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l.ietals are found in nature occasionally native or 

elemental, but most often in a combined state. as simple or 

complex oxides. sulfldas. carbonates. or silicates. The 

metal in 'these compounds has a. positive valenoe. that ie 

ea.ch atom is oxidized by the removal of one or two valency 

electrons. In order to remove these and reduce the metal. 

to the elemental state energy must be supplied. There are 

only two sources of energy known at present which a.re avail­

able to bring about the reduction -- heat and electricity. 

Vihen the former is used we have a smelting process, in the 

latter case we have electrolysis with insoluble anodes. 

Both me thods a.re n sed in the metallurgy of oopper; 

both theoretically can be used for any copper orG. In 

pra.otice however it is found that snelting is more effic1ent 

and economical for sulfide IJres of medium and high grade 

while leaching and electrolysis applies best to oxide and 

low grade sulfide ores. The reasons for this are numerous 

and involve a number of the most basic principles of copper 

metallurgy. Certain of these will be develol)ed in the dis­

cussion below. most of the others will be found in any stan­

dard work on the subject. Hayward!l) gives a brief but 

adequate analysis of the problem. 



FOli COPPER ORES 

strictly speaking there are no really fundamental 

difficulties. end as pointed ont previously. theoretically 

the copper froLl any ore can be removed by electrodeposition. 

In certain cases where· oxide is being treated the ~ethod 

has achieved a high degree of success. The chief 1imitation 

to its ext.ension is the existence of 8. competitive process, 

smelti~. which ha.s in the lsst seventy-five years been dev­

eloped to an extraordinary degree of efficiency. A.side from 

this consideration there sre however certain difficulties 

encountered in lea.ching processes of copper ores vilich have 

oontributed materiu~ly to restrict their wider application. 

These are: 

1. The sulfide copper minerals ore not soluble to 

allY extent in a.ny solvent of con1IIlsrcial importance. This 

statement must be qualified. It is true that ferric Bulfate 

is a cheap and effDctivc solvent ior a number of copper 

sulfides and is used 'thus cOImLercinlly, but its action is 

rapid only at tempera tures which are not l1ke1y to be encoun­

tered the year round in the terrpemte zone. Furthermore 

chalcoPJri te. the most importLn t copper mineral. ls no t att­

acked by this solvent. (2) 

2. Preliminary treatment of sulfides to render them 

solubl e 1 s not lOO~ effecti ve. The preliminary tree trm nt is 
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a roast. ei ther oxidizing or chloridlzing. Ii' the former 

1s used the product is copper o·xide which is rendily soluble 

in dilute sulfurio acid. However a number ofcomplicat1ons 

ntake the roasting a delicate opemtion. These will be 

discussed in deta.il in a later seotion; it is sufficient 

to say at this point that the variation in teJll)erature dur­

ing r'oast1ng should not greatly exceed 100°C •• otherwise 

there is a decided fnlling off 1n copper extra.ction. Snch 

a roast. even if possible on a commercial scale. ls bound 

to be more expensive than roa.sting as a. preparation fo= 

Etnal tinge 

Furtheroore the resulting calcine. prepared under 

Idu,l conti1tlons. gives a psrc;-ntage extraction very little 

greater, if a.t all, than the combined extraction by flota:t ... 

ion and smelting. There is therefore .no decided advuntage 

to be obtained from a leaching process from this point of 

view. 

Chlor1d1z1ng roasting and leaching. the Longmaid­

Renderson process. gives a high copper extraction(3)- as 

well as recovering the gold and silver values in the ore t 

It is not however well adapted to subsequent electrolytic 

recovery of the copper and is ge.oorally followed by precip­

itation on sorap iron which leaves the copper in a form 

which must be retreated by smelting raethods to produce the 

pure metal. 
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3. Precious nwtala are left in the residues. Unless 

a eh10ridizing roaqt he..s heen used. no gold or silver 1s 

dissolved in the leaching process. The precious metals must 

be recovered in un r:ddi tional operation if this is possible 

a.t reasonable coat whereas is smelting the gold and silver 

are completely,Qoncentrated in the metalli c copper and may 

be -recovered in the electrolytic refilling. 

