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 SUMMARY PRUIER

Background
At discussions between Messrs R. Adam and R. Love, S A Department of

Mines, and Messrs P. Dixon, J.,Gooden, L.-Goldney, J. Lackey .and G.B. Warburton
at Amdel, Thebarton on 6 October 1971, a programme to investigate the treat-
ment of South Australian oxide copper ores'was'developed. "lhreegprojects

were defined:.

:1.- Collation of leaching data available in Amdel records on various

copper minerals, with supplementary tests where’ required.
2.. Electrowinning of copper.
3. Equipment'for small-scale production Operations.,v‘

lAf The general scheme of treatment methods available for copper ores shown in o
' Fig l was tabled .and in this project it was: proposed to consider the three
.stages which are important for small—scale producers treating oxide ores' viz.
leaching, solids-1liquid separation and cementation.j Other methods of copper »
recovery via solvent extraction and electrowinning would be beyond the reach

of smaller producers who generally lack the required technical background and ’
jhave not .the larger financial resources required- for the more sophisticated
v‘:operations, » Reflnlng of the cement copper would be the function of 'a central '
“»refinery.'r (Note° LPF is considered in a separate Amdel Report to be published
i'later) . . L . . .
' . This Report gives the results of PrOJects 1 and 3 above, Progect 2 having
‘been separately reported (Amdel Report No. 857) ' ' ‘

¢

A . OMeahws 5" s '
The objective of the first part of this project was to record the extensivet-i

.unpublished experience ‘accumulated, at Amdel over the years in the leaching of
" a range of mineralogical types of copper ores. . T
| The objective of the second part of the project was to outline treatment
' processes for South Australian oxidised copper ores which have sufficiently
low capital and operating ‘costs, and which ‘can be operated with 1imited technie"
cal expertise,.ln order to be appllcable by small—scale operatlons in South

Australia.l -
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‘jif.operations.vj

lj_INTRODUCTION

fi At discussions between Messrs R. Adam and R. Love, Department of Mines _
“and Hessrs P. Dixon,_J Gooden, L. Goldney, J Lackey and B.. Warburton of
=7T7Amdel _a programme to investigate ‘the treatment of South Australian oxide 4?,"

‘copper ores was developed The routes available were. set out ‘as- shown in

5~ff]Fig.1 and three projects were defined

Collation of leaching data available in Amdel records on various '

copper minerals with supplementary tests where required.,

f;Electrowinning‘of=copper.,'bx‘

1

‘.
AL - ' A
-,535 Equipment for small—scale production operations. N "”-] S
. N L . L. ,
The general scheme of treatment methods available for copper. ores shown ‘ l
: !
v in Fig. 1. was.. tabled and in this last pro;ect it was proposed to consider the ‘
‘“f three stages which are important for small-scale producers treating oxide - ores,
‘ Aviz.»leaching, solids—liquid separation and cementation. Other methods of

. copper recovery via solvent extraction and electrowinning would be: beyond the~ :

' reach of smaller producers who generally lack the required technical background
,and have not the. larger financial recources required for the more sophisticated

Refining of the cement copper would be the function of a central

" refinery. - During the course of the prOJect, work was directed by the Depart-'

ment of Mines towards testing a range of specific ore samples which were _

-’_ -supplied

- Parts A and B respectively of this Report give the results of Projects 1
" and 3 above. Project 2 was reported separately (Amdel Report No. 857 —
'Electrowinning of Copper s by G.B. Warburton May 1972) .- (Note. . LPF is

“'considered in a separate Amdel Report to be published later )




" " PART A: REVIEW OF: LEACHING BEHAVIOUR OF ome COPPER MINERALS

L

1 INTRODUCTION

“l \:,‘1 .___‘,.

bos . R S

. As part of Amdel's work ongtreatment of oxidised copper ores for the SOuth
} Australian Department of Mines it was. considered de31rable .to collate the-

l results-of leaching tests carried out by Amdel on,oxidisedAcopper ores»from a
variety of sources. N o —_—

44.e

‘Some data on the leaching of pure minerals have been obtained ‘From the

»

literature. This information is valuable but.it must be borne in mind when

- ‘.‘ ‘..A_.U' ! : . Ty

dealing w1th an ore, that: :

[

i,;f,i " . (a) the copper is usually present in tuo or more-minerals,

‘";jf(b) the copper minerals are’ ‘perhaps only 1 or 2% -of the:ore: and
.;éib?g'_;ggrtherreactivity;of_the}ganguemtowardsethe.leaching agent 1is -

important,,and

o _A.(c); the. particle size of the copper minerals and their location _
- ﬂ in the gangue will decide how much grinding is necessary to

- expose the mfherals to the lixiviant. * Finer grinding-usually

increases the ease of leaching of the copper but can also .
'T‘ﬁ?’ (vigcn ey ;increase., the reactivity of. gangue minerals, resulting 1n both-
Chlsad i njrincreased acid, consumption and the. presence of other elements,
in the leach liquor. .. . Ca ) L o
) . ST s T , - [P Sl oy
ST RS S B : :
iE ¢ 0 = B
weld LAl 3 . ot ‘;- T o
: 10 a
b \ _-V.:‘ AU NS -
LI -
.+ \ e o - y
. 1 - — A A
- . 5
oo ’:‘, " i P nf T

e e e 967"



¢2 OXIDE COPPER MINERALS

L . "F:or 'Cu(OH),.CuCOs ..
'_ »”_;Azurite Cio COH) 5 (cos);“"'oi Cu(on)z.zcuco°
: ;'.Acacamice‘ff."‘" "-"f'_'Cu,(ou)su e 3Cu(0H);.CuClg |
?dhrysocolla TI;;CuSiOS.ZH,O | Ir:‘u . FF';'Iff‘;ﬁ;T5

Jﬁ'van Arsdale (1953) has summarised some of the results obtained by\Sullivan e

(1933) on acid 1eaching of copper minerals..'

R,

‘He states ‘that’ all of these minerals-. (except cuprite) dissolve readily in

IR

dilute sulphuric acid according to the follow1ng equationS'
J-Tenorlte "A-CuO;:f*fii..Q'[L:;:Hgsogf?-rfrrquff_ + SO 2' 7+ H,O

’.:’J:’ﬂ".Malachite :"-_' Cu(0H) 2:CuCOs -+ 2H,S04 —» 2Cu™* + 250,77 + co2 + 3H0 |

'A-Azurite o 'cd(on)',.2Cucos + 3H,so‘.»";_.——> 3_c-“*:»+‘3so¢.’_‘f_'*_+ 200, + 4112 .

-.::i‘_vAtacamite 3Cu(OH)z.CuCla‘ + 3H,so,. 3 hcut 3so,,=- £ 201" + 6Ha0

~5;I . Chrysocolla CuSi03.2H2 S + sto,. ———» .C_ ‘+ so,,_" .+ 5105 + 3H;0

-

I L e

Cuprite (cuprous oxide) is the only oxidised mineral which contains copper
as’ copper (I) In the absence of ‘oxidising" agents it dissolves only partially,

- as expressed in the disproportlonation reaction" A
. Cuz0 + HzS0,.'— Cu®* + S0, 4 Cu + Hg0 -

© O In presence of a suitable oxidlsing agent (e g., air or iron (III) salts)

cr all the copper may be dissolved.

'Cu + ZH*';'+‘%023-_f—¥+:Cu2f-i+_H30, or .-
C.Cu + 2Fe®*. . ——s Cu* ¥ 2Fe**

"Zrhéfresultsfare sumnarised inPTabIeIl;'[r{

967 L
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] -

- . Y B
b

S 3 LEACHING BEHAVIOUR OF PARTICULAR dRES

|

s L genlo dsedroiie FlES H3 &I
s ‘aré'considered ‘in turn. Their mineralogies are

M5 e 4 il cooratnt 3 b asibad wals 31
T

s:_v:summariSed and results of~leach1ng tests are given.

‘.:'.":3‘-,:3. £ -h08 K mnnber~ ofa copper~

: VA QFGJF
‘_f{'f"-v_ I 'alla CaseSL-AC'ld *Leaclung refers’ to Sulphujric Ac1d and for Cu2 " the

. AaFa, """"‘IJAA!
minimum HzSO,. consumptio s 1.54" kg/kg ch Ac1d consumption‘may be expressed -

P T A\f Lr ‘,'rl" " ‘3_

EETH S 1 LUE T _.\.l.»..- B
4n two forms. SLoEan el sl r'--‘ -

.‘.- 4

kg/tonne, which. is kg acid per tonne of-ore, and

PR oy

o Do e -' .. Yoo A
WAl !..A'x\a.. -

All 1eaching tests were conducted at ambient.temperatures. -U¥uIEEL

él Ore I from the Roebourne-Port’ Hedland Area of Western Australia

. - s . : _...- K.AJJ.IO
i31.i.7 iThé-oré-was generally fine-grained quartz. Opaque mineral occured in some
I LT ,ﬁ-r
cases as large irregular patches of disseminated grains, and sometimes filling

sy .I

the cracks and fissures of the quartz.
>Opaque mineral was mainly cuprite with occasional relics of chalcocite
extensively corroded‘and'rimmed with cuprite. :Some malachite was present as
- small patches and fissure'fillings'and»somegdhrySQCOlla“wasAalso present:with
the malachite. Goethite was present in small.-amounts.
Copper minerals therefore weré principally..cuprite, with some malachite

and a 1esser quantity of chrysocolla.l.

containing 1 6/ Cu was used for both agitation -and

—

The results are - given in Table 2.

-
oo

y to achieve more than about 80% extraction in any

F

-"._;c 4'.' Ll

test the re31dues were examined for copper minerals. The only copper mineral

urqu01se Cu(Al Fe)s (POA) (OH)B.4H20 and thlS may hané accounted
for? most*of “the~ unleiehed™ copper. ‘fQ‘ - »L .
'"“X . “p ’ cbo e
-3. 2 ‘Ore II ‘from the V1c1nity of Gladstone Queensland i
Copper was present in this ore largely as Tenorite with some Malachite.
g tmpsy o nriIsrod 10k

'0Ganguetm1nera1s Wére described as’ follows.”

' et e d T
7 LEWII OURANS . wnr odahe L
RO A Predominantly silicates “and goethite. ) . P
2 ol muhren Femneal NSt S anloaarms 00 ¢ g e LS
Abundant- Chlorite b e fotel mea r o i_“; o
-.'.:' )‘- . ‘,A;": 'l:;_.‘-: ‘.‘.?': J.. ..-f '-1n<".'.... 3 :'l;.‘ B DR s s
. Common.: Clay minerals, sericite, epidote,: oethite P I PR W
G O0F L LslD T rndd Tand taer bid I . .
‘Minor: Amphlbole, quartz, feldspar,,haematite b pleny e A€
T, B ST AR A A v F> SALI L S S FO0 R ST R .
Trace: Carbonate (other than malachite) . . .. R S
ee ! ¥z o Zpdz heddcrzoe o aldigbize AR R O P U BRI )
! £ hom T Bl [T A RIS ) [ A TN - - \ G
° , COUR DTOLETI USRS suw L7
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' 3 3 Ore III from Burra, South Australiarg

'~

The ore sample examined here was described as a composite of limonitic silts

. and quartzose breccias. Main minerals were quartz, alkali feldspar, chlorite

LT . o .._"A'-L,»'._IT;': .
P“and sericitic matrix.“_- ‘ A'_,,'f. W~A',;H;:g_ - .‘fﬁf A

Azurite and Malachite ‘were the only identifiable copper minerals. 51They

-Aoccurred;principally ‘as’ 1ate infillings in’ cracks and in recrystallised quartz

e
R . o taul

'”_lenses..”

RIEP

Tf The following analyses were reported.

ﬂ;Copper‘h; f:._.l:58lu§‘,

.:f'Iron‘}l? 2,067 ¢

%iﬂsulphide’pi; 001
PR i Sulphate & i 0U0L% '
" E“ 53Carbonate ;f{fﬁp 34/5

J;,illpl.fiLixiviant . 3.; 0 85M ammonia and 0 8M ammonium chloride ,;A:ﬁi
B e size .,_300 pm (52#) -2, 95 o, ‘(3#) iy =2 OS“mmt(B#)
" Time (h) | o

Extraction (Af
el SRR PR BARORE es

Ammonia leaching results were not good'] although from results‘obtained
»with similar ores, these extractions may have been 1ncreased to perhaps 50 to

L 70/ by using 2 to M ammonium carbonate instead of ammonium chloride.
Srved VRS TIGA

Acid leaching gave high recoveries at reasonable cid consumption'

. 3 0 to
. Sieed o 1 eooidl -
- The relative contents of Cu,* CO, and S in-: the head -
...1»,':,."‘ BEE f;,_(j_

'1samp1e (1 e., 1ow COz relative to Cu and negligible S). suggested that ‘at least.

; ,.,\

:904 extraction was p0551bie us1ng 100 lb acid per ton ore' i.e.

3.5 kg/kg Cu extractedm

' “530 to 40/ of the - copper could not be. present as. carbonate (azurite or malachite)

ffand was, probably present as chrysocolla.._”"

967




R S ot . . : ~ R “.:':. R A
i : e T e T oo
R L R Y -

‘i 3 4 Ore IV also from Burra, South Australia

Another sample of ore, also from the Burra area, was examined in 1eaching

(RS R . 28 "‘x:-‘__«l":‘ - ELE Tl ot

tests. . ,
' The mineralogy was 51m11ar to Ore III although there was cons1derably more
carbonate gangue This resulted in acid consumption oeing prohibitively high;
consequently ammonia 1eaching was examlned more closely Results are shown in
B Table 6. o 4 _
(”%f’i With-ammonla'leaching.an overall extraction, efficiency for the whole of
.Eﬁi§%8£efof»60~to 65% was found. Despite considerable variation.in the head
grade, the residues contained ~0.6% Cu. o . I ;o i
SR Mineralogical examination of the residues indicated mainly limonitic
. stained_guartz, clear quartz, minor green flaky micaceous silicates and limon-
itiﬂrgrains:dark brown/red or yellowish in colour. ‘ S . %
%~ Electton-probe microanalyses of one large silicate grain indicated 13% Cu. :
=" T'SeGeraffiimonitic grains showed fairly uniform copper to 5.5%, and: several
.comﬁosite'graiﬂs“of clay, silica and limonite contained up to 2%Z-Cu. . ;i
"ﬁt-wasfconcluded'that about 50% of the residual unleached copper. occured
| in limonite, possibly in atomic form; and the remaining 50% occurred asfsilicate

—-probably chrysocolla 2y The chrysocolla:grains may have been_partially leached.

AT f;V--'L\ 3.5 Ore V- from Mount' Gunson South Australia.

: Detailed mlneralogy ‘was not recorded for tlis ore, it being described merely
“*as siliceousn“;A c¢loser: examination.was made of the copper-—containing minerals,

which were estimated to be present in ‘the following proportions:

i ) :Chrysocollaiﬂn 73%°°
. \ ’ Atacamite 179
- _“_;- L o Malachite' 87

Opaques T 2%'

Acid 1each1ng data .are given in Table 7. _ ,
These results show very. high extraction of copper with 1ow acid tonsump—-

3.6 Ore VI from Ukaparinga, South Australia Co 2

This ore was described as an intensely’ weathered and. sheared paragneiss.
Examination was difficult but a v1sual estimation from a th1n section gave the
following composition: o ' I

e .
P
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'Clay minerals;-muscowite'

N Microcline, tourmaline

;Accessory e

1Magnetite, zircon, apatite,:

fiMalachite, iron oxides, chlorite ;éSecondarYA:-

Two samples were used for leaching tests, .one" from the surface and one

Efrom underground The surface ore was more weathered and contained a ‘larger

1

~proportion of chloritic materlal._ The mined ore: showed ‘a” predominance of
“quartz and feldspar and a 1ack of micaceous material. '

Malachite ‘was_the only copper mineral identified

from both ore samples are given in Table 8.

A later mineralogical examlnation showed that a cons1derab1e amount,of

;=\rcopper was- present in biotite, either 1n solid solution or. as. disseminated sub-}

- micron inclusions of .a.discrete copper mineral.»‘ Probably there. was; more, copper
oy in this 'inacce331ble form 1n the surface ore than the underground ore.r
" It 'was . subsequently learned that 1each1ng with. hot dilute acid was quite'

feffectiVe for this_ore;>. =r__ ~‘;; ';.15'»_3‘: v»-:;_.-

Lo ER . u g

3.7 Ore VII from the Upper Flinders RangeslASouth Australia

Detailed m1neralogy of this ore was not available. "+ Copper minerals presentp

" vere Azurite, Malachite and Chrysocolla.-i Three samples, nominally ‘minus. 6.35 mm

(-k in ) I were subJected to agitatlon acid leaching, each at three different pH
‘values. Results are given in Table . 9 IR :,_.g:.; CEin g 5 lh& 5,? :
Sample C was screened at 850 micrometres (18 mesh) The two fractions

: were analysed and leached . separately as shown in Table 10.

The distribution of carbonate in size fractions corresponded with the copper
distribution, suggesting that no- carbonate mlnerals other. than copper carbonates
were Ppresent. ThlS was supported by the relatively 1ow acid consumptions.p
The actual ratios of carbonate to copper ‘are 1ess than ‘the the theoretical for
~the accepted formulae of malachite and. azurite. ,"f'f" l',._:¥{-'-~

-‘Ammonia leaching of Samples A, B ‘and C minus 6. 35 mm’ (—k in. ) was” done with

2M ammonia/lM ammonium. carbonate.

.,The:follow1nguresult was.obtaipedsna :;fSamplé" L

“Time (h) S S (1 RN

Extractlon (/) 73 68 38
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The poor extraction from Sample C with ammonia leaching indicated that much

" of the copper mineral present was silicate or was associated with gangue sili-

cates. The better extractions from A and B supported the premise that they

.contained more carbonate copper and less silicate ~copper than did C.

<

. 3 8 Ore VIII
This deposit is located in the mid-notth of South Australia. Seven pieces

of drill-core examined had copper contents ranging from 0.67%7 Cu to 1.45% Cu.

tA The ore is composed of quartz, mica, chlorite and potash feldspaf as a

:yellow, fine-grained clayey matrix (= 80% of the ore). Electron microprobe

Lol s

analysis showed that the copper was associated with iron, magnesium, aluminium

and silicon, and it was tentatively concluded that the copper is substituted in

~ the lattice of the mineral chlorite.

Leaching tests using sulphuric‘acid'showed that the copper is relatively
difficult to extract from this ore. After 7 h at pH 1 and ambient temperature,
less than 107 of the copper had been leached, and acid consumption was high.

.A'By leaching.at elevated temperature the rate of coppef extraction was great-
ly improved.- At éO°C and pH 1, 957 extraction of copper was achieved in 7 h,
but acid consumption was excessive (about 22 kg H,SO, per kg Cu extracted).

‘Acid consumption was reduced to 5 kg H.SO, per kg Cu extracted by raising
the pH to 2. However, 11 h at 80°C was necessary to attain 80% extraction of

copper.
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‘>ﬁPART‘B:' SMALL%SCALEJLEACHING'OfﬂsOUTH;AUSTRALIAN OXIDE COPPER ORES

-1 MATERIAL EXAMINED

Table 11 gives details of samples from the S. A. Department of Mines used

in the 1aboratory—scale agitation and percolation 1eaching tests. ;Appendix E

”i gives a mineralogical study of . these- sampIes." C
SR For pilot—plant leaching tests two ore. samples were used ’

litonne'of-Paratoo”ore,

“1 tOnne df Mt Gunsdn'ore;

These samples were provided by the S. A. Department of Mines..' Theftwo
large samples were not characterised prior to their. use. »

. FR . . . . g .

: A-".,967‘- Lo



N N
o o ) 10

Sy
4.
A
}

T "2, LABORATORY-SCALE LEACHING TESTS, . . i

Laboratory-scale. agitation and-percolation leachingitests-with'sulphuric
" acid were'carried”out on:samples of ore of varying minersl'types, selected. by
‘the S.A. Department - -of Mines?as‘representative of South Australian-.oxide..
.copper deposits. ’»i . 3 g ‘ A' o

2 1 Agitatlon Leachlng lst Series

2 1 1 Sample Preparation

» For agitation leaching, the samples were crushed and ground in stages to
100/ minus 1.67 mm (10 mesh BSS) producing a minimum of fines. After each
" pass through the crushing or grinding circuit, plus 1.67 mm (10 mesh BSS) mater-

‘e;é; was screened and recycled to the crushing circuit until all the material was

.:fground to minus 1.67 mm (10 mesh BSS).

.2.1.2 Procedure _ ) ’

£ s A 500-g sample of ore, ground to minus 1.67 mm (10 mesh BSS), with an

- Jequal weight of water, was leached with sulphuric acid in ; 1.5-1litre beaker.

“-‘The slurry was agitated with a stainless-steel impeller which was rotated fast

- +.ehough to keep all the.solids suspended. The pH of the solution was control-
led either at 1 or 2 by adding concentrated sulphuric acid from a burette..:
Residue samples for controlled PH 1 leaches were taken at %, 1, 2, 4 and 8 hours

after commencement of leaching, and 2, "4 and 8 hours for controlled pH 2 leaches.

—

Most of the leaches were" stopped after 8 hours.
Samples A53 and A54, both from Dome Rock Mine, contained significant sulphide

“:minerals (chalcocite),' so oxidising agents (manganese dioxide and ferric sulphate)

were added and pH was controlled at 1.

2 1. 3 Results and Discussion
A Table 12 reports the results of ‘the leaching tests.
Leaching efficienc1es were found to be satisfactory for all except the

Dome Rock ore samples (A53, A54) and the Elsie Adair sample (A57) at pH 1.
‘These contained chalcocite;.nhich is much slower in leaching under the combined
effects of an oxidising sgent and acid. Sample A54 was controlled at pH 1
‘for the first hour and this leached rather rapidly. - It was then controlled at
pH 2 for the rest of the leach, but very little additional extraction of copper
was achieved. This suggests that chaicocite needs to be leached with écid.at
least as strong as pH 1. Extraction efficiencies at pH 2 were much lower than
at pH 1 for Samples ASL, AS2, AS5 and AS6. '



‘Fo;_Samples A50 *A51 A52'“A55 andiA56- acid consumption at pH 1 is not".

excessive, SO that it is more satisfactory to leach at: the higher acid concen—A;

oy

ptration rather than at pH_ 2.' vThis is supported by calculat1on of the 'net’ .

;;value of the. copper leached 1. e., value of copper (taken at reflned copperid'
::price) less the cost of the acid consumed._f,ij.'{if ﬂ"_fﬁ;~‘.- - :L:-qﬁﬂﬁ, _
: In Table 12 some. of the samples 1nd1cate that copper content of the residues
?fincreases slightly with time —-for example, in the pH 1 1each of Sample A51 the
':f‘copper content of the residue. 1ncreased from 0. 24/ to 0. 29A between 2. hours and |
?ﬁ4 hours - leaching, in the pH I ‘leach of Sample A53 (no oxidislng agent), the
'"fcopper content of the residue increased from 2. 50/ ‘to 2. 85/ between 4 hours and .

s

?f8 hours.‘," ' L l“ R -'"' fiﬁ : .'W; »-..,j‘; a}"*-‘i’ o ‘fV.

. This can be explained by non-representative samples being w1thdrawn from :
.f'the slurry during 1eaching. - It is very difficult when only 10 to 20 g of solids'
wa‘are removed from 500. g of solids to get a completely representative sample.

-“;It is possible to overcome thlS problem by doing a series of 1eaches which are:
{'7=completed after, say % hour, '1 hour 2 hours, 4 hours and 8 hours, and samples.
i;n-are taken from the . final re31dues However, this method is much more.time—‘
;.;ﬂ~consuming and is unwarranted for first tests.:l‘In'the cdnsecutively—sampled
f'dAtests done, the f1nal assay, h1ch is based on the total re51due remaining,n

'blffshould be used for overall recovery calculations...“;‘;

E _2.2 Agitation Leaching:' 2ndbSeriesTA

. ?2 2 1 Introduction e

- Im- the. agltatlon 1eaching tests described in Section 2. 1 of this Report,
tandard grind sizes of 100% m1nus 1 67 mm (10 mesh BSS), and ambient temper— '
: ature were used._.' _ _ o “
Hhile these conditions were satisfactory for some of the leaches, it was -
: ;considered that there might. be some ‘economic merit in operating at higher
‘ Ltemperatures and finer grinds. , Sample A56 was chosen as it leached more
?-:.slowly than most of the others ‘and. had a. reasonably high copper value in the
‘ﬁfilresidue (see Table 12) , A ‘
;ﬁ,} Tests were carried out at two different grind sizes (100/ minus 1 67 mm,
x:_lor 10 mesh BSS and 100/ m1nus 300 micrometres, or 52 mesh BSS) ‘and two
‘ \different temperatures 20° C and 50 C) ' s '
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- ;'2 2 2 Procedure . S " .

' Four 500-g samples of A56 ore, two ground to minus 1 67 mm (10 mesh BSS)
" and two to minus 300 m1crometres (52 mesh BSS), with equal weights of water,.

| were leached with sulphuric acid 'in I.S—iitre beakers. The slurries were

" agitated with stainless-steel impellers which rotated fast enough to keep all
-rhe solids suspended. Two.of the\leaches were operated at room temperature’
:(approximately 20°C) and two at 50°C (in a hot-warer bath). The pH of the sol-
ution was controlled at 1.0 by adding concentrated sulphuric acid from a
burette. Residue samples were taken at % hour, 1 hour, 2 hours and 4 hours

after the commencement of the leach. ' i

’ ' {

2.2.3 Results and Discussion SRS ' . i

Table 13 and Fig.2 present the results of the leaches. ' Finer grinding

of this ore from minus 1.67 mm (10 mesh BSS) to minus 300 micrometres (52 mesh

BSS) increases the leaching rate and reduces the final residue value by the
"greater liberation or exposure of the copper minerals. - Similarly, increasing
the temperature also increases the leaching rate, but the effect is less pro-
nounced at the finer grind size.

These tests show that, for this ore, a grind finer than minus 1.67 mm
(10 mesh BSS) results in higher copper extractions and decreased leaching times.

In using a grind finer than minus 1.67 mm (10 mesh BSS) it is probably not
- worth increasing the temperature.r Alrhough grind size with this material is
important, other ores treated (Section 2.1) leached sa;isfactorily at the™”
coarser grind. '

Acid consumptions were very low, with only a maximum of 257 excess acid
being consumed with the finer grind at the higher temperarure. There is
"little acid-consuming:gangue in Sample A56. ‘ ‘ _

Some of the sample assays indicate that the copper content of the residues
increases slightly with time. This is probably due to the difficulty in with-
' drawing representative samples from the slurry during leaching. This is more

fully discussed elsewhere (Section 2.1).

2.3-Agitation Leaching: 3rd Series

2.3.1 Introduction

Batch leaching by small operators who have the minimum of equipment, man-
. power and expertise is best carried out as simply as possible. Leaching

without pH control was therefore included in the present study. Tests were
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_ _;carried out on. the one-tonne ‘samples of two ores —-Paratoo and Mt Gunson,

B ; three leaching tests being carried out at ambient temperature on’ each'*

"*fjiigf'(i)i; Controlled pH 1 0

.ﬁf‘f(ii)d Total ac1d . one addition at commencement of leach S

='fﬁ acid requirement same ‘as (i)

(111).. Repeat (ii) with 50/ additional acid. v

2 3 2 Procedure»ﬁ'.A A. 7"1f5:ﬁiﬁgﬁiéﬁf;jhsffjil;f_,E:T;}‘A“‘ff#7*7” .

' (i)”’.The same procedure as: in Section 2.2.2 was used with
i the solids being ground to 100% minus 1. 67 mm (10 mesh

: };f\“iﬁgj;}, R :BSS) ‘and leached at ambient temperature.-

(ii)' :The acid consumption was calculated from (i) and this
U quantity of acid was added to the ore slurry in- oné .. T.

-"il.f.: addition at the start of.the.leachi

ot

_The same procedure was used as’ (ii) except 50/ addition— )
'~:h al- acid was added at the start of the leach._

REerey)

: p; 2. 3 3 Results and Discussion

'These’show:that'both.ores
‘jleached more quickly when all the ac1d was added at the start of- the 1leach. ., -

Table 14 and Figs 3 to 6 present the results.

»'Approximately the -same: residue values were obtained for the three leaches of
i ‘each. ore, 1ndicat1ng that it is unnecessary to add any additional acid- above
that used in (1) and (ii) ' o , _

.. The’ single—acid—addition method for batch leaching is acceptable for both
these ores and offers~a much s1mp1er,operation commercially. The acid—consum-
J_ing gangue is attacked in’both’ores at low free acidities as well- as at high.
.-.free acidities, with:no significant increase in attack at higher acidities..

~ This would not be true of all ores and each ore would have to be tested indi-

7 vidually.

.Based on the above results, the 51ngle acid addition method was used for

’*leaching Paratoo and Mt Gunson ores on the pilot—plant scale.

2.4 Percolation Leaching

2. 4 1 Sample Preparation

‘For percolation leaching, samples were crushed to 100/ minus 6. 35 mm A

.:(& in ) in a jaw crusher. l All.minus.300 micrometres (52,mesh BSS) material
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was removed from the sample éndAonly the minus 6.35 m (% in.), plus.300 micro-
metres (52 mesh BSS) material used in percolétion-leaching tests. (To mini-
mise production of minus 300 micrometres (52 mesh BSS) material in the crushing
cycle, the minus 6.35 mm (% in.) fraction was screened out and the plus 6.35 mm
(% in.) fraction recycled to the jaw crusher until all the sample was ‘minus
6.35 mm_(% in.).) Table 15 shows the proportion of plus 300 micrometres

(52 mesh BSS) material to minus 300 micrometres (52 mesh BSS) material.

2.4.2 Procedure

150 g of minus 6.35 mm (% in.) plus 300 micrometres (52 mesh BSS) ore
-‘was placed in a glags column with 250 ml of water. Sulphuric acid wés added
to the liquor, controlling the pH at 1. The liquor was circulated by an air
‘1ift so that it flowed downwards through the packed bed éf solids. - Only‘ASO,
A51, A52, A53, A55 and A56 were percolation-leached over a period of about 48

hours.

2 .4.} Results and Discuésion' Y

Table 16 details the results. In no case did the solids break down
during leaching to cause a blockage of liquor flow, and all showed acceptable
extraction rates except for A53 which contains copper sulphides (chalcocite).

(No ox1d151ng agent was used.)

Acid consumption was not recorded as it was cons1dered that this would be
similar to the- agltatlon—leachlng tests. ‘ ;

It appears, from the results, that percolation 1each1ng with sulphuric acid
was successful for the oxide copper ores on a laboratory scale: While agita-
tion leaching can be scaled-up to full-size equipment with reasonable confidence

~ of obtaining similar results to the laboratory-scale leaching tests, for per-
colation leaching the wall effects and bed weight can‘produce different results
in the larger equipmenﬁ due to particle breakdown, bed blockage or short-
circuiting of the recycle liquor.

Hence larger-scale percolation leaching tests need to be carried out before

the success of this method can be fully established.

A
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slgp circulated by an air lift.“ Concentrated sulphuric acid was" added to. control .

ERRE ST

"'hf;%isffu Tl

3 PILOT—SCALE LEACHING TESTS

3 0 Equipment

| Crushing: ;Denver Crushing rolls
Grinding:  0.3-m (1-ft) dia. x O. 6 @ 'ft)"rod mill:

. Leaching:; (D 360 1 (80-ga1 ) capacity rubber—lined Pachuca,' ‘“]'7
" L -~ dia. 0.6 m (2 ft),"operating height 1.5 m (5. ft)

(2) . 360- 1 (80-gal.) capacity rubber—lined vessel :
: with stainless-steel agitator, dia. 0. 71 m (2 '3 ft)-'j._
for mechanical ‘agitation. : :

(3) 0.3-m (1-ft) dia. x 1 8 m (6 ft) h1gh perspex
~ column  for percolatlon leaching.

3.l Percolatlon Leaching

- 3. l 1 Introduction

As described in Sectlon 2 4.3 of this Report, a series of 1aboratory—scale’
'percolation—leaching tests showed that satisfactory leaching efflciencies could
be obtalned by this means of leaching a number of oxide copper ores with sul—
phuric acid. . The tests 1ndicated that, on laboratory scale, there was no’
"31gn1f1cant breakdown of SOlldS during leachlng which would obstruct llquor flow..:
~There were doubts as to whether the ores tested on laboratory scale would
;-percolate satisfactorily on a pilot—plant scale, ‘S0 two ores (one comparatively
‘jhard Mt Gunson, and one comparatlvely soft Paratoo) were chosen for. larger- :t.ij
”ﬁ‘scale percolation tests. ..The obJectives were to check the minimum cut-off - : :
*,s1ze required for percolatlon of these two ores- of different character, and to :‘;3

_ verify the laboratory—scale results for c1rcu1ation and leaching rates.ig?

