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Low 8haft Furnace Process for Nairne Pyrites Ltd.
Department of Mines Adelaide Inquiry DM_1518/52

Dear Mr. Pohl,

During the pre-feats carried thfough with the Paw

material supplied by the Department of Mines we obtained the

following results:
Analyges

Bewcaatie

Leigh'Ck;‘Angasth.'

Nairne

pyrites Coal - Coal
Fe o 55¢30%  6.81% 3429 1.66
Mn : o 0.17 - :0.32 0.28 O.40
8. ‘ ) " 1.00 .. -not det. not det  traces.
Cao : 0.55  1.83 7495 = 5k4.60 .
_Mgo B 0.36 0.34 - 1e70 traces
Al_O, . 2,98 28.99 34.50 . traces
C hi o - - 50 .40 31 .46 -
co oss due to o o . :
bufning - ... 2602 - - 42.79
Hﬁg : - 380 13.50 -
afhes - 14.95 23.95 -




The coal analyses of line 1-8 were taken from the cosl
ashes ‘ : A
REPORT ON THE BRiQUETTING TESTS WITH AUSTRALIAN RAW MATERIAL

In the appendixes we have summarized the detailed state-
ments about all pre-tests and briquetting tests with Australian
raw material placed at our disposal i.e.

10 kgs of Newcastle Coal

10 ¥ - of Leigh Creek Coal

10 " of Nairne Pyrites
10 " of Angaston Marble (Limestone)

All details can be seen from dur appendixes.

The pre-tests have prowed that the use of only Leigh
Creek coal or big parts.of 1t'asAmix1ng components would not be
favourable. Carbonization tests with Leigh-Creek coal briquetts
without ore and fluxzed components'but with the addition of
binders up to 8% have provéd to be uﬁfavdurable. When using
piteh as well as pefroleum bitumen as binder; there wexe:' alwa&s
powdery remains from the carbonization. On the other ﬁand, the
~ carbonization tests with poor baking Newégstle proved to be
favourable. Even the addifibn of about 10% Leigh Creek Coal
resulted a surprising improvement of the briguette's qualities
provided the fluxés to be added were marble. More bétper results
were reached by'the addition of I;méstone instead of mérble.
On this reason we propoée, tb‘use - 1if possible - limestone as
~ fluxes forJtné‘planned low shaft fufnﬁce plant. As the Leigh
Creek coal is being produced with a pit moisture 1f sbout 31
- 36% a higher use of this coal should not be advisable owing -
to the higher costs of transport and drying. With reference
.the above.mentioned reasdns we have carried through most of
our tests with Newcastle coal, whiéh we‘snppoeé to.bq
sufficiently at dispésal.‘ '_

It can bé seen.from the enclosed burden calculation that
oving to the proportionally.high 8102'-,and low cg?- contents
of the Nalrne pyrites higher'amouhte of limestone have to be

charged as well, ConseqnentlyAit would be advisable to use
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limestone hydrate (ca(OH)é) if there are sufficient qnantifiee
at disposal and the ways of tramnsport and freight charges

are favourgble.‘ If marbie is to be used as fluxes, special
care has to be taken on the briquettes mixture grain structure
in order to get resisténce and, nevertheless porous combined
.ore coal bdriquettes. As can be seen from the enclosed
8ppendixes, point B, the briguetting teasts No 7 8, 11, 12, 13,
14, 15, 17, 19 20 and 23 can be considered as 'good. The
_tests No 15 and 18 can even be considered as 'excellent.

For the both lést mentioned test series marble was used as
fluxes for No 15 and limestone for N 18 Furthermore it was
preved, that too high an amountipf marble aé fluxes did_not
result the required resiatibility of ‘the combined 6re—c6al-
briqﬁette. A ration of 6-8% pitch or petroleum bitumen proved
to be a favourable ratiop for the binder
Appendix X xhamxm hxk showe briquetting tests with higher

consumption of material on roliing preaqea-proving good
reeﬁlts-under No 1 Also in this case it is proved that a ratio
of ecoal of 508 Newcastle coal or 4O¥ Newcastle coal \

‘and 10 per cent Leigh Creek coal will result resistant cohbined'
ore-ooal-briquettea vhich have proportionally big pores and '
become good<nrbonization coke even in a respectivelly cocking
temperture of up to 10000¢ and only small amounts became

'liquid coke', ‘ |
| In accordance with the test results we are of the

opinion that the Australian raw materiél sent to us is absolutely
éuitable for our process. The semse of the Statements about

the use of.Marblg ean be applied hefeto as wedl.

We have to remark,that we have carried. through our

'pretesta with the Newcastle.pit'coal, as we think that this cbal
with its higher contents of volatiles will be more economical
than the Leigh Creek cosl you have sent to us as well., Some
mqnths ago we have carried through long-time tests with
~Amer1caﬁ open barning coal which in its analyses 18 quite

simllar to a German open dburning coal and.gained a good success
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The output of tar condensates of about 450 kg pure
tar/t PI from the top furnace gas produced is just so
excellent that the wholé amount of binders necessary for the
briquetting was covered by this pfoduction. Furthermore,
there was stiil a remarkable abundance of tar for other
purposes. We suppose that also in Australia tar will be
welcomed for carburizing purposes in the Siemens Martin stove
‘or for chemical purposes as well as for street bullding as
tar macadam.
As to our experience won during our various long time tests
with similar raw material and sorts of coal there will be no
difficulties for the productiorn of steel pig iron as well
as foundry pig iron from raw matérial of the kind and
cpnstitution<you have sent to us. Encloged we are sending
‘a burden calculation for haematite pig iron and foundry
pig iron each. For the last mentioned sort of pig iron
possibly a phosphor contain&ﬂg maierial would have to be added
to the foundry'pig iron burden in ordeé to reach a phosphor
contents in correspondence with the various gorte of pig iron .
for foundries. (0,8-1,8%) Accordingly for the production of
steel pig iron a manganese-contains material woull have to be
added to the haematite burden. ing | ,
 We should like to call your attention to the fact, that it
"wili be absblutely possible to proﬁuce:a special foundry
Pig iron miof the supplied Australia raw material (Nairne
} o pyrites New castle c§a1 and Angaston marble (11mestone), :
Sphero- which meets the denands of the ghpero cast ie. with low

idale .
-Grapht te Mn and P contents as well as with a silicium contents what

Gast Iron _ »
- o ‘ever required. In accordance with the test the pig iron

produced from the American raw material which in the test
report of the German Max-Planok-Institute for Iron Investigation
in Duesseldorf was stated to be similar and of the same

value as the Special sorts of pig iron the special suitability
of the low shaft furnace pig iron for steel casting purposes

(chill casting among others) was proved in a well-known German
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rolls producing foundry.

