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INTRODUCTION 

In leaching oopper ores knowl edge of the rate of dissolut!on of the coppe r mine ral s 
an of t he impurities i s des irable. With knowledge of these two factors and data as to what 
mineral s a re present i n the are the metallu r gis t has an exoellent start on planning a l each­
ing cyole to fit tha t are . The ra t e 0 i dissolution 1s ra ther difficult to predict, and t he 
lime r equired to l eaoh a given ore ma y differ markedly fro m t hat r equired by anoth e r o re . 
Th e whole s tudy as related to mixed ox jdized and s ulphi de ores is one of re l a tive ra t es n! 

dissolut i on of the different copper mi nera l s and the impur i t i es i n s ulp uri c aoid and in 
ferria su lphRte . The a im of l eaohi ng is t o ch oose a cyole and s t rength of s olvents to ex­
traot a maximum amount of copper and a minimum of impurities . Th e cons umption of reagents 
per unit of copper di ssolved i s a f unct io n of t he s trength of the reagen t s used and t he 
relative rates of attaok on copper mi neral s and impurities. An opportuni ty may ex! t of ob­
taining t ho kind of e l eotrolyte wanted for el eotrolytic preoipi t ati on and yet of saving on 
the oons umption of reage nts by modi fy ing the t rength of ferria su lpba te and of s ul phurio 
ac l d durin p; the cyc l e t o fi t t he ti m& needed for diss olving the s ulphide and Oxidized 
mine ra l s present. 

F'orme r papers have cons idered the ra t e of di ssolution of azu ri t e , ma. lao hite, 
tenorite. chrysocolla, cuprite, chalcoci t e , bornite . nd covelli te i n common leachi ng sol­
vent s . A paper ~oon to be wri tten wi l l oons ider s ome of the l ess important aopper minerals . 
Th present pape r oons i ders the rate of dissoluti on of ooppe r fr om ores o f the So uthwest i n 
6ulp h r i c acid of varyin g s t r ngth nd the rat io of s ulphurio acid oonsumed to oopper dis­
solved. In t his study two ores oon ta ining t he copper pri ncipally in an oxidized oondlti on 
were used . A s tudy of other ores , espeoia lly t to e oontaining hi gh peroentages of s ul phide 
copper mineral s , would be des lrabl , but si nce oons umpti on of acid has pa ramount interest , 
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especially in leaohing oree of the Southwest , t he fir s t exper i ments w r e limited to ox idized 
ore and to s ulphurio aoid as the 1 aohin solv nt . Cont i nuat i on of this work was i nter­
rupted owing to exigenoies and l ack of personne l . The data ooll eoted were thought suffi­
cient, however, to j ust ify thi s publi o tiOD. 
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ORE USED 

The Ajo o re was typioal of t h used i n l each ing operatio ns t t ha t plaoe. The 
Si l verbel l I mperi l ore waB Q aoar G-g ra i ned. bi hl y 81 i a t f i ed and se r i cit1zed porphyry . 
The sc re en analyses a r e glv n in Table 1 and th chemioal an l yses in Table Z. 

Table 1 .- Scr en analyses of ORes 

----------------------~-------------------------------

Size 
-t inc h +lO- mesh 
-10 +Z8 m sb ... ... ..... .... . .. 

-28 +100 mes h ............ .. . . 
-100 +200 mesh ....... .... .. . 
- ZOO-mesh 

Alo ore 
59.4 
19.9 

10.5 

3.6 
6.6 

Pe r cent 
~11verbell Imperia l ore 

65.8 
19 . 9 
8.3 
2.0 

4.0 

Table 2.- ~C~h~e~m~i~oa~~~~~e~s~o~r~o~r~e~s 

Mate r ial 
Coppe r 

Tot a l ...... .... .. ........ .. 
Aoid-solubl e l 

Alum.ina 
Total .. .. .. ........ ' ..... .. 
Acid-solubl e 2 .... .. 

Iron .... ................ ............ .. 
Sulphur ... .... .......... ..... .. .. . 
CaO .... .. ........... ... ... .......... . .. 
MgO , ... ... ... .......... .. .... ... .. .. .. . 
Manganes e ... .. ... ... " .. ... .. .. . 

