron powder is well in
excess of the demand, there is no adequate supply of pfemium quality stainless
:powders at present. . However, most 6f the producers of stainless powder are

conducting research on improved production processes.

Technical Considerations

At present there are a number of technical developments that.will-
exert a strong influence on the future demand for molding-grade iron powders.
* The inherent advantages of'thelpowder process include high material yield;
controlled uniformity; control of properties by blending; grain-size control,
and réadily automated processing. An addifional advantage currently receiv-
iﬁg increased'attention is the imprerd wear resistance of properly made
powder parts as compared with machined or forged components in a number of
applications where sliding wear is encountered. Another' hidden advantage
is the frequently reduced scrap or chip dispcsition cost. While initially
‘limited to relatively small parts, usually less than 6 oﬁnces, récent
' improveménts in press design and capacity will accelerate applicatibn of
parts in the 2 to 4 pound fange. Many of the parts fab;icatofs interviewed
" are producing increasing numbers of parts in the 1 to 2 pound sizes. They
are installing new, hea&ier equipment tﬁat will provide high speed production
_‘of,pérts up to 4 pounds. In addition, while the original presses were
"single action with severe limitations as to parts design, several of the
new press designs offer both vertical and horizontal action; Thus, the
widér design tolerance, increased capacity, and higher rate presses will
accelerate the trend to larger parts. At the present time, parts up to 12,
20, and 40 pounds have been produced on a development basis. This trend to

larger parts is expected to provide a strong impetus to the increasing demand
. 882
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for iron powders.

The high energy rate forming practices such‘as the Dynapak (and similar
equipment) explosive compacting, isostatic pressing, and hydrostatic and
hydraulic extrusion are being applied to the compaction of powder parts.
Several high production installations are.working on increasing the speed"
and automation of the Dynapak. AItAis said that a resultant increase in

green density frequently results in a reduction in sintering time or permits

‘a reduction in sintering temperature. An interesting innovation is that of

+ - compacting, heating and hot forging rather than sintering after compaction.

This is claimed to.provide better densities with resultant higher strengths'

and improved fatigue propertles. In addition to improvements in compacting

L technology, the. furnace producers are now designing more sophisticated

‘equlpment for the’ powder parts producers. These 1mprovements collectlvely

accelerate the growing acceptance of powder parts through both 1mproved
quality and. lowered production costs. _ ' .
One of the most cr1t1ca1 problems in the powder metallurgy f1eld is the

lack of standardized quality spec1f1cat10ns with regard to mechanlcal

‘properties. ‘Here the German industry appears to have led the way in estab—

lishing acceptable spec1f1cat10ns and c13851f1cat10ns for various grades of

processed parts In th1s respect, the Metal Powder Institute in the United

States is aware of this problem and is attempting to promote such stand-

ard1zat10n. Another critical problem is a lack: of designers with experience

.in de31gn1ng for the powder process. These difflcu1t1es can be attributed

to the fact that the powder process, as an accepted production method, is
too new to'have acquired a substantial background and reserve of trained
personnel. ' ‘

In addltlon to the above—ment1oned aspects, the questlons of quallty

‘control and 1nSpect10n methods remain to be answered. Here aga1n, powder
metallurgy, as a new process, is at a dlsadvantage with regard to having

established inspection and control procedures. However, the increasing

number of parts belng made can be considered 1nd1cat1ve of the progress in

"these fields, and rellab111ty does not appear to be a magor concern in

iron and stalnless appllcatlons. S . S -

Present Producers

While at the present time there are 22 commercial sources of iron powder;’

most of today's market demands are being met by . six producers. These pro-
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ducers, together with the processes employed and the present production
capacity, are shown in the following table.- The seccond table shows the

estimated capital equipment and production costs for current processes.

' Major Producers, Processes, and Present Capacity (1967)

Installed Capacity

Producers ‘ Process in 1967, tons/year
Hoeganaes ‘Carbon reductibn of enriched ore 90,000
‘Pyron Div. of AMAX Hydrogén reduction of mill scale ' 20,000
Domtar Atomized high-carbon metal » 25,000(3)
Glidden : _Electrolytic; and carbon reduction .

of mill scale - ‘ _ - 10,000
Easton " Carbon reduction of oxidized, water- o
_ atomized, steel scrap .- 20,000

A.0. Smith . Water atomization of melted §crép 2 S!QOO(b)l

Total 170,000

(a) Represents combined capacity 6f Canadian and U.S. production facilities.

(b) Can be readily expanded to 20,000 tons annually.

Estimated Capital Equipment and Production Costs
for Producing 50,050 tons of Iron Powder
per year by three processes

.Carbon Reduction of -  Hydrogen - Atomization
Iron Ore Concentrates Reduction of of Melted
"(SL~RN Process) (a) Mill Scale Steel Scrap

Total Capital Investment,

Dollars . 3,915,840 7,305,000 2,150,000
Investment Cost per ton ._ . » o
annual capacity, dollars 78.22 145,95 42,96
Fixed Charge, dollars per :
" net ton (12% of Capital) -9.39 : 17.51 3.5
Production Cost, dcllars 68.50 79.02 68.87

.. per net ton-

‘Powder Cost, cents per pound- - 3.53 : 4.00 ©3.44

(a) Steel Comﬁany of Canada - Lurgi Gesellschaft fuir Chemie und Huttenwesen
m.b.H; Frankfurt (Main), West Germany - Republic Steel Co. - National Steel
Company patented direct reduction kiln process. Stelco and Lurgi developed

the SL process and took over the patents of the RN process after the RN o2



Corporation was dissolved. - Lo o S,

Pricing
The question of the.effect of pricing on the volume of sales has beenba

‘serious issue in the powder producing industry for 15 years. The consensus

of the consumers suggests that the.present price structure could be reduced
by 2 cents per pound without jeopardizing_investment requirements and that

eny price reductions would increase the demand. On the other side of the

. coin, the producers are.quick to emphasize that powder prices have remained

, stable while prices of other forms of steel have shown a.number of increases.