' -.1 2 Procedure : Al RN o S S e
-: A 150 to 200 kg sample of each ore was crushed to 100/ minus 6 35 mm )
,'(% in ). in a Jaw crusher.h Paratoo samples were screened at 350 micrometres B

W”(44 mesh BSS),_252 micrometres (60 mesh BSS) and 177 micrometres (85 mesh BSS),.F
,'w1th the under51ze belng discarded. The Mt Gunson sample was screened at ;f

177 micrometres (85 mesh BSS) discarding the undersize.i o

e g

'., The over51ze material was placed 1nto a 0 30 m (12 in. ) diameter x 1 83 m

g (6 ft) high perspex column ; The solids were flooded w1th water and ‘the liquor~i“5

the pH at about 1 " The leach was run continuously for one week X Liquor t?gk:

'{iusamples were taken, and flow-rates measured daily.
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16

.. 3.1.3 Results and Discussion

_A- Tables 17, 18-and 19 and Figs 7 and 8 show the results of percolation
leaching. All leached satisfactorily (Table 18 shows final extractions and
Fig.8 shows the variation of extraction with time). - Table 17 indicates the:
proportion of the ore discarded in the‘undersi;e, showing that a significant
amount of the Paratoo ore is in this undersize, but that at the lower split of
177 micrometres (85 mesh BSS) the discarded fraction was reduced significantly
(26.0% at minus 350 micrometres (44 mesh BSS), 19.5% at minus 252 micrometres
(60 mesh BSS) and 15.4% at minus 177 micrometres (85 mesh BSS)). Since leach-
- ing was satisfactory in all these tests it may be feasible to split at even
finer screen sizes and still get satisfactory liquor circulation and leaching
rates. This would reduce the quantity of the discarded fraction even further,

Tﬁé liquor circulation flow-rates, which give no overall pattern, are shown
in-figﬁ7. . Paratoo Ll (split'at»350 micrometres (44 mesh BSS)) contained
doarser material than Paratoo L2 (split at 252 micrometres (60 mesh BSS)) yet
‘_;he flow-rate was lowér. It was considered that the solids were not properly
"distributed in the column and that there was a partial concentration of fines
in the upper region of the column. Th1s caused a lowering in the liquor c1rcu—
lation rate. The extractlon rates of copper with time are given in Fig.8,
and again no overall pattern is evident from the three Paratoo leaches. This
indicates that the extraction is not a function of liquor flow-rate, within
the flow-rate ranges obtained in this study, and considerably lower~liquof'cir—
-culatlon rates would be acceptable. . . .

Acid consumptions (Table 19) in the percolation leaching were cons1derably
lower than for agitation leaching. '

The liquor circulation rates in all leaches were satisfactory, so it is not
possible to predict a iimiting minimum particle size for percolation leaching.
Hoﬁever, both ores percolated satisfactorily at a size of plus 177 micrometres
(85 mesh BSS). This gives a small increase in the percentage of the total _
ore available for percolation compared with the quaﬁtity with a size cut-off
of plus 300 micrometres (52 mesh BSS) as used in previous tests.

‘Operations in the Western United States where vat leaching is used elther
- separate the slimes (Insplratlon Consolidated Copper Co. where slimes of 85%
minus 76 micrometres (200 mesh BSS) material‘are-removed by rake classifiers
and cyclones) or agglomerate the fines (Anaconda Co. at Weed Heights — see

Appendix D).
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-The'acceptable particle size'range for'percolation-'leaching is;dependent
on ore characteristlcs, and if leaching does not-cause exce351ve particle
breakdown it is probably only necessary to remove the slimes (minus 76-micro-
 metres (200 mesh BSS)) . For satisfactory percolatlon leaching on different .
'ores 1t would be necessary to test each ore for breakdown during leaching.
_ As the percolation leaching proved. so satlsfactory with good leaching
'”eff1c1ency and low acid consumption for Paratoo and.Mt Gunson ores, it is
.'recommended that further WOrk be considered ‘ -The-biggest'drawback with this
process is the ore under51ze wastage. Percolation techniques which will
enable more of the flne ore fraction to be used need investigation — for example,

- liquor upflow through the bed of SOlldS or pulsed llquor flow.

3 2 Pachuca and Mechanical Agitation Leaching

3 2 1 Introduction ’

: ‘A comparison of leaching by mechanical agltatlon and air—agitated
..Pachuca was made. It was intended to compare the power requirements for each
type of equlpment against the leachlng efflciency o R ‘ .
‘ Section 2.3 1nd1cated that eff1c1ent leachlng of copper could be achieved -
-w1thout flne—grlndlng of the ore.. Slnce thlS would cut down the equipment

. required by the small producer, leaches on- crushed but unground ore’ were carriedi“

et

o out.v

jﬁ 3.2.2- Procedure,»“:f'. o . S _
» Leaching ‘was carried out on 6 samples (3 each of Mt Gunson and Paratoo)
'Four of the leaches (Ll to’ L4) were on material that was crushed in a rolls _
crusher to 100/ minus 1.40 mm (12 mesh BSS) and the other two (L5 and L6) on -
"umaterial that was . crushed to 100/ minus 1 40 mm (12 mesh BSS) and then ground

in a rod mill to nominally 50/ minus 76 m1crometres (200 mesh BSS) 5121ngs f»fw

| ;1 were - taken on these_samples,qf Each leach on Paratoo ores ‘was duplicated using

Mt Gunson ore.

ks 'Batch-ﬁechanical-Agitavtion.l.each:-Ll and’ r'3.'77A“s'amp'1e'6f 200 kg (450'15) of
':ore was added’ to water to give a 50% solids slurry (w/w) in‘a 360 litre (80 v
"gallon) m1x1ng vessel which was mechanically agitated. A 51ngle addition of
- " acid was added at the leach commencement. “The quantity of concentrated sul—-‘;“'
»phurlc ac1d required was determined from work in Section 2. 3 on’ laboratory—scalezhj

‘_1eaching The stirrer. speed was controlled ‘at a speed at whlch adequate mixing;'ﬁ

:Al was observed. A turbulent motion on the surface of the slurry was used -as a

35gguide ‘to adequate mixing.'
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Samples of the slurfy were taken af regular intervals (2, 4 and 8 hours)
for'settling tests — see Section 3.3. Residue samples were also takeﬁ at X%,
1, 2, 4 and 8 hours; At the conclusidn of the leach, power requifements were
meééured over a wide range of stirring speeds by a spring balance connected to
the vessel which was mounted on a turntable. Measurements of pH were also

made throughout the run.

- Batch Pachuca Leaches L2 and L4. A sample of 200 kg (450 1b) of ore was loaded

- into a 360-litre (80-gallon) capacity Pachuca containing an equal quantity of
water to give a solids content of the slurry of 50% w/w. The same method of
" acid addition as used for leaches L1 and L3 was used — i.e., all écid added at
" the start of the leach. Circulation of the slurry in the Pachuca was main-
tained by an airlift in a draught tube. The' air floh—rate was maintained so
that a satisfactory level of slurry circulation was achieved.

Samples of the slurry were taken at 2, 4 and 8 hours for settling tests —
see Section 3.3. Residue sampies were taken and pH measurements made at k%,

1, 2, 4 and 8 hours.

Batch Mechanical Agitation Leaches L5 and L6. Except for acid addition, the

same conditions of leaching were used for these leaches as for L1 and L3.
The same amount of acid was added at the beginning of the leach as in L1
and L3 but, with the ore ground finer, more acid was consumed by gangue material.

Additional acid was added during the leach to control the acidity at pH 1.

—

3.2.3 Results and Discussion _ _ \

" Tables 20 to 23 show the sizing analyses of ores used in the leaches Ll
to L6. Mt Gunson ore needed much more grinding than Paratoo ore to achieve
the required 50% minus 76 micrometres (200 mesh BSS); since in the crushgd.ore
only 15% of the. former ore was in this size range whereas about 35% of the
. latter was in this range.

Table 25 and Figs 10 and'li show the 1eachiﬁg characteristicé of the two
ores under the different conditions, and Table 26 shows the pH of the leachihg
Test L1 to L4 as a function of time. Very little difference in leaching
efficiency was obtained in all the tests in which the variables were either
mechanical. ‘or air agitation and coarse or finely ground ore. This high-
lights the fact that, in this size range, the rate of leaching of copper from
these ores is rapidland is not the limiting factor in choosing a particle size

range of ore for leaching or the method of agitation.
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': This satlsfactory leachlng of fa1r1y coarse mater1a1 conflrmed the indi=
catlons obtalned ‘at laboratory scale (Sect1on 2. 3 where the same size range
" as 'is given in Tables 20 and 22 was used) ‘ _ A .
Iable.24 and~F1g.9 show the power requlrements‘for'mechanical agitation.
While the power—requirement curves'for'Ll and L6-leaches of Paratoo ore do
ifnot‘show'any greatbvariation a much 1ower.stirrer speed gave adequate mixing
with the ground sample. A 51m11ar result was - found for the Mt Gunson ore
;gwhere it was p0551ble to reduce the power requlrement by a factor of three
| with the ground ore. The absolute. values of kilowatt/kilolitre, although
slightly high due to the wall effects in the small 360-1 (80- gal ) -test tank,
.are a good indication of the comparatlve power requlrement._
A commonly—used part1cle sizing requ1rement in agitated m1x1ng vessels and

»Pachucas is 100/ minus 1. 67 or. 1 40 millimetres (10 or 12 mesh BSS) and SOA
‘minus 76 m1crometres (200 mesh BSS) . The reason for having this size range
1slusually because of leaching character1st1cs. ~However, 1t was found with -

the unground samples (Tables 20 and 22), whlch contained con31derably less
- minus 76 m1crometres (200 mesh BSS) mater1al that handl1ng problems occurred
due. to dlfflculty in keeplng the ore suspended.4 The handling difflculties
were. not because of the low amount of m1nus 76 mlcrometres (200 mesh BSS) l*;}ﬁiv
E mater1al but because of the" greater~than—tolerable amount of mater1a1 in the ;ff o
: range of 1. 40 mm to 177 m1crometres (12 to 85 mesh BSS) It 1s belleved that.‘

.a.sizing -criterion of" 50% m1nus 76 m1crometres (200 mesh BSS) puts the emphasis
--on the wrong part of ‘the s1z1ng ana1y31s.< A m1n1mum of 80 to 90% minus 177 :
m1crometres (85 mesh. BSS) and ‘100% minus 1 67 or 1. 40 m1111metres (10 or ':1;1-1;?
12 mesh BSS) would be more appllcable for SOlldS suspens1on in agitated systems. -
’It should be empha31sed that where gr1nd1ng 1s used, and. given 50/ minus 76 _f;u#
"mlcrometres (200 mesh BSS) as a requlrement,,the requlrement of 80 to 90% minus-5aa‘
177 m1crometres (85 mesh BSS) should also be met. However, ‘there are cases f
.where thls mlght not be so" for example, sedlmentary type ores where the gangue

1s composed of several dlStlnCt mlneral phases d1ffer1ng in phys1cal propertles. r
_ Phy51ca1 handllng problems were experlenced on the: unground ore- leaches:

‘Ll to L4 (Ll and L3 —-mechan1ca1 agltatlon, L2 and L4 — air- agltation) o

In Paratoo -ore,’ there tends to ‘be a varlatlon 1n copper content with. particle ;ff

1s1ae, the larger partlcles conta1n1ng a hlgher percentage of copper._ In the: ,j75;
<_mechan1cally ag1tated 1eaches, the 31ze of SOlldS in samples taken from the ﬂ“yhiliti
;fiupper portion of the vessel was f1ner than the average partlcle s1ze, as is s

jindicated by the head sample (2 10/ Cu),'

h1s indicates that the larger '
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‘parfic}es were circulating around the bottom of the vessel and not uniformly
througﬂodt the vessel.: o

" Pachuca leach L2 operated quite differently. Here, difficulty was
experienced with physical handling,and generally slurry circulation did not
function satisfactorily because of the large amount of solids that settled
to the bottom. Blocking bf the botﬁom of the draught tube by solids occurred
and the air-flow stopped. An additional airhose had to be inserted into the
cone regidh to stir the settled solids and allow circulation to recommence.

The slurry recirculated was not typical of the vessel's contents as it
‘contained a much higher than average solids to liquor ratio, and the solids
were much coarser than average. The circulation pattern was characterised
by the larger particles at the bottom of the cone being forced up-the draught
tube and discharged at the top. These particles then settled to the bottom
very quickly where they were recirculated.

Finer pérticles would be circulated too, but at a much slower rate. The
air-rates required to circulate this coarse slurry were far in excess of real-
istic commercial operating conditionms. This parallels the greater power
requirements for mechanical agitation on the unground-ore. Samples were taken
of the éirculatingAstream which contained a higher proportion of coarse ore.
The leaching rate of the coarser fraction for both L2 and L4 did not appear to
be much less than the finer particles when comparing L1 to L2, and L3 to L4-
in Figs 10 and 11. ' _ -

Because-Mt_Gunson ore was even coarser than Paratoo ore in the unground
leaches, even more trouble was experienced with this ore. In‘leach L3, the
impeller did not have sufficient power to lift the settled material off the
bottom of the tank and this material was obviously far too coarse for satis-
factory operations. A power failure would cause the solids to settle and an
air or water lance would have to be used before mixing could be restarted in

‘the vessel. .

Pachuca leach L4 required more air to drive the slurry up the draught tube
than L2 and was generally more temperamental. '.Air stoppages twice caused the
solids to settle and it took a.considerable amount of time to get the slurry re-
circulating. Remarks made about the operations of L2 are equally applicable.to
L4, Leaches L5 And L6 operated without any problems and these represent con-
ditions which would be needed for commercial operations. -

Pachuca leaching does not appear feasible on aAbatch scale with unground ore.

Finely ground ore would be required if Pachucas are considered, but it is recom-

mended that mechanical agitation be used in preference to air agitation. .
967
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3.3.Settling Tests .

3.3.1 Procedure and. Results

Samples were taken from each 1eaching.teSt,after 2, 4 and 8bhours, except
- -for the Mt Gunson'ore'Pachuca leaching»teSt'and the 8-h sample'on the ground _
Paratoo ore mechanical agitation'leaching;tests. Normally, 4 samples were
taken at each time in 250-ml beakers, the volume of the samples belng of 150 -
o 200 ml. - o o | |
Each sample~was washed intota'weighed.SOO-ml.measuring cylinder which-was
~ then filled to approximately 500 ml with tap water. After being shaken. to
thoroughly mix the contents,-each cylinder was slowly inverted six times over
a period of one minute. During this periodwthe,desired dose oflflocculant
.was added,- usually in three additions. . Theicylinder was then set down, the 7
stopperﬁremoved,‘and the level of the 'interface between clear liouid‘and pulp '.
noted at various time-intervals. .*No'flocculant was added to omne cylinder in ”
each batch which acted as a- reference standard. B The rema1n1ng cylinders in
each batch were treated w1th different proportlons of flocculant :Ln order to
obtaln an 1nd1cat10n of the optlmum quantlty of flocculant requlred. In all
tests, Superfloc 16, which is recognlsed as effectlve 1n acid pulps,,was the
'flocculant used. No other types_wereftested,_although_some<may be more‘effeté f.
tive under some condltlons._ B - :“ . o i -
The 1nterface level after settllng for one hour was noted together with
{:the total clear llquor volume.. The pulp was then filtered dried. and welghed. :
- The pulp dens1ty before and after settllng, the filter cake m01sture content,
>‘:and-the flocculant add1t1on rates were calculated the results being shown in
Tables 27’t0'40-' Settllng curves for each test ‘are shown in F1gs 12 to 25.

A summary of the results from the settllng tests 1s glven in Table 41.:"

3.3.2 Discussion - ;“e-;f-cz‘ Q::-"5“~‘ tﬂ;;fﬂ7' ~_7-rt - ;*ﬂ“‘e :éi. .
I A Examlnatlon of the pulp den51t1es achieved after sett11ng for' one hour»y
shows that with. the except1on of -the Paratoo Leach No 1, 1ncreased tﬁme of
ag1tat1on gave a 1ower settled pulp den31ty.;. In the case of ‘the Paratoo h
'Leach No.1l there was no. 31gn1f1cant change 1n pulp den51ty w1th leachlng time..:
For’ both ore types, the more—h1ghly—ground sample, agltated mechan1cally, gave'if
7better settllng results than the 1esser—ground sample.il ‘Settling tests on the o
.}two samples from the Pachuca were not comparable with those from mechanical
’»agitat1on, as: they contalned far .more coarse materlal than the samples from u.n :

the mechanlcally—agltated leaches.;‘ The d1fference 1n materlal size in the )
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samples taken from the top of theASuspensioﬁs is no doubt due to the mechanical
agitator's inability thoroughly to disperse the coarse particles throughoﬁt the
- pulp. ' o » A

TheApgrcentége'of dissolved copper which can be recovered from the leached
pulp is a function of the dilution of the pulp and the density of the settled
solids after flocculation. Curves have been drawn (Fig. 26) show1ng the recov-
ery at various typical dllutlons and pulp densities.

. The recovery from, say, the Paratoo Leach No.l, which was diluted to 15%
solids w/w and settled to 35% solids w/w (Table 28), would therefore be 677.
If the settled pulp were rediluted, re-flocculated and resettled, a further
. amount of dissolved copper would be recovered. Curves showing the total
recovery after initial dilution, settling and decantation of the clear 11quor,
followed by re-dllutlon, settling and decantatlon are glven in Fig.27. In the'
example given above, recovery would be 1ncreased to 89%.

However, it should be noted that this wash cbnsiderably dilutes the copper
congentration, unless the wash liquor is kept separate from the initial dilution
liquor. If this is done, the wash liquor may then be used as the dilution
liquor for the next batch of leached ore. This would have the effect of rais-
ing thé'copﬁer concentration in the following wash liquor, and the total recov-

ery would be slightly better.

3.4 Discussion and Conclusions

—

Percolation leaching of both Mt Gunson and Paratoo ores achieved good leach-
ing rates with low acid cdnsumptions. More work is recommended to find ways
of using all the ore rather than just the coarser material. This could include
a more fundamental approach in determining some design.criteria for percolation
leaching — for example, finding the lower limit of liquor circulation which
produces satisfactory leaching of the ore.

Air Pachuca leaching on the batch scale was found to be unsatisfactory due
to the difficulty of keeping solids circulated. Mechanical agitation on ores
ground to 80 to 90% minus 177 micrometres (85 mesh BSS) was satisfactory for
both Mt Gunson and Paratoo ores. Howéver, on both thése oreé it appears from
the pilot-scale tests that percolation would be preferred.

Se&tling data are reported for Mt-Gunson'and Paratoo ores. These show
rather poor settling characteristics — in particular, the low solids density
of the settled slurry. Larger flocculant dosages, or alternativeiy different

types of flocculant, could improve the settling characteristics.
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4, SURVEY OF CEMENTATION EQUIPMENT...

.. The -most commop method of precipitating copper from acid leach solutions
has been the gravity flow launder charged with ' scrap iron as the'precipitant.
As a general figure, this type of.plant requires 159 metres (500 ft) of launder,
1.27 metres (4 ft) Wide X 1;27 metres (44ft).deep,:to process 3630 litres

(800 gal) per minute, of'copper?bearing solution. = A launder this .size can

. effectively. recover over 90% of the copper in solutlon.;

Three chemical reactions, each of which consumes iron, have long been recog-

nised as. of . 1mportance in copper cementatlon. " These reactions may be shown

by the following equatlons.

CuSO,. + Fe— Cu  + FeSO, ..

| Fea(S0.)s + Fe — . 3FeSO, Y ¢
- HpS0, . 4+ Fe— FeSO4 +Ha ,  ..> .. .. (3)

. The capital ahdboperating costs‘offlaunders suitable for the small—scale
operator have been set out in Amdel Report No 810 'Economlcs of Hydrometallur-;

gical Recovery of Copper by J M. Clayton and R.E. Wllmshurst. The relevant -

. sectlon on cementatlon is reproduced-in Appendlx A to this" Report.

- More. sophlstlcated types of cementation equipment —'namely cones, drum
prec1p1tators and actlvated launderS’—-are descrlbed in Appendlx B and Appendix
"C to Amdel Report No. 793 'Evaluatlon of Kapunda Ore, Part II', by L.H. Goldney.
- The appendlxes are reproduced as Appendlx B-and .C to this Report.A‘”. ) 3
‘Pages 32 to 44 of I.C. 8341, U.S. Bureau of M1nes 'Copper Leachlng Practices»1ﬁ

in the Western Un1ted States' present a good coverage of cementation. - This

extract is.reproduced as Appendlx D to thlS Report.
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5. ECONOMICS OF OXIDE COPPER ORE TREATMENT .

>5.1 Introduction

Léboratofy- and éilot-scale leaching tests for the extraction of copper
frpm okide copper ores with sulphuric acid by mechanicallagitation and by
percolation have shown that both methods are applicable for most ores tested
in the course of this project. An economic compérison of the methods for
éommercial—scale operations by a small producer is made in this Section.

This examination is a general comparison, as no specific ore is considered
and some assumptions on ore gfade,.location, crushing, grinding, leaching and
cemenfation characteristics are made.

' The object is to consider the simplest types of equipment and cheapest

- possible way in which to operate a plant on a small scale.

5.2 Assumptions

As this is a general comparison with no specific ore deposit considered,

a number of assumptions must be made for costing purposes:

(1) The operation is near a small town where houses can be rented

"or some suitable accommodation arrangements can be -made.

(2) . The township is on the ETSA grid and ETSA will extend power
lines to the operation at no cost to the consumer. This elec-

tricity can be-purchased at 2¢/kWh.

(3) There is a water supply nearby and water can be purchased at
11¢/kilolitre (50¢/1000 gal).

(4) No capital is necessary for office, showers, change-room,

toilet, lunchroom, etc.
(5) No expense is involved in building a tailings dam.
(6) Ore grade is 2%.

Q)] Ore is mined by open-cut techniques and there is a minimum of

‘overburden.
(8) Ore is mined and treated at the rate of 10 000 tonnes/annum.

(9) Labour requirements are:

Mining and Carting 1 man - .
Crushing % man -
Leaching 1) men : '
Cementation’ 1 man .

4 men



'if(io)?_Capltal'is.to be depreclated over 3 years:because of the uncer—':f"‘

'-'-tainty of the ore dep051t.;, jf- f' }””3 5t¢=j;;-f;{f ?

ﬂ;:-ﬁf;f(ll)'ZOperatlng day is 8 hours for . 6—day week (270 day/year) 31ngle'g‘3i o

L ‘}shift, producing 40 t/d of treated ore.. .

]:(12)~'Copper is produced as cement copper (70/ Cu) which is worth 97¢/kg
' ”r"contalned copper at. the treatment—plant 51te, thlS assumes the =
'fffAustrallan market price for copper to be $1. 20/kg '

The payment for 70% . cement at Port Kembla after deductlons and

- tariffs is $1. 005/kg of. contalned copper and frelght on cement o

.’:copper is $24 per tonne . (3 SC/kg of . contalned Cu)
(13)' Agitatlon 1each1ng glves an 80/ overall efflclency

7 (14) .Percolatlon leaching (operatlng on crushed ore minus 6.35 mm
L (s in. ) plus 300 m1crometres (50 mesh BSS) ) uses 80% of ore

. which is 80% efflcrent, 1.e., the overall eff1c1ency is 647%.
”(15)‘fwages for operators are $5000,per year for six—day week.

(16) -Scrap—lron consumption is 2.5 kg Fe/kg Cu and costs 4. 4¢/kg
' (2c/1b) : R _: R S f_' RN
(17) .Acid-consumption.for both.agitation'ieaching and percolation

' ieaching is 200%'theoreticai, and acid_consts $40/tonne~H§SOh. —

5.3 Flow Sheet.Description'

5. 3 1 Agltation Leachlng

The flow sheet used for the mechanical agltatlon 1each1ng c1rcu1t is -’
1'shown in-Fig.28. Ore is fed through two stages of crushing and one stage of
grinding~to produce a feed material to the.leaching circuit of 100 minus
1,67 mm and 30 to 50% minus 76 micrometres.

Ore is fed into a batch leaching tank Wthh is 51zed to carry out two
batch leaches:per operating day. A leaching time of two hours is env1saged
as-being sufficient for most copper ores provided adequate acid 1s«added _
..(e;g,,'controlled pH at 1 or sufficient acid added at the start of the leach
‘to give a‘final pH around 1). The tank is rubber lined and has a mechanl—'
fcally—drlven stalnless steel turblne agitator. . ', : S

The slurry from the leaching tank is pumped into a batch'washing and

-settllng tank.. ThlS has assoc1ated w1th it a series of wash 11quor storage‘

' tanks so that the SOlldS are washed countercurrently ' There are two batch

'washlngfsettllng c1rcu1ts —'oneiforAeach”of the batch leaching.operationsf
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’.éarried out per day. The washing-settling tanks are mlld-steel rubber-lined
'_vessels with stainless-steel turbine agitators.
A settling time of one hour is considered sufficient to leave a layer of
settled solids of approximately 35% by weight.  The clear liquor is pumped
. back to the appropriate liquor storage tank.

This circuit is operated as follows:
(a) Leach slurry is pumped to washing-settling tank.

(b) Liquor is pumped from the first wash storage tank to the washing-
settling tank to reduce solids to about 20% by weight; this

slurry is stirred to consistency and allowed to settle for 1 hour.
(¢) The clear liquor is decanted to the pregnant liquor tank.

(d) Liquor is pumped from the 2nd wash storage tank and (b) 1is

repeated.
(e) This clear liquor is decanted to the lst wash tank.
(f) Water from the 3rd wash étorage tank is pumped aﬁd (b) is repeated.
- (g) The clear liquor is decanted to the 2nd wash storage tank.
(h) ° The solids are pumped to the tailings dam;

The pregnant liquor is pumped continuously from its storage tank to the
cementation launder. Here scrap iron is added to the launder to precipitate
the copper. A liquor residence time of 1% hours (see Appendix A) is useé;
with the scrap being added batchwise. Barren liquor is then pumped to a dis-

posal area.

5.3.2 Percolation Leaching

The flow sheet for the percolation or vat leaching circuit is shown in
'Fig.29. Ore from mining is fed through two stages ofAcrushing which produce
100% minus 6.35 mm (% in.) material. The crushed ore is wet-separated by DSM
- screening at 300 micrometres (52 mesh BSS). = The DSM undersize is discarded
while the oversize fractlon is fed to the leachlng vats.

Leaching of the minus 6.35 mm ()% in.) plus 300 micrometres (52 mesh BSS)
ore is carried out in vats over 6 days. Each vat holds one day's ore produc-
tion and eight vats are needed —;six for leaching and one each for washing and
loading.. Liquor flows through the vats in a. countercurrent fashion; 1i.e.,

water contacts ore that has been leached for six days and the liquor cycles
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»tfg'through w1th ac1d additions to the ore which has been leached for the least
v};amount of t1me. _ The overflow from this vat is pumped to a pregnant liquor
‘holding tank before cementation.. _” : ) _ - R
Pregnant liquor from the holding tank is pumped continuously into a -cemen-
::Ltation launder." Here scrap iron is- added to the launder to ‘precipitate copper.
*iff‘A liquor residence time of 1% hours is used with the scrap being added batch—

e wise. Barren liquor is then pumped to a disposal area.'

5.4 Economic Analy31s .

EH_f 5. 4 1 Cost Analy;is.f. ‘ A
f ‘ Appendlx F gives the: plant s121ng and capital cost of. equipment for the
:two methods, agitation leaching and percolation 1each1ng. The equipment cost -
3was $93 500 for agitation leaching and $56 000 for percolation leaching.
: Buchanan. and Sinclair- (1966) give various ‘methods of‘determining the installed
- cost:from‘the equipment'costé ‘for a plant with only the minimum of complexity_‘
fiand no big back—up facilities, 250% in addition to. the equipment cost is a
good estimate of installed .cost. This gives an 1nstalled cost of $327 000 for
_agitation 1each1ng and $196 000 for percolation leaching.
. Operating costs are given in Table 42. On the assumptions made; the price
. of copper w1ll have to rise by 20% before percolatlon leaching breaks even andA
A 32%° before agitation leaching breaks even. Looking at the operating_costst
capltal depreciation is. the largest item. For both plants, crushing equlpment
represents a major 1tem-— 36% for. agitatlon leachlng and 52/ for percolation
" leaching. Operations are only planned for a 3-year period, so a plant llke
" this. would probably be conSidered feasible only if second-hand crushing.equip-
Jment-could-be‘purchased} Similarly, the mining'WOuld be carried out with
second hand equipment e.g., 10-tonne truck and front-end loader. . This could
lfreduce the mining costs below $2/tonne._
| ~ Other capital items for either plant are not likely to be-available second-
hand.r ‘Equipment’ costs for percolatlon leaching could not be reduced. by much
more than approximately $16 000 (purcha51ng second- hand crushlng equipment for
$10 OOO) - This would give an equ1pment cost - of $40 000 and an installed cost
of $160 000 (4 times equipment cost). If mining can be carried out for $17/
tonne w1th second-hand’ equipment ($10 000 per year total), this ‘and the savings .
~on capital depreciation with second-hand crushing equipment could reduce the
A_overall’operating costs to'$126.QOO.f0r.percolationjleachingf(small.loss of $2000).

© 967 .. ..
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By .rearranging the opérations of the agitation leaching and working the
washing-settling cycle on a two-shift basis (i.e., mining, carting, crushing,
leaching and washing on day-shift and washing and cementation on afternoon-
Ashift), one of the washing-settling tanks would not be needed, and neither
would one liquor transfer pump and half the clarified liquor tanks (savings of
$22 200). However, one additionai operator would be required. It is possible
to save a total of approximately $43 500 if second-hand cruéhing equipment were
also purchased and operations were worked on a two-shift basis. -This would

‘give a capital cost of $50 000 (installed cost $200 000). If mining could be

o carried out for $1/tonne with second-hand equipmént ($10 000 per year total),

the overall operating costs could be reduced to $152 000 (small profit of $2000).

Operating the agitation leach circuit on two shifts represents a more economic:

1

proposition than on a single shift, so all reference to agitation leaching will

be with this condition.

5.4.2 Sensitivity Analysis

The costing analysis shown in Table 42 indicates that a plant of 10 000 ,
tonﬁes/annum of 27 copper ore operéting over three years is not econqmic, whether
new‘or second-hand equipment is used, at the present selling price of copper,

" which is approximately $1.20/kg Cu. » - B

" A sensitivity analysis was made of the important variables, ore grade
(Table 43), selling price of copper (Table 44), plant throughput (Tables 45 and
46), and plant or orebody life (Table 47). This was to establish minimum™
economic plant sizes on the type of operations described in Section 4 and make
a comparison between percolation and agitation leaching.

Over-a fairly wide range of conditions, the economics of both oberations
(i.e., percolation and agitation leaching) appeared to give about the same
returns. This would favour the percolation leaching, as it requires less
capital — which is very important to the small producer who invariably finds
raising of capital a difficult proposition.

On the basis of tﬁe assumptions made using second-hand crushing equipment,

the following was found on the minimum economic size at present copper prices:

(1) 47 copper ore ~ 10 000 t/annum over three years (Table 43)
(2) 3% copper ore ~ 20 000 t/annum over three years (Table 45)
(3) 2% coppér ore ~ 40 to 80 OOO_t/aﬁnum over three years (Table 46).
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A"If the pr1ce of copper were to r1se byh20/
“4(1). 3/ copper ore ~ 10 000 t/annum over. three years (Table 44) o

“-E(Z)“ 2/ copper ore ~ 20 000 t/annum over- three years.’fA

The economlcs are 51gn1f1cantly altered if it is possible to increase ‘the .
fﬂ operatlngcllfe.of therplant to -longer than three years. " The return is almost_
.ifacceptable if 3% copper ore is mined atTIO.OOO.t/annum over . A'Years (Table ‘47:
‘about 37 to 40% prof1t/1nvestment for both agltatlon and percolatlon 1each1ng

lwith second—hand crushlng equlpment)

5 5 Discussion and Conclusions

Conventlonal costlng technlques have been used in the calculatlon of the

minimum economic sizes of plants for processing of copper ores w1th some second—
" hand. equ1pment. ‘ Percolatlon leaching was found to be marginally more attrac-
. -tive than agitation leaching because of the lower capltal requlrements _A.Both*
f’gave about ‘the same returns on 1nvestment.'f For a plant of 10 000 t/annum opera-= '

'ting over 3 years, ore of at least 4% grade is requlred. Slmllarly, for

‘20 000 t/annum over 3 years, ore of at least 37 grade is required.  The minimum
’*.economlc plant size. approx1mate1y halves 1f the prlce of copper rises by 20%. |
The effect of 1ncrea31ng plant 11fe ‘to 4 years has about haif of this effect.