__ ------~--~P~~I-£~E~n~t ____ --------
Ai II o re Silyerbell Imper i al ore 

1.17 1. 05 

.985 .88 

14.90 11.84 

.61' 1.60 
2.61 4.85 

.15 ,17 

.70 1.65 

3.33 
.24 

1 Copper soluble in 24 hours at room t elllp e r a ture in a 
s olution oonta ining 5 per oent, by w 19ht, of su l~hurio 

aoid and s a tura t ed with sulpbur dioxi de. 

2 Alumina s ol uble i n 24 hours at room t empe rature in 0 

solution oontainin 10 per oent, by we ight, of sulphurio 
aoid. 
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EXPERIMENTAL WORK 

In all te s ts 11 pounds of ore was leached in a c1 reular lead va t 7 inc hes in 
diamete r . In flood-percolation les t s the vats were 8 inchcJ deep; in triokl e open-dra inage 
tests, 42 lnohe~ deep. A lead pipe burned i nto the botto m of eaoh va t was used for dra i ni ng 
the solutions from the ar e . Cocoa- f ibe r matti ng was used as a filter bo tto m. Th e usual 
procedure oonsisled of adding 300 O.c . of l eaohi ng so l ution t o 11 pounds of dry ore , and 
~ixing the mass thorou ghly to i nsure oomplete wet ting. The wet ore was charged into the 
leaohing vat. Whln flood-p e rc ol a tion leaohing was used the procedure was as follo ws : So­
l ution was added by downward percol ation t o flood t he ore about one- half inoh . Af t r a de fi­
nite time solution was drained from t he ore t hrough t he exi t pipe a t the bot t om o f t he va t ; 
d ra ini ng was oon t inued one- half hou r . The time t he leaohi ng so lvent was allowed to remai n on 
t he ore be f o re d r ai ning a n d r e pl e n ishi n g with f resh so lut i on var i ed with th e st ren~ th of ac id 

in the solvent. The volume of f resh leaohing solution added during each cyol e was oons t ant 
and was approximntely the same volume as tba t of the effluont solution coming from the ore . 
At tile end of the l eaching pe riod the res i due was washed with tap wa t e r. The washi ng was 
also a flooding operation. 

When open-drainage l eaching was employed the procedure wa s as follo ws : Solut io n 
was trickled onto the ore fro m an ove r head co nta ine r. It gravitated through the ore and was 
collected in a J a r. Aft e r l eachin g, the ra idue was washed with t ap w t ar by the tr okl a 
principle. 

Eleven ta s t s we r e made on Ajo ore and four on S11verbell Impe rial ore. All tests 
were made aL room t emperature, b~t t~e t empe ratu r e vari ed with di f ferent t ests. Tempe rature 
data are given in Table 3. 

Tabl a 3.- Tegpera t ure da ta 

SH v rbe ll 

61 g g[g IlIIg~H:l~l gtg 

Teets 12 . 13 , 

IIUs1.:s 1 2 ~ ~ 11I11.ZI :i § :z e ISIIa~ 2 Ifll~1 lQ 11 H, lei 

B-LL11La\ LQ.a. 
LL.L 1La\u.a. 8..LIII.... lU LlI..L fLA...Ja... lUI ~ 8...A....IL. ll-m U....m.... 

Mean t emp. o.lr .. .. °c 24 26 27 21 22* 23t 2H 23 24 21t 23 24-i 23 25+ 26 

.. x1mu I.e p . do . .. °c 26 27 28 23 24 2 23 24 215 23 2.4 25 24 26 T7 

Mini UII t emp. do . .. 4 C 20. 23 25 18 21 21 t l7 20 23; 17 2·0 23 t 22 23 2·4 

.. t e p. solut1on °C 2 25 26 21 2it 22 21 21t 23 20 21 22. 23. 24 25 

M xilllUIl t .p . d. . ocl 27 27 26. 

1 
23 I 23. 23+ 

1 
22 22 23t 2 H 22t 23. 24 25 25t 

IUo lmUIl l emp . do .. oC 20; 22 2fi 17 19 19t 17 19 22. 17 19 21 22* 23 23t 

The leaoh i ng mani pul a tions of al l tests are gi ven in Table 4. 