Further, the quality.of the powders has been»consistently improved without
increasing the price. ‘ ' A

.Basically the problem can be partlally attributed to the overall state of

the art with regard to the present position of the 1ndustry on the growth or

learning curve. As mentioned earlier, present markets for iron powder

. fepresent less than 1 percent of the total steel market, and as a yolume»market

it'ls-relatively new. While production capacity has'consistentlylekceeded

the market demand it is only recently that any of ‘the producers have operated

'at a 1evel of maximum eff1c1ency An example of the effect of level of

' operatlon on pricing is Hoeganaes recent announcement of a price reduction of

1 cent per pound which is attributed to the’ 1mproved efficiency of a new kiln
with a capacity of 50,000 tons per annum. . Conversely, a new producer, ;
Fina Metal Ltd., plans'torenter the market with an initial capacity of 15,000
tons per annum at current price levels. If.the new product ﬁeets.with-tﬁe
ant1c1pated acceptance, the present plans call for pr1ce reductions as the
volume increases. S

An interestlng anomaly 1n contract prlce versus demand con31derations is’

-the w1de range of accepted prices. While the larger consumers are frequently

of the ‘opinion that the price of powder is 2 cents per pound higher than it
should be in the 10.5 to 11.5 cents per pound'grades “A.O. SmithMCompanyfhad
little difficulty penetrating the market with a premium priced (14 cents per
pound powder.) Further, several consumers reported using electrolytic grades
at 27 cents per pound exclusively on the basis that‘over—ell_production-costs
were lower for premium qualitylparts. . This theh.intfoduces:the-quelity or
grade coﬁéideration. “In order to.improﬁe.the metellurgicallgrades of powder

to more closely approach the electrolytic-quality,‘tHe aggressive producers

have invested in pfodoct‘oriented research and development programs.'
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Increasing demands on quality further necessitate added quality control
operations, with a resultart increase in costs. The present markets and

- production rates may not be sufficient to support extensive research and
'development prograﬁs in both process and production development, and a
review of the production processes suggests that this area may have been
slighted. However, irrespective of the direction of application, it can .
be reasonably assumed that the cost of research and development has also
contributed to the difference between price and cost.

Examination of the difference between cost and prices requires consider-
ation of both technical and.economic factors. One of the important
contributing factors is that of lack of étandardization. -While such basic
specifications as chemiscry, particlé size distribution, flow rate, and
:hydrogen weight loss are commonly used to specify powder grades, in many
instances there are not sufficient to permit using alternative sources of
‘ subply'for'a given application. Such factors as particle shape, porosity,
and hardness, which may be.determined‘by both'starting material and manu-
'facturing process, have a pronounced effect on dimensional characteristics,
density, and physical properties of the finished parts. The larger‘prod—
.ucers of powder parts prefer not to be dependent upon a single sourcc of
supply for any one impcrtant grade of powder. Dies are usually designed
- for use with a specific brand of powder. = Only within the past year has it
Been ﬁossibie to interchange certain grades from different producers without
penalty,.and this frequently requires custom blending. The developﬁent |
work required to obtain this "match" is added to the cost of the powder.

A further contributing factor to the difference between cost and price is
that of technical sales and service charges. Because the technology is
relatively new, many of the potential users frequently depend heavily upon
their suppliers for technicél assistance. While such services are common
to the metal market, there is a highér degree than normal in the powder-
ﬁétals—supply businass. Another indirect factor is that the supply or
availability of metallurgists skilled in powder technology is not sufficient
to'meec the current demand. This, then, places wmore dependence upon the.
producers of powder to supcly the required technical guidance and services to
their customefs, This is particularly true for the smaller shops and where

a producer is attempting to introduce a new grace of powder.
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ADDENDUM TO APPENDIX E

INTERNATIONAL TECHNICAL SERVICES LIMITED

'31st March, 1971

'The Director, : _
‘The Australian Mlneral Development Laboratorles,_"'
‘Conyngham Street, : :

FREWVILLE. -S.A. 5063

" Attention: Mr J. Gooden.

' IIDear Sir,

Export Markets - Iron and Copper Powders.

Thank you for your letter of 12th March 1971, acknowledglng

receipt of our prellmlnary appralsal of export markets for Iron and B

:ICopper powders.

" We. have cince recelved replles from the Trade Commissioners in

: Peru, Sweden, Iran, Malay51a and Lebanon.'

Photo -copies of thelr replles and enclosed statistlcs are

attached

o Yours falthfully, . '
’ ,INTERNATIONAL TECHNICAL SERVICES LIMITED

John Pash, .
"-“Senior Consultant.




OFFICE OF SENIOR AUSTRALIAN GOVERNMENT ' TRADE COMMISSIONER

Australian Eﬁbassy,iStockholm, Sweden

- 5th March 1971

Mr J.H. Pash

‘Internatlonal Technlcal Services Limlted

Manhattan Centre,

107 Walker Street,

NORTH SYDNEY. 2060'
Australia.

Dear Mr'Pash,

Thank you for your letter of January 6th 1971 concerning copper and

copper alloy powders.

I regret that I have been unable to reply earller to your enqu1ry

but the information I requlred from prospectlve Scand1nav1an consumers of

'the above mentioned commodltles was mnot- avallable until recently

‘-(a‘— b) Total imports into Sweden of copper~clas31fred.by type and

usage and values of these imports ‘(your items a - b), are
shown in the attached photo-copies, tables 1 - 2. A transla-
tion of all the Swedish headlngs and sub- headlngs appears -
in tables 3 - 5.

0

'(c) ~The present 1mport duties are shown in tables 3 - 5.

(d) Interviews have shown that there is only one enterprise in

Scandinavia using copper powder in its production, i.e.

Granges S M AB. Gridnges - S M AB were earlier known as Svenska

Metallverken. In late 1969 they merged with the world-wide
.'known company, Grdngesbergsbolaget, now called Gringes.