. However, a project of this nature would have a much better f1nanc1a1 future
l» if unconventional construction technlques could be applled. If the plant’
operators were able to construct more of the plant and not accept wages in that
‘time for a share of the operation%;profits later, then the investment would be
much less, since installation by_conventional techniques amounts to about 50 to
60% of capital requirements. It is very'difficult to estimate economic plant»
sizes under these circumstances, as plant operators mlght do cons1derable
damage to the equlpment.ln constructlng it. The - f1na1 capital requlrements
would be a function of:the skill and ingenuity of these operators to put second--

f: hand bits—and-pieces and new equipment together into a working plant.
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B e 6. CONCLUSIONS

i , . :

Both percolation and agitation leaching with sulphuric acid were
successful for the treatment of the oxidised copper ores tested

on a laboratory scale.

Pilot-scale percolation leaching of both Mt Gunscn and Paratoo
ores achieved good leaching rates with low acid consumptions.
Air Pachuca leaching on a pilot-scale was found to be unsatisfac-

tory because of the difficulty in keeping the solids circulating.

"Pilot-scale mechanical agitation leaching on ores ground to 80 to

90% minus 177 micrometres (85 mesh BSS) was satisfactory for both

Mt Gunson and Paratoo ores.

‘Settling tests on Mt Gunson and Paratoo ores showed rather poor

settling characteristics, in particular the low solids density

of the settled slurry. No explanation could be found for these

results.

From examination of Amdel Report No.810, gravity flow launders appear
to be the most attractivejcementation equipment for small-scale

copper producers.

A general cost study on the leaching of a hYpothetical ore showed

that percolation leaching in vats would be marginallyAmoré attrac-
tive than agitation leaching because of the lower capital requirements.
Both methods gave about thelsame returns on investment, For a -

plant of 10 000 tonmes ore/annum operating over a period of 3 years,

ore of at least 4% Cu grade would be required. Similarly, for

.20 000 tdnnes/year over 3 years, ore of at least 37 grade would be

required. The minimum economic plant size is approximately halved
if the price-of copper rises by 20%. The effect of increasing plant

life to 4 years has about half this effect.
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7. RECOMMENDATIONS .

'While general treatment’recommendations for South'Australian'oxide'copper"'

ores have been developed it is stlll necessary, of course, to examlne each

orebody with regard to ‘the follow1ng aspectS' S

| -‘,f‘.f‘_(l) g
@
o (3) }
@
5

- (6)

~_ () -

. 967

M

KO

_Average ore grade.

"Ore ronnage.”

" Ease of mining_the"orebOdy.
“Ore crushing and'grinding characteristics.

Ore leaching characteristics,fOr agication and percolation opera-

tions.

Leach. residue washing,'including settling and filrration character-

.istics of leached ground'ore}

'Avaxlabillty and on-site cost of chemlcals (e.g., sulphurlc acid

and scrap -iron).

.Avallablllty of services (e g., power and water)

Availability of establlshed infrastructure (hou31ng and

amenities).
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APPENDIX A

EXTRACT FROM AMDEL REPORT NO.810 'ECONOMICS OF HYDROMETALLURGLCAL
RECOVERY OF COPPER' by J. M. Clayton and R.E. Wilmshurst (Nov 1971)

6.2 Cementation

Cementation is the most common method of recoverlng copper from copper
sulphate solutions in small plants. ' The primary reaction is between the
copper sulphate in solution and metallic iron, and may be expressed as

follows:
CuSO, + Fe -+ Cu + FeSO,

--In an ideal situation this reaction goes almost to completion, and the iron
consumption'is less than 1 1b for each pound of copper recovered. ~In practiee,

side reactions occur which increase the amount of iron required:

Fe,(S0.)s + Fe > 3FeSO, ' o
‘H250, "+ Fe » FeSO, + H, A
The presence of ferric sulphate or too much free sulphuric acid in the
liquor is therefore undesirable.. Fig._A—l, a plotlof free acid concentration
against eopper.cqncentration, indicates the probable‘practical limits of these
two variables'betweeh which cementation would be suitable._-. - .
Leach liquors: containing copper sulphate solutlon are passed through long
vats contalnlng metallic iron. The reaction rate_ls a function of the surface
area of the iron, temperature and- ac1d1ty, the uost commouly used source of
iron for cementatlon is detlnned .and shredded tin cans and baled car bodies
may be used.A As the iron goes into solution, copper is prec1p1tated out.~
When a suff1c1ent quantity of copper has collected in the bottom- of the vat it
is. removed from .service, the liquor is run out .and the excess iron removed
The prec1p1tated_eopper may then be shovelled or hosed onto a drylng apron->
and the -vat refilled;uk Recoveries of -up to 98% of the dissolved-copper can
be achieved, with product grades ranging from 70 to 80% eoppet{ '1Impurities-‘-

- in the pfoduet-iuclude_any impurities dn the iron and small pieces.of-irqn

se7 .
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whlch detach from the ma1n mass. The cost estlmates Wthh follow are based

on liquors containing 0.4 to 2.0 g of copper’ per litre of solution.

.6;2.1 Cap1ta1 Costs

It is assumed that the cementation'piant-draws clear liquor from a storage
tank which forms part of a leaching plant to be considered separately. The
liquor is pumped through one or more'launders.4 feet deep by 3 feet wide, oper-
ating at an effective cross-sectional area of 10 quare feet. A ‘'standard'
launder is taken to be 60 feet in length, constructed of 2—inch timber with
suitable steel supports. Sufficient launder capacity is provided to allow
" a 2-hours' re31dence of llquor in the absence of steel scrap — actual residence
-tlme -would be in the vicinity of 1% hours. - The cost of a 31ng1eplaunder, with
pumps and other associated equipment, is estimated to be $1200, and to be con-
stant regardless of the number of units in a multiple installation.
~ _The cost represents only the purchased cost of the materials, and it is
assumed.that small’operators would construct the 1aunders themselves and instai—
lation charges would not apply. o | _

-For the larger plants, however, construction w0uld probably be by pa1d
- labour, and installation charges would apply.‘ : B
The capltal costs given in Table A-1, for plants of various'capacities with
" pregnant liquor of various grades, assume.the7use'of paid labour for'installa—"
tion of f1ve or more launders.: o . '
. Companles with better access to cap1ta1 may prefer ‘to spend more on more-

-durable launders in preference to paying high depreciation rates.

6.2.2 dperating Costs

" In calculating operating costs, the following assumptions have'been made:

Scrap iron Consumed at the rate of 2 lb per pound of copper produced
: ‘and charged at 2¢ per pound of scrap. oo :

':Operating Operators are charged at $2.50 per hour, or $20. per 8 h day.
. Labour An integral number of operators is assumed in every case;
' i. e., -operators have no other dutles out81de the ~plant.

The -labour requlred is taken to be. -

nL Up to 2 launders "1 man
oo .~ for = 3-5 launders 2 mén. . R R
- " for = 6-15 launders 2 men, with one fork-lift truck -
L S not capitalised but charged
_ - : : : at $10 per day. - e
for '17-55 launders 3 men, with one large fork-1ift " truck
S .. - " not capitalised but charged at
A $15 per day.

. \
i
L
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Power . This is required only for pﬁmping,»and is small.
: Estimated cost is 0.l¢ per pound of copper.

Depreciation The life of the launders is taken as 4 years, and the
' capital is written off at the rate of 257 annually.

Maintenance It is expected that substantial maintenance of the 1aﬁnders
-+ will be required, and.1l0% of the installed cost is allowed
annually for this.purpose.

The esfimated operating costs are sﬁown in Table A-2 and in Fig.A-2.
Because of the.assumptions of integral numbers of standard launders and of
operators, the figures in Table A-2 show some discontinuities when plotted;
Fig.A-2 therefore shows a range of operating costs. Plants Efeatiﬁg the
lower grade (0.4 g/litre) liduors will be near the top edge of this range,
and those tréatiﬁg‘ more concentrated liquors (2.0 g/litres) will be near

"the bottom.

[,
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TABLE A-1: CAPITAL COSTS — CEMENTATION

- Copper Concentrationhin Installed Costs, $

Pregnant Liquor, 300* 1000* ' 3000* 10 000*
g/litre .
0.4 2400° 18 000" 57 600" 198 ooot
0.7 . 1200° 3 600° 36 000" 115 200"
1.0 1200° 2 400% 25 200" 79 200"
2.0 - 12000 2 400° 3 6002 39 600"
* Production rate, 1b Cu/day. -t Costs are for launders + -

: installation.
® Costs are for launders only. ' -

TABLE A-2: OPERATING COSTS — CEMENTATION

Copper Concentration in Operating Costs, ¢/1b Cu

Pregnan% Liquor, 300% 1000* 3000% " 10 000*
g/litre C R : ~

0.4 11.6° .47 st 7.47.

0.7 | - i2® oss® gt 6.3

1.0 - 1122 es® 6.9" s5.97

2.0 -~ 11.2° 6.4%  5.5° 5.1t

* Production rate, lb-Cu/day.

‘4 Costs include depreciation charges-for launders installed by owner
“at no cost. - :

‘_+_ Costs include depfeciétion charges for launders installed by paid labour.

Y-
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Wxth the expansion o[ copper Ieachmg of the various

‘mine wastes at the Kennecott properties, additional

- copper recovery facilities have been required. A re-
search and development program has been pursued to
determine a suitable economic approach to the

. processing of the additional leach solutions contem-
plated. Investigations on laboratory and pilot plant
scales covered electrowinning, solvent extraction, _
launder and vat type cells, activated launders, pre-

. cipitation drums, and precipitation cones. This paper

contains information on the development and use of a

- -new precipitation-cone-type copper recovery plant,

which provides many advantages over older systems. .

the application of research findings to the old art
of leaching copper from copper-bearing mine waste
has resulted in a significant contribution of copper -
to over-all copper production., For example, at the
completion of the current expansion program at the .

H. R..SPEDDEN is Research Director, E. E. MALOUF is
Project Development Engineer, and J. D. PRATER is.
Chief, Hydrometallurgical Section, Western Mining Div.
.Research Center, Kennecott Copper Corp., Salt Lake City,
Utah. TP 66B86. ‘\’Ianuscnpt, February 1966, New York

‘\Ieetmg, February 1966. Discussion of this paper, sub-

~ mitted in dnphcate ‘prior to Mar. S' 1967, will appear in
SME., Transacnons June 1967, and ANE Transactxons,
- 1957, wol, ”38
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g Kennecott propertxes in the Umted States copper "i{~
- produced from waste dump leac}ung will amount to /\ “
" about 25% of the total production. Formerly only 2%\ N
‘was derived from this source. This’ planned expan- . 2

sion of -copper leaching focused attention on the
problem of developing more efficient methods for the -

" ‘tecovery of copper from greatly 1ncreased volumes of

copper-bearing solutions.? . :
The detailed investigations which have been made .
in laboratory pilot plant and plant tests for the re-
covery of copper from copper-bearing solutions have
included electrowinning, solvent extraction, ion ex-

~ change and cementation with iron in launders, pre-
.cipitation drums, activated launders, and precipita-

tion cones. The results of these investigations have

" led to the development of a new precipitation cone-" "

type copper recovery system provxdmg many advan:

tages over older methods.

ELECTROWINNING OF: COPPER FROM
COPPER. BEAR!NG SOLUTIONS

The direct electrowmmng of copper from. relatwely
dilute solutions of copper-bearing mine water, namely

‘solutions containing 10 to 20 lbs of copper per 1000
" gal, has always been an attractive posmbxlxty 23 By
** this method, high-purity copper powder can be re- " .~ _'

covered with a power consumption of 3.5 kwh per 1b

. of copper. However, once the solution strength de- -
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-, creases to approximately 5.1bs of copper per 1000 '
“gal, the current efficiency drops rapidly, requiring
the use of other methods to recover the remainder of
-the coppér economically. These results combined
with the high capital cost make this approach -

. economically unsound under.most conditions.’

SOLVENT EXTRACTION OF COPPER FROM
- COPPER-BEARING SOLUTIONS

Another- techmca]ly feasxble process is using vari-
ous organic reagents for the solvent extraction and
concentration of copper from dilute acidic solutions.*

“The majority of solutions obtained from leaching
" rather heterogeneous mine waste dur'nps however,
_ . contain substantial quantities of ions other than
~ copper as well as suspended insoluble matenals
- These various ions.and suspended gangue can result
" in a combination that may cause emulsification and
costly loss of the solvent. Although substantially
- improved liquid ion-exchange or solvent extraction -

reagents which resist emulsification to extremely low

levels -are now available, enough experience with

these new reagents has not yet been obtained to safe- -

.ly. justify a major installation. Presently available

" reagents have a rather low loading factor and thus

- would require a large capital expenditure for plants’
of the size now being constructed. A small plant and,

" in particular, one which does not have a readily

available, low-cost source of scrap iron would appear

to be'the logical next step in this development. The -

apphcatmn of the process to copper metallurgy on a’

. &g-ufxcant scale 1s, nevertheless a most stxmulatmg

goal '

ION EXCHANGE RECOVERY OF COPPER‘FROM
- COPPER-BEARING SOLUTIONS ’

The use of ion- exchange resins for the concentra-

_ tion of copper from copper-bearing mine solutions has_

not proven feasible. The non-selectivity of the resins
and the fouling of the resins with iron and aluminum
_ions has precluded the use of this approach. Even
the carboxylicAtype resins, which are quite specific.

" for copper, display an unsatisfactorily low loading

* capacity when used for extraction from acidic solu-

~ tions; thus projected capital costs appear to be. N

. unduly high.®

CHEMICAL PRECIPITATION OF COPPER FROM
~ COPPER-BEARING SOLUTIONS

‘Precipitation of copper from dilute copper-bearing
solutions using various chemical precipitants has
. been a source of Continuing investigations by several
research groups.s'7 Consideration has been given to
precipitating the.copper as a sulfide, as a .cyanide;

as a thiocyanate, and even as.a hiydroxide using lime.

- The recovery of an extremely fine chemical precipi-
. tate, with the inherent difficulties of settling and

Society of Mining Engineers

~.with 'scrap iron as the precipitant. As a general fig-

,filtering, is a common problem in essentially all

processes employmg chemical precipitants. The
products of chemical prempxtatxon also usually re-

, qmre additional processing steps to obtain the cop-

per in a form readxly obtamed by cementatxon on’iron.

PRECIPITATION OF COPPER BY IRON

- Gravity Launders: The most common method of pre-
-cipitating copper from leach solutions, and the oldest’

method, has been the gravity-flow launder charged

ure, this type of plant requires 500 ft of launder,
4 ft wide by 4 ft deep, to process 1000 gpm of cop-

per-bearing solufion. A-launder of this size can ef- f" "4"77
" fectively recover over 90%.of the copper in solutions. "~“"\-
- However, iron consumption will generally vary be-

" tween two to four times that amount theoretically re- -
. quired to precipitate the contained copper, depending

on the ferric iron and free sulfuric acid contents of

: the'solution Fig. 1 is a photograph of the gravity

launder-type copper precxpxtahon plant at Kennecott’s
Utah Copper Div. ' - :

- Launder plants, although sunple to.construct and -
‘operate, require much hand labor and produce an im--

pure cement copper which is usually blended" ‘with

“concentrates as a feed to a smelter. Efforts to im- .
’ provel the method have 1eA{td numerous modifications,

- mostly involving variations in the mechanical hand-

- ling of the scrap iron or the precipitates. -

-Drum Precipitators: Rotating drum precipitators have :

been used industrially in place of launders. The

. major problem encountered in this system is that of -

maintaining a large mechanical device in which the

. total mass of scrap iron is tumbled constantly. Our. -
own test work has shown that the tumbling action
_-breaks the copper precipitates into fine particles, -
much of it even colloidal in size, thus presenting a !

further operational problem. Labor requirements’ for -
charging scrap iron and for the periodic removal of -
unconsumed trash likewise make these units gener-

. ally unsatisfactory..
“Activated Launders: Gravity launders have been

modified by laying one or more nozzle manifolds
along the bottom of the launder to inject the copper~ .
bearing solutlons into the mass of iron. 89 Studies in~

" volving the precipitation of copper in this type of
. launder have indicated definite improvements over

the gravity-type plant, both as to iron factor and
volumes. of solution treated. However, here again,
cleaning of this type of unit requires removing the
accumulation of copper precipitates, cans, and trash

with. consequently high hand labor requirements.
" Development of a New Precipitation System: Although

most of the reeovery methods thus investigated are

’prAactxcal, each’ ‘bné seemed to be lackmg‘ in at least .
- one of several desirable features for relatively large

scale-production. As with most chemical processing
methods, an efficient copper recovery system should
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Fig. 1 — Photograph of
gravity launder-type
copper precipitation
plant at Kennecott’s
Utah Copper Div.,
Bingham Canyon Mine.

provide for high volumetric capacity, be able to treat
solutions of variable concentrations with high re-
covery, and be amenable to\a substantial degree of
mechanical handling and automatlc control.

Three chemical reactions, each of which consumes
iron, have long been recognized as of importance in
copper cementation. These reactions may be shown
by the following equations

CuSO, + Fe —>»Cu + FeSO, (1]
Fe,(S0,); + Fe—3>3 FeSO, [2]
'H,S0, + Fe—>FeSO, + H, (31

Under ciuiescent conditions, as repre‘sented‘in a
launder plant, these reactions will reach equilibrium.
If, however, powdered iron of high surface area is
used, the copper precipitation reaction is found to be

predominant and may be essentially completed before’

excessive amounts of iron have been consumed by
the other two reactions.

Since powdered iron is thus an effectlve prec1p1tant
-and may be produced at reasonable cost as a by-

product of a base-metal mining and smelting complex,

a research program was initiated to develop an effi-
cient vessel in which to utilize such a precipitant.
The successful accomplishment of this objective has
been reported separately by A. E. Back. '

A pressing need for more copper éroduction, com-
bined with the necessity for a prolonged delay to
bring a source of powdered iron into production,
dictated that a further effort be made to improve pre-
cipitation methods employing available scrap iron.
Using the basic cone configuration, a new vessel
was designed for a scrap iron feed; this vessel has
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now been found to have advantages not available in
other precipitating processes. Its operation, design,
and copper product differ from that of the powdered
iron cone. It is a compact unit lending itself to auto-
matic control, low iron consumption, and self-clean-
ing of copper precipitates. Furthermore, it results in
the production of a higher purity cement copper than
that resulting from a launder system. The operating -
characteristics of the cone precipitator are based on
a high-velocity, rapid through-put of copper-bearing
solutions and an intimate contact of the éolution with

"clean active iron for precipitation of copper.

Our experience comparing the relative effectiveness
of powdered iron and scrap iron as precipitants:
clearly indicated that the three basic reactions pro-
ceed at different rates. Furthermore, these reactions

"are temperature dependent, another characteristic of

rate reactions. Fig. 2 shows the effect of temperature
on increasing the copper precipitation rate. Thus, a
rapid contact of solution with iron surfaces promotes
reaction 1, the copper precipitation reaction, by re-
moving the diffusion layer. The resulting suppression
of the acid on iron reaction (Eq. 3) brings about a
very real and profitable reduction in, iron consumption.

Wadsworth and co-workers have defined the mech-
anisms involved in copper precipitation on iron!! as:

1) diffusion of reactants to the surface, '

2) adsorption of reactants on the surface,

3) chemical reaction at the surface,

4) desorption of products from the surface, and

5) diffusion of products away from the surface.

They have quantified item 1) for laboratory condi-
tions in the terms of stirring speed of a mechanical
agitator. We have likewise determined an apparent
optimum range of .conditions in the terms of rate of
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APPENDIX B .

USE ‘OF CONE-TYPE COPPER PRECIPITATORS TO RECOVER
COPPER FROM COPPER-BEARING SOLUTION .

by

H.R. Spedden, E.E. Malouf, and J.D. Prater

-

Note: The gallons referred to in this Appendix are US gallons:

1 US gal = 0.83268 Imp. gal = 3.7854 litres . ...

(Transactions of Sociefy of Mining Engineers, December 1966)
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Fig. 2 — Copper cementatxon as a function of temperature.
A*Conversxon factor 1'g = 8.345 1bs per 1000 gal of solution.

. ~ solution flow tﬁrough full prodﬁcfibn 'size vessels.of
vatying sizes. They further have found that.the cop-

per precipitation reaction is a first order rate reaction’ -

and that even under some conditions the reaction .~
" seems to follow zero-order kinetics. Thus, with ade-
quate agitation, rapid precipitation will occur and
acid consumption by iron will be minimized.

The nucleation mechanism has also been studied by

Wadsworth ! with the following conclusion: ‘““The
precipitated copper adheres to the iron as a spongy.
. layer at low speeds, peels off in the form of bright
" strips at medium speeds, and as a fine powder at

" high speeds.’”’ The low speed agitation results de-
_firied by Wadsworth correspond to the action ina

gravity launder. Medium speed results are of the same.

magnitude as those we have found optimum for pro-

- moting the precipitation reaction, and thus a dual ad- »

vantage is gained by dynamxc contact of solutxon
with iron. - :

The theory of diffusional control is further enhanced
by experiments employing iron turnings as a precipi-
tant. Clean turnings, extensively laced with sub-
micron cracks, present a larger surface area to the -
small hydrogen ion than to the much larger copper -
ion. Thus, acid attack by pore diffusion is possible
in the cracks. Turnings in this form yielded copper
precipitation at a consumption of over 3 lbs iron per
Ib copper, as compared with 1.5 lbs per 1b of copper
‘when.using shredded iron in.a precipitation cone.

Another portion. of these turnings.was crushed in-a-

hammer mill to powder size. In a similar copper-bear-

ing solution, the iron consumption was only 1.2 Ibs
iron per 1b copper. The cracks had thus been opened,
exposing all surfaces to the faster copper precipita-
tion reaction.

. ‘Soci‘ety of Mining Engineers

‘The granular and dense type of copper produced
under dynamic precipitation conditions results in a
product that can be filtered readily to a low moisture

- content. This is in contrast to the thixotropic-type of

precipitates.produced in the launder-type plant which,

-after filtration, may contain 35% to 40% moisture.

The experimental precipitation cone as developed
to employ these principles at the Utah Copper Div. -
of the Kennecott Copper Corp. is capable of process-
ing high volumes of copper-bearing solutions. Fig. 3
is a photograph of a cross-sectional area of the pre-

" cipitation cone. The vessel consists of a 14-ft diam

tank, 24 ft tall, into which is mounted an inverted
cone 10 ft in diam by 10 ft high. The outer 14 ft diam
tank contains a-45-degree sloped false-bottom floor
from one side of the tank to a bottom side discharge
at the opposne side. The annular space between the
inner cone and the tank is covered by a heavy gauge
stainless steel screen. The screen is mounted as a
continuation of the cone and is.anchored to the cone
and tank. The cone supports a pressure manifold that
consists of six vertical legs with each leg containing
a.series of nozzles directed inward from the tangent.

“to the cone and upward from the angle of the legs of

the manifold. The nozzles are arranged in such a

.manner as to create a vortex when the copper-bearing

solutions are pumped through the manifold into the

.cone. The inner cone and the area of the tank above

Fig. 3 — Photograph of a cross-sectional area of Kenne-
cott’s cone precipitator.(patent pending). (Photograph
courtesy Bechtel Corp.)
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the stainless steel screens are filled with shredded
detinned iron scrap, such as is commonly used in the’
precipitation of copper. The shredded iron is ‘coned’
to the top of the tank. This large mass of ironina

"confined vessel has proved to be an effective heat )Kl
retaining medium, thus enhancmg the reaction ‘
kinetics. :

Copper-bearing solutxons are pumped through the
manifold with the nozzles injecting the copper-bear-
ing solutions into the mass-of iron. The injection of
the solutions has the effect of not only rapidly pre-

’cxpltatmg copper, but also removing the metallic
copper from the iron surface, thereby exposmg clean,

- fresh iron. Fig. 4 is a diagrammatic sketch of the
cone precipitator showing solutxon inflow and copper
precipitate discharge.

The precipitation cone is a continuously operated
unit that is self-cleaning as to copper precipitates
and eliminates the need for the conventional approach
of labor with fire hoses to wash the copper precipi-
tates from the precipitator, as is the practice in many
launder-type plants. The pressure and velocity of the
solutions in the lower conical section tend to move
the copper precipitates in the same manner as an
elutriation column, upward and out of the cone into
the reduced velocity zone created-by the larger diam
of the holding tank. The copper precipitates settle
down through the stainless steel screen and accumu- .
late on the sloped false-bottom of the tank. The cop-
per can then be discharged intermittently with the .
use of a pneumatically operated valve on a time cycle
or bled continuously through a small diameter pipe
into a thickener or holding basin. Fig.'5 is a photo-
graph of the experimental cone-type copper precipi-
tator at themm
Div. The copper precipitates produced in this manner
are of substantially higher grade than the conven-
tional cement copper produced in a launder-type
plant. They typically will analyze 90% to 95% cop-
per, 0.1% to 0.2% iron, 0.1% to 0.2% silica, and
0.1% to 0.2% alumina with the balance of the 1mpur1ty
being primarily oxygen.

20'
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Fig. 4 — Sketch 'of cone precipitator showing solution in-
flow and copper precipitate discharge.
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Fig. 5 - Photo.gr.aph of experimental precipitator at
Kennecott Copper Corp., Utah Copper Div.

The prototype precipitation cone was operated con-
tinuously for seven weeks in one test. After this test
run, using commercial shredded iron identical to the
material used in the launder plant, the unit was shut’

. down and examined. A total of 18 in. of trash re-
"mained in the bottom of the inner cone. This residue

consisted of pieces of concrete, rocks, granular cop-

‘per, and some chunks of copper-plated steel shaftiﬁg.‘

This small amount of residue was striking evidence
that most of the trash inherent in the scrap iron had
been masticated by the dynamic action in the cone
and discharged in the tailing solutions. In compari-
son, a launder plant usually requxres daily washing
with high pressure hoses.

During seven weeks of continuous operation of the
experimental cone, copper recovery averaged 89.7%
with inclusion of data for periods -in which wide
fluctuations in the addition of shredded iron was -
experienced. Sustained periods during optimum oper-
ating conditions resulted in copper recoveries ex-
ceeding 95% in the single cone. »

Results comparing the performance of an experi-
mental precipitation cone operating at approximately
double the flowrate of the standard-sized gravit
aunder with which it is compared are presented in
Table I.. These results represent daily averages for
the same operating periods.

As a result of the successful operation of the ex- .
perimental cone at the Utah Copper Div., a cone-type

precipitation plant is now being constructed which

TRANSACTIONS



will contain 26 cone precipitator units. The plant
‘will be of modular construction arranged in a manner
to permit the solution-flow to pass through two cones

. in series. This will provide an operational safety

~ factor for optimum stripping.. Fig. 6 is a-photograph - -
of a-model of the new copper precipitation plant under
construction at Kennecott’s Utah Copper Div. The
structure rising above the cone tanks is a movable
scrap iron feeder fed by a conveyor belt from the

Table I. Typical Data (Daily Average) Comparing The
Operating Results of an Experimental Precipitation Cone

with a Gravity Launder

Cone S ~ Launder

Precipitator Heading  Precipitator

. Cu Re- Soluble - Cu Re- . Soluble-
Lbs Cu/ covery, = Fe Lbs Cu/ covery, Fe

~ Heading

1000 Gal = % . Factor 1000 Gal % - Factor
17.6 92,4 113 . 151  98.3  2.85
14.8 93.2  1.45 154 894 - 2.15
‘14.8 | '88.2 1.83 16,1 © 851 ° 2.04
13.3 - 943 . 1.60 15.7 © - 87.5  2.26
129 910 149 144 858 --2.30
13.3 '92.4 177 14.8 90.7 - 2.17
15.8 93.6 1.86 14.6 93.7  2.16
162 933 174 147.° 913 222
159, 953 ° 1.54 . 151 - 9L5 ° 2.25
16.4 . 96.4 .74 146 . 84.6 - 2.40

162 . 954 110 13.7 844 247
13.9 . 940 ° 1L72- 14,0 . 958  2.70

. Average
15.1, 93.3  "1.58 14.9 89.9 2.33

'Fig. 6 — Photograph of
‘a model of the cone '
precipitation plant now
being. constructed.’
Each module contains
13 cone precipitators.
(Photograph courtesy
Bechtel Corp.) '

Society of Mining Enginecers

scrap storage yard, Shredded scrap iron is added to
each cone intermittently as required. _

Two cones have been operated .in series to deter-
mine the effect of the second cone on total iron con-
sumption when only partial stripping has been ac-
complished in the first cone. This two stage treat-
ment can provide a better over-all control without
increasing iron consumption beyond that required by
a single stage treatment yielding the same recovery.
Variations in the copper content of the influent solu-
tions to-the second cone have ranged, for test pur-
poses, from 1.5 lbs of copper per 1000 gal to as high

.. as 15 1bs per 1000 gal, yielding the same low content
- of copper in the tailing from this second cone. The,

copper-bearing -solutions are chemically conditioned
in passing through the first cone, thus resulting in

. rapid and effective stnppmg of the remainder of the

copper in the second unit. :
A further variation of the two—stage system is effec-
tively employed in the recently expanded precipita-

" tion plant at the Kennecott Chino Mines Div. Larger

cone units, each 20 ft in diam and 24 ft high, a'nd
thus capable of processing substantially greater vol-

- umes of solution, are used to recover over 80% .of the

copper in the first stage. The conditioned cone tail-
ing .is then passed through the pre-existing launder™’
plant for final stripping. A single launder cell, which
previously had a capacity of 300 gpm, can now strip

copper from 1000 gpm of the conditioned solution at

a relatively low iron consumption. Thus, the combi-
nation of cones and launders has provided the tech-.

-nical advantages of the cone precxpltator in a plant

of greatly expanded capacity at minimum cost.
"Two, single-stage cone precipitators of the'same
basic design as the Utah cones, are also producing

- copper at Kennecott’s Nevada Mines Div. In addition,
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Fig. 7 - Diagrammatic
sketch of the copper
leaching and precipi-

PUMPED ONTO MINE WASTE  THIS SOLUTION IS THE PRECIPITATION
DUMPS, WATER PERCOLATES COLLECTED IN A CONE, FILLED WITH
THROUGH THE ROCK WHERE CENTRAL FLUME SYS- QLD TIN CANS, PRE-
IT PICKS UP A COPPER SUL- TEM AND PUMPED IN- CIPITATES COPPER

PHATE SOLUTION. TO PRECIPITATION FROM THE WATER.
CONES. THE WATER 1S THEN
RETURNED TO THE
DUMPS.

a modified cone, using gravity flow from a‘hillside .
head tank at a relatively low injection pressure is
under development at the Kennecott Ray Mines Div.
A further variation in this particulér design provides
for cyclical operation with periodic dumping of the
copper through the bottom clean-out. valve.

In summary, 6perating experience with precipitation -
cones has demonstrated that the application of
kinetic principles results in the production of pre-
cipitate copper of a more granular, higher purity form
and at a lower iron consumption than is possible with
the older launder methods. High capacity, versatile,
precipitating vessels are now available with features
permitting automatic control and mechanized materi-
als handling. An old art has been modernized. Fig. 7
is a diagrammatic sketch of this new copper leaching
and prempxtatlon system.
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tation system as used

THE PRECIPITATED
at Kennecott Copper
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APPENDIX C

USE OF PARTICULATE IRON IN THE PRECIPITATION
OF COPPER FROM DILUTE SOLUTIONS

by

‘A.E. Back.

dNote} .The gallons referred to in this Appendix'are US gallons:

1.US gal = 0.83268 Imp. gal = 3.7854 litres

(Transactions of SME, March 1967, Vol.238)



by A. E. Back

A method is described in which particulate iron, as’

) distinguished from high purity iron powders used in

_ powder metallurgy, is a pn,cxpztant for copper con-
tained in dilute solutions. A new precipitation ap-
paratus utilizes particulate iron precipi{ahts to

recover copper more effxcxently than is possible in a .

conventxonal launder precxpztatxon pIant.

: E n the search for lower cost methodé'df recovering
copper from mine water, the use of sponge iron or
particulate iron (as distinguished from iron powder -
used in powder metallurgy) as precipitants in place
‘of tin cans, detinned scrap iron, or scrap iron is an
_intriguing possibility. The relatively faster copper-
. precipitation rate obtained with particulate iron as
compared to scrap iron promises economic and

", processing advantages when, and if, particulate iron -

" becomes competitive cost-wise with available scrap
iron. Kennecott has developed a precipitation cone,!
see Fig. 1, utilizing various particulate iron precipi-
tants and has demonstrated the process successfully
in a prototype at a flow rate of approximately 1000
gal of solution per min. Essentially complete precxpx-
tation of copper is obtained, the cone overflow solu-
tion is clear and contains no particulate copper, and -
the iron factor is more favorable than in a cornven-
tional launder plant.