4. Dissolving or impurities. In both oxide and sul­

fide leaching if electrolysis is to be used to preoipitate 

'the copper rather than aC'..cap ir on. the conuentration of imp-

nx1t1es in solution mnat b0 kept low. ot110)~.1ise the nmpere 

6££i oiency is lowc1."ed decidedly \""i th f;i 00 r).;eSI)omding inc­

rease in power ccsts. The problora of the building up of 

impurities is a scrioUD ono and has contributed in a number 

of cases to the rejection of (i. lee,chinr. procesB. This was 

the case far installce in tho teat work on Flin Elon ore. It 

was fOMe in the cxparimenthl Vlork on copper leaching that 

the le.rge amount of ~agneaia in fue ore c[n~sed a ra.pid build­

ing apof this othonlioo harmless iLlptlri ty to the point where 

the solubl1i ty of the cOPIJer was seriously interfered wi th. (4) 
('l ) 

In other oases the discarding daily of a small fraction 

of the leach liquor from the clrctl1t is sufficient to keep 

impuritie s vii thin bounds. 

!hese are some of the llD et important of the dif­

fioulties which ere inherent to hydrometallurgioal prooesses. 
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None is insuperable; in fact each one of than has been 

largely overcome at some copper plant or other in the 

wor1d. More important. as pointed out previously, have 

been economic faotors in limiting the extension of wet 

methods. Some of these will now be briefly considered. 

ECONOk"IC FACTORS L1M1TI:t~G THE BXT~DS ION"~ OF HYDROMETALLUR-. . .. 

GreAt METHODS POR COPPER "::~XTRACTION. 
. I 

1. The relative cost of electric power and fuel. In 

the past. although with the large soale development of hydro­

electric power throughout the vTOrld and its transmission 

over considerable distances this applies less and less every 

year. electric power has in a gr&-at number of localities 

been so costly that a leaching process involving electrode­

position is out of the question. Even where this was not 

the case 1 t was generally fOUl'ld that fuel 00 nld be 'obtained 

at a far more attractive price. This was especially ture 

in areaa situated close to large production coal and oil 

fields. Yore recently natural gas has proved its worth as an 

inexpensive and efficient furnaoe fuel. (a) '!he net ~esult 

has been that erne 1 ting combined high effi cia noy and moderate 

cost, a. consideration sufi'loient to warrant its continuation 

end extell3ion all over the world. 

2. W1.despread distr1bution of sulfide ores. ?li th the 

except10 r: of 8 ~ew very large depo si ts snch as at Chuqulca­

mats, Chile$ oxide orebodies hl.\ve been confined to the sur-



faoe above some g~n6rally larger sulfide body. The life 

of the oxide ore as oalculeted is always lirai ted. 8S op­

I~8ed to the sulfide. the reserves of VJhich a.re much larger. 

As pointed out l~reviou517. smelting is most effective for 

sulfide ore whereas leaching ie at a disadvantage in this 

case. Large scale leaching plan.ts have therefore been con­

finecl to those few depos1 ts where 0%14e is abun4ant. or 

where there is sllfiioient oxide m.ixed with the sulfide to 

preclude efficient concentration by flotation. 

3. Flota.tion. Thi s has undoubtedl7 be-en the real 

salvation of copper smelting. About twenty yoars ago -the 

high grade r.J&saiT6 sulfide ore which was oomuonly treated 

by pyri t1csmelting in the blast mrmce wa.-s approaching ex­

haustion and· opera.tors began to develop lower grade depos--

its. For these ores C onoentra tion is necessary previous 

to smelting. Exfst1.r.g conoontrat1~ methods gave snch high 

tailing losses that leaching of roasted sulfide as a. more 

aatlafactor7 alte.rnative to 131001 ting seemed the only solu­

tion to the problom. (3)(23) ..'\n idea of how serious the 

prob1em was. is Liven ill on artiole in the Rng1neering and 

Mining Journal of January 10, 1914. In this article are 

listed the producers experimenting \i1 th leaching methods at 

tha.t timfj. There are sly-teen producers on the list includ­

ing suoh well known companies t1B Arizona. Anaconda. Braden. 

Copper Q,t.teen. Keystone. fine. Shannon. Then came flotation 

-and with it the largo reverberLtor.{ furnace. A cheap and 
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effioient means of treatL'lg medium to lov7 gradeoopper 

sulfide ore had been found f'"nd the day ,vas saved for copper 

sme1ting. In the succeeding two decades the existing pos­

ition has been still further oonsolidated. 