Table 5 s umma rizes the results of t he 11 tests of Ajs ora. In Fi gur s lA an~ 18 
t he peroentage of ooppe r ext raoted i s plott ed aga i ns t t ime . The pe rcentage of ooppe r ex­
t racted i s based upo n t he coppe r i n the effluent solutions and does not aooount for t he diS­

s olved oopper r ema i ni ng in t he ore and not removed by wash ing. Espeoially during the ea rly 
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part of the test the aotual peroentagd of total oopper rendered soluble may be oonsiderably 
~i gber thon that dissolved and reoovered. In Figure 2 the ratio by weight of s ulphurio acid 
oonsumed per gram of oopper extracted 1s plotted against the percentage of the total oopper 
extraoted , The oalculations were made as follows : The annlyses of th e effluent s olutions 
gave th e amount of sulphurio aoid and ~opper that came off the ore during each draining. The 
concentra tion of aoiel in the original leaoh i ng solution wa s known . The difference botw90n 
t he wel. @;ht of ;:,:ulpbul"io aoid in t he e ffluent s olution and in a like volume of heads s olution 
was taken as the aoid oons umed. From t hi s di f ference and t he wei ght 0 f coppe r in the 
effluent s olution tbe r~tio of acid oon umed to oopper di ssolved was calculated. All rat i os 
are based upon cumulative wei ghts . These r-aUos 1:1 I" not s trictly oor r ect, beoause the 
assu.mption 1s made tha t the entire s olution on the ore before drainin g was homogeneous and 
t hat the effluent solut ion drained from the ore bad the s ame oonoentration of ooppe r and of 
s ulphurio aoid as the solution rema lnin on the or~ afte r draini ng . However, all t es t s we r e 
oaloulated i n t he same manner, s o res ul ts are oompa rabl e . Suoh calcula tions were not made 
in te t s 5, 6, and 7, s inae the oonoentration of acid in the s olution added to t he ore va ri ed 
at different times. 

I , 
The true ra tio of ac id oonsumed to oopper di ssolved du r ing the ent ire tes t s hould 

be taken from Table 5, which gives the over-all consumption, including t he ash so lutions . 

In a ll fi gur es , tables , and t he disouss ion tha t follows s olutions containing 
appro imat ely 10, 25, 50 , and 100 grams of ulp uri o aoid per liter have been des i na t d as 
1, 2t, 6 , and 10 per oent s ulphu r io ao1d , respeotively. 

Da t a oorresponding to t hose for Ajo ore are given for Si lverbell I mperi a l ora i n 
Table 6 and in Figures 3 and 4. 

9287 • - 4 -

• 
'" 

• 

p . 

• 



"" ~ ,. 

• • • 
N .. .. ('(\ -., • I) .. • l- • ~ - 0 .. ~ 

• • I--
.. ... 

0 0 en ... CI) 
('-I ~ N x: :J: 

N ... :t: .. 
N 

z: -i 
80

1 

0 

~ • Q 

C C 

~ 
, • c u ., 
(J ~ • • G. 

CL 0 
II) 

I-
Z 
u.. 
U 

Q:: 

~60 .. 
a 
WJ ..-
~ 2 1'/2 per cent I H2S0~; tric~te (Test I I 
Q:: 
~ 

>< 
WJ 

Ck: ~o 

~ ·r cent H~4; trickle (fest 10) 

u 

20 

o ~L __ -:-7_-3. 
2.) 2.8 .3.3 3.B ~.3 4. 8 5.3 5.£ t · ') 

.", 

SULPHUR iC 1£ to CONSl.JI:D PER GRAM OF COPPER EXTRACTED. GRAMS 

Fi;Jwre 2.- Coosufttption of .cid in leachi.nti Ail ore 



• 

100 

80 
I per cen HtSOf (res t' 12) 

cent H2SO4 (es 13) 
~ 
z 
w 

H2 S04 (res l I u 
Qc • ~ 60 
. 

a 
I.A.I 
I-
U 
~ 
0::: 
I-
)0( 
w 40 
a: 
I."..J 

~ 
u 

20 

o 50 100 15C 200 250 300 350 
r , ....... HOUhlS 

Figure .3.- Ra te or ext rac t ion of copper frolT' Si t .... erbell Imperial ore 

• 





• 

• 

• 

R.I .310S . 