A. E. BACK is Assistant to the Research Director,
‘Western Mining Div., Kennecott Co'pper Corp., Research
Center, Salt Lake City, Utah. TP 66B87, Manuscript, -
February 1966. New York Meeting, February 1966. Dis-
cussion of this paper, submitted in duplicate prior to
June 15, 1967, will appear in SME Transactions, Septem=
ber 1967, und AIME Transactions, 1967, vol. 238.

- Reprinted from Transactions of SME, March 1967, Vol. 238

Initi»élly,"sponge iron produced at the Ray Mines

Div. Kennecott Copper Corp. for use in a Leach-'

* Precipitation-Flotation process was used in-explor-
‘atory tests to develop a suitable apparatus to take
-advantage of the rapid precipitation rate and efficient

iron utilization for the recovery of copper from dilute .
solutions. Here it was demonstrated that, when sponge
iron was added to a launder, the particles of iron pol-
lected in the bottom of the launder and tended to ce- -
ment together. This resulted in incomplete precipita-
tion of the copper and inefficient utilization of the
iron. Next, sponge iron was suspended in glass col-

~ .umns to study the dynamics of the precipitation re-
" action. Again it was observed that the particles tended

to cement together at low splutlon flow rates, while
at higher flow rates large amounts of the precipitant.

-overflowed the column, resulting in loss of precipi-

tant and an inefficient process. Next, the precipitant
was suspended in an inverted cone in a rising column
of solution. Dynamic suspension of the solids was

* maintained at relatively rapid solution flow rates
. with instantaneous and complete precipitation of :

copper and with improved iron utilization. The first
tests were conducted on a batch basis and it was®
determined that a dynamically suspended bed of .pre-
cipitant was necessary for satisfactory operation.
More than 99% of the metallic iron could be converted

- to metallic copper by careful control of the residence
" time in the cone and copper precipitation was essen-
. tially complete, even when the available iron pre-

cipitant was almost depleted. -
" Several cones were built, ranging in capacity from

-1 to 200 gal of feed solution per min, and finally. a-

prototype cone was.constructed which was 20-ft high
. _ !
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Fig. 2 — Prototype cone; approsimate capacily, 1000 gal
of solution per min. :
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and 20 ft in diam, with an approximate capa'city;of_

1000 gal of solution per.min. This cone is illustrated
_in Fig. 2. Tonnage samples of particulate iron have -

been evaluated in the prototype ‘cone to confirm the -
results of small scale cone tests. The effectiveness

-of a precipitant using 10-Ib samples in.a small cone
" precipitator can be determined with the same con-.

fik_ience ‘as testing tonnage lots in the prototype
precipitator. ' |
DESCRIPTION OF COPPER
.- CEMENTATION PROCESS

“The following competitive reactions occur in the
precipitation of copper from dilute acid solutions

‘using metallic iron as the precipitant

* Fe (metal) + CuSO, — Cu (metal) + FeSO, . (1]

Fe (metal) + Fe,(S0,); —— 3 FeSO, " - [

Fe (metal) + H,S0,— H, + FeSO, (3]

" Reactions [1] and [2] proceed almost simulfaneously

in the cone precipitator because the metallic copper

_produced in [1] catalyzes. reaction [2]. Reaction (3]
. proceeds more slowly than (1] and [2]. In the solu-

tions studied, the bulk of the iron is used to
precipitate copper because of the relatively small
concentration of ferric iron present. Because of the
intimate contact in the cone between the metallic iron

- and the solution, copper precipitation is complet2
‘with less neutralization of the acid [3) by the iron
‘than'in a conventional launder plant. Thus; the
- cementation reaction is more efficient with respect
"to iron consumption and an iron factor (weight ratio
. of iron consumed to copper precipitated) approaching

more closely the theoretical value of 0.9 is obtained.
In addition, advantage is taken of reaction (3] to ¢
monitor the course of the precipitation reaction [1]
by measuring the change in the rate of hydrogen
evolution. Hydrogen evolution decreases as the
amount of available metallic iron is diminished, and
provides a sensitive measure for process control

‘without chemical analysis. Addition of a measured

batch of precipitant to the cone, with continuous
discharge of barren solution at the overflow and inter-

-mittent discharge of the precipitates from the ap‘ex of

the cone, was found to be most desirable.

During the period of this investigation, some 14
different samples of particulate iron from various
companies and individuals have been evaluated as
copper precipitants. Various samples of directly
reduced iron, iron powder, iron turmings and chips,
and granulated iron have been submitted. Raw ma-
terial source, reductant used, and typical analyses
are given in Table I. _ .

The samples centained variable amounts of copper,

- sulfur, carbon, and silicon which are not listed. The
grade of precipitate theoretically recoverable is



Table I. Typical Analysis of Particulate lron Semples Testec.‘ll and Grade of Copper Pre;ipito?e

" Caleuloted Grode

PO ) S of Copper
. N Analysis, % Reduction, Precipitates with
" Raw Material Reductant Fe (Metal) Fe (Total) % 0.9 lron Factor, %
Commercial iron powder =~ . o - .97.6 99.2 98.4 97.8
Commercial iron powder . - N L = 96.0 - 97.1 " 98.9 : 1 96.4 )
Magnetite concentrates . = Reformed gas 1 93.8 . 94.4 T 99.4 C- 0944
' 'Magnétite concentrates Solid carbonaceous - 93.8 - 96.0 97.7 - 94.4
Iron turnings = - o -~ 93.0 . 98.0 9.9 . 937
* Pelletized mAagnetite concentrates.  Solid carbonaceous 92.0 94.4 - . 97.5. . . 92.8 .
- Pelletized magﬁe;ite concentrates  Solid carbonaceous 86.8 1 90.7 .~ 95.7 88.0
Pelletized magnetite concentrates " Solid carbonaceous 86.6 " 93.0 93.1: 87.8
" Pelletized magnetite concentrates Solid carbonaceous 83.6 - 97.4 © 85.8 . 86.6
‘Magnetite concentrates ~ Solid carbonaceous 79.4 . 87.5 - 90.6 81.0
Reverberatory slag Carbon ' 65.4 - 83.4 " 78.4 ' 67.7. .
Pyrite cinders: "Solid carbonaceo'gs 55,2 . 71.6 77.1 . 57.8
. Reformed gas

Refinery residues

488 642 . 76.0 51.4
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Fig. 3 — Relationship of grades of precrpxlant and pre--
cipitate at different iron factors.

shown graphicaily in Fig. 3 with. theoretical 0.9, 1.5,
and 2.0 iron factors. Any copper present in the pre-
cipitant is recovered in the resulting precipitates at
a grade higher than that indicated in Table I. This
means that the copper specification required for iron
blast furnace raw materials is not critical, which
~could result in a lower cost precipitant, and a high
grade precipitate would be smelted, which could de-
crease the amount of inert material required during
. smelting,.
In general, each of the partxculate iron precxpxtants
is satisfactory for the recovery of copper from dilute
solutions in a precipitation cone. The dense iron

samples require finer grinding, i.e. to ~35 mesh, than
do the spongy iron samples, which are suitable if .
ground to —10 mesh. An excessive amount of —200
mesh material is undesirable because this favors

. reaction [3] slightly over reaction [1]. However, as .

long as the bed of precipitant is maintained in dy-
namic suspension by adjusting the rate of solution
flow into the cone, variations in particle size can be
_accommodated and reaction [1] is favored. A high
degree of reduction of the iron precipitant is desnable

- because of the resultant high grade precipitate.

However, the cost of obtaining such a precipitant

_often prices it out of the market and a compromise
" betweer reduction costs for the precipitant and

smelting costs for the precipitate must be resolved.
“The prototype cone that is now in operation at the
Utah Div. precipitation plant, Fig. 2, is equipped,
with a variable speed feeder so that the precipitant
feed rate can be varied to meet the requirements of
the process. The facility is automated so that the .
progress of the consumption of the available iron can’

. be followed by the decrease in the evolution of

hydrogen from the reaction,
H,SO, + Fe (metal) —= FeSO, + H,. (3]

As the hydrogen evolution decreases and comes to a .
predetermined low value, a system of valves becomes
operative thus shutting off the incoming solution and
opening a discharge valve for approximately 30 sec
‘to remove the precipitate from the lower portion of
the cone. Then, the valve closes and fresh iron is
fed into the cone simultaneously with the influx of
fresh copper-bearing solution. The precipitates,‘are
filtered and then transferred to a conveyor for sub-



- sequent treatment, Channeling the hydrogen or re-
action gases toward the center of the cone into a-
central exhaust system is essential because par- =
. ticles of copper adhere to the hydrogen bubbles and,
" if they are near the overflow of the cone, the par-

ticulate copper is transported into. the tailings. Thus, -

it is necessary to’install a battery of baffles in the
upper part of the cone to divert the gas towards the

" _ceater and allow the bubbles to burst and release the -
particulate copper to settle back into the precipitation

zone.. As this copper settles back into the apex of the
cone, it is subjected to attrition and peening so that _
it is necessary.to discharge the bed of the cone peri-
odically to prevent attrition of the particulate copper

" 'to form-a colloid which would not settle and ‘would

" report as a loss in the tailings overflow. .
" It has been found that to obtain the best operation .
of the precipitation cone on a batch-continuous basis
“approximately 50% of the iron requirement should be
fed into the cone during a 5 min time interval. The
. remainder of the iron is fed during the next fifteen
. minute period at a gradually decreasing rate. In this -

_manner; a bed is built rapidly within the cone so that -

effective fluidization of the particulate iron and effi-
cient utilization of the metallic iron as a copper pre-
cipitant are obtained. Under these conditions, the

competing reactions between copper, acid, and metal-

- lic iron.are regulated, the precipitation reaction be-
“ing favored over the iron dissolution-hydrogen evolu-
tion reaction. In this manner, the pH range of the
effluent solution in-a precipitation cone is from 2.5
e —— N
. to 3.0 pH while in a convenuonal launder plant it
. mxght range fr0m 3.0 to 3. 5 pH.

ADVANTAGES OF CON_E‘-PRECIPITATOR.
USING PARTICULATE IRON '

"The advantages of a cone precipitation plant over a
launder precipitation plant are many. For example, a -
‘cone precipitation plant capable of treating 10 million
_gal of solution per day would require an area of -
10,000 sq ft whereas a launder plant similar to the
Utah’ precipitation plant at Bingham Canyon would
-require-an area approximately 10 times-as great.

" Handling of the precipitant is time consuming in a
launder plant because of the large bulk per unit
weight of iron. The bulk density of the particulate
iron samples tested varies from approximately 75 to
200-1bs per cu ft, and the material is free flowing s0
‘that it can be handled with conventional materials
handling equipment. In a cone precipitation plant,’
- the copper precipitates are discharged autométically
into a filtration system while in the launder plant
“the precipitates are washed manually from the launders.
It has been found generally that the iron efficiency

in the cone plant is superior to the launder plant; in

fact, in treating the same solution through the launder

plant and through the prototype cone, it was found

/

» ._'that savings of 0.5 to 1.0 Ib of iron per 1b of copper
could be realized. In addition to this saving in’iron,
" essentially all of the soluble copper is precipitated

from the solutions so that a circulating load of dilite

copper solution to the leaching system is eliminated. -
In the operation of the prototype precipitation cone,

it has been demonstrated conclusively that the de-

crease in the rate of hydrogen evolution is a sensi-

"tive indirect measure of the completeness of the pre-

cipitation reaction which can be used for process"
control. The only chemical analyses required are for
accountability because of the completeness of the

 precipitation reaction within the cone. Another ad-

vantage in collecting the hydrogen in a central ex-

haust system is to operate under a slight pressure of
atomic hydrogen, which séems to accelerate the cop-
per precipitation rate and to prevent reoxxdatlon of . -

“the ferrous iron.

-It is interesting to note that when pamculate iron
is used as the precipitant, copper recoveries from

‘solution are in the range of 95% before a bed of . .
dynamically suspended precipitant is established

and, after Athe_be_d has been established, recoveries
of more than 99% are common regardiess of the type

_ of precipitant-used and the amount of metallic iron
~ - available for precipitation. Thus, it is possible to

precipitate 99% of the copper even when less than 1%

.. metallic iron is available in the partially spent pre-
‘cipitant, which insures excellent iron efficiency. .

" After a batch‘of'precipitant- has been added and is
_essenfially utilized, a system of valves is actuated

in which the solution inflow is shut off and the pre-
cipitate that collects in the lower portion of the cone
flows out of the valve into a receiving tank from "

which it flows by gravity into a filter. The precipi-

tate slurry is dewatered in a filter from approximately

-15% to 5C to 60% solids and the filter cake is then
- discharged as a moist cake onto a conveyor for trans-
“port to the next processing step ’

SOURCES OF PARTICULATE IRON

Sponge iron produced by the direct mduction of

" magnetite concentrates, iron ore, or pyrite cinders

may be considered as sources of high grade reactive

. precipitants. Some ten different sources of this di-

rectly reduced iron have been made available for "~
testing at the Research Center and at the Utah Copper
Div. in the prototype cone. All of these precipitants

-were found to be suitable for the process. Factors of

cost end tonnage availability remain to be resolve"d

" before any of these are used as_the source precipi-

tant. Commercial, high purity iron powder is also -
satisfactdry; however, the cost of such a precipitant

- is not competitive with other indicated sources.

Detinned scrap or burned tin cans are suitable pre- . .
cipitants for launder plants or for the cone precipi-

 tator described by Spedden, Malouf, and Prater.?

Because of the necessity of keeping the entire bed



of precipitant in dynamic suspension and maintaining

" .a clear overflow, it is not possible to suspend large

pieces of scrap iron satisfactorily. Cast iron or steel

_chips have been considered a potentially inexpensive

soutce of precipitant; however, as produced, they con-

tain grease and are relatively coarse. 'Degrea‘sing of
' 'thle chips.and grinding them to approximately 10 .mesh

is required to prepare them for use in the precipitation

cone, thus adding to the cost of iron. This type of .

" precipitant has also been tested in the pilot plant.

At the present time, Kennecott is investigating the

- recovery of a suitable precipitant from reverberatory

slag. Selective reduction of the slag with coke and »

~ . pyrite yields a metallic product that is relat:vely

brittle. Products of varying composition have been -
tested in the prototype cone, and again it was de--
termined that this type of iron is a suitable precipi-
tant with the same favorable characteristics of copper
precipitation and iron utilization as the other iron
samples. that have been evaluated. Several potential

" producers of directly reduced iron have graciously

supplied 'samples, . some of them being tonnage
samples for evaluation in the prototype cone. Other

" smaller samples have been evaluated in a cone pre-
_ cipitator with flow rates of about one liter per min.

1l

In these small scale tests, fluidization character-
istics of the particulate iron samples are determined
and-the particle size of the precipitant is evaluated..
Generally it is necessary to have & particulate iron
of 1-35 mesh size. However when sponge iron is

. used and a spongy product witn a relatively high

specific surface area is used, a 10 mesh product has
been found satisfactory. -

SUMMARY

At the present time, a prototype precipitation cone
is being operated to establish operating parameters

.and to develop engineering data. A cone precxpltatxon

plant utilizing particulate iron as the precipitant to
recover some 400,000 1bs of copper per day at the .
Utah Copper Div. of Kennecott Copper Corp. will be -
installed as soon as an economic source of particu- |
late iron precipitant can be developed. Several po-
tential suppliers have submitted samples which were
found to be satisfactory. However, no firm contract
has been in_ade because of the difficulty of producing
a.particulate iron precipitant competitive with current

.scrap iron prices. Kennecott is now evaluating the
_previously mentioned process for the recovery of iron

precipitant from copper reverberatory slag which, as |
a captive source, would make it unnecessary to rely

“upon out51de suppliers.
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APPENDIX D

i c. »8341 U.s. BUREAU OF MINES

COPPER LEACHING PRACTICES IN THE WESTERN UNITED STATES

COPPER RECOVERY

. Copper is presently recovered from leach liquors almost entirely by means
of precipitation by metallic iron. Copper in the vat leach liquors at-
Inspiration Consolidated Copper Co is recovered by electrolytic deposition..
Other methods of precipitation have been suggested by Baarson and Ray (6) -
and Croasdale (20). Numerous investigators, including Forward (31), -
‘Peters and Hahn (59), ‘and Schaufelberger (65), have shown that at elevated
_temperatures and . pressures, copper can be precipitated from solution by
hydrogen reductlon._ C

Bagdad Copper Corp. 1s'consfruct1ng a plant to produce copper powders

- by appllcatlon of hydrogen reduction principles. .Other methods of -
recovering copper from solution, suggested by Agers and coworkers (1- 1-2), .
Fletcher and Flett (29), Quarm (62), and Swanson and Agers (80), are e by
solvent extraction and ion exchange. - At present, however, copper recovery
~is accomplished in practice only by the methods of precipltatlon by metallic
‘iron and electrolytic dep031tlon, and the follow1ng descriptions focus g
' attentlon on these methods. C

Precipitation by Iron

Metallic iron precipltates copper from solution according to the well-
known reaction: -

CuSO, + Fe == Cu + FeSO,

In practice copper is recovered from copper-bearing pregnant liquors almost
entirely by application of the principle of this equation. :

Sources of Iron

Shredded scrap cans (F1g 23) are the chief source of iron used as a
precipitant in the recovery of copper from copper-bearing solutions. They are
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FIGURE 22. - Vat Leaching Operation, Inspiration Consolidated Copper Co.
Intense blue solution contains as much as 30 grams per liter
of copper.
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FIGURE 23. - Stockpile of Particlly Oxidized, Burned, ond Shredded Cens af
Mineral Perk Precipitation | I;.m, Duval L,u;,). Biown color is

typical of the o |c’uuj ctinned and shredded cens.
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first burned to remove paper labels and organic material, The tin content of
~scrap cans is often removed by a caustic leach process. The pr1n01pal Western
suppliers of shredded, detinned cans are Proler Steel Corp., with plants at
Houston and E1 Paso, Tex., and San Francisco, Calif,, and the Los Angeles

By~ Pxoducto Co., with plants at Bakersfleld and Los Angeleb, Calif,

Scrap punchlngs and’ cllpplngs produced during the manufacture of cans has
attained significant importance during recent years as a source of iron for
copper precipitation, These materials are good precipitators for copper
‘because of their relative uniformity in size and absence of deleterious impuri-
ties, such as organic materials and other solids. Proler Steel Corp. has ., .
recently erected a shredding plant near Cepperton, Utah, to supply the Bing-
haim Canyon precipitation operation of Kennecott Copper Corp "The product will
“be used in the newly installed cone prec1p1tators. i :

Another source of iroh that has been used’as a’precipitant-is turnings , C7k(,é~'
from lathes and other cutting machines. This type of precipitant has proved RS
unsatisfactory, however, because of inclusions of oil and. other lubricants,’ “}”6;4”7

-An additional detelvent to the use of turnings is the slow precipitation of
conper attained because of the low surface-to-welght ratio of the iron,

. Heavy scrap iron has been used as a precipitant.for‘copper in several
- cperations, Low.cost of the scrap iron obtained from the mine and milling
operations has made this type of precipitant attractive, Deterrents to using
- heavy scrap as a precipitant, however, are the difficulty in handling the-
- scrap during loading and cleaning of the precipitation launders and the small
surface area per unit of.weight;available for reaction. ' A few operators have
used heavy scrap in the head.section of the launders to reduce the ferric iron
conterit of. the pregnant solution and thereby reduce ‘the shredded can consump-
tion in the .remaining cells, since ferric sulfate and sulfuric acid are -
: reSponSLble for the iron consumed in the launders accordlng to the reactlons.

e T Feg(SO )g + e:BFeSO4;

Hgso4 + Fe w___f Hy + FeSO,. "

Flnely lelded sponge iron lS an effectlve prec1p1tant of copper,
although at present it.is not competltlve in cost with. avallcblc shredded
scrap cans. The principal advantage in using sponge .iron seems to be the
relatively faster copper precipitation rate obtained with particulate iron as.
- compared to that obtained with more massive scrap iron products. According to.
Back (7), sponge iron is most effective as a precipitant for copper when used
'in conjunction with cone-type precipitators, High-grede magnetite, iron ore,
“and pyrite cinders dare the chief-sources fov produciug sponge iron.suitable as
a reactive precipitant for copper.  Kennecott. Copper Corp. is .investigating
the L9091b11Lty of producing sponge iron for copper preczpltatlon by the ...
XCUULLL.A of the iron in copper reverberatory uldg from: the firm's omcltcr.

-



Types of.Precipitatién Plants

Coppe1 is precipitated from solutions in a series of gravity launders or
in cone precipitators, Descriptions and examples of each type currently
emp loyed are given in addltLOH to lllustraLlons of certain aspects¢ of operat-.
1ng practices, '

Precipitation Launders

Current precipitation practice is typified by the use of gravity launders.

Typical top, end, and side views of a series of gravity launders arc shown in
figure 24, Laundcr dimensions at numerous opexatlons are given in table 1,

Ballard ), Jacky (44), and Power (__) have described ‘the pxec1p1taL10n

' launders of The Anaconda Company and the American Smelting and Refining Co.

Many -launders are of concrete construction; with wooden planks-to protect the
top of the launder walls. Plywood and/or stainless steel gratings are used to
support the iron precipitant within the launders, :

The launders of the precipitation plants are charged with.cans by means -
- of different mechanical devices, The launders of the Copper Cities precipita-
-tion plant of the Miami Copper Co. are loaded with cans that are discharged
from a belt conveyor by a moving tripper. A crane-mounted magnet. is used to

charge and clean launders at the Silver Bell precipitation plant of the Ameri-
" can Smelting and Refining Co. .A gantry-mounted clamshell bucket is used. toi =

':load cans into. the launders at the Butte precipitation plant of The Anaconda
Company. Front-end loaders are used at the Morenci prec¢ipitation plant of

Phelps Dodge Corp., and at the Mineral Park plant of the Duval Corp, Part of .

‘the cells at the latter plant are loaded by a belt conveyor (fig. 25). Kenne-
cott Copper Corp, at. its Bingham Canyon original launder precxpltatxon plant
uses a forkllft loader to load the launders with cans.

- Copper-bearing liquors are introduced into the‘upper endibf_grévity laun-
der plants through a solution feed launder and allowed to trickle downward
through the shredded cans, -Launder arrangement is such that solution flow is
~in series. Baffles and pumps are utilized in order that any launder may be

. bypassed and solutions returned to any particular launder. The copper, ferric

iron, and free sulfuric acid content of the pregnant ‘liquors and the surface
area of iron available for reaction are the more important factors in deter-
mining the rate and degree of recovery of'coppcr in each particular launder.
Copper usually is washed three times a week from the first few launders, which

. in most plants precipitate more than 60 percent of the total copper. The cop-
per precipitated in the remaining launders is.removed usually from once a week.

to once a month, Tailing (barren) solutlons dlscharge by Qravxty from the
lower ends of the’ plants
The "Yefington-typc” plant differs from those described in Lhat the preg-
nant solution flow is upward through the iron precipitant. - The pregnant
“liquor is introduced into the launders under - ‘pressure through three parallel,
_4-inch plastic tubes which.lie in gutters in .the floors of the launder:; he
_tubes have been pelforated with 5/8—1nch holes spaced f;om l to 3 leeL apart

o

>
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FIGURE 25. - Sliding Conveyor Used to Load Cans Into Cells of Precipitation Plant at
Mineral Park Property, Duval Corp.

(fig. 26). High-solution velocities are maintained in the launders and a
cparser cement copper product is formed. Higher purity and lower moisture
content are synonymous with this coarser product,

Pregnant liquors introduced into, and tailing (barren) solutions dis-
charged from, precipitation plants are sampled continucusly. The solutions
are analyzed for pH and copper, iron, and acid content by wet chemical meth-
ods, although other methods are being adopted such as X-ray, electrolytic, and
atomic absorption, Typical analyses of such solutions from numerous precipi-
tation plants in the Western States are given in table 1. The pH of the preg-
nant liquors varies from 1.4 to 3.5, copper content from 0,75 to 7,0 grams
per liter, ferrous iron content from 0,00 to 3.60 grams per liter, ferric iron
content from 0,05 to 3.00 grams per liter, and free acid content from 0,04 to
7.50 grams per liter. The recovery of copper is high in all operations, aver-
aging well above 90 percent., The copper content of the tailing solutions
therefore is low and ranges from less than 0,01 to 0.36 gram per liter, The
pH of the tailing solutions is higher, in the range of 2.4 to 4.4, as a result
of the decrcase in acid content, The decrease in acid and an increase in
total iron content (almost entirely ferrous iron) is the result of the several
iron-consuming reactions that take place during precipitation.



FIGURE 26. - View of Empty Launder at Weed Heights Precipitation Plant of
The Anaconda Company Showing Pregnant Solution Introduction
Under Pressure Through Perforated Plastic Pipes. Blue-green
color of solution is indicative of copper content.

)

. | fii.
Removing Red-Brown Cement Cepper From Cells by High-
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American Smeclting and Refining Co.,
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_ .The amount of iron consumed per pound of copper precipitated (commonly.
_ known as the "can factor").is an important concern in all plants. Iron con-
‘sumption varies from operation to operation, but is always higher than the
theoretical 0.88 pound of iron per pound of copper required for the iron
replacement by copper reaction. The can factors range from a low of 1.2 to
.. a high of 2.5 at Lhe various opelatlons A list of can factors is given

‘in table 1. : - ' :

" Cone Precipitators

A recent innovation in the recovery of copper from copper-bearing solu-

tions is the cone-type precipitator developed by the Kennecott Copper Corp.
. (8), and described by Spedden and coworkers (68). A cutaway diagram of the
precipitation cone is shown in figure 28. Copper-bearing solution is pumped
through a manifold system in the bottom of the cone and is injected. through
nozzles into shredded, detinned iron scrap, which is semicontinuously loaded
into the inner cone above a heavy-gage, stainless steel screen. - The injection
of the solution under pressure into the iron material has a dual effect. Cop-
 per is rapidly precipitated and quickly removed from the iron surfaces by the
~turbulent action, creating fresh, clean Surfaces of iron for continued pre-
'c1p1tat10n of the copper. _— L e

Methods of Handllno Cement Copper

. Varlous methods are used to handle the cement copper folloW1ng its pre-
‘cipitation in the launders or in the cones. ' The purpose in each instance is
. the same, to obtain as. pure - -a product as pos31b1e Wlth minimum moisture
~ content, : o

Removal'From'Precipitation Unit : S ', :Af_~- : ' 3_:‘.,.

The most frequently used method for removing - cement copper from precipi-
‘tation launders is with high-pressure streams of water. The water. is pumped.
at about 100 pounds of pressure to wash hoses equlpped with quick shutoff
nozzles (fig. 27).. The cement copper is washed from the unreacted iron, and
the resultant slurry is emptied into decaqt basins through draln valveo in
the bottoms of .the cells o -

\
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Scrap iron

Barren solution

- Dynamic action zone

Copper settling ~N
and collection zone

Copper discharge Cepper-bearing solution

Vommasas

FIGURE 28. - Cutaway Diagram of Cone Precipitator Designed by Kennecott
Copper Corp. (Neal Bishop, Kennecott Research Center.)

FIGURE 29. « Airlift Pumps Used for Removing Cement Copper From Precipitation Cells,

0 § e
Bagdad Copper Corp.
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CAirlift pumps (fig. 29) are used by Bagdad Copper Corp. to remove the
.cement copper from the bottom of the launders after the cement copper has been
washed from the unreacted cans. The slurry of cement copper-and water, after
being discharged from the airlift pumps, flows by grav1ty into scttlrng basing
(fig. 30). . -

- Hydraulic slushers (fig. 31), consisting of -a trussed bridge which spans
all six of the parallel launders at The Anaconda Company's Rutte précipitatidn
plant, are used to agitate the cans in the launders, remove the cement copper
from the cans, and slush (sweep) the cement copper along the launders to drop
tanks. ~ After the drop tanks are nearly full, the water is decanted by pumping
‘and ‘the cement . -copper is loaded into rallroad cars by an overhead clamshell
bucket, :

- A few operations.use a gantry-operated clamshell bucket to unload the
cement copper and unréacted_cans from the precipitation launders. The comr
bined material then is charged into a ‘trommel (fig. 32) fitted with stainless
steel screens having small-diameter openings to separate the cement copper and
. unreacted cans from one another, ‘The unreacted cans are returned .to the pre-

_ cipitation launders and the cement copper is discharged into settling basins,

. The cement copper produced in Kennecott's cone precipitators settles
through the stainless steel screen, drops to the bottom of the tank, and is
removed intermittently through a pneumatically operated valve, Higher grade
products, analyzing 90 to 95 percent copper, ‘are obtained by this method of"

- precipitation. Other benefits from this method are'a substantially lower con-

. sumption of iron and the e11m1natlon of the need for the usual 1abor involved:
in a launder type plant - :

Decantlng.;“. o R Lt

. The cement copper 1is aliowed'to settle in basins. The clear water is.
- decanted and returned by pumping to the . precipitation launders to prevent the
loss of any suspended fine partlcles of copper. . :

Drying .

The cement copper is removed from the settllng basrns by various mechanl-
cal devices, such as front-end loaders.and crane-mounted clamshell buckets,- -
The cement copper removed from the settling basins is dried before shipment to-
.smelters or other markets, Concrete drying pads are generally used; ‘and in
most ‘instances are constructed adjacent to the settling basins. The cement -
copper at .the Weed Helghts, Nev., operation of The Anaconda Company is drled

on largc gas-fired hotplates (irg;jjﬁsh ¢~w¥1/¢¢4,£¢/é1/

Atmosphclrc drylng of the cement copper reduces the mosture content from
. about 50 percent to between ‘25 and 30 percent. The cement copper drled by hot-
plates at Weed Helghts contalns 15 percent morstule.

Plate and- frame flltcr presses are used to reduce ‘the morsture content of
the cement copper. produced in. the cone precipitators at Lhe Banham Canvon



FIGURE 30. - Decant Basin Adjacent to Precipitation Plant, Bagdad Copper Corp.
Blue is copper-bearing water in decant basin; wooden trough in left
foreground is delivering red-brown slurry of cement copper and water
from the plant’s precipitation cells to decant basin.

i I T
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FIGURE 31. - Hydraulic Slushers Used To Remove Cemant Copper From the
. Cells of the Putte Precipitaticn Plant, The Anaconda Conpany,
The copper-red celor of the cement copper in the cells can be

seen as conper replaces the iron in the cans.
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tation Plant, The Anaconda Company. Red-brown cement copper is
passing through the screen sections on the trommel.

FIGURE 33. - Impervicus Layers of Brown lron Salts Above Blue-Green Copper
Minerals in Leached, Block-Caved Area of Underground Hine,
Inspiration Consolidated Copper Co.
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operation of, Kennecott Copper Corp. The final'product contains from-8 to 10
percent mOLStu1e. . S ) -

Additlonal Treatment .

The cement copper produced in a few plants is processed further to’
increase the purity of the final product, The cement copper is screened
through 'small-mesh vibrating screens by the Inspiration Consolidated Copper
Co. Flotation techniques are used at the Bingham Canyon operation of Kenne-
cott Copper Corp, to improve the quality of part- of the cement copper from the
launder plant for direct sale to consumers. T

"Electrolytic Deposition

" The Inspiration Consolidated. Copper Co., recovers copper from vat leach_
liquors by electrolytic dep051tlon using insoluble anodes. The process is °
‘termed electrowinning., Liquors containing’'from 25 to 30 grams per liter of
- copper serve as the“electlolyte for the electrowinning process.. . A descrlptlon‘
. of the elechowxnnlng process and operatlng data for the Insplratlon plant
havv been given by McMahon (__) : L e

The or1nc1pa1 advantages of thls process are. that electlolytlcally reflned

. copper does not require additional. treatment--that.is, the usual smelting oper- .

ation required for copper productlon is eliminated--and sulfuric acid and fer-
“"ric sulfate needed as solvents during the leaching operation are regenerated

RESEARCH

‘ Most companles currently engaged in, copper leachlng are researchlng or .
are planning to research the following: :(1) The solvent extraction of- copper.
from ‘leach liquors; (2) the use of other prec1p1tants such as sponge .iron-and -
. alumlnum, (3) bacterial leaching; (4) the nature of dumps (by.drilling. and
analysis of drill samples); (5) chemical relationships.of dump -materials and.
solutions; (6) effectiveness of acid and other. solvent addltlons to the leach-
ing solutlon, and (7) dump emplacement technlques. _ o

SUMMARY

A more -rapid and. more complete recovery of copper from leach dumps ‘is Lhe_
ult]mate concern of all .companies engaged in copper leaching. Close attention
must be given to numerous problems inherent in.the. leach cycle to achleve a
satlslactory 1each rate and recovery of the copper.
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FIGURE 34. - Hotplates (in Foreground) Used for Drying Cement Copper at Weed Helghts
Precipitation Plant, The Anaconda Company.