As Herr Dr, Pohl has informed us onAoccasion of his visit
some time ago, the State South Australia is interested in the
erection of & centrifugal éésting foundry for the production »f
spuﬁ iron pipes. The low shaft furnsce pig iron, which is
being produced as foundry pig iron, could behised for this
purpose as well, In this gase it would be uéeful to charge the
liquid pig iron into a gas-heated mixer, and to produce spun
iron pipes in a direct process by overheating and use of the
respective carbon-contents and the respective analysis, hereby
evading the cupola furﬁaée. Moreover, we like to call your
attention to the fact, that the heating of the mixer can
be carried- through with the high-valuable has produced
during sur low shaft furnace proceas. o N

In this case in question it would be practicéble asto

_our experiences to use a flat-hearth'tyﬁé hi;ér, as is oper-
ated by the Halberger Huette in ﬁrebaph Saﬁr}for.ﬁheir_spun
" iron pipes and eentrifugﬁl cagting foundry as_véfl.- (éeeA
for "3tahl und Eiéen" 1§35. No. 6, Report No. 143 of the
Hochofenausschuss (Board of Blast thnaoé'xxﬁegbp).
We found bnt, that the use - of the Neiéastle pit-coal,
aamples of which. you have 30pplied to us, will guarantee in the
 1ow shaft furnacgyzggigvour of an essential gas and tar
produotion. As to our qxperionoea-with similar American
pit coal the gas will have é calorific valué or-iuoo - 1450
calories ( 157 - 163 BTU/ob.rt )e " With regard to the gas
volume there w111 be 105 tiore gas than’ tnwthe respeotive
blast furnacglproceas, oonaequentlylthq gae credit will be
a 60% better one - by.the 50% higher calorific value and the
1ncreased.¥o1ume - than in- the conventional blast furnace
proueaa.

Moreover, the blast supply for the low shaft furnace

plant is less expensive - because of the smafller pressures

required - than the conventional blast furnese with its

~ essentially higher charging sharft,
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" In case, in the planned low shaft furnace'plant there
are not sufficlent consumers for the gas produced, for
instance 1t could be uséd for the heating of a moulding or
core-drying stové in a foundry connected to this low shaft
furnace plant, - Moreover, it could Se used as additional
heating in & steam boiler plant in power stations, or in
forging plants and rolling miils. | |

The quality of the marble you sent to us 18 excellent,
but 1t is only conditionally suitable for the production of
combined ore-coal briquettes based on your raw material.,

It was proved by the pre-tests that there will be a slag
volume of about 1250 kgs/t PI. This slag can be granulated
or foamed, accordingly it is suitable for the cement prddﬁction
as well as for the production of slag bricks or pumice slag,

In this case in question the fuel consumption of coke with
85% C amounts to 1450 - 1550 kgs/t PI, and it is expected
that it will be & better one in & dbig plant;

~ The performance of further tests is necessary for a
reliable detailed calculation of ecomomy. We propose 3 tests
in the water jaocket furn&ce in our‘plgnt in-Koeln-Kalk; for
this purpose weAwill need about thé following raw material:

15 t Nairne Calcines
20 ¢ Newcasfle Coal

. We are of the opiniog,-tngt'ghe supply of limedone is not
necessary in thig;cgée, Wb,wiuld-pgrry fhroﬁgh these testa
with a Germen limééﬁgnéréf’a Qimiiaf.constitufiqna_'Wb would
'perform 3 tests with a charge of 5 ¢ briqueﬁteaffor each. The
~calculation of bu;dén would be'bésgd on the sorts of pig.irom
required by you; this is haematite 1ron.as‘we supvose. The
éosta for these tests quld amount. %o about TM 12,000, provi@ed,
'that &ou will deliver the required materisl freé of any freoght
charges to our plant in Koeln-Kalk.

;_Based on these tests, we would be able to let you have the
folléwing technical data:

1. Raw material Balance, ‘
2. Production sheet with statements of the PI-
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Slag-, Dw t- end Gas-Analysis.
3+ Results of a Pre-Test for the Tar-Output.
L. Caleculation of Economy.
5. A draft plan for a low shaft furnace plant with
2 furnaces with a daily capacity of 100 t each.
If you are of the opinion, that beside .of the water-jacket
furnace tests we should perform & long-time-test, our low shaft
furnace ptlot plant with a dail& cepacity of 12 tons in Koeln-
Kelk will be at your disposal forthis purpose., In this case
we propose the performénce of tests with a smelting period'of
L days, for which the following raw material is required:

150 t Nairne Calcines
200 t Newcastle pit coal.

Also in this case we would operate with German limeStone,A
for to keep the costs of theee tests as low as possible. The
cost for the big test would amount to about DM 120.000.- to |

150.000. In this connection we should 1ike to remark, that at
‘the present time we are completing the plans for low shaft
furnace plans for other foreign customers,-for instanée in
Spain and then in Italy. which are based on the results of water-
jacket-furnace tests only. A

We have completed a report abouf the long-time-tests with
America; raw materialifn the beginning of 1954; as soon as this
_report will be printed - in the middla of 1955 - we will send 1t
to you for your information. As thé_boal of the American raw

;méterial is similar to that in Australia, the water-jacket- |
‘furnace tests proposed by us can be used for comparison pur-
posesiresp,-thqir results can be.conéidered'traneferable foréa
big plant. | ‘ |

We would like you to study our information and_daté, and

we look forward to a soon repiy.'

Sincerely yours,
DEMAG-HUMBOLDT NIEDERSCHACHTOFEN CmbH,
(Enel.) (sgd.) Dr.,H. Reinfeld Dr. A. Reichmann



DEMAG - .HUMBOLDT
NIEDERSCHACHTOFEN GMBH

Herrn Dr, E.R. Pohl, Deutz Plant, Australia
Low Shaft Furnace Process, Néirna Pyrites Ltd.

Briquetting Tests with Australian
Raw Material,

REPORT
Supply:

About 10 kgs Coal "Newcastle"
10 kg " VLeigh Creek"
A 10 kgs pyrites "Nairne"
and 10 kgs marble (limestone) Angaston (lumpy).