T bl 

I I Te t T at 

_ _ __ _ _ _ _ __ -I4A.Ll -IuU ...IoU ~ ~....Iu.U _Iu.t....1,-Ita.1....S .TtI.1.....f.I --1,g6_ -1l&_ 

Sulphur10 

ol u tion 

Coppe r in beade . 

ch i ni 

P ro n t 

total . ... ..... .... ........... P r ooot 

Coppe r i o h ad . old-

ao l uble .. .. ... .. ...... .. .. .. . Per o.n t 

Coppe r 1n l 111 0& . 

t o tal 

Copper 10 l 111n 

aold- olub l 

Pr o a t 

Per oen t 

Coppe r dl Bo lv d ( trom 

s o luUon nalya 8 ) •. .. .. Gra a 

Copp r i n h ad t ota l.. Grall 

Coppe r d1e801vod (on he d 

nd olu lion anal yses) . I 
ota! .. " ..................... Pe r c n~ I 

I ron dls olved .............. .. Cr .. 

Alum l n (A120a ) d18-

,ol v d ......................... .. Grue 

Sulpburi o old OO Deu , d. Gr m 

Su l Phuri o old ooneu t d pe r 

1. 17 

.980 

. 20 

. OB 

46 . 5 

58 . 4 

79.7 

12. 0 

17 . 5 

131. 6 

2+ 

1.17 

. 9815 

.13 

.05 

48 . 2 

68.4 

82 . 4 

20.8 

2 .0 

21.1. <1 

I 

1.17 

47.8 

58.4 

81. 9 

28.3 

29.0 

Z32.8 

10 

1.17 

.9815 

. 1Ui 

.055 

150 .1 

58. 4 

85 .8 

52 .1 

48.7 

:sa:!. 4 

,I" ooppe r d olved .. Gr ., 2. 83 4 . 38 4.87 7 . 6 

T111e of ol d oont ot ..... . Dye 10 10 10 10 

1'i. of "uh1nl ... .. .. ....... D ys :s 

1 10 per oent to r 2 daye ; 1 p r o nt tor 6 d Y 

2 5 P r en t to r 3 day 1 par oea t t or 6 day •. 

:5 :5 

( 1 ) 

1.17 

.985 

.19~ 

.055 

47 . 8 

58 .4 

Bl. B 

21. 

2~ . 5 

191. 

4.01 

e 
3 

:5 1 p r cen t to r 2 day 2, p ~ eo t or 2 d 3 : 5 per oon t t or 6 d Y 

(2) 

1.17 

.985 

.17 

. 05 

46.6 

58 . 4 

79 .9 

15.5 

18 . 2 

160.7 

3 .4 

9 

3 

(3) 

1.17 

.965 

. 22 

.oe 

46. 8 

58 .4 

80 . 1 

18.0 

23 . 15 

175 . 8 

3. 76 

10 

:3 

4 10 per oent . Same olut io n 0 0 or 

~ The ore 10 teat 10 and 11 w a 

lhrou,ho~t ; 00 f r 

obed by t h t riok l 

h solut i on add d. 

open-dr 1 0a~ pr l n0 1pl 

(4 ) 

1. L7 

.9B, 1 
I 

. 18 I 
I 

. 06 I 

415 .7 

66 .4 

78 .2 

16 . 4 

18 .1 

169 . 

3 .69 

6 

3 

I 

1. 17 

.ge~ 

. 40 

. 2715 

41. 