Iron salt precipitation on the surface or within leach dumps is one of
the principal problems encountered in leaching. Impervious layers formed
within leach dumps act like blankets through which leach solutions cannot pass.
Large volumes of copper-bearing material are not contacted by the leach solu-
tions. Examples of this phenomenon can be seen in the Ohio Copper Co. mine
presently exposed in the open-pit mining operation of Kennecott Copper Corp.
at Bingham, Utah, and at the Inspiration Consolidated Copper Corp. at Inspira-
tion, Ariz., (fig. 33). A partial solution to this problem seems to be to min-
imize the iron salt precipitation within the dumps by maintaining a low solu-
tion pH by acid additions to the leach solutions,

Channeling is created in many leach dumps as a result of the methods
employed to build the dumps. Solution flow often is horizontal following
alternating layers of coarse and fine material; hence, large volumes of miner-
alized material may not be contacted by the leach solutions. Close attention
to the method of constructing the leach dump is needed to minimize size
segregation, =
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TABLE 1. - Race frop copper leaching sod preciedtation

“Launder tailing solution,
¢Barren solution sent to dumps.

"Matn dump is divided into high and low dump sections.

®july and August. .
7 January and February.
"March.

Y6 parallel rows of launders, 5 cella per row.

HOMax{mum.
}4pecember

1963,

acid per pound of copper precipitated.. .

f4-compartment cells; cell dimensions are for each campartment.
1%Chiefly in East Dump.

2
7 present.

puture.

- Leaching
Source materials ch material
Company Host rock Principal copper Minor copper Type of Quantity Geometry
minerals minerals leaching 1,000 tons Area, Maxioun Ground preparation Method of emplacement
(est,) 11,000 gg frlhefght, ft

Aper{ican Swelting and Alagkite, dacite por-{Chalcocite and Chalccpyrite, azurite, bump...... 130,000 5,650 200 Leach material is deposited on the Leach material is hauled and dumped by
Refining Co., Silver Bell phyry, monzonite. chrysocolla. malachice, cuprite. existing topography. trucks. Edges and surfaces of dumps
unit, Silver Bell, Ariz. are leveled by bulldozer,

The Ansconda Campany: ‘

Butte, Mont...... Quartz monzonite...... Chalcocite...........|Chalcopyrtite, bornite, 10,000 390 195 The main dump is underlain by an B L. 1 D g
azurite, malachite. impervious pad. See complete .
ceeedo.. 523,000 860 175 description in body of report under
400 50 ground preparation for dump

emplacement,
Yeriogton mine, Weed veecaneseadOiaiia.. .| Chrysocolla..........| Tenorite, malachite, Dump and - 30,000 20 165 The leach dumps have been deposited |....cc.civecvennensdOiuoriennnnnnnnnsns
Reights, Nev, cuprite, azurite. vat,° on a dry lake bed which was leveled ’

by bulldozer and compacted by

sheepsfoot rollers.

Bagdad Copper Corp., Bagdad,| Monzonite porphyry....| Chrysocolla, mala- Tenorite and cuprite.,.. | Dump...... 1110,000' 2,390 240 Leach material is deposited on the Y - I
Ariz. chite, azurite, existing topography, s

Duval Corp.:

Esperanza nine, Quartz monzonite, rhy-}Chalcocite, some Cupricte, malachite, R . JOON 19,000 830 220 - I Z PR -1 SN
Sabuarita, Ariz. olite flows, quartz chalcopyrite. azurite, tenorite. . : o
diorite,. .
Mineral Park, Ariz........|Quartz porphyry-and Chalcocite...........Chalcopyrite, covellite, | ..,.do.... 15,500 340 250 - . . 2
quartz monzonite. turquoise. '

Inspiration Consolidated Schist and granite Chrysocolla, azurite,|Chalcocite and Dump, 30,000 750 200 T L 2T . 12 N
Copper Co,, Inspiration, porphyry. malachite. chalcopyrite. 1upl;age,

Ariz, vat,

Kennecott Copper Corp.: .

Utah Copper Division, Quartz monzonite......|Chalcopyrite.........|Chalcocite, covellite, Dump......! 284,000,000 31,000 1,200 wrvscavesssrnesse@0iiiiiaennsescessos|each material 18 hauled and dumped by
Bingham Canyon, Utah. . bornite; oxide copper ” * ' trucks and train, Edges and surfaces
minerals 0.05-0.07 pct. . of dumps are leveled by bulldozer,
Chino Mines Division, Granodiorite porphyry.|Chalcocite...........|Chalcopyrite and nonsul- | ....do,... 425,000 28,000 300 T L T . [ N
Santa Rita, N. Mex. . fide.copper minerals. ’ . : )
Ray Mines Division, Schist and diabage....].........do..........|Cuprite, native copper, 94,000 12,000 125 Leach material is hauled and dumped by
Ray, Ariz. chalcopyrite, chryso- Dump and 31,000 2,000 - 80 do trucks. BEdges and surfaces of dumps
colla, azurite, ioplace, 44,000 6,000 85 D are leveled by bulldozer,
malachite. 3417,500 'Y NA° : : : .
Miami Copper Co., Miami,
Ariz,:- . B - - .
Castle Dome unit.,........|Quartz monzonite and |Chalcopyrite and Coveliite, cuprlte,' Dump.....% 48,000 NA NA J P AT L T - U= TR
granite porphyry. chalcocite. azurite, malachite,
. - . - chal:anthite, turquoise.
Copper Cities unit..,.....]Quartz monzonite...... .........do..........|Covellite,: turquoise, 1. I NA NA 150 O - B T T R T E T T Iy - [ DO
malachite, azurite.
Miami unit........0.......| Schist and granite Chalcocite...........]Chalcopyrite, bornite, Inplace... NA ) .7 Surface topography on which solutions|Copper minerals remain in block-caved
porphyry. : covellite, malachite,. - are introduced is a depression stopes, pillars, and capping.
azurite, chrysocolla, resulting from block-caving opera--
cuprite, native copper, - tions beneath, .
Phelps Dodge Corp.: . . ’
Bisbee, Ar{z..............]Quartz monzonite and |Chalcocite, some Some bormite and Dump...... 47,000 3,850 170 Leach material is deposited on the Leach material {s hauled and dumped by
conglomerate. azurite and turquoise, existing topography. trucks. Edges and surfaces of dumps
- malachite, ’ are leveled by bulldozer,
Morenci, Ariz.............|]Quartz monzonite Chalcoeite,..........|Chalcopyrite, covellite, | ....do,... NA NA NA Strip material is sometimes depos- Leach material is hauled and dumped by
porphyry. oxide minerals, : ited on preexisting dumps that side-dump railroad cars.
were deposited on the existing ! .
topography.

Ranchers Exploration and Granite porphyry......[Malachite and azurite]Nome......evuvnuvos... | Heapoo.... 500 100 80 Ground is dressed, soil is cemented |Leach material is hauled by bottom-dump
Development Corp., Blue- . . and covered with diluted tar for scrapers to the hesps., Motor grader
bird mine, Miami,.Ariz. curing and sealing purposes, levels the heap area.

J. B. Trigg Co., - Tyrone,

N. Mex.: - s
Property No. l,......,.....}Quartz monzonite..,...|Chrysocolla and Malachite and tenorite. .
azurite. veeado, ... 150 20 75 Leach material is deposited on the Blasted material is loaded by scoopers
. ' . existing topography. ) into dumpsters. The dumpsters unload
’ : - . the material on a pile. Bulldozer
Property No. 2.......0vee] vivsevnnoadoL, . ... Malachite............|ChT¥socolla and azurite, . levels the dump material.
‘Zontelli Western Mining Co.,| Sandstone.............|Malachite, azurite, |Some halcocite.........| ., do.... 100 30 40 L L L T T R TR
Page, Ariz. chrysocolla. .do. 500 300 40 A special pad is prepsred. See comr |Leach material is hauled and duxped by
| plete description in body of report trucks. The surfaces of the heaps are
under ground preparation for dump leveled by bulldozer.
emplacement,

NA--Rot available. 1Data presented in table do nmot apply to vat leaching. See descriptions of vat leaching in text.

'tn 2 dumps. *lpouble cells. : . : ’

?Sloping. 13 ppproximately 2.5 pounds of



<maracions Lo the Westcrn Uniced Staces

~opsration i —Rrccioitation operation
Method of {atroduc- Lleach solutions Ares seasonsl Type of can | ——Rrecipitation vnits Analyoes of golutions, gpl
tion of leach HaS50, |FPlow rate Iofluent 2ffluent terperaturg, ° precipitant factor, |[Nunber Cell dimensions, ft Influent Effluent
solutions addition,|to dumps, pH |Copper con-| Tempera- pH |Copper con-| Tempera- | Summer | Wiater used 15 Fe/ of lLength [Width Depth Cu [re”* lre***frree | PH | cu [Fe** [Pe***|Pree [pn
L_ 1 __spo .| tenc, gpl frure, ° ] i Lltuze, * P 1b Cu | cells cid
Ponding and trenching| None 1,000 3.6 0,01 (7Y 2.4-2.8 1.09 RA 85-95 50-60{ Burned, shredded C 2 ] 0,01} 2,08 |Trace| 0.08] 3.6
-2.0] 10 12 -1/2-11- .09] o, . ) . . s . .
) _ ¢in cans. 1.6-2 8 6-1/2-11-1/2 1.09 01} 0.5710.60] 2.3 so1] 1.67] 0.06 06|33
Solutions introduced 0 ‘000 . . 00 7 820-90 720 \Burned, coupacted ° . N
through perforated .1 5, 1.9 .11 85 [2.2-2.3] .80-1. 6 020-65| i tin cans. 1.5 30 |10 [8-1/2 2-1/2 87| .09} 41f A f2.3| .0zf 1.0 .05f ma |2.8
plastic pipes spaced )
100 ft spart on
grid,
Spraylng....evevssoes| 7.0-8.0 4,000] 1.2-1.3 .08 60 1.9 1.20 55° 80 $3 | Burned, shredded 1.3 |20 s0 |20 3 1.20-| .00] 1.00]|3.90] 1.9 .081.30-| .00-} 1.50] 3.0
tin cans and dis- 1.30 1.40| .20
carded clippings
from can
© s manufacture, )
ceesesesslOiiiiiinans ¢ 3,300] 1,4-1.6 .02 70 2.1-2.4 1.18 70 95 35 | Mine scrap and 1.8 22 10 10 6 1.00~ 09] 2,00(1.50- k2,0 .02[3.80- | .10- A | 2.6
burned, shredded 1.25 . 2,50 3.90| .20
tin cans. .
R T FISN .4 131,600 2.5 <.01 1446 [2.3-3.3( 1.32-1.56 | 2463 70-85 | 45-55| Burned, shredded 1e 02 |12 6} 3510 1,60} <.10| .20| NA }2.6| '<.01]1.90 [Trace| M |3.9
tin cans, : .
vereeeeridoiiiiiiis.,| Nome | 750 3.5 <.01 NA 2.4 1.26 M 75 40 | L...doceeiie..| 16 (%12 12 5 10 126 011 .67 M {2.3| <o01|2.45| .01 M }3.7
Spraying, ponding, 2.0 1,700| 2.6-3.0 .10 NA >2.0 1.10 A 100-102f  50-60] ........do......... [1.2-1.3| & 60 20 5 1.50) .56 .46) 1.00 | NA .01} 3,30 [Trace [Trace | 3.5
and trenching. . . : - .
Solutions introduced "3,000' i Burned, shredded 2.5 19,8 80 4 4 1.80| 3.36} 1.44| RA |2.5] .12-]8.39| .00] NA [3.5-
into strips or .1 10,000 2.8-3.0 .12-.18 92-94 2.5 1.80 110-125 75-85 20-25 tin cans. .18 3.8
channels. 1835, 000 . Shredded clippings [1.5-1.8]9°26 ¢%) |¢%) ) 1.80] 3,36 1,64| wo | 2.5} .02-|7.00] .00] NA P.9-
. . . .05 3.0
Ponding and trenching| Vartes 13,000- 3.5 .08-.36 70-78 2.5 1.40 | 90-95 | %66 343 Detinned scrap (tiaf; o, g [ 30 40 5 4 1.32-| o | .05-] 04|, | .08- A Ea™
15,000 cans, light teim |70 7701 1334 | €@3) 14 @) 2.16 1.08) .84 )" .36 28] .22
. : mings and punch- .
ings, some shread-
- . ded auto bodies). -
Ponding..ceceveccees.|Small 7,000] 2.5-3.8 <.06 73-85 | 2.1-3.0 . .90 73-100 85-95 50-60| Clippings discarded|1,7-1.8 P548-72| 40 5 S .90 <,05f .36-| WA p.5- 061 2.16 .00 Na B.0-
. . smounts . . from can produc- - .60 3.0 3.8
tion, Some burned,
shredded tin cans.
Spraying and . . -9 0- Burned, shredded s |- 52 10 -1/ 85| .o2!1.06] .15]2.3 .02} 2,20{ .06 |Trace| 3.0
ponding.” - Nome JNA 2.7 .04- .32 . NA 2.3 ‘ .85 NA 85-95 50-60 tin cans, 1. 5 / s07] 1,261 .30 05|22
Spraying...cceceerceas <4 1,800 2.6 . .01 73-74 2.5 .75-2.25 73-80 85-95 50-601 . ......do....ueen. 1.5 C 2 27 a-1/2 3 .75 .02 .32 25| 2.5| <.01}1.02 .03 |Trace| 3.6
. : ' 2,25 .
Spraying of surface 4.0 ©2,000] 1.4 .02 A 2.4 | 1.75-2.00 NA 85-95 | 50-60f ........d0.....0...] 1.6 2 27 |a-1/2 3 2,14 | rasf 05| .25) 2.6 02| 4.60] .10|Trace| 4.2
above block-caved .
areas
Ponding..............| Nome 2,300| 2.8-3.1]  .03-.07 | #790-95 [2.0-2.2| .96-1.80 | 27100 85-95 | 50-60{ Bumed, shredded 2.5 2% | 25 |8 3-10 1.32 | 3.60] 3.00{ na |2.0| '.03|8.77] .06] m [3.1
cans. Sponge iron
from Douglas
smelter., Heavy
17 scrap. ! .
seeeeensdOiieeeenel Home | {,o 300Mh8-a2)  L01-.02 m |2.8-3.2| 1.00-3.60] m 75-85 | 40-50| Burmed, shredded 1.3 s | 20 |2 3 w | .01 .27 ma [3.0] m[z0]<o1] m |4
5,000 - tin cans, heavy : ' .
scrap, and turn-
: . ) a1 go ings from shop. p o :
Percolated through {‘ 50.0 }30 { .0 } _ . - Burned, shredded 1.5~1,7 [Several| 30 |[3-1/2 8 3.00- NA NA RA [1.4- KA NA NA NA | RA
plastic pipes spaced|13920.0 ) 2.5 333 00 50 1.4-2.8| 2.00-8.00 70-85 85-95 50-60 tin cann, baling 3.00 3.8
8 ft apart on sur- wire, shredded car
face of the heaps. X i bodies being
- . evaluated,
Ponding...coceveeeeee) 1,7-1.8 1,000 2.2 .18 40-60 | 3.0-3.5 1.80 40-60 | 64-95 23-54] Burned, shredded 1.5-2.0 4 35 5 4-1/2 1.80 .60-| 24~ .30 3.0~ A2 2,40 .06 .06 | NA
: tin cans. i 1.80| .72 3.5
NA NA NA NA NA NA RA NA NA NA NA cereneeddol, oo WA NA M| KA Na B NA | NA | NA | NA MA | RA| NA[ HA | MA
PoRALng.cevrneeersaes| ) 7Y NA .10 738 NA 1.00 745 84-88 33-37| Screp iron and 1.3 13 28 4 8 1.00 | RA | MA | 7.50{ RA J0F RA | BA | 6.80] ma
' scrap tin cans, .
194 parallel rows of launders, 12 cells per row. i " . 287nicial,
OCone precipitators. Dimensions, 14 ft diam by 24 ft deep. . ) Oy inioum.
3lapril through September. . _ : L 3%gach needle valve, 2 ft apart along the pipes, feeds at rate of 180 cu cm/min.
. ®oceober through March. Co. T ’ 3lpresh water,
93¢one precipitators. Dimensions, 18 ft diem by 34 ft deep. i .. 33p.circulated solutions.
34Total for other 3 dumps. . . 33prom 6.5 to 7.0 pounds of acid per pound of copper precipitated.

386 units of 4 to 6 pairs of cells
2%g1ock-caved stopes, pillars, and capping.
27 Summer . L
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L ' APPENDIX E

MINERALOGICAL EXAMINATIONS

This Appendlx comprlses the results of three mlneraloglcal examinations

and is accordlngly presented in three parts.

Part 1

Pert 2

Part 3

deals w1th five of the samples of secondary ores detalled
in Table 11 of this- Report. '

‘deals with’ the remaining three samples detailed in Table 11.

~deals with further work on one of the samples included in -
Part 2.
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PART 1

MINERALOGICAL EXAMINATION OF FIVE SECONDARY COPPER ORES

1. INTRODUCTION

Five of the samples of secondary copper ores deta11ed in Table 11 of this
Report, labelled A50 to A54 inclusive, were,lnltlally submltted.for mlneralogi-
cal examination. ‘

Work required was the following:
(1) Identification of the copper mineral.’
(2) Semi-quantitative analysis of the proportions of minerals.

(3) ‘Comments on the size range of the minerals.

2. PROCEDURE

'_OneAquarter of eachdsamplesas received_Was,riffled out. 'A‘polished'thin
"section was_prepared from this material, the»remainder being.retained for
- reference; The remalnlng three—quarters was crushed to wholly pass 0 42 mm '
(36 mesh) From this crushed material, one quarter was riffled out and ground B
‘in a Sieb mill, in order to prov1de a sample for chemical analysis and for X—ray a
’dlffractometry . "_ A ‘ .

.The remaining -0.42 mm-(;36 mesh)pmaterial was wet sieved at 0.045 mm

(350 mesh) and the 70’.'42+o.045 m and -0.045 mm fractions were obtaired for each
‘sample. | ' g _ " : _ A ) | :

' The -0.42+0. 045 mm fractlons were separated in d11uted tetrabromoethane
_Z(Sp gr. 2.5) .and full strength tetrabromoethane (sp. gr. 2. 96) in order to separate
-chrysocolla (sp. gr.'~ 2.2) from the other copper mlnerals thought to be present'
‘[ malachite (sp.gr. 4, 0) and chalcocite (sp gr. S. 8)]-— and to give information
of copper llberatlon (essentlally 11berated copper minerals: other than chryso—‘

1dcolla report into the" >2.96 sp. gr. product) The separates so obtalned were

o rlffled in half in order to. prov1de portlons for mlneraloglcal examlnatlon and

chem1ca1 analysis. A » _ A
The follow1ng products from each sample were analysed for okidef and acid-

soluble copper..

957' S T pws.:t{;‘:;',- f“_::ifa;.n_ R T S A




(a) 'a‘heaaAsample N
f (h) "the ~0.44 + 0.045 mm materlal with sp gr. S'ZSSA'

(c) the -0.42 + 0. 045 mm materlal with sp gr. > 2.5 and <2. 96
"(de the ~0.42 + 0.045 mm mater1al with sp.gr. > 2.96‘

ke) - the —0.45ham'materia1. ‘ A |

The weight and assay data so obtained wereAeomputer proceSSed in order to
determine the distribution of the 'oxide' and total or aeid—soluble copper.
.The'analySed head sample provided a cheek on the calculated head assay obtained,A"
by comblnlng the we1ght/assay/d1str1butlon data of the fractions.

Polished th1n sections of the coarser fragments (P.T.S. 27877 and 27881
A50 and A54) were prepared and examined in transmitted and reflected light;
the heavy liquid separation products were mounted ih oil andsexaﬁined in
transmitted light,_-'From the microscopic examination, and using information
obtained from the X-ray diffractometry examination, the minerals presentlwere

‘=idehtifieduand their approxlmate‘proportiOns and size ranges.determinedL-_h

- o

: 3 ASSAY DATA DISCUSSION T

S In the follow1ng dlscu551on of analyses, three types of ana1y51s were obtalned

: (a). 'Ox1de copper.» This was determlned by a 5/ sulphurlc acid o

' dlgestlon in the presence of ascorblc acid.

'(b) Total eopper. ”Thls was carrled out on head-samples only andl,ff

an HF digestion was used

_”a(c) liAeid-soluble‘copper;> This was carried out by Amdel Scheme Fl

and 1nc1uded a hot’ perchlorlc ‘acid d1gest10n.

-The ac1d—soluble _copper values are always rather lower than the total copper.,h
For Samples A50, AS51 and A52 it is also below the values for ox1de copper.
1t is clear that, in these samples, oxlde copper and ac1d—soluble copper should
"+ be effect1ve1y the same. “The . d1screpanc1es in values are due mainly to in-"

’ accurac1es in the determination of ac1d—soluble copper.

96,7
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- Sample A50:

o E;4 'A

4 DESCRIPTION OF SAMPLES

P.T.S. 27877 (Paratoo)

An estimate of the constituents gave the follow1ng

_ - Vol. %'“_
Malachite 8-10. .
Dolomite 3-6
Quartz S 30-40 o
Sericite/muscovite. 10-30

- Hematite/goethite 3-6
'Kaolin - 20-30 S
Feldspar 5-10

The rock is f1ne—gra1ned, sedimentary rock composed of quartz, feldspar,
Ahematlte and muscov1te in a flne, 1arge1y 1rresolvable mlcaceous, and clayey
matrlx. The grains of quartz, feldspar and hematlte are up to 0.05 mm across.,l
The copper m1nera1 1n this rock is malachite. Thls was determlned from
examination of the pollshed thin section and from an examlnatlon of the heavy
liquid separates in temporary 0il mounts..~y S : _ _

- The heavy 11qu1d separatlon/assay data, shown in the tabulatlons for sample

A A50 reveal- that a11 the copper ‘in the rock 'is 'oxide'

- and not. 'sulphlde copper,"
,con31stent with the ev1dence that the copper mineral is malachlte."‘
o Furthermore,.lt can be seen that the malachite is relatlvely coarse and

easily. 11berated 507 of the copper in the —O 42+0. 045 mm fractions reporting S

in the >2. 96 sp. gr. product. - This is con51stent w1th what can be seen in the _
. polished th1n sectlon, for the malachlte occurs 1n veins and patches w1th dolo-
imlte, and these veins and patches are up to several m1111metres across., ‘The-
imalachlte also occurs as finer material replac1ng the matrix of the rock..
i Comparlson with other samples submltted suggests that the malachlte ‘may be

hassoc1ated w1th small amounts of chrysocolla and paratacamite (see Sample A52

. Kanyaka), but neither of these minerals could be p031t1ve1y 1dent1f1ed 1n this

_.Sample due to fineness of the material. and the closely 1ntergrown nature of the
: m1nerals. However, the low proportlon of the copper reportlng in the <2 5 SP- gr.’

.,product suggests that chrysocolla is a minor component of the sample.

‘ Sample A51: P T. S. 27878 (Yappala)

An estlmate of the constltuents gave the follow1ng

. ee7.
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T » _Vol.:%i
" Malachite -3
' Quartz | o 30-40
‘Feldspar - 10-20
' Chlorite L 1525
Muscovite/sericite F: ‘ © 10-20
.'Opaques (goethite/hematite) 3—46 Lo

This is a sedlmentary rock similar to Sample A50 (Paratoo) just described,’
but finer-grained, visible grains of quartz being. less than 0.02 mm across and
most of the rock, which is semi-opaque matrix,.being irresolvable when examined
with the transmltted light m1croscope. ' ‘

The proportions of the m1nerals were determlned 1argely by X—ray dlffractlon
ana1y51s. A A »

From examination.ofAthe_poIished thin section and the heavy 1iquid separates
in temporary oil mounts, it appears that malachite is the major copper mineral. \
present. : As-in the previous sampie, it occurs in veins, but much of it is in
the matrlx of the rock and is very flne—gralned Such flne—gralned material is
difficult to identify p031t1ve1y and. some chrysocolla and paratacamite may also
-be present [ cf. Samples A52- (Kanyaka) and A55 (Mt Gunson)] However, the propor-
tion of the ox1de _copper reportlng 1nto the <2.5 sp gr. products 1nd1cates o
that chrysocolla is a minor component only. ‘

The heavy liquid separation data shown in. the attached tables+

, are consist-

ent with the m1neralog1ca1 data in that they show all the copper is in ‘'oxide"

(non—sulphlde) form Furthermore, the proportlon of the copper reportlng in _

the >2.96 sp.gr. product of the -0. 42+0.045 mm fractlons is only" 19%, 784vreportf

ing in the 2.5 to 2.96 sp.gr. product. These features are consistent with the

flne—gralned nature of the rock and the presence of the copper minerals dlsper-

" sed through the matrix. ‘These results contrast sharply with those obtained

" on Sample A50 where 60% of theAcopper in the -0. 42+0.045 mm fraction is in the
>2.96 sp.gr. product and about 38% is in the 2.5 to 2. 96 sSp. gr. product.

' In both samples, the 1ow proportion of copper in the <2.5 sp. gr. products

suggests: that chrysocolla is v1rtually absent. .

fSample A52: P.T.S. 27879 (Kanyaka)

. An estimate of the constituents gaVe_the following:

T Computer sheets bound separately.
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) Vol.“%b
- ?Conichalcite . - Trace
Azurite o e Trace
.Malachited> _ 1- 3
Quartz S 35-45

Gypsum = . - . ~10-30 -
" Kaolin . S | , ’35—45.

' MuscoVite/sericite . Trace-2
Paratacamite _ r 1- 3

' Thls sample differs from Sample A50 (Paratoo) and A51 (Yappala) in that it

is coarser, of sandstone grade.

The grains of quartz, which are well—rounded to subangular in shape and
between 0.1 and 0.5 mm in diameter, make up 35 to 45/ of the rock.

The remalnder of the rock consists of matrix (muscov1te/ser1c1te), copper
mlnerals and coarse partlcles of gypsum S -
A The maJor copper minerals present are malachlte and paratacamite, which
occur in approx1mately equal amounts. The formula for paratacamite .is CUz(OH)3C1
and its 1dent1ty was checked with an X—ray d1ffract10n photograph. There are.

.also trace amounts of. azurlte and p0351bly m1nor amounts of conlchalcite

' [CaCuAsO (OH)] a mineral- p051t1vely 1dent1f1ed in ‘Sample A53 (Dome Rock)

The s1ze/assay/d1str1butlon data in the Sample A52 tabulatlon+ are con51stent
with the_mlneralogy in that -the copper is-present in the 'oxide' form and not in
sulphides. Most of the copper is present in the +0.045 mm material but is
equally. d1v1ded between the >2.96 Sp.gT. product and the 2.50 to 2.96 sp. gr.
product. This distribution is consistent with theAmlneralogy, paratacamite,
in particular, occursfas a matrix surrounding quartz grains and much of the
crushed material conSists of composite grains of copperdminerals and quartz.
‘These composites have‘a’lower:density than the liberated-copper minerals and
' hence report in the 2.5 to 2. 96 sp.gr. product of'the -0. 42+01045 mm'material;

* Gypsum- makes - up 10 to 30% of the sample and ‘occurs as partlcles of quite f"
‘ coarsely crystalllne material up to -5 mm across.' Together with the presence

of paratacamite, the abundance of gypsum suggests that this copper depos1t is .-

:close to a salt lake or playa.

" .+ Computer sheetsr:_

T
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" Sample A53: P.T.S.27880 (Dome Rock)'

An estimate of the constituents gave the following:

Vol. %
Quartz o | 35-45
Feldspar (?albite) 2~ 4
ﬁggiigrlllonlte} _ 20-30 R
Dolomite . 0 10-20
?Calcite : 3-6
Muscovite/sericite ATrace—Z'.
Chalcocite o 1-2
Malachite . : . 24'4
Conichalcite :~ Trace
Covellite - » Traee
- B : Goethite/hematite 2- 4 -
' ‘ o Pyrite - ' Trace

* The chlps of rock representative of this. sample are qu1te variable but it
would appear that the host rock or domlnant rock-type of thlS copper deposit is

a fine-grained sedimentary - rock with a grain 31ze of about 0.05 mm. However,

.there are other chips rich in carbonate which are coarser gralned with crystals

up to 0.3 mm and chips rich in clay or (rarely)iopaques.
Copper materials recognised include chalcocite, cbvellite,Amalachite and
conichalcite, with the chalcocite and malachite predominating. .

The(chalcocite‘has an-eerthy, porous habit and has‘pattly replaced pyrite.

‘. Patches of chalcocite up to 2 mm across were noted and remnants of pyrite within

. theseppatches are up to 0.8 mm across. - Covellite is intergrown with the chal-" .

' cocite in minor or trace amounts. Locally there are minor amounts of. another

opaque_copper.phase~present (?tenorite), but this has not been positively-iden-'
t1f1ed E ' o » »

The assay data 1nd1cate that copper in non—sulphlde minerals makes up only

407 of the total copper content, the rema1n1ng 60% being in sulphlde minerals.

" As already indicated, chalcocite is the dominant copper sulphlde mineral present.

" 0f the .oxide copper mlnerals, malachite predominates and conichalcite

‘[CaCuAsO“(OH)]a green—coloured secondary copper m1neral, identified with an
'X—ray dlffractlon photograph,_occurs in m1nor amounts. " Some chrysocolla may

be present but it has not -been p031t1vely identifled.”
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The'dlstribution data indicates that the chalcocite is quite well liberated,
91.6% of the sulphide (total oxide) copper occurring in the >2.96 sp.gr. product
of the_—0.04+0.045 mm fraction and this being-about 55%. of the'total copper
content of the sample. The high content of oxide copper in the <2 5 sp. gr.
product suggests that chrysocolla is present, but examination of this fractlon
in a temporary mount revealed no chrysocolla like gralns. " On the other hand,
the oxrde_copper distribution data can be interpreted as showing that ‘the oxide
copper minerals:are_poorly llberated-and ‘this is partly true, for many chips

rich in clay and/or quartz and secondary copper minerals are very fine-grained.

Sample AS4: P.T.S. 27881 (Dome Rock) -

"An estimate of the constituents gave the following:

‘ 7 _ Vol. %
Chalcocite = - . = 25235
- - Pyr1te . L h 25-35
. Quartz (varlety chalcedony) N ©.25-35,
Unidentified secondary Copper‘ : fﬂ 2- 5
mineral o
Th1s is a sample’ r1ch in chalcoclte._ This mineral has an earthy habit and

is 1ntergrown w1th, or has replaced, pyrlte in . patches up-. to several m1111metres
across. . - e '
Another major m1nera1 present is chalcedony, Whlch occurs in patches and
. veins, some of which are several mllllmetres across.
. The bulk of the remaining materlal is pyrite. _
 The distribution data show that the chalcocite is well llberated, or at
' least that most gralns of the crushed- materlal are chalcoc1te r1ch and report
in the >2.96 sp 8T, product,- this is conflrmed by examlnatlon of the >2 96 .
sp.gr. product. A ' _ o ' _ '
Accordlng to the assay data, about lO/ of the copper is in the form of
Asecondary non—sulphlde minerals, the remalnlng 90/ being sulphide copper
(sulphlde copper = acid- soluble-— oxide copper), but some, at least, ‘of the noné
sulphide . copper will have been derived from slight leachlng of the chalcoc1te.
~ From examination of the pollshed thin section and the heavy liquid separates
in temporary 0il mounts, it is not clear what this secOndary mlneral is. It ,37
_ 1s possibly chrysocolla which looks similar to chalcedony in certaln 1nstances

and may occur as a th1n coatlng about patches of chalcoc1te._'
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PART 2

'MINERALOGICAL EXAMINATION OF THREE
SECONDARY COPPER ORES

1. INTRODUCTION

Three samples of secondary copper ore, labelled A55 Eo.AS] inclosive, were

submitted for mineralogical examination.

The work required was identical to that for the f1ve samples (ASO—A54)
dlscussed in Part 1.

2. PROCEDURE

The procedure adopted was similar to that taken with the previous five

samples.

3. DESCRIPTION OF SAMPLES . - -~

Sample A55: P.T.S. 28009(Mt Gunson)

An estimate of the constituents gave the following: .

Vol. %,.{..

' ‘.:Quartz':- » - '85—95';_:h
; Musco?ite/seficice‘ = 2—'4 .
Gypsum ~ - Trace
Paratacamite jh: -2
il "qﬁ>,\. : ' ﬁalachite,,f ' ._ ,ff ‘ 1—.2‘;AI
L 1r7;j'; Lo Brochantite'_” h Trace 5
A . Chalcocite . . Trace-0.5.
- Chrysocolla llm '2714.“

The rock is a sahdstone siﬁilaf to'Sample'ASZ'(Kanyaka)f The:graina of
quartz are well4rouﬁded'to suhangular, sometimes slightly elongate as a result
Cof compaction and ?oreSSure‘solution of grain boundaries, and they range. in size‘:
from 0.1 mm to'i 5. mm withAmoSt’being'about 0.5 mm in diame;ef. Quartz grains
constitute 60 to 80% of each ch1p in the polished- section. = . '

The other minerals occur in the 1nterst1ces between the quartz gralns or,

h less commonly, in veins and patches wh1ch are rarely “as much as 0. 5 mm across.