It mnet be noted et this point that the balflnce 

sheet is not ell if; favor of pyrometallnrgy. Ii. as has 

been said. the leaching of roasted copper concentrate gives 

a total extraction no greater than concentration p1ns 

smeltl1l';. it is equally true that the latter has no advan­

tage in this regard. If smelting has predomina-ood general­

ly due to the lo·,ver cost of fuel, there 18 on the other 

hand no reason why 16&ching should. not predominate in those 

areas where hydro--eleotric powor is ehenJ.j and fuel expensive 

provided tbere are no other difficulties in the way • 

.Aside from oxide ores. \'ill€re hydl"'ometallurgy has 

a natural advantage. leaching methods find their best appl­

ication in the case of ores too low grade to ooncentrate 

profitably_ Large soale tank leaching is relatively inex­

pensl vs and \-11 th low grade muteri DJ. th e extraotion using 

ferric sulfate-aulfuric acid solvent need not be above 85j~. 

Where electrodeposltlon is possible the elimination of 

copper refining costs alBa operates to favor t..ne wet method. 

In gereraJ .• ,,;/h at ever the grade or nature ot the 

copper ore. tm one exclusive advantage Vth1ch eleetro­

hydrometallurg7 possesses is the production of pure cathode 
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copper in practioally one ope ratio n. In 8. previous paper( 6 ) 

"he situation is sunmed up 1hus."On theoretioal. grounds 

smelting with its multiplic1ty of melt1ngs and remeltlngs. 

am 1 ts final dependence on en electrolytio l)rOceSs for the 

production of finished copper seems 1nef:f101el'lt.'' In con­

trast 1here is the simpli city of direct electrolyt1c reCOT­

ery. a fe a.ture so deei rable that any number of: a ttempt.s 

have been made in the past twenty years to in"trodttce it. 

also for high grade sulfide materials. 

lIaterlal : 

Roast!!!g: 

Leaching: 

HYDR01ffiTALLURGICAL TREATMENT FOR COprER 

IN SULFIDE ORES AnD C01ICgnTRATBS. 

Copper snlfid es of varying grade; from 3JSore 
to 35% ooncentrates could be considered. Oxide 
copper minerals may be present. 

Careful control is necessary to avoid overheat­
ing or under-roasting. Mechanical mul tlple­
hearth roa.sters would be used. These might be 
o~ standard operation or, better, downdrafted. 

Agitation leaohing with dilute (2-fffo) Bulfurio 
acid. Acid is regenerated by electrolysis. Var­
iations might be employed following standard 
zinc plant practice. These are: 

1. Neutral leach vd th residues finished in 
acid -lefj.()h. ~~olut1on and so11ds tra.vel counter­
currently. 

2. Se~~ation magnetically of the insoluble 
portion of the oopper (Copper Ferri tal and strong 
acid leach for this J~ortion. 

3. Treatme nt of more than one grade of llB ter-
181 in the ssxoo process for better tota.l extra.c­
tion. Reroasting of part of the residue if 
necessary. 

Where the size of the material. perm! ts per­
colation leaohing might be employed as an alter­
na.tive. 



Purification: 1. None nay be necessary. o.iacard1ng of a 
portion of the solution being sufi1clent to 
limit the oonc-entration of impurities. 

2. Iron is removed by neutralization and pre­
c1pltatiGn as Fe(-OHl Z• 

l1eutralization ls effeoted b71 
a) Addi tion 0 f lime or limestone. 
b) Addition of excess ore and neutral 

1eaohing. 

l>~eciplt-at1on: Ele,ctrolyt1c. An s~~ reducer may be nec­
essa.ry to keep down th e l~··· concentration and 
maintain good ampere efficiency. Wast.e aOlut-· 
ions are stripped in separa.te electrolytic 
tanks and the remaining copper 1s precipitated 
with sponge or scrap iron. Cement copper is 
roasted and returned to the circuit. 

!reatment of residues: If gold bearing they may be: 

APPLICATION TO CAnADA 

1. Cysnided 
2. Chl·or1nated 
3. Smelted to matte if small in 

amount. 

Whether a metc.llnrgicf1-1 process. no matter how 

efflc1-ently it oorks. Is of more than academio interest de­

pends in the final analysis on economic considera.tions. 

r.:lthoutgo1ng at this point into the question of costs it 

w111 be well to consider whetlJer conditions in Canada war­

rant consideration of an electrolytic process for copper 

orea. 