The analysis of the bituminous "Newcastle" coal supplied proved
the following constitution:

‘ - ' c
Fe  Mn P SiO2 A1203 Ca0 ugo _803 wgter ashee » vol fix

6,81 0,32 0,22 54,25 28,99 1,83 0.34 0,69 3,60 14,95 34,65 50,4 1,L

The "Leigh Creek" coal 1s & sub-bituminous. coal, like about the
boehmische hard dbrown cosal,

[(4]

Analysis 5f "lLeigh Creek! coal,
: c
Fe ‘Mn P 810, AﬂQO . Ca0 MgO SO3 water ashes vol fix &

3,29 0,28.0,66 46,80 34,50 7, 95 1,70 0,90 13,50 23,59 L4,95 31,46 0,4

Bothcsorts of coal were supplied tn a corn-mixture up to 2 mm,

The calcindd pyrite "Nairne” had the following scoreen analyais and’
constitution: )

Screen~-Analysi ss 2 mm 8,51ﬂ

2« 1 mm- 3,83

1= 0,5 mm 3,83

0,5- 0,3 mu 3,83

0,3 0,2 mm 3,40

0,2- 0,12 mm- 8,94

_ 0,2 mm 67,66
Constitutiom: j A .

o Mm -P 85, 810, AL0; a0 MgO lgas due to

55,38 0,17 0,06 1,057 16,85 2;98' .0,55 0,36 2,02,

" The marble "Angaston" was supplied in & lumpy condition as the
fluxes planned; it had the following constitution:

Fe - Mn P 8 310 A1203 Cal Mgo ng%ngue.to

1,66 .0,L0 0,02 traces 0,22 traces 54,60 traces. 42,79



Deutz Plant. & Equipment (Aust.) Pty. Ltd., . : : ‘ Appx 1A,
504, Bridge Road, . . ' : A
Richmond, Melbourne, . Tel, J’B 3969.

CALCULATIW OF BURDEN FOR SOUTH AUSTRALTAN RAW MATERIALS.

Burden No, A, _

% | xa e | m | P s | cao |mMgo |sto, A1263 Ct1x | co, | Volatile
ore KX 1 30.3 ioo 55,38 | 0,17 0.06 | 1.00| 0.55 | 0.76 | 10.85 | 2.98 - I 2,02 -
Coal ncf) 39.3 | 13 | 1,33 | 0.07 0.08 | - - | 0.35 | 0,07 | 10.54 | 5.55 65.52I e | b5.0L
cos1 L¥) 9.2 30 | 0.23 | 0.02 0.05 - | 0.56 | 0.12 1 3.31 | 2,u4 943} - 13.48

Limestone 21,2 70 o.48 | 0.07 0.01 | - | 37.84 | O.44 | 0.80 | 0.15 - 9.7 | -
total in P.I. 100,0 | 330 [ 5642 [o0.22 | 0.16 | 1.00][ - - |-z | - 74951131, 77 58452

igﬁin slag | 100 Jo.o11 | - 39.30 | 1.36 | 23.36 |11.12

Analysis of Pig Irom . Qusntity of Slag  BpProZa..1250.Ke/tep.Pal:

Po spprox. 93 % SR ' Coke Rate  pporez._ 1460 ke/ton P.I.

c " The50 ' L B e

81 3252 s | | | .

P 0,26 = : Py s ‘5’%-8  approX. 1,65

8. 0 .050. ' SR

) P2 =. g%%i%g 0 ' approXx. 1‘42

_ 2**12% _ =
x N = Nairne Calcines ’

x NC= Newcastle Coal
x L = Leigh Creek coal,
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"Deutz Plant ‘& Equipment (Aust ) Pty. Ltd., . o ‘ ' : = Appx, 1B
504, Bridge Road, A :

Ri chmond, Melbou rne. Tel. JB 3969._y .
’ gﬁ; gggral oF BURDEN FOR SOUTH AUSTRALIAN RAW MATERIALS.

Burden No. B.

% kg Fe | un P 8. ca0 Mgo 810, | A1,04 esx | co, | volatile
ore §%) 30.3 | 100 | 55.38] 0,17 0,06 | 1,00 | 0.55 | 0476 10.85 | 2.98 - | 2.02 -
Coal NC¥) 48.5 | 160 1.63] 0.08 | 0,05} - | o.43 0.08 12,98 | 6.83 80. 64| - 55.LL
Marble | 1.2 70 | 1.16] 0.28 0.01 | = 38,22 - 0.15 - . - 29.95 | .. -

: 1t 1 I e | B 80,6l 131.97 | 55.h4k
_[fotal in P.I. | 100.0 | 330 | 57.47] 0.36 | o.12 o 1.58

in slag | 1.06 0417 | 1.00 | 39.20 | o0.84 | 22,40 | 9.81

Gl

| Quantity of Pig Iron = 5‘:2='=‘§ e | Coke rate = 1545 ks/ton P.l.

Quantity of slag = 1215 kg/ton P.I.

Analyeis of Pig Trom ‘Analzsis of glag -

Fe 93,50 % 37.9h 080239, 20 50,76 % (51.11%)"
c 2? ’ - : ‘Hso hkg ( 3 ke) 1.'12%( 9
1 1,20 810; 22.uo E . 29,98 P, =peca0 1.75
i 0.59 ';}633 ,9'.'219 e 13.13 1 7(8105) = 2222 |
A8 S .29 I (I cao) +(Mgo '
8 0.0%0 o - 0.22 . | ©0.29 2 {‘—L)'L(usmoa +TAT,0,) = 1.24 .
| . Ces. . _2.24 _2.99 o 3~ oIz
S The 74 : 100, 00

x;.n = Nairne Caloines
NC = Newcastle coal,



- Deutz Plant & Equi pment (Auat ) Pty. Ltd.
504, Bridge Road,

RiohMdnd, Melbourme, Tel. JB 3969,

" BRIQUETTING TEST8 WITE SOUTH AUSTRALIAN RAW MATERIALS.

No. Coal NC “Coal L | ore N B Binder ‘Carbongzation Temp. Remarks / Conditions found
: : . , (COokIng Temp. )

-A. Pre - Tests.