-
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The assay data indicate that about 10% of the copper is in the>form of
sulphides. ~Examination of the polished thin section reveaied.twoksmall patches .
of chalcocite, the largest 0.5 mm across. - From the distribution data for
sulphlde (total—ox1de) copper 1t can be seen that 394 of the sulphide is in the
>2.96 sp.gr. product of the —0 4240. 045 mm material and 49% in the 2.5 to 2.96 .
sp.gr. product. - These data are con51stent ‘with-the chalcocite being finely
divided and not well liberated. o | . i

The oxide copper distribution data on the ;0.42+0.045 mm heavy liquid products
indicate either that the copper minerals are very pooriy liberated (Very'fine and

- dispersed) or that there is a oopper mineral with very low speoific gravity such
as chrysocolla present. The latter interpretation appears correct, for in the
<2.5 sp.gr. product there are numerous coarse grains of a pale-blue-coloured
copper mineral. .

The other major secondafy copper minerals are paratacamite and.malachite
which‘are concentrated in the 2.50 to 2.96 and >2.96 sp.gr. products. " There
are also minor amounts of brochantite ptesent; : ,

To summarise, the copper minerals in this sample in order of 1mportance

are: chrysocolla, paratacamlte, malachite, chalcocite and brochantite.

Sample A56: P.T.S. 28010 ‘(Paratoo) -

An estlmate of the constituents gave the f0110w1ng

P
‘

Quartz | o 20-30 <
Feldspar (potash) L 5-10

* Kaolin ratio uncertain | © 30-40
Mica o e 2- 4

. Feldspar (alblte) ORI ~5-10

° Malachite L e o 10-15 -

' Chrysocolla o 3;5 S R )

. The host rock of thls copper sample is a f1ne—gra1ned 31ltstone containing
grains of quartz up to 0 05 mm in a largely 1rresolvable matrix of clay (Kaolin)
and feldspar. _ _ ‘ o _
~ The copper minerals occur in a network of veins and patches-running.through"
the host_fock'and also have replaced the matrix along a feW’bande or laminae. A

The assay and distribution data indicate that'this,eample.contains onlyh

ox1de copper minerals.A . o .

. The most 1mportant of these is malachlte, but there is also certalnly some
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: > S : . . . , _ : i
- chrysocolla, for the <2.5 sp.gr. product of the -0.42+0.045 mm material assays
2.70% oxide copper. Examination of this‘product in transmitted light on a
temporary mount reveals clay-rich grains and grains which'appearfto"be a mixture
of clay and a green_secondary eopoer mineral. There are also composites of
?clay and malachite. .b , | | | '
Examination of the distribution data shows that about 25% (overall) of the
total (= acid solubleAcopper) content is in either the 2.50 to 2.96 sp.gr.
prodnct or the <2.50 product of the -0.42+0.045 mm material. This is either
locked malachite or'chrysocolla. However, the malachite in the >2.96 sp.gr.

product is mostly coarse and liberated and should be amenable to leaching.

Sample A57: P.T.S. 28011 (Elsie Adair)

An estimate of the constituents gaﬁe the following:

_ A "Vol. %
Quartz o . _ o 30-40
Feldspar (potash and plagloclase) 1rresolvable 50-60
- Kaolin .
matrix
- Mica ' ‘ A : _
Olivenite ©. . ' = . 1- 2
Chrysocolla o :_ o SR  Trace-2
' Malachite o T Trace

This sample is very similar to Sample A56 (Paratoo).described previously,
being a fine;grained siltstone weakly mineralised with copper.

“The copper m1nera1(s) occur in veins and in thé matrix of the rock.. 1In the
latter situation they are very f1ne and well dlspersed .

The assay and dlstrlbutlon data indicate that the copper minerals are not -
well.liberated." 'Consioering the -0.42+0.045 mm material, in terms of acid-
soluble copper, approximately 60% of the' copper in this material is. in the
<2.96,sp.gr. products. . This distribution is to be. expected considering the-
overall fine grain size of the_material;:A'“ ' |
_ Theivoxide> _copper assays areheqUal'to the acid-soluble copper assays;'indi—
catlng that no Sulphlde copper minerals are present. |

From an examlnatlon of the pollshed th1n section and the. heavy liquid products
in temporary oil mounts, the 'oxide' copper minerals are known to rank in 1mpor~'
tance as follows:' . -
B (a) Chrysocolla .

éhj Malachlte o
A (c)..,011ven1te (CuAsd;)QH  5LL

Y

The latter mineral wasridentifiedAbyaxfray'diffraction techniquest'l‘"‘a )
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4. DISCUSSION

With reference to the tablest of 'oxide' copper distribution for Samples

A55 to A57, it should be noted that, except for Sample AS55 (Mt Gunson), he
dlstrlbuflon is the same as for 'acid-soluble' copper dls;rlbutlon. Some
difficulty was initially encountered in assaying for.'bxide' copper; but
repeat analyses for 'oxide' copper on the >2.96 sp.gr; products confirmed
‘their virtual identity with the 'acid—séluble' copper values and this has been
_extrapolated to the ‘Gther specific gravity products. This procedure is

" considered to be valid, as any sulphide copper present in the samples would be
expected to concentrate in the >2.96 sp.gr. product and its absence in this

product indicates its absence in the other products.

Investlgatlon and Report: A o K R. Cooper .

X-ray lefractlon Photograph Interpretatlon by: R. Cobper & Dr RQN.,Broﬁn
Chemical Analyses by: S R ~ H. Fishman, A. Francis & J.Powell
Officer in Charge, Mlneralogy/Petroldgy Section: Dr K.J. Henley -

t Computer sheets boﬁnd separately.
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. PART '3

MINERALOGICAL EXAMINATION OF A SAMPLE OF OXIDE COPPER CRE
‘ FROM MT .GUNSON WITH SPECIAL ATTENTION TO -
THE NATURE OF THE CHRYSOCOLLA

. 1. INTRODUCTION

_ ’Earlier mineralogical work in Part 2 of this Appendix on a set of. oxide
’.copper'samples had shown that one, Sample. A55 (Mt Gunson), contained approxi-
mately 40% of its copper in the form of chrysocolla ‘

Subsequent leaching tests on this sample, however, produced apparently
anomalous results, the ore leaching far better than might be anticipated from -
the quantity of chrysocolla it contained.

'It was requested that the copper ﬁineralogy of the Mt Gunson oxide.copper
ore be confirmed and,'if‘possible,_an explahation be giﬁeh as to how the
chrysocolla in this sample differed from 'nmormal' chrysocolla.

- The sample submitted for this work was from the same ‘Mt Gunson ore batch

as AS55 but is not representative of the whole of ‘the batch

2. SUMMARY = -
Comparison of the approximate mineralogy. of this sample of Mt_Gunsononide
copper-ore, as determined by optical and X-ray difftaction techniques, with_that"

obtained for the earlier sample, labelled A55, reveals the following:

This Sample - . A55-
_ L S Wez Wt %
Chrysocolla - : . 6-.8 -2
Atacamite/paratacamite ' 1-2 7 . 1- 2
Malachite . 4- 6 ' 1= 2
Brochantite - o nd® . Trace .
o Chalcocite . . . Trace . ‘Trace-0.5
S Quartz . o .. 88-90 - 85-90
: Muacov1te/ser1c1te - .. Trace. .. - 2- &
Gypsum. . . - - =0 Trace

- Kaolin =~ = -~ . - ' _A";Tracep_ S -

* nd Not detected

s : . et
L ,’ - . e

The samples are mlneraloglcally very s1m11ar, ‘the major copper m1nerals
being chrysocolla, malachite and atacam1te/paratacam1te. o
Comparlson of the size-assay analysis data obtained from thls sample w1th

51m11ar data obtained on, Sample A55 reveals the following

967 A L,
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- Size Fraction (mm) f. Weight - o >Copper
Heavy Liquid Product o Assay Distribution
‘ % % %
This Sample
+0.045 -<2.5 sp.gr. boh - 15.4 9.3
+0.045 >2.5 .sp.gr. - 78.4 - 5.8 - 62.4
-0.045 SRR & % 12.0 28.3. -~
’ 100.0 7. 1 100.0
. Sample AS55 .
+0.045 <2.5 sp.gr. 16.4 3.1 26.7
+0.045 >2.5 sp.gr. - 72.1 1.35 51.5
-0.045 : 11.8 . 3.6 - . 21.8
' 100.0 (1.9)* .100.0

* Calculated head assays.
1. - The copper content of this sample.(7,3% Cu), is considerably .
higher than that of the earlier sample (1.9% Cu).

2.  Overall the +0.045 mm <2.5 sp.gr. product of this sample
’ contains a smaller proportion of both the weight and}copper -

than the equivalent product of‘Sanple A55.

3. In ‘this- sample a maximum of 25 to 35% of the copper is present
as chrysocolla, whereas in Sample A55 at least 40% of the copper

was present as chrysocolla.

X-ray dlffractlon ana1y31s of the chrysocolla in this sample has shown that
it is not crystalllne. . )
' Electron~-probe m1croanaly31s of the chrysocolla in this sample has shown
that it is relatively pure, most grains contalnlng 30% or more copper.

" Principal impurities are kaolin and quartz.

3. COMMENTS ON CHRYSOCOLLA ‘

Chrysocolla can be regarded as a gel of copper ox1de, 5111ca and water
which approx1mates in comp051t10n to the formula CuSi0;.2H,0. - ThlS formula
1mp11es that pure chrysocolla ‘has ‘a copper content of n367 and a ‘silicon
content of ~16%. However, because chrysocolla commonly contalns 1mpur1t1es
such as 5111ca and alumina (kaolln), the copper content 1s usually lower.i

et e o B R
287
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In this sample of Mt Gunson oxide-eopper ore the~chrysocolla had the follow--
ing features which may;explain the unusuelly good leaching_response:
'-.v1; The normal weak X-ray diffraction pattern could not be obtained,
A suggesting that the chrysocolla is - not orystalline. . Lack. of .
crystallinity isAusually associated with increased chemioal
’reactiVity and may account for'the-unexpectedly'good leaching

response. ’ . . - . .

2. The eopper_conteuts of chrysocolla grains in this-sample,>as
determined by electron-probe microanalysis, ranged from 23.5%
to 42 77' These values are relatlvely hlgh and close to the
theoretical value for Cu8103.2H20 (36% Cu). The purity of the
chrysocolla in this sample of Mt Gunson oxide copper ore may .

have been beneficial to the leaching process.

4. PROCEDURES ;

The sémple as received was crushed to 0.42 mm (36‘ﬁesh BSS) then'sized‘at
0.045 mm (350 mesh BSS). The -0. 42+0’045 mm fraction.was separatedAin'diiuted
tetrabromoethane (sp. 8T. 2.491), and portions of the slnks and 'floats' products
-obtalned as well as a portlon of the -0. 045 mm.material, were assayed for copper.
Chrysocolla, - (sp gr. "2, 2) present in llberated grains will report in <2. 49 Sp.gr.
product. : ' ) '

X-ray diffraction analy51s was carrled out on several chips of the uncrushed ‘
sample and on a portion of the -0.42+0.045 mm <2.491 sp. gr. product.

.Portions of the 31ze/heavy llquld products were examlned optically and the
_ heavy. liquid products of the —0 42+0 045 mm fractlon were briquetted (P821743)
l:Thls br1quette was examlned with the eleetron—probe,mlcroanalyser and‘lnd1v1dual‘-'

chrysocolla grains‘analySed for copper, silicon and elumiuium.

967 I
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5. RESULTS,

5.1 Slze—assay Analzs1s

The follow1ng 31ze—assay analy31s was obtalned.

TABLE E-1:- DISTRIBUTION OF.COPPER'INATHIS SAMPLE OF
’ MT GUNSON OXIDE COPPER ORE

Size Fraction (mm)/ ' o AWeight . ' - Copper
Heavy LlQurd Product : ; Assay . ‘Distribution -
% % %
-0.42+0.045 <2.49 sp.gr. 4.4 15.4 . 9.3
-0.42+0.045 >2.49 sp.gr. 78.4 5.8 , 62.4
-0.045 : S 17.2 ©12.0° ©28.3
100.0 (7.3* . . 100.0

* Calculated head assay.

The following conclusions can be derived from Table E-1:

1.

' as chrysocolla.. S

The calculated head assay of 7.3% ~copper is con31derably higher
than that of the prev1ous sample, 1. 9/ copper (see comparative

data, Section 2).

" “The ~0.42+0,045 mm_<2.49 Sp.gr..product, which contains essentially
Alliberated cthsocolla (sp.gr. 2.2 to-2.3) and other <2.49 sp gr.

minerals, contains 4.47 of the sample weight, assays 15. 4/ copper

and contains 9.3% of the copper in the sample.

The -0. 42+0. 045 mm >2 49 sp.gr. product whlch contalns llberated

and locked copper mlnerals ‘with spec1f1c grav1t1es >2 49 and small

amounts of chrysocolla in comp051tes w1th gangue minerals of

spec1f1c grav1ty >2.49 (e g-», quartz Sp. gr. 2.65), contains 78. 4%

of the sample welght, assays 5. 8/ copper, and contains 62 47 of

the copper in the sample.

. The =0.045 mm materlal constltutes 17 2/ ‘of the ‘sample by weight,

assays. 12.0% copper, and contains’ 28 3% of the copper in the

sample.u o

The maximum amount of copper that could be present as chrysocolla

din thlS sample is calculated to be. about 25 to 35/ - This con—5
trasts with Sample A55 where about 40% of the copper was present s

AR
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The cslculation is made by:

(a) Considering all the copper in the =0.42+0.045 mm

<2.49 sp.gr. product to be in the form of chrysocolla.

~(b) Making allowance for chrysocollé in the -0. 045:mm‘slimes

" on the basis that it is present in similar. proportlons

to the chrysocolla in the +0.045 mm material.

(c) Making allowance for chrysocella being present in small
amounts in the -0.42+0.045 mm >2.49 sp.gr. product locked
with >2.49 sp.gr. minerals, especially quartz (sp.gr. 2.65).

5.2 Results of Optical Examination and X-ray Diffraction -

Analysis

Mineralogically this sample of Mt Gunson oxide copper has the following

. approximate composition:

Wt %
' Chrysocollé R 6- 8
Atacamite/paratacamite 1= 2
Malachite o 4b- 6 E .-:_.f
Quartz o ; 85;90 .
.. Muscovite/sericite Traee
‘Kaolin . ' o Trace

In the initial-Sample A55 of MtVGunsen.oxide-copper ore traces of gypsum,

chalcocite, and brochantite were also detected.

Two 1nterest1ng mlneraloglcal facts emerged as a result of the X-ray -

dlffractlon work:

967"

:1.

No X-ray diffraction patterns for chrysocolla c0u1d be obtalned
from either the bulk sample or from : individual grains in the
-0'45+0'045 ™m product., This suggests that the chrysocolla in

this sample is not’ crystalline.

‘Data in the ASTM index for atacamite and paratacamite are in-

: adequate to distinguish the two minerals. ‘The'phase(s)_is:
S0 finely-crystalline in this semple that it is not pessible

‘.to make a distinction eptically. : (Atacamlte and paratacamlte

are polymorphs of b331c copper chlorlde Cuz(OH)3Cl )



E—19

5.3 Electron-probe Microanalyser Results

_Electron-probe microanalysis of chrysocolla grains in the -0.42+0.045 mm

.fraction for copper, silicon and aluminium produced the following results:

-0

. . zcu _%si % Al
| 1 329 164 -
2 36.8 206 B i
3 26,0 219 -
4 42.7 " 17.1 : (3.6) average
‘ . - . - value
5 235 20.4 . bp h -
6 $38.3° 16.6 - . -
Range 23.5-42,7 . 16.4-~ 21 9 -

It was discovered that the higher the copper content of the chrysocolla
grains, the softer they were, and the more affected they were'byAthe beam
of the electron—prebe microanalyser. This feature was used to establish the
rauge of copper values occurring in chrysocolla grains; and the grains chosen'
for analysis were not a random or representatlve selection but were selected to
establish the’ range. . B - » N =

Aluminium was erratlcally dlstrlbuted through the chrysocolla grains and

the figure of 3.6% is an average from a traverse across several grains.

6. CONCLUSIONS

1. The maJor copper minerals in the Mt Gunson ox1de copper ore appear

to be chrysocolla, malachite - and atacamlte/paratacamlte._

2. The chrysocolla is not crystalllne and, presumably, is partlcularly

reactive chemlcally._.

3. The chrysocolla gralns in the —O 4240. 045 mm <2 49 sp.gr. product had
" relatively hlgh copper contents, as determined by electron—probe ,
' microaﬁélysis; suggestingbthat much of,the chrysocolla in the sample';

is relatively pure.

Invespigation and Report‘by: S o R. Cooper - A
X—Ray-diffraction analysis by: . _ -Dr R.N. Brown - = f
Electron—probe mlcroanaly31s by. S 5A~:-, o P.K,'Schulta‘ ﬂ:;3A |

.Offlcer 1n Charge, MlneralogY/Petrology Seetion; Dr K.J. Henley R

|
|
! .
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SAMPLE AS0 WITH. SLIMES

 suMMARonFrxNPuTﬂoATA cova .-

-'NO. oF ssz FRACTIONS 2 7L NO. OF PRODUCTS 3

SEPARATION TYPE '1'

L

© s1zE FRACTIONS .o [ iﬁ S
- Je065 ,0000 . T

. . SIZE ANALYSIS .. L L s -
L B T Y T R
SPLITTING VALUES oo f?*f .
e T2es0 o 2ues 2
R wexsurs IN PRODUCTS v -ii.. o
o . 2a05 25010 ;. 5049 g :




SAMPLE. A 50.
SIZE FRACTION
“(MILLIMETRES)

- e 045

'SIZE,FRACTIONS

. PRACTION . WT % ===

< 2,50
| <:2,96

" TOTAL -
"TOTALS FOR ABOVE < 2,50~ " © 5.6  ( 2490) © 2.3
_><.2096. .

'>296 ‘

iOVERALL TOTALS..ru

ACID SOLUBLE COPPER D’STRXBUTION

IN SIZE FRACTIONS ce=. " "IN HEAD SAMPLE
OTAL CU ==

. DISTN %7~

SPEC GRAV -~ ===

ASSAY %_

1,92
32.02

C8.6 T 2490 T 2,3
L3640 39,1 .

> 2.96

( 3.‘00)) 39.1
(27.00) ' SB8,6.

K 6;911:’,
o 7i80
T 7001

SANDS - 83.1
ASLIMESu 1649
“TOTAL” © 10040

© WT % TOTAL €U . -
' DISTN. % -

_ 47,98
11 81.92 -

o

3

: " CUMULATIVE DATA
 WEIGHT

%

4465
. 83411

" CALCULATED HEAD ASSAY=

ASSAY DISTN

2.90
3.40°
27 00 . -




€

81
(MILLIMETRES) "FRACTION WY

- Cl e L0645 <2050 -
T T T T e 296

S Ce> 2,096 0 T
. TOTAL . I 10

. TOTALS FOR ABOVE < 2.50 -~ . 5.6
SIZE FRACTIONS <.2.96 "~ - 79.4
- S > 2,86 0 o 15640

_OVERALL TOTALS..  SANDS "' ‘  83.1

SLIMES - - - 1649 -

S T TOTAL 10040

ZE FRACTION = SPRC GRAV“»46--1;IN“SIZE FRACTIONS ===
 ASSAY % - DISTN % . .-

© (30.00)

Lo Tes2)

SAMPLE A-50 OXIDE COSPER DISTRIBUTION

-== OXIDE CU : == . WT %

‘3.45- - 37,0

4,65

© Te61) 710040, 7 83.11
( 3.05)
XH
€ 7.61)-5
7450

v

L 6640)
30,00 . 60,7 Ui 12.45

"IN MEAD SAMPLE . - -+ . CUMULATIVE DATA
OXIDE CU . WEIGHT ~ ASSAY

NISTN % o % %

1.91 <%, 4,65 3,05 -
30.68 - - 66.01 3.45
50.34 . © - 12.45 30.00

82.93 - 83.11 . 7.61

->| ) .l
CALCULATED HEAD ‘ASSAY= 7,42%

.y

¢ M

. “

o :
.t
- L
W
.
'

DISTN
% .

1.91

-30.6A8

50.34
82.93



SAMPLE' AS1 WITH SLIMES
SUMMARY- OF INPUT DATA vevs’ .
; Y Ve

SEPARATION iYPE 1 “NO. OF SIZE FRACTIONS. 2. ... ' NO. .OF PRODUCTS 3 -

. SIZE FRACTIONS .o ‘' i/
! 0010 -000 :‘7"._

. 19, 98 9.21~,u. S

SPLITTING VALUES s S

_ _ 2.so. 2.96 _

'wE!GHTS IN PRODUCTS 4o 0 - =7 . ool R e
.85 18, 76 “‘ij O T SRR




: SAMPLE A 51

ACID SOLUBLE COPPER DIST IBUTION

'spec GRAV. - _ -
 FRACTION " WT

SIZE FRACTION .
(MILLIMETRES) - ——

jA'ASSAY $_

" 1.30°
1.60

. 21400
(. "1.95)

€ 2450

. < 2456

> 2496
 ;TOTAL

045"

( 1.30)
( 1.60) .
(21.00)

" YOTALS FOR ABOVE < 2.50 .

| SIZE FRACTIONS - < 2.96. i

» ST » 2496 T
SANDS -
SSLIMES:. " "

bVEhALL]TbTApé.,

L2400 L

{ 1.95) .

JIN SI1ZE FRACTIONS ---“"

DISTN $j”

2.8

7742

2040 2
©.100,0

2.8
11,2
20,0

67.9
32,1
1oo 0

IN HEAD SAMPLE
WT % “TOTAL €U .- .. -~ WEIGHT
CoISTN % < %

" 2491
64,27 -

o 1.27
68445

12491 0 1493
52437
~ 67486

'

.. CALCULATED HEAD ASSAY=

CUHULATIVE DATA

ASSA
%

1.30 .

1.60

©21.00
1695 7

" DISTN.'

%

1,93
52.37

13.56 . -
67.86

1.96% -
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SPEC GRAV -

SIZE FRACTION .
'FRACTION .yr %

(MILLIMETRES)

: "_;045 €< Z-SOA'? £ G4,
' - € 2,96 7 93,
4 2.96 ‘W 1.
TOTAL - - 100,

©I-TOTALS FOR ABOVE < 2,50

*' S12€ FRACTIONS .< 2.96 '
R : > 2-96‘ -
6846

" SANDS
© SLIMES.

"' OVERALL: TOTALS..
LR ToTAL L

10040

OXIDE COPPER DISTRIBUTION“““

CIN size FRACTIONS -t
IDE CuU

_Assnr xu

1.30.
1.73
121,80
«  2.08)

(1.30) -

( 1.73)
(21.80)

( 2.08)
2.00

(2406

. D!STN ®

”N HEAD SAMPLE - :
T % ~OXIDE CU - WEIGHT ASSAY

R ¢
- . .
N : DISTN LI T %

1.30
1,73
2l1.80
2,08

. 291

164,27
1.27

68445 .

7 2491 0
0 - 7 64427
4° L le27
0.°7 = -68445.

N

£1;84“;:
54,05 -
13443 .

69432 . -

- CALCULATED. HEAD ASSAY=

i

CUMULATIVE DATA

2,06% -

DISTN.

%

1.84

'54,05
13063
'69.32



R . SAMPLE AS2 WITH SLIMES .5 . v

" SUMMARY OF INPUT DATA sues
. N : . . te . ., \

'+ SEPARATION TYPE 1 .0 NO. OF SIZE FRACTIONS 2 - .. . NO. OF PRODUCTS 3

? SIZE FRACTIONS .. . i i
£045" TTa000 T g

© T SIZE ANALYSIS .o n
;‘ .- 50%40 9,51

R f.fSPLITTING VALUES oo . _l&:;yyff_~;’“?ﬁ-*i)A‘
L 250 2496 T - el o0

‘wexears IN PRODUCTS e [“'7 S

.
. BN
i
W




" §1ZE FRACTION
- AMILLIMETRES)

. FRACTION = WT

Lo a0 Te .

> 2496 - 4.8
TOTAL . 100.0

" TOTALS FOR ABOVE < 2.50 .. 6.3
' 'SIZE FRACTIONS - < 2,96 - 8849
o s ..b,f o i 448

> 2.96

" OVERALL TOTALSss = SANDS " " 8&.1.

CSLIMES 1549
© TOTAL

< 2.96  88.9

100,0

 SAMPLE A 52 ACID SOLUBLE COPPER DISTRIBUTION

Gell .

1.35
26400
(. 2,700 -

{ 6.10)
( 1.35) -
(26.00)

C2.700 0

. 2450
.2.67)

SPEC GRAV. === IN SIZE FRACTIONS =~~~
% am= TOTAL CU _
_CASSAY % DISTN %
‘.") «O
44,5 -
45,9 -
100,0

" 9.6
. 44,5
45,9

85.1

14,9
100.0

"IN HEAD SAMPLE
o TOTAL CU
DISTN %

B.21

37.85

39.05

85.12

‘i .. CALCULATED HEAD ASSAY= 2.67%

CUMULATIVE DATA

- WEIGHT ASSAY DISTN

% % . %

T 5.34 ac10 A.21
74,78 1.35. 37.85
4401 . 26400 39,05 -

84.13 2,70 . 8S.12

s

°

'
.
B
. i
ot
.
s h
'
e ~ 1
b ’,_ K



:'s ZE FRACTION " SPEC GRAYV eee IN §T2E FRACTIONS —== - . IN HEAD SAMPLE. . - ' CUMULATIVE DATA
. (MILLIMETRES) ° FRACTION WT % =-=" OXIDE CU ==. . "WT % OXIDE €U - WEIGHT ASSA . DISTN
e S o . ASSAY % . DISTN % .° .. .  \DISTN & : $ s 0%

2045 < 2.50° 6e3 4455 .7 10,0 .. 7 5436 B8.66 s 5436, 4,55 R.66
T <€ 2,96 N - 88.9 1464 . . 46,6 - © . T4.78° 0 38,37 - - . T4.78 . 1.46 °  38.37
> 2496 4.8

0.0

, 27.60 . 45.6 - . 4401 39.40 - . 4,01 27.60 39.40.
TOTAL -~ 10

( 2.88) - 100,00 84413 . 86443 ' - 84413 | 2.88. 86443

TOTALS FOR ABOVE < 2.50. 6.3

I SIZE FRACTIONS. < 2.96 - 88.9 . ( 1.4&) - &b,b
ST L > 2496 4.8 (27.60) 1 45,6

‘OVERALL' TOTALS:. = SANDS " . B&,1 ( 2.88) . 86,4 -0 -~ . =/ =
ST SLIMES. 1549 2,60 . 13,6 ¢ ew G-

oz :'5'T0TAL y' 100.0 - € 2481) ' 100,0

" CALCULATED HEAD ASSAY= 2,81% = ' - .

( 4.55) - 10.0 v LT . Pee-



SAM?LEAAS3 WITH SLIMES .

| SUMMARY OF INPUT DATA ....

SEPARATION TYPE 1 = . NOo OF SIZE FRACTIONS 2 ~~ NO. OF PRODUCTS 3

"srze FRACTIONS ..

0045 «000 ~

‘ssz ANALYSIS oo
o 35.89 7.61

SPLITTING VALUES ..

2,50 296 N
‘»'wzlanrs IN PRODUCTS, .. . R

B+45  20.68 6476



SAMPLE A 53 ACIO SOLUBLE COPPER DISTRIBUTION

 S17E FRAGTION . SPEC GRAV . —== R SIZE FRACTIONS === . IN HEAD SAMPLE -~ " CUMULATIVE DATA
_ (MTILLIMETRES) . FRACTION. = WT == YOTAL CU == .. -~ . WT % TOTAL CU . . WEIGHT ASSAY DISTN
R UASSAY & DISTN % .. DISTN® e % 5. %
4 s045 < 2,50 N 23,5 . 2.70 13.5 - 770 10,43 - 12421 00 0 119443 - L 2,70 12.21°
L € 2496 i STe6 oL 14200 . 1407 0 47456 13.28 - . 47456 S 1.20 - 13.23
> 2.96 .. - 18.8 18.00 71.9° -7 15,56 . 65,13 . - - - 15,54 18,00 . 65.13
TOTAL 50 100.0 (  4.72) 100.0 - - 0 82451 i 90463 - .. 82,51 4472 . 90463

_ YOTALS FCR ABOVE < 2.50 .. . 23.5
- SIZE FRACTIONS - <.2.96 ~~". S7.6  (
: LiL - >02.96 0 1848

© OVERALL  TOTALS... SANDS. = -~ 82,5 ( 4.72) .  90.6 - . v . o
o TR SLIMES 4 . 17.5 2030 9ub o s e 0 e
L. TOTAL .= (10040 - ( 4429) - 100.0 - . c+” o . .- CALCULATED HEAD ASSAYm 4.29% .’




ZE FRACTION ’ SDEC-GRAV

ILLIMETRES)

" TOTALS FOR ABOVE < 2.50
- 'SIZE FRACTIONS

OVERALL TOTALS..

wT

X
G .87
Co18.
= 100.

‘23

r'SAMPLE A 53 OXIDE COPPER DISTRIBUTION .

.S

.6
8 .

°

18.

6
8

8245

17,

S

IN SIZE. FRA?BIONS ———

daby E CU ==
" ASSAY % . DISTN %
2455 31.6 .5
‘0.30 ‘02.6 °
1.90)  100,0
€ 2.55) O 31.6. -
( .85) 25,8 |-
( 42300 % 42.6.
(14900 . . 8645
‘1,40 - 13,5,
€1ee1 100 0

IN HEAD SAMPLE
“WT %

OXIDE

.\ DISTN %

19,643
47.54 .

15,54

el Lo

27.33

22.29

36.87 -

86449

"' CALCULATED HEAD ASSAY=

CUMULATIVE DATA

WEIGHT ASSAY

%

©19.43

47.54
15.54

82.51

- %

.2e55

«85
4,30
1.90

DISTN

%

27.33
22.29
36.87

86.49



SAMPLE _AS3  SULPHIDE

.- SIZE FRACTION . -
. IMILLIMETRES) .

e 045

£ TOTAL

i 2.9&‘

- OVERALL TOTALSes .

SPEC GRAV
FRACTION™

< 2.50 ',
T < 24967 7
> 2o96.‘ﬁ”
© . 100.0

. _.TOTALS FOR ABOVE. < 2,50 . - ..
".SIZE FRACTIONS =, < 2,96 '~
SANDS

.U SLIMES.
coToTAL -

(TOTAL-OXIDE)

WT.

-p;_ASSAY %

' “323.5 ’a
~ 5746

18.8

 23.5

57.6

'xa.a

"82:5

T 17.5

10040

COPPER DISTRIBUTION

IN SIZE FRACTIONS"-'

=== SULPHe CU == -
_QISTN % _

¢ 2u82) 1

¢ 1)
U .35)
(13270),

“:‘ 2.82)
U e90
L0 2408)

| 82.51

"IN HEAD SAMPLE

SULPH.
" DISTN %
DR
19.43
47,56 -
15.54

WT %

6.70

1e17. .0~

85.78 .-
93.66.

QU - WEIGHT
. %

s 194643

. 47.54

T 15.54
. 82451 .

" CALCULATED HEAD ASSAY=

CUMULATIVE DATA. N
. DISTN

_ASSAY
%

o 15
.35
x3 70

2.82

-

2,48%

%

1.17

- 6470

85.78

93,66



SAMPLE AS4 WITH SLIMES

SUMMARY 'OF INPUT DATA eees - . o

'SEPARATION TYPE 1~ NO. OF SIZE FRACTIONS 2 . -~ NO. OF PRODUCTS 3 -
SIZE FRACTIONS »e  © . %7 o - .
: 045 Cs000 .

SIZE ANALYSIS ..
» 33.83 3.88
SPLITTING VALUES oo = R
. 2.50  2.96 e - .
| WEIGHTS IN PRODUCTS .o - - S R Cew




SAMPLE W 54 ACID SOLUBLE COPPER DISTRIBUTION
"IN HEAD SAMPLE  © * _ CUMULATIVE DATA
WT % TOTAL CU . . © WEIGHT = ASSAY.. - DISTN
‘ CDISTN % . - . L% s %
\ Lo e A . A o, R .