The newer copper developments in Canada of whioh 

Noranda and Flin Flon are predominant. have been located wa11 

within the Pre-Cambrlan shield in districts where potential 

hydro-eleotric developments are conspicuous, an(l a.bundant 

0001 supplies are equally co IlS p1 cuous by their absence. Such 
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8. condi tion leads immediate 1y to th e suggestion that in 

the interests of low opera.ting costs an electro .. hydromet-

811urgicol pro-csss should be considered. Should in addi tlon 

the ore bo oomplex xopper .. zinc. or copper-lead •. a wet method 

is still more worthy of com1deration. This as tIle case at 

Flln Fl.an in 1926. A preliminary estimata (5 ) gave the de­

II vered price 0 f coal at ~12 per ton and the co at of power 

at $25 per HP year. (O.38i/Xwh.) This aljd the complex: nature 

o~ the ore (s mixture of copper, zinc. iron. a.nd leed sul­

fides bearing gold and si1ver) led to the extensive test 

work ill Denver on the devalopmoot of a hydroIDetallurgioal 

extraction prooess to recovt:r nIl the metals. 

In this particular ore technical difficulties a­

rose(7) which bronght the final decision to use smeltl~ for 

the copper in sp1 te of the unfavorable fuel nl tuation. Fu.-el 

at this :property still remains the lar~est i tern by far in 

the co at of suppli 00. 

Another copper mi.ne FLight h.e still farther from 

cheap trooGportatlon, f.J.so convenient to 8. source of power. 

am with an ore presentillf:' ~:D B(;riouG difficulties, such as 

the soluble magnesia a.t lflln rlon~ ill the way of efficient 

wet extraction of the Co:~)pBr. :Por such 8 mj~no an eleotro-

hydroIl13to.llurgieJJ~ process nuuld stand at E1sxiraum adVflntage. 

Using this process tha pJ.'ice o.t' co a1. Y/ould not have m be 
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oonsld13red at all. In foot. using e~atrioal heating :for 

buildings as practiced at some of the newer gold proper­

ties. no cool. at all nead be used. Even in the roasting 

operation which is the only step in the process \1h1ch might 

require a.n ¥prec1able a.moWlt of external heat. electrically 

p:rehea~ed air. already a praot1cal poaSibuit7(9) could take 

the place of coal. 

!t.'he mine need not even be on the railway. Ln anal­

ysis of the process shows tha.t the only operating materials 

which. would have to ba hauled long distances are the reagents 

used in flotation and cyanidation. md (possibly) lime. 

Outside of theso the operation is absolutely self-containeJ.. 

Haulage would therefore be limited to living and incidental 

operating supplies, together w1 til a moder&te tonnage o:f 

finished cathode copper. This hauling if there were no rail­

way near at hand could be by tractor train or barge. both of 

which haVG proved their worth in Canada as economicaltrans­

portatlon agencies. 

A further advantage ia that the cost of irJStallat10n 

and the power consllfilSd ia rough1y proportlon£;;l to the amount 

of copper produced. ..l. smaller plant. say of 4000 tons Cop­

per per anIltUll would not be forced to work under the handicap 

o£ exoessive capital charges. 

It 1s likely that gold 6-nd sUver wollld be import­

ant constituents o£ the ore in such a. copper mine. T".ae re-
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cover., of these at a. reasonable cost would be essential. 

The data whioh will be presented in this paper vdll show that 

economical gol.d recovery :from a. copp er residue is by no means 

an 1mpossibl1i ty. 

In general. granted tha't the ore is aoenable t.o 

treatment by the process outlined in a. previotls section. e1e­

tro-tlotG.llurgy can play 8. very decided part in the develop­

ment of a copper property in a distriot unfuvorably si tuated 

wi th reepeet to transportation. 

HISTORICAL OITTLINE 
". 

Just who first conceived the idea of removing the 

copper from ore by roasting alii. leaching 1 t wit9- sulfttr1e 

acid will probably never be krlown. It is eertf'.in that the 

idea was applied on a f3ID611 scale in various plants in Eur­

ope at least 100 years ago. Greenawalt describes a number 

of s.t;all-soo,le opera tione of this ne. ture which were carried 

on about the beginning of the present century and ea.rlier. 

O:f these o!lly ona or two are importa.~t aLont)'h to deserve men-

t1on. 

At Kadabeg. Russia(lO) ~he 3% ores were roasted 

withont fuel in kilns to oxide and snlfate and then leached 

in open~onds with snlfnr1c acid containi,ng ferric eulfate. 