Their technical manager, Mr L. Pantzerhielm, Gringes S M,. oL
721 88 Visteras, who has just returned from a world trip, .
has informed me that they use copper powder in steadily in- ‘
creasing quantities, exclusively in connectlon with their

production of bearings.

' The copper powder is delivered containingta lubricant and
other components in accordance with a special formula thus -
enabling them to press the coatings onto the bearings in
one process, instead of.two as previously.

Special mixtures of this type have been processed by e.g. : -
Berks, England; Amax, USA; N.A. and Deutscher Affinaderie o T
of Germany. Mr Pantzerhielm also said that they get copper ' S -
powder from Alcan Aluminium in Canada which owns 20% of -
Gridnges S M. ’
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Finally, Mr Pantzerhlelm stated that prospects for suppllers,
other than those mentioned above, to deliver. copper, ferrous

or other powders, at present must be con51dered as non- ex1stent.

‘ ‘THShould you require further: technical 1nformat10n regardlng copper
powder and its usage Mr Pantzerhielm will be pleased to a531st you.

~.Yours-sincerely

K.F. McKernan =
Senior Trade Commissioner
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1 73.40 Other articles of -iron or stecl : ) )
00 Of cast iron, unwnrk«-d VO S e G e .. 8% E
300 OF cast steel, unworked ... TR, FOTT ST e R b
A0Q Of forged steel, not >ub\oqucnllv worked .......... L e TR %E
900 Other | ... L o S RE

CHAPTER 74, — Cnp;nfr and nrn'(‘lrs_ rlq(:r('uL

Nou--f ~<- 1. For llu pul;-uw\ ol' heading No. 74.02, the ﬂ\;newmn < mfis(er .9||oys »

© means allnvx (except copper ‘phosphide. {phosphor copper| containing. more than 8 % by . a
weight of phosphorus) of copper with other materials in any proportion, not uselullv )

malleable and connnunly used as raw material in the manufucture ol other atleys or as
de-oxidants; de-sulphurising agents or for similar. uses in’ the metallurgy of non-ferrous
metals.

phor\ls fulls within heading, No. 28.55 and not within this Chapter.)
. In this Chapter the following cxplosslons have thc me.mlm,> hereby .nasxym d (o lhun

(ﬂ) Wire. (hL.ulmg No. 74.03) : -

Rolled, extruddd or drawn pxoducts of. sohd section of any cross- \(CllUIldl shqpe of
which no cross-sectional dimension (‘\tccds 6 millimetres; Co '

(1) Wronght bars, rods, angles, shapes and sections (hca(luu., ‘No.. T (H)

“ Rolicd, extruded, drawn or for;_v(l products._of solid sectioni, of which the Imaximum
cross-sectional dimension cxeeeds ‘6 nnllxmetres and whxch 1f lhey are llat havc a llucl/-
ness excecding one tenth of the width, : . . -

Also cast or sintered products, of the same fomls and dxmensnonx, whldl have l)eeu
subscquently machined (otherwise than by simple. trimming or de-scalmg) o

(c) Wrought plates, sheets and strip (heading No. 74. 04) - .

- Flat-surfaced, wrought )nndm‘ts (coiled or not), of which the maximum Cross- 5eouondl

dnmonmun cxcoe(lc ¢ millimetres, and -of which the thlckncss excocds 0.15 mllllmetru but .

does not exceed one tenth of the width,

Hemhng No. 74.04 is to .be taken to app]y, inter alm to such p!oducts. wh(,lhcx or not
‘cut to shape, pcrfolated corrugated, ribbed, channelled, polmhed or coated, provided thal
they do not thereby ‘assume the character of articles or of produvh fllllnp, \Hlnm other:
heudmg-; S
) Hcadmg No. 74 07 is to be taken to apply, inter aha to tubec p\pc and hollow bars.
_whxch have been. pohshcd or. coated or which have- been. shaped or worked, such as bent,
conled thrcadcd,‘ drilled,- wmstcd cone-shaped “or finned. IILadmg No. 74 08 is to be -

taken to apply, inter alm to tube :md plpe flttmgs whlch have been sxmxlarly treatcd

74.01- Coppcr mattc unw:ought copper (rehned or not) coppm wabtc
. and serap: . .
“*100. . Copper . matte _

’ Unwwu&,ht copper
: "Unalloyed :
200 Refined

’ ,"l’r_ccb,'lcl .

0 Other (bhster -and cement copper)a.. . Free FoA,
Allmod ’ L
300 - Ordinary  brass _Free B
C 305 Special “brass . . Free B
309 Bronze an(l ‘other copper alloys - Free B
C stte and scrap : sl S
400 . .Of unalloyed Lopper . . e o FreeE ° . .
"500 . Of copper alloy. ... ....... TRRSURE I _ 'Free E -
74.02 000 -+ Master alloys’ ' ‘ o SRR Free E’
74.03 V\ruu},hl bars, xods angles, shapeq and sectnons of coppm' copper e
: -wire : i .
Of unallnyed copper: ) : .
100 Wire rod ... et et el S I%E
Other bars, rods, "angles, shapes ‘and sections; and- wire : ’
Wire: | S : o - '
201 - In' coils and the like . : v . J%E
209 . Other RN e S - 3% E_.

.* For stahstxcal purposes, it. xs necessary to declare the welght in tons and value in
Kronor : .