1 20 g - - - . 1000°¢c ~ baked
2 - 20 g - - 1000°¢ powdery
3 10 g 10 g - T - 1000°C : baked - powdery
) 10 g - .58 5g - 1000°¢C powdery ‘
5 15 g - o 58" - 1000°C ' slightly sintered - powdery
6 i5¢g . 58 = - 1000°%¢ - _slightly sintered
7 15g - 5§ - 1000°C . slightly bvaked
8 1586 58 - - ~ 1000°c slightly baked
' Bri'dettih Tests (hydr. Preas)
"-Softeaing point
o ; " ‘(Fusing point) o

1 60 g - . ho g Pﬁch 6% 600 - 800°C , '11 qutd coke', slight cracks
2 - 30 g 30 g 40 g L 6% 600 - 800°C : : very porous )

. By o : no 'liquid coke'
3 30 g 30 ‘ hOas‘ " 8% - 600 - 800"C porous )
L 60 g e - hog v 8% 600 - 800°C " firm coke, slight cfacks
5 o g 20 g LO g " 6% 600 - 800°C no 'liquid coke', very porous
6 g ' 20-3‘ ‘ ‘ Lo g " 8% 600 - 800°C good, coke production
7 50 g 10 g 4o g " 6% 600 - 800°C . ‘ good, firm coke, few big cracks
8 50 g 10 8 4og " 8% 600 - 80fCc ‘ good firm coke, few big cracks



Ore N

0.5 mm

No. ‘Coal, KC Coal L . Fluxes Binder ‘garbonization Temp. Remarks / Conditions fould
: . - (Coking Temp, ) .
93 100 g - 30 g 21 g marble pitch 8% GOO - 1000° powdery, easily powderablse,
10 K ' 2 mm no deliquescing of bitumen.
11 4 g 10 g 30 g 20 g marble 'Strabag' 600 - 800°C firm, good coke production
: ' = ‘bitumen 8% : deliguesced bitumen,
12 LO g 10 g 30 g 20 g marble 'Strabdag' 600 - 66000 firm, good coke production,
' , : 0.5 mm  bitumen 7{ . deliquesced bitumen,
13 LO g 10 g .30 g 29 g marble 'Strabag' 600 - 800°C rather £irm, good coke pro-
: ‘ . 2 mm butimen 6% duction, deligquesced bitumen,
14 LO g 10 g. 30 20 g marble ‘'Strabag' 600 - 800°C rather firm, good coke pro-
; ‘ A _ 0.5 mm Dbitumen 6% ‘ duction, deliguesced bitumen,
15 100 g - '30. g . 21 g marble ‘Strabag’ 600 - 1000°C very firm, very good coke
. ‘ . 0.5 mm  bitumen 6% . production, deliquesced bitumen.
16 100 g fine 60g  uog ma;le‘ pitch 6% 600 - 1000°C - powdery |
17 100 g fime 60 g 20 g marble pitch 6% - 600 - 1000°C good, firm coke, deliquesced
: _ © 05 mm - _ : bitmyen.
- 18 100 g .60 g 4O g. lime-  pitch 6% 600 - 1000°C very good, firm, 'liquid coke'
" . stone hydrate o 4 '
19 100 g 60 g LO g send pitch 6% 600 - 1000°C good, firm, 'liguid coke’.
20" 100 g 60 g 4O g marble pitoch 6% 600 - 1000°C rather good, no 'liguid coke',
21 100 g . 60 g 4O g marble pitch 6% 600 -,1000°C . good, firm, slightly 'liquid
: : ".0e5 mm ' . ‘ _ _ coke’,
22 70 g . 308 .60-g 4O g mardle pit6h 6% 600 - 1000°C rather firm, no 'ligquid coke',
: carbonized . 0¢5 mm - :
- CAm
23 0 g g 60 g . 40.g marble pitch 6% 600 - 1000°C good, rather firm, slightly

*liquid coke',



Ore N 'A; Fluxes lninder : Carbonization Temp,.

Remarks - Conditions found

No. Coal NO Coal L
Marble , jgoking Temp.)
Ce Briguett ng_Tests (R olling Press)
1 4o % 10 % 30 % 20 % 6% 600 - 800°C Strenght in cold condition 25-
' . ‘ _ 30kg, after one day's storage.
heated up to 1000°¢ no sticking together
in the retort,
The briquettes have sufficlent
strength, and are relatively very
porous; there were only small
amounts of 'liquid coke' to be
found,-
2 - 0% . 20% . 6 %

50 %.



. The Present State of Development of the

» DEMAG-HUMBOLDT= Low-Shaft-Furnace Process after

GENERAL
REMARKS

_ CONDITIONS

the completion of the lLong-Time-Test with Amer-

ican Raw Material in the beginnimg of 1954.

Owing to the rapid development in the‘pig iron and steel

production of all countries during the last 50 years, it

has been taken into consideration which amount of the nec-
essary raw matérial = especially of coal stocks - is still
at disposal for the next decades, The classic smelting
proceas for the pig iron.prodiction is the reduction of iron
ore in the blast furnace with the use of lumpy, abrasion-

probf coke, A modern blast furnace is also being charged

" with ‘burden material whichhis been prepared fn order to

reach the optimum of charging capacity. The preparation

of the burden material consists of the sintering of coarse

grained ore, which is screendd and the grain-sizes sui table
for the blast furnace process - LO - 80 mm., - are thereby
seaprated from the fine ore. Thereafter the fine ore

is being chargéd into the biast furnace, partly sintered,
i.e. agglomerated, and partly as fine material. The

shaft height if the'blast furnaces amounts to 15-30 m.

and the necessary'period-fur the throughput of their burden
"« material and the ooke will take 7 - 10 h®s., that depen

on the reduction oapaditf of the ore,

As to the preseht general opinion‘bituminohs coal (coking
coal) 1is t he most suitable one for the purpose of coking;
the most important dates of this coal are:

19 - 28% volatiles
leas than 7% ash contents
87 - 89% C-contents, with referenoe to pure coal
Ke6 = 5. Z%Ha-contente,
3.3 5.0% 05-contents. . " " " " .4"
1.1% SSoontents, " " " # "
1.54 ¥ -contents, L o " " n

more than 80% of grains under 3 mm if the coal
mixture free of mud and free of swelling
nature
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BLAST The coke produced from such coal in a coking plant has the
FURNACE A
COKE following chemical constitution;
With reference to pure coal With reference to dry coke
9Z g c . 86 - 88
o. H, 1.8 €H, + 0, + N
0.6 % 03 1.0 272
1.0 % N2 : 10.0 % Ashes
1.0 € 8
DEPOSITS) Bulk density about 430 - 570 kbs/mo,
oF
COKABLE - By the increasing fnquines for cokable coal the deposits
COAL : : '