58 . 4 

7 1. 0 

9.0 

12. 6 

126.3 

1.17 

.985 

41.6 

158.4 

71 . 2 

10 .7 

16.3 

138.9 

1.17 

.985 

. 29~ 

. 19 

41.9 

158 .4 

7 1. 8 

115 .0 

18.15 

165.2 

3.03 3 . 34 ~.~ 

8 10 10 

2 2 
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Table 6. - Summ .ry of [eeul t s of t t s of Silyerbe l l Imper ia! or~ 

Te!i:!~ 5 Test G lest 7 -~ 
Sulphu r i o ac i d in l eaohing olut io n Pe r c llt 1 2i. 5 . 10 

coppe r in heads , tota l ... .. .......................... .. .. .. ..... ..... Per oent 1. 05 1. 06 1. 05 1.03· 

Coppe r in heads , acid-solubl e ..... .. ........ .. .. ... .. ...... .. ..... Per oent .88 .88 .B8 .88 

Coppe r in t a i l ings, to t a l .................... " .. ........ .. ...... .. .. Pe r oent .225 .16 .135 .. 12 

Copper in ta.ilings, acid-soluble ... ..... .... .... .. .. ............ Pe r oent . 08 ,06 .045 .045 
Coppe r di sso l v d (from s olution ana l yses ) ..... ... .... ... .. Grams 42. 8 43.4 44 .6 45 .0 
Coppe r in heads , total ...... .. .... , .................. .. .. ... ... .... ............. Grams 52 .4 52.4 52 .4 52 .4 

Coppe r di sso l ved (on heads and so l ut io ns analys es ), 
tota l ...... .. .. . , .. .......... .. ... ..... .. .... .. .. .. .. .. .. .. .. .. .... .. ........ .. .... Pe r oent 81. 6 82 .9 85 .2 85. 9 

Iron di ssolved ....... ... .................................... .. .............. . ,., ........ Grams 24 . 1 46.6 78 .4 109 . 7 

Alumi no. (AI ~O ) disso lved ... .. .. .. ... , ............. ... .... .. ..... , ....... .... Grams 39.7 67.4 92 .7 119 .8 

Sulphur io acid oonsumed Grams 233.6 3€3.5 570.0 825 . 1 
Sulphur io aoid oonsumed pe r gram oopper di ssolved ... . Grams 5 .46 8.37 12.7'7 18 . i33 

Ti me of acid oont aot ......................... ........... .. ... .. ............ .. . , ..... Days 14 14 14 14 

Ti me 0 r washi ng .................... .. .................... .. .. .. ........ .. ... .. ...... D ys 3 '7 3 3 ... > 

DISCUSSION 

To make a ll result s s t r ictly oompa rabl e the s trength of acid on the ore a t a ll 
tim s should be constant. or he s olution on t he ore s hould be dra. i n d off and r p I nished 
wi t.h fr esh solution at equal inte rvals . From a praot i oal s t andpo int . howeve r, one woul d no t 
~ra ln so l ution from tbe ore and r epleni sh it with new ol ut i on unl ess t he atr ngtb of re­
agent in the olu t i on we r e l ow red to s uch an extent t hat a ohange was neoessa ry or dos i r­
abl e. One would not ohang a so l ution oontaining 5 pe r oent of aoid so f r equently as one 
containing only 1 per ' oent. In the trickl -le'aoh i ng xperlme nt s wh e r(" open' dra inage was 
us ed the condition o f oonstant trength of aoid on t he ore was mos~ nea rly fulfilled. In 
t he fl ood- perool ation t ests t h t rongs r t he acidity the l ess fre qu nt l y t he olut i on were 
d rained from t he ore and r epl ni shed with fre s h solution. Since the rat e of dissolution of 
mi nerals va r ! s so much wi ti ohanges in tempe ra t ure th t empe r a. t ure differ no es between 
various testa s hould be s mall t o make r osults oompa r ble. 

Whe n Aj 0 ore was l eached 'IIi th solutions conta i ning 1 , 2·L 5 . and 10 pe r oent of 
su lphur~c aoid, respeotively, t he r t of d i ssolu t ion increased with incress in s t r engt h of 
aoid . althou gh the pe roen tage x i r ao t i ons r esulting fr om the 2+ and 5 pe r oent olul ions 
were approximat e ly the s ame. The probable explanation of t he rat es being nearly the same fo r 
the two intermediate s trengths of aoid 1s that the solution was ohanged more frequently for 
t be 2+ pe r oent than for the 5 pe r oent so l utlorr . Actua l an alyses s howed that in s ome in­
s t anoe t he e ff luent s olutions f rom t e t eat employ i ng 2* p ro nt acid were hi gher in acid­
ity :t han t ho s e from the t est empl oying 5 per cent acid. 