TIZE FRACTION ; 'SPEC GRAV' fy#; IN SIZE FRACTIONS ---]{
(MILLIMETRES) - FRACTION. -"WT %. === TOTAL.CU == "
e et SULaLniiiani 0 ASSAY $  DISTN %

. . 6e6 . 5.50 i 1, 549641 1,19 TRl 5,94 5.50 S 1.19
1> 2496 .0 83.6 32,00 . . 95.
“ TOTAL - 2710040 ¢ 27.95) .. 100,

< 2.50.°

+045

7894710 81eS5 1 . 8971 .. 27495 - 91455

TOTALS FOR ABOVE < 2.50 o . 66 (. 5.500 . 1,
'SIZE‘FRACTIONS Seza3e T oe.e LB T,

8947 (27.95) .
110437 22450 .

OVERALL TOTALS-.L& SANDS -
©t SLIMES ™
JOTAL .-

_CALCULATED' HEAD ASSAYs 27.39%

T

. -y ..
N @

o . L L . .
¢ . : 1
. - s -

" - e
g K

. .
4 uy .
e v "
O N
N s

75,02 8T.64 . . .75.02 . 32,00 - B8T.64 . ..




:"ST2E FRACTION ~ SPEC GRAV.

TOTAL - °

"TOTALS FOR ABOVE < 2.50.
SIZE FRACTIONS < 2,96

D e > 2496
" OVERALL TOTALSss  SANDS |
e St sLIMES!

"U(MILLIMETRES) . .FRACTION

¢ T i045 < 2,50 -
e €72.096 0
> 2,96 ..

TOTAL” -

6.
83.6

10040

6.6
. 948
10060 .

9.8

_SAMPLE A SA OXIDE COPPER DISTRIBUTION

IN SIZE FRACTIONS e
WT %,

we= - OXIDE CU ==

1,99 .
- 2.85°° .8
(2,69 . 10

. ASSAY %  DISTN &

IN HEAD SAMPLE

WT %

75494

8.75

D 75.02°
89.71

R

“OX1DE
\ DISTN %

cu

4429,

5,65
77.56

| CALCULATED HEAD ASSAY=

CUMULATIVE DATA
ASSAY

WEIGHT
%

S.%4
8.75
75.02 .

89.71

. %

1.99 .
1,78 °

2.85

2.69

DISTN

%

4.29

5.65",
77.56
87.50



> 296

“ TOTALS FOR ABOVE < 2.50
“SIZE FRACTIONS < 2496
: > 2.96

OVERALL 'TOTALS..

SAMPLE Asa SULPHIOE © (TOTAL-OXIDE)

'SI1ZE FRACTION.. SPEC GRAV

(MILLIMETRES). = FRACTION |
Toh e o e . ASSAY % - DISTN %

i045 < 2.50

o, .- . < 2.96 .

~ TOTAL

(345D
“(29415)
" (25426)
19.50 .
[ (26.6T)

SANDS
.. SLIMES
CTOTAL

COPPER oxsraxaurlon'

%IN SIZE FRACTIONS === .. IN HEAD SAMPLE

==~ . SULPH, CU - WT % - SULPH.

_QRSTN'%

3.51 - 9T 5494 - . .85
T 6e72. 7. 2.6 7 HD 8BTS - 2438
29.15 ©9645 - - 75402 . 88464
25.26) . 100.0 - - 89.71  91.87

( 6.72)

. CUMULATIVE DATA

CALCULATED HEAD ASSAY= 26,67%




SAMPLE AS55 WITH SLIMES. '

. SUMMARY OF INPUT DATA .e.s .

_ SEPARATION TYPE 1 ° . No. OF SIZE FRACTIONS: 2 NO., OF PRODUCTS ' 3

'SIZE FRACTIONS .. .
L0645 - .000

SIZE ANALYSIS ..
31.86 4ol6

SPLITTING VALUES .o - S " N
2.50  2.96 e N

 WEIGHTS IN PRODUCTS 5. C-
: S.11 21.96  .s5 S



.A:.s
“(

5{;-5125 FRACTIONS

SPEC GRAV

1TOTALS FOR ABOVE < 2.50

< 2.96
; ) > 2.96
":,_oveaALL.TorALs;;' 'snnos ‘.
<. . . . - SLIMES

TOTAL - -

126 FRACTION
MILLIMETRES) - FRACTION
+ 4045 < 2.50
<< 2496
> 2.96
TOTAL

‘18,5
"100.0

1805
o 79.5
240

8845
gll.S‘.
100.0- ..

?fLSAMpLE A ss acIo SOLUBLE COPPER DISTRIBUTION

- ASSAY %

3410
+60
31.50

1.68)

¢ 3.10)

U .60)
© (31.50) ¢

{ 1.68)
. J.60

- 1.90)

IN SIZE FRACT!ONS----iA

. DISTN' %

3.2

28.4

37.4

100,0-

34,2

28,4 -
37.4

78,2 .

"21.8

©100.0

- IN HEAD SAMPLE
“WT % . .70
. DISTN %

16,37
70.36

1.76

<" 88450 .

TAL

2673
. 22423 -
29.23 -
- 78620

i

CUMULATIVE DATA

U .. " WEIGHT
‘ %

. 70.36
1.76
88.50

| CALCULATED HEAD ASSAY= -

ASSA
% .

3 10
«60
31.50
1.68

1,90% 1

DISTN
% .

26.73
22,23
29.23
78.20

v



SAMPLE A SS OXIDE COPPER D!STRIBUTION

" SI1ZE FRACTION
(MILLIMETRES) -

SPFC GRAV IN SIZE FR?CTIONS ---"7 " "IN HEAD. SAMPLE

" YOTALS FOR ABOVE < 2.50
' SIZE FRACTIONS

'V“H‘OVERALﬂ;fOTALS;wU

CUMULATIVE DATA
EIGHT .

16.37
70.36 . .

1.76

88.50 .

'CALCULATED HEAD ASSAYs

“DISTN = ..

Ty

28.16

20.17

- 28459 .
76492 - . .




ﬂSAMPLE A 55 SULPH!DE (TOTAL-OXIDE) " COPPER DISTRIAUTION * -

SIZE FRACTION - '$PEC GRAV 1--- IN SIZE FRACTIONS === = i IN HEAD SAMPLE : . . CUMULATIVE DATA
(MILLIMETRES) .° FRACTION utWT % . mm= SULPHe CU == = WT -% - SULPHs CU - - - - WEIGHT ASSAY
T TN ASSAY % ' DISTN % - - ... -D{STN % . o % %
TUTe 40657 ¢ 2450 1 1845 - 010 - 11,6 T 16437 9.860 L R 16.37. .10
e D€ 2696 - 0 T9e5 T 8100 89,20 - . 770436, 42435 ‘ - 70436 . T W10
TTOTAL - . 1000 ¢ +16) ' . 100,0 Lo .B8e50..  B6e16 - - ... ' BB.50° © e16

\TOTALS FOR ABOVE < 2.50 - 1845 . ¢ L10) " 11.4" - :
SIZE FRACTIONS - < 2.96 . - 79.5 - ( 4100 . 49.2 - :
Gt T > 2096 200 0 3,200 <3914 g

OVERALL TOTALS.. = SANDS @ C J16) . 8642
AR ST SLIMES " L2077 13.8
TOTAL 10000 1D 100407

" CALCULATED HEAD ASSAYs . .17%.

© DISTN

%

9.86 -
42.35
33.95

 B6.16.,



SAMPLE A56 WITH SLIMES

SUMMARY "OF INPUT DATA sces
SEPARATION TYPE 1 ' ' NO. OF SIZE FRACTIONS 2 .  NO. OF PRODUCTS '3
SIZE FRACTIONS o0 - A
: L045 ' .000
SIZE ANALYSIS oo . o
10013 6.1 :

SPLITTING VALUES ... L L

2 590 2.9 6 . R - e

wEIGHTS 1) PRODUCTS .o :
2.60 3.67. 1.38




SAMPLE A S6 OXIDE COPPER DISTRIBUTION , _ : o _
SIZE FRACTION . 'SPEC GRAV" _'--4' IN S1ZE FRACTIONS === . "IN HEAD SAMPLE - ‘ CUMULATIVE DATA .
(MILLIMETRES) * - FRACTION wT ===~ OXIDE CU == . WT % OXIDE U .. . WEIGHT . ASSAY- ° .DISTN
RSN :«.,A:‘f R ASSAY % DISTN % - - . DISTN % =+ T . % S N

A . 214200 649 T 21,200 2460 . 6.69 . o

€ 2496 L. 4B0 5,60 . 2845 £ 29492 019401 v T 029,92 - T 5,40 19,01
> 2:96 - 1840 31620  ©  61.8° - 11,25 41430 70 . T 11.25 . 31.20 41,30

TOTAL .+ 710040 € 94100 -~ 100,0 . ' "'62.38". 66480 © 762438 . 9410 66480

045" < 2,50 7. 36,0 - 2,60 9,77

2.50 77 3400 (2,600 . 9.7
2,96 ° 48.0 - ( 5.60) . 28.5"
2.96 .. 1840 - (31.20) 7 \61.8 .

A

. TOTALS FOR ABOVE.
. SIZE FRACTIONS -

.Y A

. 'OVERALL TOTALSes ~ SANDS . 6244  ( 94100 6648 .-
'ﬂ}ff T R ‘.;‘SLIMES T _37.6 7.50 L 33.2-ﬂ
" TOTAL * 10040 . ( 8.50) " 100.0

.~ CALCULATED HEAD ASSAY= 8,50%




SAMPLE A 56 ACID SOLUBLE COPPER DISTRIBUTION

SPEC GRAV  =mn
FRACTION - WT 2.5 _
. P : ASSAY" % '

“WSIZE FRACTION

"w;;yLLansvaas)‘j} OTAL. CU -=

2.60

Se40 2
31.20 - 6
. 9.10) "7 10

e 24500 7 36,0
< 2:96 ¢ | 48,0

C > 2496 .. 18.0

“UYOTAL- 4710040

v .0u5

S 2460)
S0 S.a0)
C(31.20) -

." TOTALS FOR ABOVE < 2.50 - 34.0
“SIZE FRACTIONS - < 2.96 48,0
LTI 5 2096 L 1840

C (94100
c . Te50° -
8,500

. 6246
"37‘6‘
10040,

" OVERALL TOTALSes - SANDS ' -
.o s T SLUIMES
TotaL

Y

IN SIZE FRACTIONS ---.j
DISTN %

WT %

T 21.20
2992
S 1le25
N A;r62q38'-

"IN HEAD . SAMPLE
- JOTAL
‘%ISTN %

6469 -
19.01 .

41430

. 66480

CUMULATIVE DATA

CU . .7 WEIGHT
[ % -

21,20
29.92
11.25

”‘62.38

.- CALCULATED HEAD ASSAY=

ey

ASSA

- % .

2.60
S.40

. 31.20

8.50%.

" DISTN
[

'6.49

19.01.
41.30 °

66.80



SAMPLE AS7 HITH SLXMES

S . . . . . . '

SUMMARY: OF iNPuT DATA ..s-
NO« OF PRODUCTS' 3

ERTA

SEPARATIGN TYPE 1

NO..OF SIZE FRACTIONS 2 -
srze FRACTIONS ..' S o
. e0ss Teo00 Lt
i'sxze ANALYSIS ..

' 79,19 16, 77

?}SPLITTING VALUES .o s
' - 2450 2496

”wsxenrs IN PRODUCTS ..:ffT"'”
1489 4.93. . ., ,
L :»"
0 L

. - 5
' .
“. N
. o N




- SAMPLE .A S7. oxon COPPER DISTRIBUTION

" SIZE FRACTION  'SPEC GRAV " "=ZX 7 IN sizE FRACTIONS -==" [N HEAD SAMPLE L CUMULATIVE DATA -
< (MILLIMETRES) - FRACTION . "WT % <=2 OXIDE CU -= . - wr & OXIDE Cu . WEIGHT ASSAY DISTN
. B  ASSAY % . DISTN % ... " - pISTN % . . T % "

T.045 <2050 Y 2505 .30 . 11.e D939 U sie L 9390 . 3p. s.7a

LS Bde . eses L e wees T 24049 aaisp o gaidse e300 22.52 -

Qa6 L 8ol 3030 v 415 L “2les -t zosle . - . Csies - 4t%2 20.10
O TOTAL 1 10040 0 u66) -U100.0¢ Y 036486 . 48438 . 1686 S 66 48.38

TOTALS FOR ABOVE < 2,50 2565, 0 o300 11,9 s G e o
SIZE FRACTIONS € 2496 0 6644 (- .45y | 46.6 T e e
A > 2.96 8el 03,300 . 4l.5. v T A A
" OVERALL' TOTALS.. . SANDS .. 3649 ( ,64) 4844 - o e T T : -
v 0 U SLIMEST 6301 - .40 1.6 . .0 : - : - »
TOTAL: © 10040 . (. .49) - . 100,0 - -.. S

" CALCULATED HEAD ASSAY= . .49%




D SAMPLE A 57 ACXD SOLUBLE COPPER DISTRIBUTION

12 -FRACTION L SPEC GRAV ' =~ IN SIZE FRACTIONS === i1  IN HEAD SAMPLE" -~ '~ CUMULATIVE DATA -
 (MILLIMETRES) - . FRACTION .. WF % . === TOTAL CU =-- .. - WT % TOTAL CU_  ~° ~ WEIGHT  ASSAY "DISTN
IR T ST - ASSAY ®  DISTN % .- o D%STN S T TR %

e 4045 € 2,50 .0 $30 0 - 11.9
Ll € 24960 7 6664, - 45 T46.6
LU > 2496 1. Bel 3,30 41,5

A ©, TOTAL - 1 10040 € . «64) - 100,0°

U 26449 | 22452 © 26449 . . .65 22.52
2,98 © . 20410 S T2498 - U3.30 - 20410

© TOTALS FOR ABOVE < 2,50 _ . 25.5° ( 4300 - 11.9 "
SIZE FRACTIONS € 2496 . 0 6644 T (1 L45) 1 46,6 -

OVERALL\TOTALS..'; SANDS ' 3649  { o64) 443 6
‘\’TOTAL'%n‘_lQOQO'>>(.»;59) - 100 Oj

.(.' b I ’.\i' . .
_ " CALCULATED HEAD ASSAYm = ,49% .

9.39 7 5476 . 9,39 - .30 . s.76

68438 v 2 36486 (- .64 48,38 1 .



APPENDIX F

PLANT SIZING AND COSTING OF EQUIPMENT

1. AGITATION LEACHING

1.1 Crushing and Grinding

For 180 t/d plant (1 shift operation) to 100% minus 1.67 mm -

(10 mesh BSS), 50% minus 76 micrometres (200 mesh BSS)
$92 000 (Amdel internal records).
: 067

Equivalent for 40 t/d = 92 000 x Eéﬁﬂ :

1.2 Batch Leaching,Vessei

~“This tank holds % day's production of 20 t solids and 20 t
liquor. Assuming Sp.gr. solids at 2.7, volumé of slurry inAtank
is 25 k1 (5500 gal.) Use 3.4 m (11 ft) diameter, 3. % m (12 ft)
high rubber-lined tank with stalnless -steel agltator 1nclud1ng
drive and motor (capac1ty 34 k1: 7150 gal)

Cost ' (Amdel 1nternal records): '

1.3 Batch Settling Tanks

‘Number required is two. When fully loaded, tanks will hold -
20 t solids and 80 t liquor (20 ﬁeight % solids). Volume of this"

slurry is 80 k1 (17 500 gal). Usiﬁg 90 k1 (20 000 gal) rubber- -
lined tank with stainless-steel agitator, drive and motor and
extrapolating from-1.2. P «m. '
’ - . : . . . : 90 0*67 .
Cost of 2 settling tanks = 2 x 9000 x &ﬂd .

1.4 Clarlfled quuor Tanks

Elght tanxs of 72 k1 (16 000 gal) capacity.are. requlred
S&lmmlng pools are cheaper storage for light duty. In 25 k1
(6000 gal) capacity at approx1mately $150 each 24 are requ1red.»

Cost = 24 X 150 T

967 .-

$34 000

1 $9 000

$35 000. °

$.4 000



F-2

1.5 Cementation

Hold up for cementation launders is about I)s hours (Appendix A).
-Maximum size of lauhders is 17 k1 (600 ft>®) costing approximately
$1250. Liquor production rate is 145 kl/day (32 000 gal/day) so

operating time per day for a single launder

_ 145 x 1.5 .
=TT 13 hours. | |
2 launders (operating 6% h each per day), cost A - -$ 2500

1.6 Pumps
Cost _ , S .
.(a)  Slurry pump of 8.5 kl/min»(300 gal/min) ‘to pump slurry
from leach vessel to settler and underflow from

settler to tailings dam: o : - $2700

(b) Liquor transfer between wash tanks and decaﬁ;éd

wash'tanks 2 x 14 k1l/min (SOO gal/min) $2700 ea. $5400

(c) - Cementatlon pump from pregnant liquor storage
‘ lto launders 1.4 kl/min (50 gal/mln) _ - -$ 600

| - R | $8700  $ 9 000
Total of Equipment Costs .'.  » ‘3 o o l . . | $93 500

2. PERCOLATION LEACHING:

2.1 C1uSh1ng

For 180 t/d plant (1 shift operatlon) crushlng to mlnus 6. 35 m
% in.): $77 000‘(Amde1 ‘internal records)

- . , ) ‘ 40 0-67 . .
Equivalent for 40_t/d = 77 000)([180] $29 000
SR o » ’2;2'Screéning' _ oo )
DSM Wet Screen and Stand - }j» T ;.‘f"' ~§ 1000
‘ 2.3 Leaching Vsts'
Cost for 700 tonne capac1ty vat = $15 000 (Amdel'internal
records), so equ1valent for 40 t/d (w1th 8 vats 9 m’ (30 ft)
x 3 m (10 ft) x 1.5 m (5 ft) high). ' | ' i_{
- 40 0e67 . . - . ]
: 87vats-COst is'8*X-{ﬂﬁﬂ X 15:000f55f3 ',$18 000

967




F-3

2.4 Cementation -

For a retention time of 1% hours (Appendix A), siée of

cementation launder - 11 kl (400 ff?). o
Cost B o g o o $ 1 000

2.5 quuor Storage

Pregnant liquor storage capacity of 150 k1 (36 000 gal)
Using 6 x 25 k1.(6000 gal) swimming pools at $150 A S
Cost 6 x 150 - - c ' $.1 000

2.6 Pumps
(a). Slurry pump for screening operation,_

28 kl/min (100 gal/min) o o - $1500

(b) 8 leach vat pumps and 1 cementation of
6 k1/min (20 gal/min) capac1ty, o
9 x $500 each » - B . ‘ . $4500 - $ 6 000

Total of Equipment Costs . - 7'>  ’ \> B ' - $56 000

C 967 .



TABLES 1 to 47

FIGS 1 to 29



TABLE 1: DISSOLUTION RATES OF COPPER MINERALS
AT ROOM TEMPERATURE (after Sullivan)

_Mineral Particle Size - Solvent Extraction Time
% H2S0, % b

Tenorite =147 +74 um 1 98 1

Malachite =147 +74 um A -5 100 ' 1

Azurite -147 +74 um . 1-5 - 100

Chrysocolla -13.3 +0.68 mm - 5 100 - 30

- 1.65+0.59 mm 5 : 97 ' 6

TABLE 2: LEACHING OF ROEBOURNE~PORT HEDLAND AREA ORE
(1.6% Cu)

Agitation Leaching

Particle size, micrometres -152 -152 -600 -600 -600
Constant pH 1.0 2.0 1.0 2.0 2.0
Time, h T 2 ' 2 2 2 . .5
Extraction % .80 80 - 75 54 73

Acid consumption, kg/kg Cu 6.5 3.3 4.2 2.1 2.3

Percolation. Leaching

Particle size, mm 12,7 6.35
Stage 1: Constant pH - ' . 1.0 . 1.0
Time, h . 50 50
Extraction, % ' _ 57 58
Stage 2:* Constant pH | 0.5 - 1.0
Time, h ' 166 160
.Extraction, 7 . 17 - 21
Stage 3:* Constant pH S - 1.0
Time, h i i - 215
- Extraction, % - 3.5
Total -extraction o : . 74 ' 82.5
Acid consumption, kg/kg Cu . 6.2 . 3.2

* Stages 2 and 3 used fresh liquor for further leaching of the ore . from Stage 1.

967



ACID LEACHING OF ORE ‘FROM THE VICINITY OF -

fTABLE 3
S GLADSTONE QUEENSLAND (o 26% Cu)

Agltatlon Leachlng

“‘fﬁfParticle 51ze, eﬁifmlcrometres B lf:g.--420 ”.-".J' 2420 )
7'jf%Constant pH o SR R "'fdt:,:l 0.
i}"EXtIactigﬁ; _.1"Tzlf5-d“ el o o | .f}54 .

‘QT?Aeid eonsdﬁptionifskgytoﬁﬁé";"ﬁfT'i{ﬂfpf*jlﬁtf . ﬂt'...?iA, 33:[-

':g,_kg/kg Cu _',"_fj.j',"Zl,j o 24

Ammonla Leachlng

\'f_Thelsame o;e»was leached with an ammonlacal llqudr COﬁtainlng 2M ammonia and
.-~ 7 2M ammonium carbonate. After agltatlon for 6 hours, .fresh:lixiviant was’
© used for another 6 hours : -

. Total Extraction: . 12%.

“-fThe hlgh acid consumptlon 1nd1cated that chlorlte was’ probably belng attacked
, The low extractions might have been 1mproved by flner grlndlng but are uneconom-
u.ic due to the hlgh ac1d consumptlon..'“ ' ‘ -

, i

P

' TABLE 4: ACID LEACHING OF A BURRA ORE
' Variable acid addition . L S
Agltation leaching on 200. g ore B - .
Particle size: -76 micrometres ' ‘
‘Pulp density: - 40% solids.

Test .Number

1 2 3 4 5 6 7
Acid addition, g 20 10 10 3.4 ' 4.0 6.8 " 9.0
Final pH* - - 0.72 1.37 1.41 3.5 3.5 2.5 2.0
Time, oo o - ;ht - "d, 4 2 ig 4 - 4 '136 4 4
Extraction, % - 91 .83 - 94 23 31 . 56 . 68
‘Acid consumption, kg/tonme 101 = 48.5 50.5 17 20.5 34.5 45

kg/kg Cu 7.0 3.8 3.4 '4;7. 4.2 4.0 - 4.2

f * Tests 1 to 3 all acid was added at commencement of leachlng
:In Tests 4 to 7 ac1d was added suff1c1ent to ma1nta1n the 1nd1cated pH.
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- ACID. LEACHING OF A BURRA ORE'
__.Variable particle size. o
- Agitation -leaching on 200 g ore
* Pulp density: . 40% solids’
:Acid added: - 10'g -

Partlcle Slze

L 5w 7‘-, jﬁi'if-'f S :-76 m1crometres  ~—300 micrometres . =6.35 mm

. Final pH . :
'-Extraction, __:ff‘Z

‘_Fe extraction,'»-‘Z'

o L-Acid consumption kg/tonne _(':}g';ASO-z TV e e D _ E f
B kg/kg Cu 3k e 30 e 302

.t R VoL
f S .
. ..
- . Al N
; -
.
- —
: P
.
:
i
5
v .
e ‘»
~ N Wt
. - B ot -
. 967.. .



*uflExtractlon %

.+ TABLE 6:

' LEACHING OF A SECOND BURRA ORE

- Acid Agitation Leaching .
...  Head grade:  -1.20% Cu
Particle size: -152. m1crometresf
* Constant pH: - 2.0 :

.);ffimé, ' g L
li.Extraction, _  "'% .ﬁ "fj;;;ﬁ,f?75faélf

';l:fAcid consumptlon, kg/tonne . -  ’?;‘I5f;95 'ﬁf,”f; 110;

Sl T f’f"i AmmOnia Agitation:Leaéhing‘
oo e 7. Head grade: . - 1.90% Cu
. Particle size: =152 micrometres .
“Pulp density: .33% solids

L s

defkg Cu T 260 22

122.5 -
- 24

CUMHg Molarity . - 0 1 o LS L5

5&{:(NHL)3C03:M01arity o i[_o{sf*jig;’.o.5avff,‘7Ao;]5'

""Total equ1valent NHS» o _2‘1?A"ff}i2(5'";~ﬁ.::3 o

. 20 0 280 3
26 346 0 45 0
o290 AL sl

Time e

‘UlO(ﬁ

0
1.
2.
)
2

Ammonla Percolatlon Leaching
Head grade: ~'1.67%

n-.§4..‘ 87

1.5

" .55 - o2

56~ 59

- Particle size, - —6,35 mm +105 micrometres

Lixiviant  .0.5M NHs and 2.5M (NH,),COs

‘Time, _:‘1- ) 2 days, then leached with'fréshlliqubr for

Total extractioﬁ;-% 73

a further 1 day

l“‘*Two”6—hour leaches, using fresh liquor for the second.




;_fLEACHING OF A MOUNT GUNSON ORE
"' Head grade: - 1.2% Dia
- Particle size: -'—500 m1crometres

' ;taken at 1ntervals subsequently

. 5

<+ Acid. (30 kg/tonne) was added over 0.5 h and samples were

*i50;S f.

Time, h’

{ﬁExtraction,“

.J'Acid consumption, kg/tonneA “'Ilif f3Q”>L3 |
SRR kglkg Cu o 2.650

e 9?};f f!_.i 98;: :

“‘98

. "+ 'TABLE 8: ' ACID LEACHING OF A UKAPARINGA ORE

. Agitation leach

‘Pulp. den31ty, 60/ SOlldS ~.~.

- .

- micro- . ..
‘metres™

.. micro-- A _
" metres T TihRoen

. Underground Ore — Head grade:

- 1.27% Cu

'efarticle size, - . =152
T"pHA . = ':l . - 2’i‘ };'“i  ;1}5_
* Time, l‘_ BRI h . . =  "T I
' Extractlon, : ‘  L AR 77
Acid. consumptlon, kg/tonne - .65 .
R ' kg/kg Cu o 6.6

Surface'ofe — Head grade:

”;1

-152
2.0 .

73

 60A
6.5

0.96% Cu

-6.35 —
1.3 )

65

25
3.0

Particle Size;A ._' S =300
AfTime,le» R .éffer.steady'pH’ t?2f
’ Extraction, - R 4 :"j'fz ‘:_ o 38}
'Acid consumptlon, kg/tonne  .'" R Sbf
' ~ kg/kg Cu 14,

-=300 - -1.67

1.5 1.0
22

33 35

15 ° - 120
5. - 36

~1.67
1.5

25°
35
15 -

eg7. i



“TABLE 9:

Agitation leachlng
'-“__?article size: =-6.

|ACID LEACHING OF A FLINDERS RANGES ORE Sl

3.5mn]..:."

Constant pH

10 e LS.

2.0

AL "Sample A — Héad;grade:
j N Time’ A:i’:: : - h N o
»fTime to ‘consume 90/ of acid h

.w{};fExtraction, fg' ;~ ' -'ﬂﬁ,x;%::-‘ o L

, fkg/tonna‘ -
- “kg/kg.Cu

.jifjAcid'consumption: -

2.5%. Cu, 3.1% CO,

'5{989 o ';j;‘:;'841“

85 . ]'{f:,id‘

~j3.4; .--'“A ©3.0

T - SamplelBV4 Head grade:
. Time, . SR h B
”'fTime to consume 90/ of acid, h
:':jExtractlon,'l;A B 'j?f S S
;{fPiACid consumption:’ - ; ) kg/tonne-;
'l_a: V;l?'f' kg/kg Cu

Sample C —-Head grade:

T 3.1% cu, 0.93% co2

1T_'T1me, . ~.,» _ ' .'4- h
“Time to consume 90/ of ac1d h
';Extraction,._', »5’_ N

kg/tonne

Acid consumption, _
' "kg/kg Cu’

3.1% Cu; 0.53% CO,

2.0 N

% nd = Not determined.

oeer L



) ACID LEACHING OF A FLINDERS RANGE ORE
Sample C, screened R .-

-Constant pH
Time,_}fqb

Time to ‘consume 90/ of ac1d

:.Extractlon, ‘~,f_.";-:j¥.;j%“?feﬁ‘, SRR At
?ﬁiAcid consumptipn, . ee'iffkg/tonﬁe iiiﬁi;; ﬂ fﬁ355;;;J S T [ I
e 74 T 11 R I

" "_TABLE 11: SAMPLE DETAILS: A LABORATORY-SCALE TEST$

‘?HA'Seﬁple;.i} _ f*ff,_Locetion . Sample Size- R fComments

" A0 Paratoo Mine f-'“7u_’1,4,; . Hand-picked =~ -~
1 A412/71 S T S T L
. ASl.  Yappald Mine, Bandiocota-. 8.7 - . . - .=
CARLY/TL o
“A52 © . Kanyaka Mine >j‘,'ﬂe,.” © 6.5 -
~ A53 ..  Dome Rock Mine - - - .. _18.0 - = =
VSLY, N L e T .
. A54 - - Dome Rock Mime . . - - 1.3 ‘Hand-picked chalcocite
COABLE/TL T e : S
. A55  .JMt Gunsoh_‘ . .?<x.i,:"f.5.0,; I e
TARYT/TY T .
A56 R Paratoo Mine - » ;y_.i~e;~1_-=‘7;7 o IR
- A&20/71 0 S L
. A57 " "Elsie Adair Mine, Copley - 1497 . . =~ . -

Ceegan T



TABLE 12: AGITATION LFACHING -TESTS: LABORATORY TESTS AT 50%-SOLIDS-

Sample % Cu Acid Consumption pH Residue % Cu and (% Extraction) Final. Main Comments Ore Value as
. ' Extracted Cu
kg /Theoretical® Extraction Cu Minerals ) .
HpS0./t % 5h 1h 2h 4h 8h % Less Cost of Acid
. ) $/tonne™
A50 ' 7.10 143.1 135.8 1 3.65 . 2.45 2,20 1.28 0.39 ' Malachite , - 75.3
Paratoo - (48.4) (65.5) (69.0) (82.0) (95.0) 95 , S :
AS51 1.81 47.5 - 177.1 L . 0.51 -0.24 0.24 0.29 0.10 . Malachite : - 18.5
Bandioota . (71.8) (86.7) (86.7) (84 ) (94 ) 94 :
Yappala _
AS52 3.25 56.2 112.0 1~ 0.97 0.53 0.47 0.11 0.05 ~ Malachite : - - 36.1
Kanyaka (69.7) (83.4) (85.5) (96.6) (98.4) 98.4 Paratacamite
A53 : 4.70 164.2 575.0 1 3.25 3.05 3.25 2.50 2.85 ‘Malachite "No oxidising agent 15.6
Dome Rock Ore : (30.8) (35.2) (30.8) (46.8) (39.4) 39.4 " Chalcocite for the chalcocite '
A54 25.0  245.5 196.4 1 17.6 16.8 16.9 18.9 16.9 Chalcocite Started with pH 1 87.2
Dome Rock Ore . (29.6) (32.8) (32.4) (24.4) (32.4) 32.4 . Malachite but after 1 h was
4 f _ _ _ .- controlled at pH 2
A55 ' - 2.14  48.6 161.5 1 0.67 0.42 0.27 0.18 0.22. ) Chrysocolla ' - ' - 21.5°
. Mt Gunson ‘ (68.7) (80.4) (87.4) (91.6) (89.7) 89.7 Malachite :
. . ‘ _ _ . ' : Ataqamite . } 4
AS56 ‘ 7.5 94.9 129.3. .1 3.2 3.0 2.45 1.40 1.73 T Malachite - © 65.2
Paratoo, more . (57.4) .(60.0( (67.3) (81.3) (76.9) 76.9 Chrysocolla ’
representative : : : -
A57 ' 0.51 25.6 856.0 1 0.44 0.33 0.29 0.29 0.32 - - 1.3
- Elsie Adair ' : (14.7) (35.3) (43.2) (43.2) (37.3) 37.3 A ‘ ’
A51 1.81 30.8 138 2 5 - 0.80 0.66 0.38 - . - 16.0
Yappala - - (55.6) (63.3) (78.9) 78.9 ,
AS52 3.25 27.4 ~100 2 - . 1.80 1.50 1.35 . _ - - C 21,7
" Kanyaka . - ‘ (44.6) (53.8) (58.5) ,58.5 :
 A53 4.70 269.3° 491.7 1 - - 2.6 2.1 1.9 - 1.15 (48 h) - Oxidising agent; "31.8
Dome Rock . - - (44.7) (55.3) (59.6) 75.5 redox electrode
: maintained at
, _ 400 my
A55 2.14 21.0 135 2 - - 1.60 1.40 1.15 - - 11.1
Mt Gunson ‘ A - - (25.3) (34.6) (46.3) 46.3 '
A56 7.5 60.7 106 2 - -~ 5.10  4.95 3.85 - - - o 41.3
Paratoo . . - - (32°) (34 ) (48.6) 48.6-

+ Copper at $1200 per tonne. Acid at $40 per tonne.