“LIMITED still at the disposal have been called in question., As is
will known the coal reserves in the Buropean and North
American countries are not inexhaustiblJe. Many countries
do not have any cokable coal deposits at all; consequently
since 26 years there have been made 1nveatigationa for
smelting ﬁrocesnea allowing the use of anthrazité coal
or coal_of a high gas content for metallurgical purposes,
~ By this, those countries having at their disposal rich iron
" ore deposits, but no sul table coal deposits, have to import
cokable pit coa&l or lumpy resistable coke for metallurgical
A purposes,
INGREASING Furthermore, it 1s will known, that during the iron ore

OF FINE = winning in all countries the amount of fine ore has consid-
ORE

eraﬁly inoreased during the last decades. Owing to tech—
nical and economiocal reasaﬁs it 1s advisable to prepare

the fine ore before charéiﬁg it into metallurgical furnaces;
now there is the questiom of building of ore-preparing plants
in order to meet the inereased demand of ore, as there is
suffioiént lumpy ore at disposal,

Further | Therefore i% i8 obvious that investigations were made in

5 T SgES -order to find a way out of the difficultiea'vhioh may arise
gooner or later in the supply of suitable charging material,
Several smelting processes had been developed or are still
being developed in order to overcome this narrow pass, The
use of charcoal is possible in Qell-wooged countries - like
Sweden - only, and only for small types of furnaces. The

use of electric power is only economic for those countries.
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where electricity is being produced by water-power or the

production of 6 kilowatt hours is less expensive than 4 kg of

"coal, The pig iron produotion in the revolving tubular

kiln can be carried through economically under certain
suppositions only, which are not granted in most ceses in
fuel wanting countries.

The low-shaft furnace process gives the possibility of -
smelting of ore together with non-éokabie or nearly non-
cokab;e sorts of coal, In the meantime several parties have
tried to sﬁlve the problem of smelting of ﬁre in a shaft
furnace with other fuel but coke. In most cases,»és a

consequence of the arising difficulties, c¢oal as the reductidn

~and heating material put aside againfand the smelting was

carried thraugh with small-sized ore and small-sized ocoke or
anthrazite. It has to be remarked that thereby the problem

of theharrow pass in the coking coal supply was not really

A solved and the question of the smelting of the fime ore had

to be postponed, as by this partly solution there was the
possibility for the production of sponge iron or iron contain-
ing balls. |
The low temperature oarbonaizﬁtion process, which has been
developed by the Demangumbo;dt-Niéderaohaéhtofon-Gesellachaft
int esting-amd 1nv§stigat16gs-ﬁork during iogg years, far the
time being as aingle_stage'process, allows thé carbonigation
(éoking) together with thg reduction and smelt;ng work with
combined ore—éoal—briquettes, which have been combinéd
sutably for the bruden, The raw dbriguettes will be
combined of the necesaaff componenﬁb of ore, fuel and fluxes

) analyeis
for a special slag/with regard to t he sort of pig iron
to be pfoduced. For't he combined ore-ooal-briguettes it
is important to find a compehsation in the physical pétivity
of the single components by varying the grain eizes and
binders ast o the baking ocapacity of the coal at disposal,
which will alloe the production of briquettes - tndér con-

sideration of thereduction degree of the sre - remaining
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resistable during the through-put in the furnace and having

‘sufficient porosity. 1In case, the briquettes will meet

these demands, a corréct operation of the furnace is guaran-
teed and the amount of dust keeps within normal limits.

The destination methods for¥ values of resistibility of combinec
ore-coal-briquettes in cold condition which have been usual
until now, do not frant a clear view on the behavior of the
briquettes diring their throughput in the furnace. When
being charged into the top of the furnace they will be exposed
to abtemperature interval from outside-temperature to 380° -
400°C whithin a very short time; by>thia they shall nei ther
burst nor soften-t§ suchh a degree . that during the through;
put in t he furnace under the temperature of 400°C - 800°C,

that means in the end of the carbonization they cam be crushed

. by the weight of the'burden. When the carhonization is

compbted there will be a coke-framing in the briquette
1mpfov1ng the valneé of reéistibiliti and keeping the stability
of forms. The time interval duringlwhioh the briquettes

will pass t he temperature zones between LOO  and 800°C in the
furnace, will takgygverage of 25 -~ 30 minutes only - in

the total throughput period of only 2§ - 3 hours - in the

low shaft_furhaoe.‘ It turned out necessary to develop &

oheok-apparatus for the obmbihedxdre-oogl-briquéttes, by which
the valﬁés of reéisfibilify,oan be'controllﬁd in order to
correspond ﬁbet pdseible withthe réqnireﬁ%ﬁté}df the furnaces,
This check apparatus had_been’built; as to this it os poss-
ivle ubw, to éheé& the various briquettes samples before they

are_being'charged in the,low shaft furnace on the same condi-

tions they'w111~be_exposed to during their throughput in the

‘upper part of sarbonization in the low shaft furnace., Hereby

the briquetting of the burden components can be regulated
as to the actual conditions, varying the grain sizes as well

as the adding of binders,
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The binder is of & considerble influence on the stability of

the briquettes in the furnace, It i1s turned out, that a

suitable binder will always have to be used in accordance witl

the fuel at disposal, During a test series binders were
developed, which correspond with the above mentioned require-
ments of resigstid flity of briquettes in the furnace, in
accordance with the fuel to be combinedlin these briquettes.
For coal containing @ high amount of gas, the binders can be
recovered from the own tar-productionm, whilst in case of
anthrazite coal, containing a low amount of gas, as far as
possible those binders should be used, which are prodeced in
the own country and cheap at the peice. Also in this

regard the Demegbﬂumboldt-Niederchachtofen-Geeellsohaft
(D.H.N.) has carried through fundamental development work,
which will be extended to the brown-coal-section in future;
The low shaft furnace of the D.H.N., in Koeln-Kalk, fn which tt
various long-time tests heve beem carried through, has. &
hearth dismetsr of 1.0 x 1.3 m, a hearth area of 1,0k m® and
an effective capacity of the.rurheecrot 51 m?. The furnaee
1s operated with 4 tuyeres of 100 mm n'o'ee_end' di ameter

and has an oval square section, The height of the fufneee
from the bottom to the top amounts to L.t m, 3 m thereof
preeent the effective height of the furnaee shart from the
tuyeree to the top of the rnrnaee. The top»hee a double

_bell and hopper arrange-ent- the top furnaee gas producea

will be elelued and purifiad and e usea = among other

-purposes - for the pre-heating of the blast, which is ocarried

through via a reeuperator for the time being. In a Theisen
'tjpe‘disintergrator the tar products ef the carbonization of
coal of a high gas eg&fente canxée eepe{ate&.from'the top
fuihaee.gas, ooﬁseqaently the togeéufggeeagae can reach the
cleaning &egrees;of’neﬁnal blast furnacee. The possible pig
iron’produetion in this fnrhace amounts to 12 - 15 toms/24 hr.