In t es t 3 the l eeching solution added contained 5 per c ot su lphurio aoid t hrou gh­
out t he entire t es t; and in tes t 4, 10 per cent sulpbu rio aoid. In t est 5 the s olution con­
t a ined QO per cent s ulphuric acid for the first 48 bo ur s ; in t es t 6 , 5 pe r cent su l phurio 
aoid for t he firs t 72 hours. All ot he r condltlon~ be in ~ equa l, one mi ght expec t the pe rcent­
age e xtractions in tes ts 4 and 5 to be identical for the first 48 hours and in t ests 3 and 6 
fo r the f irst 72 hou rs . Figur es lA ~nd lB s how that thi s not lr~c. At the end of 24 hou rJ 

• 

• 

• 



• 

• 
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t e peroent a es of co. pe r extracted and reoovered in the e ff luent ol utions were 28 .4 . 22 .7. 
38 . 2 . and 37.1 for tests 3 , 6 , 4 . and 5 , r espeotive ly . I n 48 hours t he peroentage axtrac­
tion~ were 50 . 2, 40. 3 , 60 . 2, and 58 .7 re spectively . The dif fe r noe were gr ater for th 5 
per oent than fo r t he 10 pe r oent so l u i ODS. The p robabl e expl anat ion for he vari tiona of 
parall el t ests is fo und in the fao t tha t i n t sts 1 t o 4 , inolusive , t ho mean solution 
temperatu re dur i ng t he f irst day was abo ut 27° C. and dur in the second day about 25°C . I n 
t ests 5 to 8, inclus i ve , t he temperature was approx i mat ely 19°C. dur i ng th e first 48 hours, 

I n t he t r ickle-leaching experiments with Ajo a re t he ra t e of dissolution in 1 nd 
in 2t pe r cen t s ulphu r i c aoid was virtua l ly t he sam. Howeve r , 3. 94 grams of ulphurl0 oid 
as oonsumed pe r ram copper extraoted when 2t pe r 0 nt aoid was used , where s on y 3 .34 
rams was oons um ed when 1 pe r oent aoid was emp l oyed . 

The dat a i n Fi ~ure 2 show the ove r- al l consUmptlon of acid pe r unit of copp r x­
t raoted . In t he f l ood- peroolation tes t s atter abo ut 60 p r oent of the oopper as extraot d 
t he oonsumpti on of ac id i noreased markedly. This can be i l l u trated best if one tako t he 
ra tio of acid cons umed pe r un it oopper ext rao t ed f rom one sampling to t he next . The ratio 
from t he period of t he p r evious sampling to t he 72- hour sampl i n was 2. 51 , 3 .95 , 3 .73 , and 
6.64 in t ests I, 2 , 3, and 4, r espeo t i vely . The time f r om t he prev i ous sampl ing aa IS , 16 , 
24 , nd 24 hou r s , r espect i ve l y . fi'rom t he p r evious sampl i ng t o the 240-hour sampling the 
r t ios were 10.2, 21 .7, 19 .5 , and 39 . 2 , r espect ively . When 10 pe r oent s ulphurio aoid wa 
used onl y 1. 38 grams copper was di so l ved and 54 . 15 grams sulphuric aoid was oonsumed from 
tbe 144 to the 240 hour parlod. 

In t he t r iok1e- l ao ing tests t he oonsumption of ao id pe r gram copper extr~ot d 
du r ing t he en t i re test was sli~ht l y higher than in the flo od- pe roolation t est , h n 1 per 
oent ac id was used , but t he ra t i o was l ow r for the 2t per cent ao d . However , durin the 
l ater s t ages of the ext raction the r t ios from one samp l ing t o t he next ~ere low r wb n 
t r io kl e 1 aohing was fol lowed . I n t he 216 t o 240 hour period the ratios ere 3 .97 and 6.35 
in t he tr i ckl e-leaohin g t ests employing 1 and 2t per oen t acid , r espeot i vely . The peraeota & 