(Copper phosphide [ phosphor. copper] containing more ‘than 8 % by v.ug'nt Ul pho-

PTL-L-c‘k:"{ ,

QO
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74.03 (Continued) :

301
302
304

501
309

602

(HIXS
605
609

01
a2
705
706

07
708

709

74.04
101

105
109

201

203
205
207
209

74.05

001
002

009
74.06
100

"74.07

101
102

- 109

- 201
202

Bars and rods, other than angles, shapes and sections:

"In coils and the like ... PN . 3 %¢E
Other PR . 3% E
Angles, shapes and sections ... ... ... ... . 3%k

Of copiper alloy :
Wire rod :

Of brass .................. Tt . S %K
QI other "copper alloys ................. .. ... . 3% b
Other bars, rods, angles, shapu and ‘sections, and wire -

Wire :

. Of ovdinary brass: ) .
In coils and the like ... ... BT e . d %l
Other ool e e e e 3% 18

Or special brass 3% i
Of bronze and other copper alloys ..., 3% F

© Bars and rods, other than nn;,lu shapes and sections :
of m(llnmy brass: ’

In coils and the like ... . T OOR %0
Other : . KL AN
Of special  brass > 3% i
Of bronze or other copper ullms RO e ’ 3 9% 1
Angles, shapes and sections : ’ ]
Of ordinaty brass ..................... T TR TSRO 3 %
Of 'special brass ..o e PP P PP U KAL)
Of bronze or other copper alloys .ooooiieenl. 3%
lWIUULIIl pates, sheets and =!r1p, -of. copper :
Of unalloved copper : )
Plane, simply cut ‘to square or rectangular shape “but not .
~ otherwise worked ... s R L 395
O circular or oval shape . 3% E
Other B R PR ?(0 )
Of ordinary brass: ' o - oL
Plane, mmply cut” to square ox rectangular shape but not--
olhcrwnse worked ...l L SUU PR 3%
Of circular or oval shape ... ... AR ORI 3 G
Other ..o T e, e B
Of -special. brass™ ..................co... ' L e
Of -bronze and other copper alloys ... 3 %

Copper foil (whether or not- embossed, cul to shape,” perforated, -
coated, printed, or backed with paper or other .reinforcing ma-
terial), of a thlckness (excluding any backm;,) not . exceeding
0.15 mum. .

of una)loyed copper

: L A %L
Of ordinary brass ..... g D 3 ¥ K’
~ Of other copper alloys ... E T )._'v A % E
COpper powders and flakes : o '_ o o
Bronzing powders and flakes .............. R e b MM % E
OLher v e v SUUUT S SO SO iree B
Tubes and . pipes’ and blanks t.herefor, of copper hollow bars of
copper : ) '
- Of unalloy_ed copper:
~ Of circular cross-section : : - . S -
In coils and the llke i e e R PPUP OO . 3%E
Other : O ST SO 3% E
Of other cross-section -........... e SR 3 % E
Of ‘ordinary brass : ' ' o '
Of . cnrcular cross-section : ‘ S s
In. coils and the lxke e R R e 3%E
Other 3 %E

mE S

()



© 205
207

209

74.08

100
201
205
209

74.09 000

100

200
T4

100

901
. 805

909 .

74.12 .000

. 001 -

009
74.15

T 110

1900

: 900
74.16 000
74.17

100
900
A0

14.19

100 -

200
410

Sweden. — N"J'I (13"‘ edit.) ' 149

74,07 L Contimed)

OF other erass=gection ..o ST e 3%E
OF special brass i . : 3% E
g 1%L

OF.bronze and other copper -alloys

Tube wnd pipe fittings (for (‘xample, ]Ollltb “elbows, Q(ltk('\ .md
flanges), of copper : .
Of unalloved copper
T Of ordinary brass
Of special  hrass -
~Of bronze and other copper alloys ... ..o 0.

Rc&el"\'uirs, tinks, vals and similar containers,. for any -materisl,
of copper, of a capacity  excieding 300 hires, wherher or ol

lined or heat- 1n~ul\lcd but not fnl(‘(l v.lth mechaneal or ther-

mal vqulpment ................ e s 4. g8 .8 %

_ Stranded wire. cgbles,, undd;'c ropes, plaited bands: .m«l the tike,

of copper wire: but excluding insulated eleetric eables
OJ unalloyed copper wnc
Of copper alloy. wn( .................... e e SO el L B

Guauze, cloth, grill - mltm;,, fcm ing, lemfourm;J fubm, .md snnllll

materials tineluding endless bands), of cupper wire' }

-~ Endiess bhands of wire tloth [or paper- maklng mm,hmu, v 9 ,8 ‘%]
Othm . . .

S or unulloy«.d L(lpp(‘l TSR e e e e L v.q 4(% E
Of ordinary bhrass FUTTTI PR V,JS 48' % E
. Of other copper’ alloys ...l NUUUT 73 ° %I
: I‘Apumled mvtdl of . (.Opp(.‘l VAN : . . Y. 9 I% :

Chain and_parts thercof, "of copper ..... 9‘»? )

"Nails, tacks, staples, lmok nails, spiked cramp< tudx spikes und

drawing pins; of copper, or of Aron or steel with heads of Lopml -
Drawing ))mq P S PP FS P S84 4 % 1%

Other ... SO . ST e, LY sl

Bolts and nut (mc]udmg bolt ends and screw studs),. whcther or
not threaded or tapped .and screws (mcludmg screw . hooks and
scirew - rings), of coppor rivets, cotters,. cotler pmc waahem and
sprinyg washers, of copper-:

. Screws and  threaded bolts, wnh or wnthout nuts :

‘Wood screws - :

_Other " ...o......:

Other ...
"Splmg< of cnper T . : 8 ‘,'Za E
Cookmg and he: ating apraratus of a kmd used for rlomvshc pun- A
poses, nol electrically’ operated, and parts thercof of copper

Cooking nppmalus and parts - thereof ..... PRI, 2.1 (’%'E'
Other oot e e UCTOURTURI SRR s 3 9 1‘70 E

Other articles of a kmd commonly used for domestic |1\ll|)()'-.\‘<

- buildérs" sanitary ware for lndoor use, nnd parts of suc h .artu.ll.s '

‘and’ ware, of copper : o S
Gilt or <|lvo|(~d ..... I T i
_Other ... RO el ' : '

Other articles of copper

. Unworked cast or forged blanks e TR 4%
Doors, window frames and olher snmllar metal structures ﬁ {%
Ordinary. pxm and safety pins . _ -10 %
Other ...l e SUTTTUPT I 8%E

- CHAPTER.T5, - Nickel. and articles thereof.