The slag produced is of the same constitution as blast furnace

slat and is granulated fn water in .order to grant a cheap
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transport. The pig fron is casted into sand pig beds,. and

after having been weighed it will be stored each cast separ-

ately. A most possiﬁle technical measuring of the plant

- guarantees the carefil and correoct fié&ng and stating of all

necessary data of operation.

Since the low shaft pilot furnace had been erected in Cologne,
it has been operated on various sorts of ore and fuel. During
this tfﬁe the plant has been often altered and completed for
reason of teohnl-cal developmpent. The\general oversight
drawings (2) and (3) ehowicleérly the alterations in the
building. The 6 weeks long-time-test in November/December
1952’ proved the possibilities of the-siugle stage low shaft
fﬁrnaee process by smelting7of several charging matérials.
Former Tests in 1948 to 195¢ had been carried through fn
order to prove the ﬁuitability of the low shaft furnace for

the low temperature ocarbonization process. Hereat it has to

be stressed that the low témperature carbonisation is not

carried through with oxygen-enriched blast.’
Durimg'UE course of the t est series it turned out; that 1t 1is

not always necéssary td'opefate the big‘pilot furnéce in order

. to find out the suitability of the briquette sorts.- For this
bpurpoee, there was often used a vaterdjaoket-rurnaee of about

"~ 0e5 l? hearth area (flso h). located aleo on the a rea of the

pilot plant, in whioh tho behavtour of various sorts of com=
bined ore-ooal-briquettea vere etudied during amelting tests
with about 3 tons of charg;ng material, The same furnace had
also been used for pre-tests with oomﬁined ore-coal-briquettes
based on American raw materials, in the eﬁd of 1953, The ore
placed at dibﬁosal;,thé iron 6ontenfs of which were 50% and
nearly pure iron oxide (Fb2°3), was briquetted together with
high—béking and swelling coal of more tﬁan 30% vol, and fluxes

(1imestone) and addés binders on tar-pirch-basis.
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By the above mentioned check apparatus for the determination of
the stability of the briguettes in warm conditions, i.e. in the
temperature interval between LOO — 800°C, it was found out that
the most practical stébility value of the briduettes amounts tc
30-35kg. which is reached without any difficulties by the use
of 6% of binders of the total weight of the briquettes and a
moisture contents of 6 — 8% in the mixture, These valves of
stability have proved to be practical for the above mentioned
American raw mﬁterial. They maﬁ change in case of dther
charing material, especially for the c¢oal of ano#her analysie.
The check apparafus can determine the degree of compression of
the briquettes when being heated up to LOO - Boo°c, under the
simultaneous loading of a constant weight, for example of
L Eg, on the sample briquettes in ooreBSpondence wi th the
maximum pressure on one briquette caused by the charge, As.to
the experiences of fhe Demag-Humboldt-Niederschachtofen GmbH
the COﬁpreesiqh of about 3 mm is absolutely pessible and favor-
able, as in the proéeeding carbonization the values of stabil-
1ty in the briquettes are increasing and may reach ﬁore than
the double values of their cold condition,
The 1ongAt1me tegf which have been careied through 1n‘the mean-
time have proved, that by the intimate mixture of the fine-gr-

~ ained components of ore, coal and. flumes in the bﬁm@bined ore-

coal-briquettes there w11l be really rapid‘cqrbbnization and

reduotion of the iron and metallio'okideafin~the low shaft

' ‘furnace which compared with %heAcfibslo smelting process in

the blast furnace is shortesning the throughput period of the
charge 2 =3 fold. The tests have proved that the former
opinfon, as t o which reduction degres of the low shaft furnace
was only a small one, had been an.error, The low shaft

fufnade can reachaa‘reductiondngree of more than 70%. ,

whilst part of the reduction of the iron - and metallic -

oxides takes place in the hydrogen phase, Owing tb the short
period'of the fhroughput the shaft height of the low shaft

‘furnace i8 a considerable smaller one that the shaft

height of the blast furnace. Ag the burden is not being
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prepared in the sh ft of the furnace, the height of this nart
of the:shaft is considerably smaller and amounts to 3 - 5 m,
Moreover, the necessary blast ﬁressurea are considerably lower
ﬁhan in the blast furnace with its high chérge shaft; thereby
there are lower expenses for the blast, When a low shaft
furnage is operated with small-sized charging material only,
the shaft of the furnace will be sémewhat higher, but itiwill
>not reach the héight of a blast furnace, WheR new plants are
being planned; it is necessary to find out by pre-tests the
specific conditions of the charging material, and in accord-
ance_with this result to build the profile of the lpw shaft

" furnace with régard to the -heig}.lt‘of ihe/shaft, the hearth,
and t he bosh-and shaft angel. 'By the long time ‘'test we won
valuable knowledge in this concern, which will be favaﬁrable
for the future planning works.

" LONG TIME When some water jacket furnace tests in the end of 1953 had
TEST WITH

ERTCAN - proved that the briquéttes of the American raw material com—
TAL. « bined with a special binder of the tar pitch basis were Jjusp

suitable for the low temperature-ocarbonization in the low shaft
furm ce and had a good stability of forms down to the tuyeres
_as well as & good porosity with regard to thekas diffusing,
_and excellent values Of‘comﬁuatibilify, 8 long time test with
.abont ‘600 tona of oombined ore-ooal—briquettee wag carried
1 through in the low ahaft furnaoe in Cologne in the beginning
of 1954, The test lasted 11 dasa; during this time about
120 tons of pig irom and: 95 tons of slag were" produced. Fig.
(3) shows the arrangement of the total plant including the
gas cleaning plant aqq-the tar:oondensating;plant in a
" gehematio drawing.