ex traot i on , howeve r , were l ower in t he t r ickle-l eaoh ing t hen i n t h t iood tes s. T t m­
p r t ure , as a l so l owe r . Sino the oonsumption o f acid did not va ry greatly with aoidity up 
to an extrao t ion of 50 o r 60 pe r cent of the total ooppe r , sinoe tronger c1dlty inoreaeod 
t he rate of di sso l uti on of the oopper minerals , and s i noe in trickl i ng the solutions through 
the ore the consumpt i on of aoid did not ino rease so rapidl y near the nd of th te t s it 
1d i n f lood l each i ng , 1n 1 aohing an o re suoh a hat f rom Ajo one might use flood- peroola­

t ion methods and strong aci d to di ssolve rapidly a large peroent ge of the oopper and then 
f l ni sh the ex t rac t i on with weake r solu t io n added by the tr i okl e prinoiple. This would in­
crease the compl ex i t y of the leaching opera t ion , but savi ngs i n co t of aci might j ustify a 
more oomplioat ed l eaohin g cyol e , espeoial l y in places where acid 1s expen 1ve . 

The r a t e of ext raction of oopper f rom Sil ve rbe l l Impe r i a l ore did not vary so muoh 
!l1 t h strengt b of acid , a lthough i t d i d i norease t o a oe r ta i n extent i t b inor ase in 
et ron th o f cid . The consumpt i on of acid was very high . and it i no reased markedly with in­
c rease in s t rength of aoidity . As shown in Tab l e 6, t h oonsump t i on of sulphuric oid per 
gram ooppe r ext raoted dur ing the ent i re test was 5 . 46 , 8 . .37, 12 .7'7 , and 18.33 gr me , for 
s ol ti ons conta i ning 1, 2; , 6 , and 10 pe r oen t H2S0 • respeot ively . The oon um~tion of oid 
i noreased enormous l y as t he percent age of copper extraoted i nc reased . han 1 per cant aoiGi 
was used 5 .13 gram of copper was ex trao t ed and 13 . 17 i1:rams of '3u l phurl0 aol was con umad 
f om t he 12 to t he 24 hou r pe r iod . The oonsumpt ion of aoi d was 2 .56 ram p r gram oopp r 
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ext r ae ted . In the 288 to 316 bou r pe riod 0.32 gra.m 0 0 per Vias ex tra.o t ed and 10 . 07 grams 
ul phuri o ac id was oon umad , gi ving a r a tio of 31. 4 . Whe n 10 per cent aoid as used 10.31 

gr me ooppe r was ext acted i n t h 24 t o 48 hour per i od . and 90 . 43 grams aoid was oonsumed ; 
t he rat io was 8. 77 . From t he 288 to 336 hour pe r iod 0 . 61 gram oopper was dissol ved and 95 . 26 
grams su l phur ic aai d was consumed , giving a ratio of 156.3 . Th i l as t rat io i s so hi gh t hat 
one aould not eoanomioally leaoh the l as t of t he oopper f r om uob an a re by he usa of 
tron ly aoidio s ol utions . Si l varbe ll Imperial are i s no t s ui tab l e f or l eaohing with ac i dio 

solvents . The hi gh ac i d oon umpt ion i due t o the l a rge amount ot iron and al umina dissolved 
f rom t he a r e and t o t ho la r ge amount 0; a01 - s oluble magnes ia p r esent . It i s pOBB l I e that 
a prelimina ry heat treatment migh t r ende r t tle iron and a lumina. l es s ao id s ol ub l e . Thi s was 
not studied experimentally. 

The au t bor be lieve t hat t hi s work has sh own quantitat ive ly that us i ng a l eao hable 
ore s uch as t he Ajo ore employed n these expe r iment a l arge pe roentage of t he coppe r oa n 
be extr oted rapid l y f rom the ore by a s trongl y acid ic solution wi t hout undue oon umpt i on of 
ac id. After about 60 per cent of the oopper i s d i ssolved (about 84 per oent of t he copper 
i s nons ulpbide and 16 per oent s ulphide ) the ra te of disso lution does not ohange ma rkedl y 
wi th changes i n ac idity. whereas the cons umption of ao id does . Weaker s ol utions should be 
u ad in t he later pa r t of t he leaohing oycle. Trickling s olu t ion over t he o re near t be end 
of the cyole would al s o decrease the oonsumption of aoid. 