Notes. — 1. In this Chapter the followmg expressnons have the me n'nng: hcneby assigned

to them:

(a) erel(headmg No. 75.02) :
Rolled, extruded or drawn products of 'solid section of any rru-;s secllonal shape, of
which no cross- sect:onal dlmension exceeds 6 mllllmetres. .
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AUSTRALIAN GOVERNMENT TRADE COMMISSION .
MANILA “

"Australian Embassy
. 7th Floor, L & S Bldg.
1414 Roxas Blvd.,
.. PO Box 1948
- Manila., Philippines

25th February 1971 -

Mr J;H; Pash
:Senior Consultant

International Techn1ca1 Serv1ces Limlted
Manhattan Centre : -
107 Walker St

“North Sydney, N.S;W;' 2060

- Dear Mr Pash

. Further to my letter of January 18 1971 herew1th find the ;‘

::figures on imports of iron or steel. powders and copper and flakes for_
' 1968 1969 and the f1rst half of 1970. :

- Yours sincerely,

' F.W. Gluth
Trade Commissioner
. MANILA

KWG /mmm



"irbn aﬁd.Steel

._ PHILIPPINE IMPORT STATISTICS

1969

January to June 1970 .

Powder |

United States
Sweden

J;pan

‘United Kingdom
. Jang'KbngA
Australia

Copper Powder
-and flakes

: Unitéd States
Germany
..Uﬁiped Kingdom
- Japan. -
 .Be1gium.
»:Netherlénds

500

1467

- uss

6579

2239

4210

.1968
ngntity FOB Value Quantity _FOB Value _Qgéntity"FOB Value
. Kilo S Us$. Kilo Us$ . - Kilo
209526 40819 404983 70598 37613
. 68695 11230 122401 18675 27543
36000 5155 156000 23919 -
104831 24434 . 119748 26239 9979
= o .30 T -
- - 6804 1758 -
- - - - 91
2432 6787 5813 13322 1002
18 560 - - 2
695 1537 2800 6679 1000
1609 4641 759 1942 -
10 49 454 687 .
- - 1300 2547 -

‘N A GBS O N BN O N U OE OGN N G Sl s s
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"OFFICE OF COMMERCIAL COUNSELLOR AND
AUST RALIAN GOVERNMENT TRADE COMMISSIONER
BEIRUT

~ 9th February, 1971

Mr J. H‘ Pash
Senior Consultant,

“International Technloal Services Ltd

Manhattan Centre, .

107 Walker Street,

North -Sydney. 2060

. Dear-Mr Pash

Iron and Ferrous-Alloy Powders -:Lebanon

_ Thank you for your letter dated the 5th January, 1971

In reply to your request I regret to inform you that the quantity
and value of imported iron and copper powder 1n 1968 (the latest avallable)

 were very small. Flgures were:

. Iron or Steel Powder:

W. Germany - . 5 Kgs.  LL. 75"

U.K. : - 32 Kgs. S LL. 120 - . - o = -

37 Kgs. | LL. 195 -

. Copper Powder:

1310 Kgs. -~ LL. 10.345

W. Germany -
‘Italy - - _290 Kgs. LL. _ 3.345 ,
S 'g 1600 Kgs. - LL. 13.690 (A$'l-=.LL.‘3.56 abprox.)

No figures are ayailable onﬁferrous alloy powder.

The above commodities are exempted from customs duty, but are-subject
up to 3. 5/ ad valorem mun1c1pal tax.

2R : - ‘ 8 _; - Yours sincerely,

I.M. Haig .
Australian Government
Trade Commissioner



. North Sydney. N.S.W.- 2060

AUSTRALIAN GOVERNMENT TRADE COMMISSION

Buenos Aires,’Argentina

24th March, 1971

" Mr J.H. Pash

Senior Consultant
International Technlcal Services Ltd.,
Manhattan Centre

107 Walker Street,

Dear Sir,

I acknowledge receipt of your 1etter dated Sth January, 1971,

’ .requesting information on the poss1b111t1es of finding export markets

in Argentina for iron and ferrous alloy powders.

Argentlna is not a producer of ferrous or copper powders; these

‘ products are imported and, accordlng to avallable figures, 1mports have -
. been as, follows : . :

Iron or Steel Powers:

a Powder for separatlng seeds electromagnetically -
.13 tons - u$s 9,690 = . S L ~

b Other powders of iron or steel
.803 tons - u$s 225,754

" No import duty is applied for the 1mportat10n of these m1nera1
powders . . ,

The princ1pal suppller is U.S.A. (70%), followed by'Germauy (lSZ)

and Italy (10/)

A 1ocal company, which 1mports these powders mentioned that
consumptlon would 1ncrease in the near future with national production growth.

"If you wish to contact this 1mporter please let us know as he will be

+only too glad to adv1se you on this subject.

" Yours faithfully,

- (Hugh P. Thompson)
‘Australian Government
- Trade Commissioner
BUENOS AIRES.




Mr J.H. Pash
Senior Consultant .
‘International Technical Services Ltd

Manhattan Centre
107 Walker Street
North Sydney 2060

Australia

‘.Dear Sir

AUSTRALTAN EMBASSY

LIMA

March 3rd., 1971

We received your letter of January:Sth, in which you asked
us to provide information relating to Peru regarding iron and ferrous-

Please find below-the’ihformation required.

-

- Imports 1968

alloy powders to assist your investigations on this product.

(The last year for which statistics are published)

Duties

73.02°
0.01

0.02

. " Rep. of South Africa
" Sweden ’

- Ferro Alloys

GK $0.20
Ferro Alloys

Ferro Manganese

N. Germany
Norway
U.K.

" Rep. of South Africa

Ferro Chromium

France
U.K.

" Switzerland

302 Ad Val.

184,056

Kilos Value SA
8,070 2,705
15,870 4,461
319 " 66
651,368 . 86,765
675,627 . 93,997
1,970 1,455
639 285 }
179,689 44,348 . SO
1,080 . 321 . -
678 943 : L
47,352 ' -



0.04 ~ Ferro Silicon S Kilos Value SA
. Denmark . 505 187
U.s. ' : - 46,706 - 10,095

Norway Lo 4,488 - 983 .