. TOP FUR- In order to prevent the'sepgratiqn of . the tar from the top

GAS . . :
AND TAR furnace gas before its proper time, during the.continuous
PROD o ’ .
Ve running of ths furnace it will be operated with a shaft height

of 2.8 m only; thereby arcOnatant-tqmpéréturé in the top
furnace of 380-400°C will be kept up. The oharging will
be carried through via the conveyor belte, the weighing

machine, trap-bucket and slide into the charging areangement
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with valve, Parry-cone &nd cover, In this way the raw
ﬁriquettes are carefully charged into the furnace, The

top furnace gas will be discharged through gas takes at

the side and transferred to a djust catcher for dry dust separa-
tion. Then the gas is being transferred to a pre-cooler,
driven by direct éurrent, into which hot water of about
90-400°C is being injected under'pressure, The t ar separation
is carried through in a Theisen-desintergrator with an increase
of the pressure up to;}SO mm column of wéter, and in addi tion
thereto a drop-catcher with Raschig-rings and a tube-cooler
for_the catching oil. ‘By this single stage gas clsaning

plant a cleantpg deg:ee of less than 0.06 g/Nm3 is reached.
The cleaned top furnace gas has a calorific valme on the
average of 1400 - 1450 kc#l/lh3 and can be used for the pre-
heating of the blast, the heating of deel-work and rolling-
millpfurnace as well as for the production of steam, If

there 18 a double stage qléaning degree of 0,02 g duat/NmS,‘

so that gas can be used as machine gas, In this case in
question the pre-oleaned gas had been ﬁsed for the pre-
heating of the blaqt in a recuperator on the average of u50°¢
whilat most of 1:"86 burned at the surplus gas burner,

Owing to Operational rqaaona_it‘had been proved necessary-to.

carry throngh the 1oné;timefteit;1n two sectiomns first of

' which took six full days. Hereaf‘the-pig 1r6ntproductioﬁ
" amounted to 73.5 tons’ during 1bh houfa. f.e. 508 kgs of pig

iron per hour, The.slag production of 50.5 tons means

' 'a slag amoynt of 690 kgs per t&nlbf?pig'iron. The first

section of the %est came to ar end by an unforeseseable cold-

ness which required additional 1nsulations of pipes and

" the building~of geam pipes in the tar and mud-offeet basins,

in the meantime the furnace has been: kept fired with a normal
/
slag burden,
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2ND TEST For the gecond part of t he test the basic slag practice had
SECTIONS : _
. been increased in order to keep constantly a slag ratio of
. CaQ
) .-.Sio2 = 1.33. For this purpose additional samll-sized

fluxes had been operated together with the briquette burden
i.e. about 10% of the total charge. By this measure there
were lower Si-contents in the plg iron, consequently at a

pig iron production of 47,5 tons during 101 hours, i.e. 468

‘kg of pig iron per hour, there was an average analysis of;

carbon C = H.}O%A

silicium 8i = 1.49%
marganese Mn = 1.05%
phospherus P = 0,13%
sulphur 8 = 0.05%

During this part of the test the slag production amounted to
‘4l tons, i.e. 930 kgs of slag per t on of pig iron. The

average amalysis for the flush-slag and cast-slag were:

Flush Slag  gast-Slag
iron ) ‘ - Fe =H 0.78 & Fe = 1.11 €
manganese Mﬁ =  O.64 % Mn = 0.61 &
phospherorus P = - P = 0.01 %
sulphur s =  1.53% 8 = 1.52 %
lime Ca0 = 44,75 % Ca0 = Lh.67 %
 magnesia _ Mgo = 6.82 . Mgo = 6. 64 %
silicic acid = 810, =  34.0b % 810, =’ 34.10,%
o alumina M 05 = 11.13%  Al0; = 10.37 %
GENERAL The above mentioned operational data shall be completed by
__;A.o_ further data; they proVezin a convincable way, that the
OPERATION :

single aﬁage_low shaft furnace process of the Demag-Humboldt-
. ﬁiéderach&ohﬁofengeaellschaft can produce a technioal.unob-
jectionablo pig iron of nearly &all analysis wanted, from
édmbined ore-ooal—briquettes using non-cokable coal of a high
gas-contents, The amount of fuel cohsumption, which were

'determined during the long-time-tests, correspond with the
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amounts of coke consumption of blast furmaces producing the
samé sorts of pig iron., When caicuiating the fuel consump-
tion for a low shaft furnace it has to be taken into conside:
ation, that all the'coking‘heat has to be produced, which in
case of the classic smelting process is produced sepgrately
from the blast furnace, It haé to be considered as favour-
able that at t he single stage bw shaft furnace procesé this
heat i1s fort he henefit of the process, More&ver it shoula
be remgrked, that a certain amount of heat is required for ti
sintering of t he amount of fime ore for the briguettes,_in tt
blasf furnace process this heat is also being produced separ-
rately from the system,whilst the sintering in t he low shaft
furnace takes this lieat during the carbonizafion and smelting
process, For the use of non-cokable coal with a high gas
contents it is necessary to keep up temperatures of about
400°C at the furnace top in order tb avofd .the separation

of carbon fromtle tar products contained in the gas, As

-1g well known, each 100°¢c higher top furnace femperature

- meras an additional coke consumption of about 7% ; there fore
1t is suitable to caloulate each further 150 - 200°C.top
furnace’ temperature as an additiomal doke ooneumption of

10%. Duriné this long time t est the reached blﬁst ﬁemper-
ature in the reocuperator waa'ﬁn the aiérééﬁ_df h50°c, that
was 250°C less than in the Cowper-plant, In sccordance with
the usual operationﬁl data in smelting'proéeaeeé-eabh 100%C
higher blast temperature means a coke éaving of 5%, conse-
quently furthef 10 - 12% coke oonsumptibn hﬁd been séyed in
ﬁhe casé in question, Accordingly, the respective coke
.cdnsumption (opke containing 85% C), considering the essen-
tial higher wall - and cooling-water-losses in a amall furnac
amounted only to 1050 { - max 1100) kg per ton of pig iron
produced during thé_long time test with Ameiiéan raw material
‘This value ig really fayou?able for the Beésemer-pig—iron pro
duced.and'correeponds withthe cohditions in a well-operated

blast furnace plant, It ‘can be taken for granted, that im
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700 - 800 kgs of coke per m

' per ton of pig iron'produced, thet means, that 7400 Nm

Y.

céae of bigger types of furnaces there will be smaller losse:
through the wall and by cooling water and s till more favour-
able fuel consumptigns and pperational data.