The ra te of di ssolut i on of t he va r ious oxidized and sulphide mine ra l s of coppe r and 
t he requiement s of solut i on to give hi gh ourrent effi c i enoy in the el ectrodeposl t l on of 
oopper from s olutions obt l ned i n l eachi ng l ead t o t he followin g s peoulation a-6 to l eaching 
~ixed oxidized and s ulphide or s . In eleot rolytic preoipitation to obta in hig e f f ioienoy 
of current on e needs ol ean s olut i ons low 1n fer r ia salts . The e ffio iency o f our rent is s o 
low wh n s ol utions a re hi gh in f e rri c iron that from t he economi oal s t andpo i nt one has li ttle 
to ohoose between e leotrolytic and so rap-iron precipit a. tion. Strongly aoidto s olut i ons 
a t t ack t he gan gue more vigo rous ly than weak oneS. but a largo pe rc entage of t he oxidi zed 
coppe r can be ext r ao t ed f r om t he are be f ore the attaok on the gan ue beoomes appreoiab l e. 
Earl ie r work bas shown t hat t he rate of di sso lution of oha lcooi te a nd of bo rnite is virtually 
i ndependent of the s t rength of ferric iron in t he l eao hing solu tion over a wi de range of 
oonoent ration. An ore t bere f ore mi gh t be l eached Cor a s ho r t time wi t h a r elatively st rongl y 
aoidio sol ution oonta ining li t tle or no f e rric iron. A la rge pe r centage of the oxidi zed a nd 
some of the s ul phi de coppe r would be dissolved, T e pregnan t so l ution conta ining ety li t +' ~ 

i mpu ri tie~ then aou l d be brough t a t he t ankhous e, the coppe r depo ited e l eot r ioal ly, and a 
i gh curren t ef f icien cy realize. The residue re~ai ning i n t he vats t he n could be t r eated 

with a s olut i on conta ining enough f er r i c iron to di ssolve the s ulphide coppe r mi nera l s a nd 
nougb f r ee aci to dis ol v the emaln ing oxidized ooppe r, bu t l ow enough i n ao i dity to pre­

vont muoh a t taok on the angus . The solut ions fr om t his opera t ion co uld be brough t to 1ron­
preoipitatio n launde rs and t he oopper recove red as oement copp r . If it was n oessary to re­
generat a oe rt i n amount of f er r io Bul ph te. it mi ght be done by s ome s ui t able method s uch 
as t he bureau ' s ferr ic s ulpha te- ul phur i o aoid proaess , o r el eot rolytioally i n a separa t e 
s eatio of be tank house . Suoh a s cheme mi gh t add to the numbe r of l eaohi ng vat s nec essa ry, 
but t he added cos t of con~truoti on migh t eas ily be of fset by deo rease in oos t of aoid and 
preoipi t a t ion, the t wo major co t s in th hydrome t a llu rgy of copper. 

• 

• 

I t woul d als o be poss i bl e to di ssolve t he oxidized oopper mineral s with su lphuric 
oi d and af ter washia to reg rind the r es idue containing t he su lphid(· copper and recover t he 

latter by fla t t.1 o· . Th1s prooedure would yield solutions highly desilable for e l eo t r o- • 
depos iti on of the copper and a oonoentrator fee.-i containing the oopper l a r gely as s ulphide . 

, 
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Sinae t he water of Lh a Sou thwest usually 1s s l ightly alkaline it would not be particularly 
diffioult to red uce the ao i dity of the res idue in the l eaohing vats . Un l ess t he opera tor 
wi shes to d rop py r ite i n t he flotution process , s lightly acidio solutions are not undesir­
able . T e double pro ces of leaching follow ed by flotation wa:;; tri ed on a mixed oxide­

aha l ooc i t o ra some years ago nd not used beoau::;e anoth~r proae::;:;. was s11 htly oheape r , 
a ltnough i t s aved l ess oopper. The grea t i mp r ovements in flotation reagents during t he 1 st 
10 ye ra make 1t ~ eem lik~ ly tLi lt th e aombined process would now be s uooess ful eoonomioally 
as well as metallu rgically . 