U.K. . _ 6,736 1,103
" South Africa .. 356,990 58 769
Switzerland ' S .. 10.088 2 2,253

| ' B '73 660

425,513

, Future trends in local use of ‘this product seem to be promising.
It is estimated that Sogesa, main producing steel plant in Peru, will
increase its production 307% in 1971 and that their requirements will
amount' for more than 1, 200 tons of Ferro—Manganese ‘and 800 tons Ferro—

‘.lSilicon.

‘Price is the determlnlng factor in placing orders with South
Africa and it is suggested that this important fact be taken into account.

when making the appralsal of thls market.

' Yoursufaithfully,,_

-

”R.F.=Shaw'

Australian Government

Trade Commission
-LIMA -

1
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- Mr J. H Pash
‘International Technical Service Ltd
~‘Manhattan Centre’ R

OFFICE OF THE COMMERCIAL COUNSELLOR
o AND - B
AUSTRALTAN GOVERNMENT TRADE' COMMISSIONER

Australian Embassy
23 Avenue Arak,
Tehran

Iran

. Lo :-l‘. .p- ' Febrgary'9,»i971.

107 Walker Street
North Sydney. 2060

-Australia

Dear Sir

Iron and Ferrous—Alloy Powders

We refer to your letter of Sth January 1971, concerning your

.studies on export markets for ferrous and copper alloy powders in Iran.

The Iranian Tariff Cla331f1cation does not -have a separate item
for ferrous and copper powders, hence Iranlan import StatlSthS shows

" 'no data for them.

' However 1mports of ferrous and copper ‘powder fall under the
following Tariff Classification and the relevant duties are shown:

Iranian Tariff Item 698
‘Iron/Steel Scraps, Chlps, F1tt1ng

Customs Duty - 0. 20 Rials per. kllo ($A1 8501 RIS)

Commercial Benefit Tax  0.10 " "

" Iranian Tariff Item_756 - B
Copper shevings, filings, scraps

Customs Duty : . 6 Rials per kllo
- Commercial Benefit Tax _ NIL

o3
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The follow1ng is Iran's: comblned 1mports under ‘these two

:.Tariff items during the past 3 years, however, it’'does not indicate

'nﬂseparate flgures on iwmports of ferrous and copper powders

Iron and Steel‘Chips,v* Copper Sheving;:Filing,

Scraps, Powder etc. - Powder, Scraps etc.
Quantity Value ~ Quantity C & F Value«
, - Kilos - %A . Kilos SA
 21.3.67 - 20.3.68 5,170,000 - 308,173 71,849 28,776
. 21.3.68 - ©21.3.69 6,029,997 * 538,092 41,962 30,004
21.3.69 - 20.3.70 3,483,376 - 151,595 55,547 8 21,367

Listed below for your information are the Iranian imports of

-. ferrous and copper powders shown in a report released by the United

.States Bureau of Internatlonal Commerce. - This is not, however, an -
off101al information ' o :

Iron & Steel Powders

1967 - US 49,000

1968 - US. 101,000
'Copper Powders, Flakes .
' 1967 US $ 9,000
1968 US $ . 30,000

: YourS’faifhfully,‘

"~ N.C. Carroll
Trade Comm1551oner
. Tehran



AUSTRALIAN GOVERNMENT TRADE COMMISSION
 KUALA LUMPUR
. MALAYSIA

.~il7 Jalan Ampang
PO Box 934
Kuala Lumpur

Malaysia

Sth‘February 1971

-Mr’J.Mt-Paeh

Senior Consultant,

"International Technlcal Services Ltd

Manhattan Centre,
107 Walker Street,

" North Sydney. 2060 -

~ Dear Sir,t

A Iroh and Ferrous-Alioy Powders .

, Thank you for your 1etter of 6th January asking for market 1nformation
on ferrous -and copper powders. We apologise for the delay in replying to -
your letter. . ' ~ o : : i

The'following are answers to your questions:

(a) - Attached are import figures showing the imports of iton
and steel powders, copper powder and flakes and other
. ferrous- alloys 1nto West Malaysia for the years 1967 to .
- 1969.. :

(b) See attached.

(c) There is no import duty on these pdwders." However, there
is a 47% surtax applied to all imports, 1rrespect1ve of
country of origin.

(d) There is no local production of these powders in Malaysia
" and end-users have to import all their requirements from
overseas countries, During 1969, total imports of copper
- powder and flakes and other ferrous-alloys were 311 tons
and 285 tons respectively. o ‘ e

. The main consumers of ferroue—alioys are steel foundries and casting S
firms. . The market for this powder is expected to increase the next few e

‘'years in view of the expansion of existing foundries and the implementation of
' new projects. (e.g. Malayawatta Iron & Steel Works) (Iron and Steel. Foundry),

Bradkan (M) Sdn. Bhd., (steel foundry complex), Malleable Castlngs (M) Sdn.

.Bhd., (castlngs)



Only a few electro-plating companies reported using copper powder
and in very small quantities, We. could not locate other useéers of this

powder although the Malaysian import figures show a substantlal import for
the year 1969. .

We_trust‘the foregoing is of assistance to you.

Yours faithfully,

" R.W. Holberton
. Trade Commissioner
"Kuala Lumpur

s Attach;-

20
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IMPORTS INTO WEST MALAYSIA - BY.COUNTRIES

51

Description of Commodity

_January - Dgcember 1967

January - Dééember{l968

January - December 1969

©1.05 745

and Country Quantity Value M$ CIF Quantity Value M$ CIF Quantity Value M$ CIF

Iron or Steel Powders

BIN No:. 73.05.100

(SITC No. 671.320)

Total Imports - - - - 2.21 2,678
India - - - - 0.01 10
Singapore. - - - - - 3
United Kingdom - - - - - 2.19 2,225
U.S.A. - - - - - 0.01 440

Copper Powder and Flakes: .