The expected benefifs of top furnace gas and slags are consic
erably high, The gas produced during the operation with coa:
of a high gas contents has a higher calorific power thén
blast furnace gas and amounts to the average of 1460 - 1450
kcal/NmB; consequently, under consideratisn of a 10% higher
production, there is a higher gas benefit of 65%. Gas with
a lower calorific power H, of about 1450 kcal/Nm3 corresponde
wiﬁh é very good producer fas and caﬁ be used successfully ir
furnaces of steelworks and-rolling mills as well as in other
heatihé furnaces. The chemical constitution of the slags
produced is quite equivalent to normal blast furnace slags
and can be used like th;a as granulated slag ( in bdbrick -

or cemensg factories).

After the conclusion of the long time test, by careful

‘"determination of all operational data balances of material

were made up, which showed 8 remarkable result. The low

shaft furnace had been operated with & hearth area loading of

2 and hoﬁr, with reference to the

whole hearth area; this value is alike the one of a well-

operated blast furnace, The dust produced amounts to about
6% of the total charge, whilst in a bigéer plant this amount
is a congiderably_amaller one owing to the-extensive mechan-—-

isong of the raw material and briquettes-transport and the

 ocareful treating connected t herewith. ‘Nevefthelesa, even thi

amount of 6% is not unusual for a blast furnace plant. The

blast balance shows, that 5000 Nm> of blast will be necessary

3 top

" furnace gas per ton of pig iron will arise, ‘It can be seen

from the manganese bance, that in thw low shaftxfurnacé a
manganese reduction of more than 60% can be reached, this

corresponds with t he yalues'of a well-operated blast furnace,
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There is another good corresponding of the sulphur balance

'with regard to the sulﬁhur charged in t® burden and the

output of sulphur in tke pig iron and slag,.

The well-known pubiications of T.H. Kootz and W, Oelsen
(Arch; f. d. Bhw,, Book 3/L4, 1954 (24) ), is dealing with
the conditiosns of equilibrium in a blaet furnace. By mono-
grams and characteristics the above mentioned inveatigators
have stated the conditions of equilibrium, proved by calcula
tions, whieh can be reached during the continuous running of
a well operated blast furnace. If these valuea will be com-
pared with those of the menganeee reduction, the. sulphur red:
tion and the depenﬁenee of the C-contents on the slag ration
determined in the low eheft furnace, 1t will be obvious, tha:
the values of equilibrium of the low shaft furnace do quite
agree with those of the blast furnace, ane may be even highe:
As has beern mentioned already above, reduction degrees of

more than 70% were_reached in thedow shaft furnace. For

" reasons of ebyetematie determination of te me operational

values most important for a metallurgioal procesu, after the
conclusion of the smelting teete the 1ow shaft furnaoe in
Cologne was stopped with 1ts full charge im 1t which was
cooled by passing nytrogen. There-after layers of 20 cm

height were removed, beginning from the top, and 17 samples

for analysing puapoeee vere taken equally from each layer,

By thie 1t was poeeible, to exemime the e tage of oxidatio n

-of the iron 1n thw 'ell— middle- -and centre gones of each

'1ayer, and te determine the reduetion.degree,i From the

lots of samples a reduotioﬁ degree wasg determined"for each
layep, whioh represents olearly the progreeeing of the ‘iron
oxide reduction from the top to t he hearth of the furnace.
The charge layer before the tuyeres which was most 1mportant
for a summarized Judgment, ahowed a reduction degree of more
than 70% on the average, these are figures meaning optimum fc

the blast furnace process: They are originating from the eac
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_Reducibility and combustibility of the carbonizetion coke i
the upper part of the shaft, which reacts considerably better
than normal high temperature coke,

The present state of &evelopment of the single stage low shaft
furnace pro€ess is represented. by the working result s of the
long time tests carfied through in'the 12 tons low sharft
fﬁrhace of the Demag-Humboldt-Niede:échachtofen GmbH with ore
and non-cokable coal of this couniry and from abroad during
the 1last yeafe. By the experiences won during the examina tions
including the usuai determination of all neceasary working
dates as well as the scientific clearance and comparison with

the cléssie smelting processes in the blast furnace known>unp11

‘now, it may be stated that the process may be considered as

fit for the start, especially with regar® to the results of

the tests with the American raw material, Tn comparison with
the requrements of a blast furnace plamt,*eSpeciailixwith
regard to-the ore preparation and the qualfty of the coke to
59 charged, it has been pointed out, that the smelting bf

fine ore is poeaiblé now togéther wiih'the use of non-coking

"coal in form of combined ore-coal-briquettes, contal ning 811

 burden components in an equal and well-distriduted way. By

the unusual high reducidbility of the iron- and metal-oxides,

originating from the above men_tionéd distribution, as well

as by the quick-cérboniZationiof‘the coal to a well-combustible

and-reactive coke the low shaft furnace process will be most -

importnat factor of the iron producing industry. It hes been

étated herewith, that by this process all pig iron sorts on

'the market can be produced, whilst the slags produced lave all

condiﬂnna of the blast furnace'slag ahd;:an be used for the
same purposes as t hese; the top furnace jas produced will

have an essential behefit as its calorific power is about 50%

higher - if non-cokable coal of a high gas contents is used

and’ the totel amount is higher one too. These statements
refer also to the economy of this process, which - as to the

present determinations of investment capital and continuous
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expneses for the opration - will be an obvi ous favour of
fhis process, if there will be the same basis for the classic
furra ce process 8s well as the low shaft furnace process:

Raw material basis = fine ore + coking coal on one:side;

fine ore + non-coking coal on the othe:
side,.

This is not to say, that tke blast furnace process is being
relieved by tte low shaft furnace process, The use of these
processes depends in each case on the raw material conditions
in question, The low qhaft furnaée process shall and will
£111 the wacancy in the smelting processe§?3:211 now,
- this vacancy has existed in the series ¢f cladsic smelting
processes owing tb: the altergd raw material situation,

caused in some countries by their specific methods of

operation,
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