* Actual acid consumption/theoretical acid consumption for copper dissolved.
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TABLE 13: EFFECTS OF TEMPERATUREJAND-GRIND_SIZE ON AGITATION LEACHING AT 50% SOLIDS

Sample A56 (Paratoo)
Head grade: 7.95% Cu

Sample Grind Tempefature ‘Acid Consumption _ Actual Addition ‘Residue % Cu_and (% Extraction)
. : ‘ /Theoretical -
°c kg/tonne 1b/ton for Cu Dissolved Lh 1l h 2 h 4 h
1 -1.65 mm 20 109.3 244.8 1.05 4.90 4.50 2.10 1.36
(-10 mesh) ‘ (38.4) (43.4 ) (74.6 (82.9 )
2 -300 um 20 : 144.0 322.5 1.20 1.70 0.78 0.38 0.30
(-52 mesh) : ' (78.6 (90.2 ) (95.2 ) (96.2 )
3 -1.65 mm 50 135.2 302.8 1.21 2.30 ©1.55 . 0.64 0.84
(~10 mesh) (71.1 ) (80.5-) (91.9 ) (89.4 )
4 -300 um. 50 150.0 336.1 1.25 0.44 0.30 0.25 0.32
- (-52 mesh) (94.5 ) (96.2 ) (96.9 ) (96.0 )
4
TABLE 14: EFFECTS ON LEACHING OF DIFFERENT METHODS OF ACID ADDITION
Sample Acid Acid Consumption Actual Addition Head - Residue %‘Cu‘and.(%JExtfaction)
(1-tonne) Add™. K /tonne 1b/ton /Theoretical Cu % ) h 1 h 2 h 4 h 6 h
g for Cu Dissolved u s e ) .
‘Paratoo (1) 68.1 152.6 - 1.94 2.40 0.46 0:30" 0.20 0.13 0.12°
(80.8 ) (87.5 ) (91.7 ) (94.6 ) (95.0)
() - 68.1 152.6 1.92 2.40 1 0.28 0.17 0.11 . 0.1 10.10
' . (87.3) (92.9 ) (95.4 ) (95.0 ) (95.8 )
(3) 102.1 228.9 2.93 2.40 0.20 0.14 0.14 . 0. 0.14
(91.6) (94.2 ) (94.2 ) (96.2 ) (94.2)
Mt Gunson (1) 48.8 109.2 1.63 2.08 0.37 0.23 - 0.18 0.18 0.13
(82.2 ) (88.9 ) (91.3 ) (91.3) (93.7 )
(2) 48.8 109.2 1.63. 2.08 0.21 0.19. .16 0.16 0.13
: (89.9) (90.9 ) (92.3 ) -(92.3") (93.7 )
(3) 73.2 163.8 . 2.38 2.08 0.21 0.14 0.13 1 0.15 0.11
: (89.9 ) (93.3) (93.7 ) (92.8 ) (94.7 )

' (1) Controlled pH 1.

(2) Same total acid addition as
(3) 50% additional acid to (2),

967
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" TABLE 15: SAMPLE FINES (/ FINES REMOVED PRIOR TO PERCOLATION LEACHING)
o Splitting of sample crushed to -6. 35 mm (% in. ) into
. =6.35 mm (% in.) to +300 um (52 mesh BSS) and -300 um
' (52 mesh BSS)

Sample o I R - - %'—300 um (52:mesh-BSS)
L . : . : ' by Weight

ASO:. . ~ Paratoo . S : A,'E :A S 5.8
lAS} . - Yappala _”" o ;.--.[ R ) 6.5
>A52‘. | Kanyaka - = o . R | | 22.5"
A53  Dome rock - S ‘. , 7.6.
AS54 Dome'rdck (not leached) - A : _ 6.0 .
A55 Mt Gunson S FAE | Lo o - 18.3°
AS6 Paratoo | e 9.0
AST . Elsie Adair (not leached) ' j .j _ 13.3

. TABLE.IG:A.PERCOLATION LEACHING TESTS
' '~ Percolation leach: 48 h at pH 1- N
on —6.35 mm (%.in.)_+300 um (52 mesh BSS)

 Sample Head Residue Extraction Value of Cu . . Fraction - - Comments. - -

e o Extracted/t- <300 pym- ' '
S e of Ore Leach- - (52 mesh BSS)
%Cu  %ZCu = % ed, $* . %

ASO C 7.10 158 78 - 66 - L sig . oo
ASL . L.81 027 85 s ot es o

As3 47 a3 8.5 T s 7.6 " (No oxidamt) ..

ASS 2,14 0. 17', B S 2 T X5 T

4 Note: ‘All percolated well - none showed any 51gns of breaklng up and blockingi
liquid circulation. c . .

* Copper at’ $1200 per.tonne."




- .TABLE 17: UNDERSIZE DISCARDED BEFORE PERCOLATION LEACHING -

Ore . . Split S : j Undersize
. . : S B We, %
L1 Paratoo . : 355 um (44 mesh BSS) . . : . 26.0
L2 Paratoo ' 250 ym (60 mesh BSS) = . 19.5
L3 Paratoo o 180 um (85 mesh BSS) . . 15,4
L4 Mt Gumson _ ) 180 pym. (85 mesh BSS) _ . 9.0

TABLE 18: FINAL EXTRACTIONS FROM PERCOLATIQN LEACH

‘Ore : Head Grade Residue . Total Extraction 7%
s % Cu o “. ‘from Fraction Leached
L1 .-Paratoo 2.4 S 0.22 o 90.7"
. L2 Paratoo 2.4 0.2 .- - . 91.3"
L3 Paratoo. 2.4 ‘ - 0.24 SR 90.0
. L4 Mt Gunson 2.08 . - 0.10 . 95.2°
t . —
o b !

"TABLE 19: SULPHURIC ACID CONSUMPTION -~ .  +

Ore  Acid Consumptlon Consumption: Theoretical =~ Comparative.
EE ~ for Cu Dissolved Acid Consumption by
S R R S Mechanical Agitation -
"‘kg/tpnne;4lb/tpn“ S o - kg/tonne - '
L1 Paratoo 46,2 -103.5 . ° 1,38 . . 68.1 .
L2 Paratoo ~ 51.3 115.0 10520 T e -
L3 “Paratoo - 48.1 . 107.8 . 1.45. 0 . 68,1 . oo
L4 Mt Gunson 34.2 76.6 . AR T § B - 48.8 - .
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TABLE 20: SIZING OF PARATOO ORE BEFORE GRINDING -
- (Material used for L1 and L2) '

Screen Sizing ' - Weight Retained

Nominal =~ Eduivalent ‘ g - Z Cumulative % _
Size o Mesh BSS : » Passing- ' Retained
1.40 mm 12 0.32 ~  0.15  99.85 0.15
1.00m . . 1 8. 5.00  95.85 4,15
710 micrometres . 22 .. . 30.70  14.62 81,23 118,77
500  micrometres 30 26,77 12,75 68.48  31.52
355 - micrometres 44 21,72 10.34 - 58.14 | 41.86
250  micrometres 60 14,30  6.81 51.33  48.67
180 microﬁetres : 85 - 10.46 4,98 . 46,35 53,65
125 _  micrometres 120 11.16  5.32 . 41.03  58.97
© 90  micrometres 170 8.70 . 4.14  36.89 - ' 63.11
63 micrometres . 240 ‘. 9.53 4.54 . ;A32.35. ' '67;65 .

45 - micrometres 350 o 9.32 bbb 27.91 72.09°
D ‘ - =350 '58.61 27,91 . - . 100.00




' TABLE 21: SIZING OF PARATOO ORE AFTER GRINDING -
: (Material used for L6)

Screen Sizing o | Weight Retained

‘Nominal Size, Equivalent g % Cumulative %

micrometres Mesh BSS - ; , Retained
710 S 22 C9.55  5.36 ~ 5.36
500 30 8440 472 10.08
355 ' SYA 732 401 14.19
250 60 480 2.70 16.89
180 . 8 4,08 2.29 $19.18

125 120 6,14 3.45 22.63
90 . 170 0 7.84 440 27.03

75 200 ¢ 5.68° 3.19 30,22
63 : 260 . -7.50 4,21 34.43
45 350 15.20  8.53.  42.96

45 . . _350 ©101.59 . s7.04 100.00




TABLE . 22 SIZING OF MT GUNSON- ORE BEFORE GRINDING
. (Material used for L3 and L4)

Screen Sizi;g

Weight Retained -

Nominal - Equivalent g % " Cumulative %

Size = . Mesh BSS Retained
1.40 mm 12 0.20 0.10 0.10
1.00 mm 16 5.85 2,93 3.03
710  micrometres .= - 22 24,37 12.20 $15.23
500 micrometres 30 28.42 14,23 29.46
355  micrometres 44 35.05 17.55 47.01
250 . micrometres .60 29.32 14.68 61.69
180  micrometres 85 21.61  10.82 72,51
125  micrometres 120 15.58 7.80 80.31

90 micrometres B 170 ©7.85 3.93 84,24 .
63 micrometres 240 , 5.98 3,00 87.24
45 ° micrometres = 350 - 4,15 2,08 89,32
-350 21.32 10.68 - -100.00
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'TABLE 23: SIZING OF MT GUNSON ORE AFTER GRINDING -
: (Material used for L5)

Screen Sizihg - : ‘ _____Weight Retained

- Ndmina1'SiZe, . Eqﬁivalent' L 'g. %  Cumulative ¥
~micrometres | - Mesh BSS ' Retained Passing
- 355 44 1,00  0.55 0.55" 99.45
250 60 . 5.32 "2.89 3.46 . 96.56

180 | 85 11.98 6.51 . 9.95  90.05

125 120 23,94  13.01  22.96 . 77.04

90 170 23.90  12.99 35.95 © 64,05

75 . 200 . 12.50  6.79 - 42,74 - 57.26

63 - . 240 10.66  5.79 48,53  51.47

“ 45 350 20,44 11,11 59.64  40.36

S | -350 74.26  40.36 100,00




TABLE 24: POWER REQﬁIREMENTS FOR MECHANICAL AGITATION

Agitator Speed L1 Paratoo L3 Mt Gunson L5 Mt Gunson L6 Paratoo

rev/min 'hp/1000 gal hp/1000 gal . hp/1000 gal 'hp/1000 gal
27,5 0.214 - - -
55.0 . 0.55 .- - -
82.5 = '1.07 SR 0.73 I
110 | 2,52 3.8 1.71 1,83
137.5 4,22 L3 3.46 4.33
165 - 7.1 U 6.29 . 6.47 6.53
192.5 ' 11.26 9.90 . 10.26 11.34
220 . 16.53 - - 14.66 . - . 17.34
- 247.5 . 23.08 . 17.95 o 24,73
o215 30,53 - - -
dperating hp/lOOO gal - 11.3 16.3 ' 5.5 4.3

Stirrer speed rev/min%* 192.5 233.8 159.5 137.5

* Operating sﬁeed required for good mixing during leaching tests:

ee? .




TABLE 25: -LEACHING EXTRACTION EFFICIENCY AS A FUNCT~ION OF TIME

(fine)

Sample Acid Consumption Head Residue % Cu and (% Extraction) Method of
kg/tonne 1b/ton Actual /Theoretical % Cu % h Ih 2 h 4 h 8 h Agitat-ion
. for Cu Dissolved g
Paratoo LI 68.1 152.6 .22 2.10 0.19 0.15 - 0.15 0.11 0.11 Mechanical
" (coarse) (90.9 ) (92.9) (92.9 ) (94.8) (94.8 ) .
‘Paratoo L2 68.1 152.6 .87 2.60 0.32 0.18 0.18 0.23 0.24 " Pachucha
-(coarse) : : (87.7) (93.1) (93.1) (91.5) (90.8 )
‘Mt Gunson L3 48.8 109.2 .59 2.08 0.20 0.16 0.11 0.10 0.08 Mechanical
(coarse) (90.4 ) (92.3) (94.7 ) (95.2 ) (96.2 )
Mt Gunson L& 48.8 109.2 .63 2.08 - - 0.15 0.12  0.13  0.14* - Pachucha
(coarse) | o o ' - ©(92.87)  (94:27)°  (93.8) (93.3 )
Mt Gunson LS 61.7 138.1 .07 2.08 0.32 0.12 " 0.10 0.10 0.08** Mechanical
~ (fine) s ‘ (84.6 ) (94.2 ).~ 7(95.2) (95.2 ) (96.2 ) . :
Paratoo L6 74.3 "166. 3 .11 2.40 ©0.13 0.12° . 0.10 C0.12 0.11% Mechanical
: (94.6 ) (95.0 )  (95.8) (95.0 ) (95.4 ) '

* 5% h. *% 7 h.
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TABLE 26:

pH OF SINGLE ACID ADDITION LEACHES

(L1~L4) AS A FUNCTION OF TIME -

pH at Time

L h 1h 2 h 4 h 8 h
L1 Paratoo 0.6 - 0.68 0.78. . 0.85 0.90
L2 Paratoo 0.55 0:60 . - 0.67 0.85 0.95
L3 Mt Gunson 0.8 1 0.95 1.1 1.2 1.3
L4 Mt Gunson - 0.95 1.05 1.15 1.20%
* 5% h.
LN
le; S
l .



" TABLE 27: RESULTS OF SETTLING TESTS - PARATOO LEACH NO.1
| ' MECHANICAL AGITATION FOR 2 HOURS (FIG.12)

Test No. -1 2 3
Fiocculant Nii - Supeffloc_ 16"
Dose rate . . - - glt - 29 61
Pulp weight g 569. 570 569
Pulp -volume . om 504 504 507 .
Feed density. wt % solids :."13_' 15 14 -
Settled vol. after 1 h ml | 246 225 202
Solids in settled pulp % - 28 29 33

Dry solids wt g 84 82 86
'Ha0 in filter cake 7 - - 25
Liquor clafity T " Slightly Cloudy

TABLE 28: RESULTS OF SETTLING TESTS - PARATOO LEACH KO.1
‘ MECHANICAL AGITATION FOR 4 HOURS (FIG.13)
Test No.. o 1 2 3 4

?AFloébulantillfb CNil® Suferfloc 16"

Dose rate . 3:":: g f .-:g/t-.:. : | - 28 .5 83
" Pulp weight - T g i s67. 575~ 583 588
* Pulp volume - -~ - oml© ' “s01 507 © 513 - S17
| Feed demsity . =~ L wt %-solids 15 .15 15 15
Settled vol. after 1h . ml ... 252 238 - .212 190
Solids in settled pulp . = . % 8. 30 .32 - 35
Dry.solids.weighf'i'f'ffj” 4i: 'gi;F: _5‘87 . :89 - 89 91 -
. Hi0 in filter cake . . % 2 25 26 28
Liquor clafity, ‘ B Slightly Cloudy

Coeer . Tl




TABLE 29: RESULTS OF SETTLING TESTS - PARATOO LEACH NO.1
- MECHANICAL AGITATION FOR 8 HOURS (FIG.14)

Test No. .-

Liquor clarity

1 2. 3 4
Flécculant | Nil Suﬁerfloc 16
Dose rate - g/t - 27 58 - : 84
Pulp weight g 572 572 571 581
Pulp volume ml 507 504 507 513
Feed density | wt % solids 15, . 16 - 15 15
Settled vol..after 1h ml | 253 . 255 214 185
Solids in settled pulé 7 | 28 29 32 . 36
Dry solids weight : g 87 92 86 90
.Hzo in filter cake _2 , 24

25 26 .° 25
Slightly Cloudy .

TABLE 30: RESULTS OF SETTLING TESTS -~ PARATOO LEACH NO.2

"ATR AGITATION FOR 2 HOURS (FIG.15)

Liquor piarity N

Test No. .- 2 .3 : .A':
Flbéculant. 4 R Nil ' Superfloc 16
‘D6se fatei_ 'Affg/fA_f,.__ - 13- . 28 S
 Pulp weight .= g 628 643 639 640
Pulp volume. m .503 514 514 . 514
' Feed density = - ° ~wt % solids 28 29 29 28
settled vol. after 1h - ml. .. 275 273 240 . 232
'Solids in;$ettled1pu1p o o Zf_; _ 45;- . 47 . ‘? 51.1 51 -
Dry solids weight g 178 187 182 . 181
- Hi0 in filter cake L 18 20 18 21
y N - .Clouayi

S1.  Clear | Clear:v:_

Cloudy’
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.TABLE 31: RESULTS OF SETTLING TESTS - PARATOO LEACH NO.2
: ATR AGITATION FOR 4 HOURS (FIG.16)

Test No. - - - 1 2 3 &
Flocculant - - o NilA 'Superfioc 16
. Dose rate . - _ - glt _ - 18 33 53
Pulp weight - = . g A . 609 609 - 614 626
Pulp volume _ 1 _ | o ml _ 501 510 506 520
Feed density Wt % solids 25 23 25 23
Settled vol, after 1 h ml - . 263 228 "~ 205 195
Solids in settled pulp ‘ i A - 42 - 44 50 48
Dry solids weight ' o gr | A 154 141 152 143
Hi0 in filter cake % 22 21 18 20 .
Liquor clarity - = Slightly Cloudy Cléar

' TABLE 32: RESULTS OF SETTLING TESTS - PARATOO LEACH NO.2
| 'ATR AGITATION FOR 8 HOURS (FIG.17)

' :Test No.; T A  5 o o i 1 o -2 3 4
'Flocculént, . Z,.'f l"f 2 '-,ﬁ'f . 7 Nil - Superfldc 16
ﬁose'rate' " _ \‘};‘ -__'>} g/t o R 19 - 32 53 :’
Pulp weight - . g 598 597 625 617
Pulp volume :+ . ml O s12 S04 512 516
. Feed density - " - . wt % solids’ :J S22 f“,_23 1:25. 23 -
‘Settled vol. after llh_-7 .~ l‘;ml .A  A. 242 225 257 ‘ 207
Solids in settled pulp - . % - 38 43 W 47
Dry solids weightff." o o ”'fg{ .;i . 123 135.. f159'.> 143

CH0 in filter cake 0 % - . 19 - 14 25 18-
‘Liquor clarity . .- © - . - Slightly Cloudy . Clear.
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TABLE.33: RESULTS OF SETTLING TESTS - PARATOO LEACH NO.3

MECHANICAL AGITATION FOR 2 HOURS (FIG.18)°

Test No.

1. 2 3

A
Flocculant Nil Suﬁerfloc 16
Dose rate - g/t | _ - 30 60 ' 92 "
Pulp weight g " 629 630 631 616
Pulp voiume ml 514 - 516 | 516 500
Feed density wt % solids 26 26 26 26
Settled vol. after 1 h- nl 310 277 260 254
Solids in settled pulp ° 7 ‘ 39 .43 &b 45
Dry solids weight g 166 165 163 163
H,0 in filter cake z 2 27 27 32
' ‘.LiQupr clarity .~ 8lightly Cloudy Clear
. TABLE 34: RESULTS OF SETTLING TESTS - PARATOO LEACH NO.3
: MECHANICAL AGITATION FOR 4 HOURS (FIG.19)
Test'Nb.,‘i e r '2‘ 3 4

_Fiocculant T Nil: o Sﬁperfloc 16
Dose rate g/t ST = 29.A' 58 95

| Pulp weight . g 0 ... 612 629 626 637

. Pulp volume - oml ... 500, 502 500 © 524

" Feed density . wt' % solids. . 26 27 28 25

. Settled vol. after'lh =~ ml --_. 310 ~ 298 280 257
‘Solids in settled pulp .-~ % - 38 41 .43 43
Dry solids weight . - . g, .. 158 172 174 158"
H,0 in.filter cake ° v 31 26 - 28 27
Liquor clarity . " Slightly Cloudy Clear




TABLE 35: RESULTS OF SETTLING TESTS - MT GUNSON LEACH NO.1
MECHANICAL AGITATION FOR 2 HOURS (FIG.20)

Liquor clarity.

Test No. 1 2 3 -4
Flocculant Nil® Sﬁperfloc 16
Dose rate g/t - 15 51 63 .
Pulp weight g 625. 621 6200 629
Pulp volume ml _ 506 503 513 520

' Feed density wt % solids 27 27 24 25
Settled vol. after Lh.  ml 373 367 348 310
Solids in settled puip %4 35 35 33 38

Dry solids weight g 169 170 148 159
Ha0 in filter cake z 23 28 22 26
Liquor clarity | ' Slightly Cloudy - Clear

. TABLE 36: RESULTS OF .SETTLING TESTS - MT GUNSON LEACH NO.1

MECHANICAL AGITATION FOR 4 HOURS (FIG.21)

Test No. - - 1 2 3 b
Elocculaﬁt _ . Nil Superfloc 16
Dose rate = g/ﬁH‘J B - 30 60 _ | '96A‘
Pulp weight - g 600 624 638 643
Pulp volume. Coml 500 512 524 536
TFeed density wt % solids 24 27 26 24
Settled vol. after 1h .  ml 383 392 388
Solids in Settied bulp ‘ ’;Zf'. 30 - ‘33t‘ 34 34
Dry solids weight & g 143 - 166 168 - 157

. Ha0 in filter cake % 25 21 25 18
o ' ' Slightly Cloudy bClear‘
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" TABLE 37: RESULTS OF SETTLING TESTS - MT GUNSON LEACH NO.1
| MECHANICAL AGITATION FOR 8 HOURS (FIG.22)

Test No.
FlocCﬁlant A Nil ~ Superfloc 16 4
~ Dose rate g/t L S - 71 100 124
Pulp weight g 6l 619 635 656
_ Pulp volume ml 505 524 536 550
Feed' density | wt % solids . 26 23 24 25
~ Settled vol. after 1 h - ml | -_435 393, . 376 377
Sélids in settled pulp z 29 29 32  ‘ 34
Dry solids weight ‘g 158 140 150 162
H,0 in filter cake Sz 26 25 25 25
Lidﬂbr clarity | ’

Slightly Cloudy . - Clear

TABLE 38: RESULTS OF

SETTLING TESTS - MT GUNSON LEACH NO.3

Liquor clarity : -

MECHANICAL AGITATION FOR 2 HOURS . (FIG.23)
Test Nou 1 2 . 3 4
fiocculant ;i . ’ L Nil -  'Superf1oc 16

Dose rate i g/t Lo S 33 _ 68 - 92

© Pulp weight - . g . 601 618 627 - 647

Pulp volume ml 500  s1& 528" 536

Feed density wt % solids - 24 - 24 23 25
Settled vol. after 1h ~ ~ 'ml' - '~ 322 318 270 263

* Solids in settled pulp - B P T 36 41 44

Dry solids weight - g o142 150 147 - 162

H.0 in filter‘caken" -.7_iu . o j; .25 23 27 25

- ‘ ' Slightly Cloudy‘ S Cleaf :
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TABLE 39: RESULTS OF SETTLING TESTS ~ MT GUNSON LEACH NO.3

MECHANICAL AGITATION FOR 4 HOURS (FIG.24)

Test No. 1 2 3

Flocculant - - : Nil Sﬁperfloc 16

Dose rate g/t - 30 63 101
Pulp weight g 573 584 608 628
Pulp volume Cml 457 470 500 528
Feed &ensity o o wt % solids 28 28 26 24
Settled vol. after 1 h ml 338 328 307 269
Solids in settled pulp a 35 - 37 39  41
Dry solids weight - - g.f> 159 164 160 148 .
'Hz0 in filter cake . . % 20 24 .24 .30
LiquofAciarity ' Slightly Cloudy Clear

TABLE 40: RESULTS OF SETTLING TESTS - MI GUNSON LEACH NO.3
A " MECHANICAL AGITATION FOR 8 HOURS (FIG.25)

Test No. | 1 2 3 4
:_floéqﬁlén£A A‘ o _ Nil - " superfloc 16 .
; Dose rate - "g/tl7-; :'-- 33 64 116

Pulp weight g o 611 627 640 . 657
" Pulp volume - | Cooml 510 522 534 540
! Feed density = . . }»2>  wt % éoiidsAff 24 24 24 20
Settled vol. after Th ~ . ml ~° . 352 . 350 336 246
'Solids in settled pulp . . % 322 - 33 35 36
Dry solids weight gl 144 150 - 156 129
'H,0 in filter cake -~ . % o200 220 22 29
Liquor clarity - o ‘Slightly Cloudy ~ Clear
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TABLE 41: SUMMARY OF SETTLING TESTS

.Leach Sample

- % Solids W/W

Superfloc 16

Feed , .Settled‘Pulp Dose g/t
Paratoo - No. 1, 2 h 14 33 60
- : 4 h 15 35 90
8 h 15 36 85
_ Paratoo No. 2, 2 h 28 51 40
S 4 h 23 48 50
8h - 23 47 50
Paratoo No. 3, 2 h 26 45 90
- 4h 25 43 95
" Mt Gunson'No. 1, 2 h 25+ 38 60
o 4 h .24 34 100
8 h 25 3% 125
Mt Gunson No. 3, 2 h .25 44 90
4 h 2 - 41 100
8h 24 36 - 65
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. TABLE 42: OPERATING COSTS |
- 10 000 t/a 2% Cu Ore

Percolation Agitétion
$/a $/a
1. Capital Depreciation _ ' - 65 000 © 109 000
.(over 3 years) i : ' o o '
2. JAcid, at $40/ton H,SO, o ' 16 000 © 20 000
assuming consumption 200% theoretical : ‘
3. Labour, .- o S ’ 20 000 20 000
: 4 men x $5000/a I '
4. Scrap Fe 5¢/1b Cu, | 14 000 - 18 000
approximately 2.5 1b Fe/lb Cu : : '
5. Mining, o 20000 . 20 000
: $2/ton o e : o .
6. Water,. o L 1 000 4 000
~ (50¢/1000 gal) . S S , o
7.  Power, . - . .7 2000 4 000
(2¢/kih) S DS
8  Minor Maintenance and Overheads 10 000 10 000
| Total Operating Costs B 148 000 ° - 204 000
Product Value at 97¢/kg Cu 124 000 . 154 000
Loss on Operation v"‘ : 24 000 - . 50 000

P s S o )
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TABLE 43: OPERATING COSTS FOR 3% AND 4% COPPER ORE — 10 000 t/a

Percolation

Agitation
'$* $** $* : $**
Capital Cost of Items - 56 000 40.000 93 500 - 50 000
Installed Capital Cost 196 000 160 000 327 000 200 000
Operating Cost for 27 Ore . 148 ooo™ 126 000 204 0007 152 000
3% ore -
Additional acid ' 8 000 8 000 10 000 10 000
Additional scrap 7000 7000 - 9000 9 000
Total Operating Costs 163 000 141 000 223 000 171 000
Product Value @ 97¢/kg Cu 188 000 188 000 235 000 235 000
Surplus.’ . | ’ 25 000 47 000 12 000 64 000
Surplus/Investment 12.7%  29% 3.7%  32%
. 4% Ore
Additional acid 16 000 16 000. 20 000 20 000
Additional scrap 14 000 14 000 18 000 18 000
Total Operating Costs 178 000 156 000 242 000 190 000
Product Value @ 97¢/kg Cu 248 000 248 000 308 000 308 000
Surplus | 70 000 92000 66 000 118 000
Surplus/Investment 58% |

36%.

22% 59%

% New crushing equipment.

\
Co

%% Second-hand crushing equipment..

+ From Table 42. .~
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TABLE 44:. SELLING PRICE OF COPPER GOES UP BY 20%

($1.20 to $1.44/kg Cu) — 10 000 t/a Ore

Percolation

Agitation

$>‘< $*:‘c $* $>‘<*

Operating Cost for 2% ore 148 000 126 000 204 000 152-000
Product Value 149 000 149 000 185 000 185 000
Surplus 1000 23000 =-19 000 33 000 -
Surplus/Investment 0.5% 147 - 16.5%
Operating Cost for 3% ore 163 000 141 000 223 000 171 000
Product Value 1226 000 226 000 282 000 282 000
Sutrplus 63 000 85 000  59.000 111 000
Surplus/Investment 327 53% 55%

18%

* New crushing equipment.

** Second-hand crushing equipment. ,
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'TABLE 45: DOUBLING THROUGHPUT TO-20 000 t/a FOR 2% AND 3% ORE

Percolation . Agitation

.$* $*# S* | . é**
27 Ore
‘Installed Capital Cost _ . 311 000 254 000 520 000 318 000
Cost « (size)® ¢7 : ' : L . :
_ Depreciation'ovef 3 years . 104 000 85 000 173 000 106 000
Acid - o ~ 32 000 32 000 40 000 40 000
Labour: 6 men percolation 30 000 30 000 35 000 35 000
7 men agitation _ ’ :

‘Scrap Fe o | o ; 28000 28 000 36 000 36 000
Mining, 80¢/tonne B .16 000 16 000 16 000 16 000
Water .« .~ . 2000 2000 8000 ' 8000
Pover L P 4000 4000 8000 8 000
Maintenance - - 16 000 16 000 16 000 16 000 .
Total Operating Costs L 2327000 213 000 332 000 265 000
Product Value _ : f 248°000 248 000 308 000 308 000
Surplus . T 16 000 35 000 -24 000 43 000

Surplus/Investment ,_'- o '1_2 ._'AHSZ } _ ‘14%-' - 14%

T 3% Ore

Total Opérating Costs = = . 262000 243 000 370 000 303 000
' Product Value. T - 376 000 376 000 470 000 470 000
Surplus R IR - - 114 000 133 000 100 000 167 000

Surplus/Investment . = - i. E . 37% 527% - 197 - 53%.

.*  New crushing equipment.

*% Second-hand crushing equipmént.:'tu

e =t
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~ TABLE 46: .40 000 t/a PLANT THROUGHPUT — 2% ORE _:

Percolation

: Acid

237

35%

352

000 -

Agitation
§* s §**
Installed Capital Cost " 495 000 404 000 827 000 506
Cost « (size)®"®’ _ L R
Depreciation over 3 years = 165 000 135 000 . 276 000 169 000
AR 64 000 64 000 80 000 80 000
Labour: ‘6:men percolation 30 000  30.000 35 000 >35 000
‘ 7 men -agitation o
Scrap Fe - | 56 000 56 000 72 000 72 000
Mining, 75¢/ton .. .30 000 30 000  30°000 30 000
Water | 4000 . 4000 16 000 . 16 000
Power 8 000 ~ 8000 16 000 16 000
Maintenance - ) 30 000 30 000 30 000 30 000
" Total Operating Costs 383 000 353 000 547 000 - 440 000
" Product Value = 496 000 496 000 616 000 616 000
Surplus ' 113 000 143-000 :’qg 000- 176 000
Sﬁrplﬁs/Investmeﬁt 2 | - 8% ' ’

% New crushing equipment.

- %% Second-hand érushing equipment. -

BN




TABLE 47: lPLANT.OPERATING OVER 4 YEARS FOR 2% AND 37% ORE

Percolation

21%

37.5%

40.

Agitation
§* g** g* g
2% Ore
Operating Costs'over 3 years' 148 000 126 000 204 000 152 000
. Less Lower Depreciation Rate 16 000 13 000 -27 000 17 000
Operating Cost ovef 4 years 132 000 ’113.0001 177 000 135 000
‘Value Product 124 000 124 000 154 000 154 000
Surplus - 8 000 " 11 000 =23 000 19 000
Surplus/Inves;ment- - 7% - - 9.5%
. 3% Ore
Operating Cost over 3 years 163 000 141 000 223 000 171 000
Less Lower Depreciation Rate 16 000 13 000 27 000 170 000"
Operating Cost over 4 years‘ » 147 000 128 000 © 196 000 154 000
Value Product = | 188 000 188 000 235 000 235 000
Surplus - 41 000 60°000 39 000 81 000 .
Surplus/InVestmeﬁt!_i  12%

5%

* New crushing equipment.

%% Second-hand crushing equipment. {: ‘
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.: ;{jéuiphige Ores-'b;-_, _;- ‘ R Small Ore Bodies . Oxide Ores : Large Ore Bodies
Flotation . S Acid Leagh " (themce as at . o Flotation Acid Leach:.
y - A l* ' left, below) - :
. Qoncgntpapes Cementation - | o C Concenfrates
‘ I . '_< . ’ B Acid Leach
. : A\‘ ' ' % ¥
Hydrometal- - :~Sme1t-‘-r————;——— Cement Coppef — o Acid Leach — ' » Solvent Extraction
lurgical =~ ~ . ing T (a) S I (b)
_treatment B ‘ . S
R (c)
Ammonia Leach
Hydrogen jElectrq;. Boil
Reduction =  winning R _ , . ¢
l : o 1- I T R Electrowinning
- a1 . Copper o Copper*’i: Copper ' ) ‘ '
J‘COPPer.Metal . - Powder . Metal © .- Oxide
v
Copper

Metal
N * At these.points ¢émentation'in pulp may be considered with_subsequenticopper recovery by flotation i.e. L.P.F.

1

s

" 'FIG. l: TREATMENT SCHEME FOR SOUTH AUSTRALIAN COPPER ORES
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FIG.3: LEACHING EFFICIENCY v TIME FOR MT GUNSON ORE (1-tonne sample)
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