BIN No., 74.06.000

(SITC No. 682.240) -

"~ Total Impo;ts~;' 132.73 30,106 187.99 _ 55,318 1 311.00 ' - 18,494
China _ 6.39 1,167 5.99 798 - -
Fed. Republic of .Germany 71.97 - 17,218 141.55 39,948 222,69 - 50,673
Hong Kong 10.80 1,879 6.98 o 1,459 3.48 ' 753
Japan _ .0.17 66 © 3.70 1,193 0.75 314

- United Kingdom. 37.45: 8,886 26.73° 9,207 - . 81.94 26,259

Other Ferro—Alloyé, - | |

BIN No. 73.02.900 .

(SITC No. 671.500) .

Total Imports 192.12 142,484 34.17 19,432 295.10 211,241
. Australia - - - - #7.70 1,234
Formosa 29.12 21,875 - - 38.44 25,184
Fed. Republic of Germany - - 0.30 . 276 28.86 . 34,015
India ' - - 30.82- © 16,994 204.56 130,190
Sweden : - _ - 2,00 1,417 2,60 - ' - 5,379
"United Kingdom 5.52: 3,855 13,76 11,122




TABLES 1 to 9

FIGURES ‘1:to 7
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TABLE 1: -HyL PLANT — DIRECT AND INDIRECT OPERATING COST FOR REDUCTION

S/Annum

Item Unit Cost, $ Days/annum Quantity

Natural gas 0.30%/thousand .cu ft 330 2,639,000 -thousand cu ft,. 790,000
Water make-up 0.25/thousand gal 330 118,000 thousand gal 15,000
Electricity 0.02/kWh 330 1,040 thousand kWh 20,800
Catalyst and chemicals ~330 15,000
Operating Labour 1.50/man hour 365 +.10' 49,500 man hours 74,300
Supervision 2.50/man -hour 365 + 10 9,000 man hours 22,500
Maintenance - 4% cdpital investment 365 + 10. 320,000
General overhead 100% labour and -supervision . 96,800
Miscellaneous supplies | 22,000
Royalty | - 0.90/ton Fe- 117,000
Direct Operating Cost $11.50/ton 130,000 Fe in pellets

1,493,400 -

* This is assumed as a final negotiated price

882 .
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. TABLE 2: PRODUCTION OF IRON POWDER

FROM MOLTEN METAL BY ATOMISATION

- Unit Cost. |

$

Quantity/ton’
‘Product-

~ $/ton
Product -

Electricity

“Hydrogen or cracked

ammonia -

Gas -

. Water’

‘Sundries

(inclpding nitrogen)
ngrétihg labour,_.'

Supervision;.

.Maintenahce-(3%_FCI) 

Direct Operating Cost

© 0.02/kWh-

"200/ton NHg

0.30/thousand.cu fr.

0.20/thousand. gal

-~ 1.50/man hour -~
. 2.50/man hour

150

200

600

. 200

kWh -

cu ft .
cu‘ft f
gal

man hours

man hour

3.00

 (say) 0.50.
0.18
- .0.05"

0.25
12.00
2.00.

7.80 -

25,78 -

882 -’



TABLE 3:

IRON AND STEEL MINI-COMPLEX — ESTIMATED COST OF PRODUCTS
AT .SALISBURY, AND CAPITAL INVESTMENT '

Product Totai Production Cost*  — Fixed Capital Investment -
$/ton Feed. "$/ton Concentrate ‘$/ton Fe in- '$/ton Stage . Cumulative
or Pellets Reduced Pellets Metal $ million $ million
Olary ore‘feéd,on trucks at Salisbury:

o g e - - mw
Conceptrate. - . 12,80 - - 1.56 1.56
Semi-indurated pellets - 15.60 - 24,40 - 12,00 3.56
Reduced pellets (Sponge ‘Iron) - . SR | 36.95 - - - 8.00 - 11.56
Steel billets - -  63.90 67.30 4,00 ' 15.56

- | - - 144,30 3 16.86

.Iron powder

1.

*  Rounded to nearest .$0.05.

882



" TABLE

4 ANACONDA—TREADWELL PROCESS

'11; Manufacturlng Cost Data for ‘an- 80, 000 tpa Plant

Cost, $10° pa

Chemicals_

882

‘AHZSOa: ' 'assumed nil- _ .
HCN: {680 tpa cost at’ 3 x molar cost of NHSA' R
) 3160 x 3 x %7 - $303/tn - 0.206
Utilities | I R
Power: - 39.7 x 10° kWh- o
: _ _‘Cost @ 1.5 ¢/kWh . . 0.595
'Naturél.gas:i 5,900,000 x 10° Btu/annum | SR
IR - Cost @ 3.5 ¢/therm 2,065
. Water: _ 108 x 10° gal/annum B L
- _Cost @ISO,C/IQOO ga1f~ - 0.054"
a_~"Labour and Supervision o L : o :
 The Anaconda—Treadwell estimate allows for 32 shift opera-
' tors, 32 shift labourers, 8 shift supervisors. 14 day- . .
shift operators, 8. day-shift labourers and 2- day-shift .
g supervisors L o S
132°@ $4,500 =" 144,000 -
32 @ $3,500 .= 112,000 -
- 14 @ $4,000 = 56,000
-~ 8 @ $3,000- = 24,000
8 @ $6,500 = 52,000 -
2 @ $7,000. = - 14,000 . . _
. Total Labours 0.402.
Maintenance ’ _ o
Assume as- 5% pa of capital cost»7r '"2;105'
Overheads,; | -
0perating'supplies: assume‘IOZ,Hirecr labour
- Payroll overhead: = assume 20% direct labour
~ ‘Plant overhead: assume 1257 direct labour
Process control: -  assume 25/ direct labour _
Total: 180/ of direct labour » $0.725
| Cc/f - 6.152
Continued



" TABLE 4: CONTINUED: -

Cost, $10

° pa

Depreciation

~Assume straigﬁt line depreciation_at:

Taxes and Insurance

Assume 17 pa‘df,gapitéi cost

Interest .

Assume 6% pa on ‘total @apital cost

-

10% pé“ ‘A
"Sub-Total. ‘

. Total . -

1e,

 b/f  6.152

4:210 -

10.421 -

. 10.783

12,940

13.723

© $13.723 x 10°
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" TABLE 5: ANACONDA-TREADWELL PROCESS N
IR AtA-Manufactur;ng Cost Data for a 10, ,000 tpa Plant

-"»Cost,'SIO6 pa

‘Utilities -

;Cheﬁiéals';-"‘ L o
HON: 1/8 x 0.206 =

- Power: 11/8

‘ x 0. .
Natural gas:  1/8 x 2.065
x 0. '

’Water: N 1/8

Labour and Supervision

: Direct 1abour. 1/6 X 0 402

. Malntenance

5/ pa of capital ‘__-1j'

_.Ovetheads“»

f180%‘6f direct létbur_

’

Depreciation’

10% pa of capital =

" Taxes and Insurance

lz,pa'qf capital, o

Interest

6/ pa on total capltal cost

SuB—Total

”iotal '

B ie.

- 0.026

0.075
0.259
0.007

mts;f;
lid.ézo'
7_‘6.121  ;
.i.oéd

0.104

2,219 -

0.730
. 2.949

$2.949 x 10° pa
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* TABLE 6:-

" ZINC OXIDE REDUCTION

(o]

=.Temperafure_

SC

Equilibriﬁm Partial Pressures, -atm

P

©LCO -

CO2

Hz

H0

s
950
1,000

1,050

1,100

10.367
0.414

0.269 -
©0:297 -
0.325

- 0.236

0,222

£ 0.200°

0.175

0,144

0.006 -
0.012

0.023"

- 0.034
~.0.051

0.467
0.425-
0.372
0.300 -
0.225

70.021
© 0,046

10.121°

0.075

© 0.165

TABLE. 7: -

VALUES FOR REACTION 6

ZINC SILICATE REDUCTION f-THERMOCHEMICAL

Temp . -

" keal

AG . Log Kp.;

N ko

. Equilibrium Gas Partial Pressures, atm
o ‘

Zn

.Hz

CH,

907
950, -

4264
+19.1 °
+11.1 |

1000 -
1050

1100
1150

1200

1300
1400
1500

: fiiil
=5.2-
-13.4

-21.4
-37.6

-53.8
-69.8

4. 89

.:+0.83

L +3.17

45,22

~47.03
. +8.60

-3.41 .
~ =191

+2.06

12.88
3.89
1.23

30,9 -

' 6.76

1.15

14.79

 16.6
- 10.72°

~3.98

XM X

b

100 0.
100 o,
100 o.
' . 244
.249

102

104
10°

10°

© © © o o o

141
187
240
.25

.25

.25

.25 ¢
- 0.25

0.141
0.187

L 0.240
0.244

0.249

0.25

0.25
0.25
'0.25

.282 0;440 .
.374  0.248
.480  0.038
488 0.025

498  5.92 x 10°%

.50 1.46
.50  4.07
.50  3.84

.50 - 4.76

.50 . 7.8

x‘ .
x
x:
X

X

107
107%
107°
10°%

10-7' .‘ )

882 - .



TABLE 8:

VALUES FOR REACTIONS 7 AND -8

"_ ZINC SILICATE REDUCTION - THERMOCHEMICAL

“Reaction 7

 »‘Tem§_' : " Reaction 8
°c . 6% Log Kp Kp ' 86°7  Log Kp Kp
kcal - . . = ' ~kecal L
907 . +462.2 -11.50 .'~3{i6:\$elo“? - +60.8. -11.22  6.026x 10°%
1950.° +60.9 ~<10.87 13.49  #=10f"‘ 459,30 -10.59 -~ 25.70 x 10°%: .
1000 - +59,9 - -10.28 52,48 x 107%? 457.5 - 9.86 - 1.38 - x 107'°
?ioso> +58.911 - 9.70 ©. 1.995 x 107'°  455,9 - 9.21  6.166 x 107}°
1100 - +57.6 - 9.16 - 6.918 x 107'° . +53.8 - 8.56 27.54 x 107'°
1150 +56.4 - 8.65 '22.39é:x'10f‘° . 451.8 - 7,95 1.122 x 107%
1200 - 455.4 - -8.20 -63:10 x 10°'° . +50.0 - 7.40  3.981 x 107
1300 453.2 - 7.40 - 3,980 x 100°  .+46.2 - 6.42 38,02 x 10°°
1400 . +51.2 . --6.70 - 19.95 x 107° - +42.4 - 5.54  2.884 x 107
1500 449.4 - 6.09 - 81.28 x 107°  438.8 - 4.78 16.60 x 107
TABLE 9:  ZINC SILICATE REDUCTION
 'Temp , :Equilibfium Partial Pressures, atm o
°c In . CH, €0 . C0p . - Hy H,0
907 - 0.141 . 0.440 10.161 1,78 x 10°° 0,282 4.91 x 10°°
950 ' 0.187  0.248 0.187  3.68 x 10°®  '0.374 1.0l x 107
1000 0.240  0.038 1 0.240  7.25 x 10°°  0.480  2.36 x 10°°
1050° . 0.244 ° 0.025 0.244 141 x 100% 0.488 . 4.96 x'107%:
1100 - 0.249 5.92 x 107 0.249  2.64 x 1075 0.498 - 1.05 x 107
- 1150° 0.250 1.46 x 107° | 0{250 4,71 x 1075 7 0.500 2.12 x 107%
- 1200 0.250°  4.07 x 107 ©0.250 -+ 7.95 x 107°  0.500 3.99 x.107%
1300,  0.252°  3.85x 1075 0.250°" 1.99 x 107*  0.499  1.23 x 1073
1400 0.253  4.72'x 107% 0.249.  4.38 x 107  0.496 . 3.32 x 10°°
1500 0.256 ~ 7.51'x 1077 -~ 0.247. '8.68 x 107% " 0.487 7.75.x 10‘3’;

- .8.872
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