Pregnant solutions were precipitated on scra.p iron. Several 

16srs leaching ~,S necessary to reduce the eu contont to 
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At Medzlanka. Poland (11) a ehalcoc1 te ore running 

16-20% Cll was crushed, kiln roasted in coqJressed blocks. 

reorushed. and leached in tanks vd tb return electrolyte run­

n1Jlg 5% in H2SO,- The pregnant solution was eleotrolysed 

with insolttble 1ead anodes se:rnrated fmm the main solution 

by cloth diaphragms to prevent oxidation of ferrous iron at 

the MOde. About 500 lb of cathode copper of excellent pu.r­

ity wa.s produoed dally_ 

The Kelth prooess{12} was practised at Arl1ngton, 

N.J. The sulfide ore was crushed "Ix> 30 mesh and roasted in 

a large meohanically rabbled reverboratory furnace at the 

rate of 126 ton.6 per day_ Four leaching vats of 12t) tons 

ca.pacity each were used to extract the copper using return 

electrolte as solvent. Electrolysis wi th insoluble anodes 

remoTed the copper from solution. 

Of these early processes perhaps the S1emens-Halske 

{U} was the beat k·nown. It \"lS-S ch.:;raeterized by a partial 

roast. the ferric sal ts pr.oduced acting as solvents for the 

unroasted copper. Electrolysis was wi th a. diaphragm separ­

ating ano1yte and catholyta_ The prooess did not provide £or 

the accnmulation o£ impurity in solution. gave imperfect ex­

tractions. had a. complicated system of electrolysis. and was 

gemrally unsatisfactory far large scale operation. 
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Attention was first directed to applying roast­

ing 8lld leaching on 8 large scale us ing essentially modern 

methods about the year 1911. In that year the Bradan copper 

Co.(13} planned a treatnent for their table tailings vbich 

contained 35% of the copper in their 2.'110 ore. The copper 

in the leach solutions Vlould be precipitated electrolytio­

a.lly- An extension of the process to treat at least a pa.rt 

of the concentrate was also under consideration. In both 

cases percola.tion le aching was to be used. This plant only 

operated a few years be:tore the :flotation process snpp1anted 

it. 

About the S&lle time in the Uni ted States Addicks 

and others oomucted exper1lOOnts at Douglas. Ariz. on roast .. 

ing and leaching of conoentrator tail1nge.(14) The 2.361' 

ores or the Burro Mountain Copper Co. were used in the tests. 

Direct leaching of the roasted ore vias dismissed from the 

start 8B giving a total recovery less than concentra.tion and 

tailing leaching. The concentrn,tor tails rnn 0.84% eu of 

75% oould be recovered in the leaohing process. When fiot-. 

ation was subst1 tuted for gravi ty concentration the ta1ls 

were too low in copper to justify their retrcatment and the 

leaching process was dropped. 

Some tests were also made at the same time on the 

roasting and leaching of' the ooncentrate itself in competition 

with smelting. {Z} A 14;1 flotation concentrate was roa.sted in 
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an 18 .. ft ~hearth UeDongall roaster. Laboratory tests of 

the calcine Ehowed an extraction of only 92;.c while the 6~tOfl 

tes·ts yielded only 84% extraction. Several factors may 

aCCOtult for the poor results obtained. 

1. Little was known about correot roasting tenperatnrea 

and no great effort was mde to seoure proper temperature 

oontrol. 

2. Agitation leaching was not used. The hot calcines 

were simply run iJlto an acid launder where they received 

60 seconds agitation before being delivered to the dewater­

ing drag. This process had to be repeated as much as seven 

times to obtain a reasonable extrnction. 

3. The ma.ter1~.~1 was rela.tively coarse. 65~; plus 100 

mesh of 8 type relatively unsu1ted to instantaneolls extract­

of this sort. Grinding. to -100 mesh or longer agitation 

periods in suitable apparatus would haTe given better res-

ulta. 

Leaching was introduced in 1915 at Anaconda to 

treat old ooncentrator railings having a copper content of 

0·.&4%. (15) The success of this venture as a snbsidiary to 

regular smelter operations ie well known and hence no space 

will be taken in 4esorib ing it. It 1 s a 2000-ton plant wi th 

roasting. percolation leaching, and scrap iron precipita.tion 

as the essential features. The plant has been in operation 

now f or twenty years. 
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Greenawalt has done CODS iderable expe rimen tal 

work on the h1drometa.l1urgy of copper. particularly in the 

direotion of better BllI>ere efficiency in electrolysis thru 

control of the ferric iron content of the solut1on(16). 

The Greenawe.l t ferric iron reducer or a similar device :forms 

an integrol pa.rt of any electrolytic copper prooess where 

the iron problEm is at all serious. 

Among recent work which has been done on the sub­

ject is the experimental work of the Complex Ores ReCOV617 

c.o. on F11n Flon ore. This has already been mentioned sev­

eral. times. A comprehensive review of the l1undredsof tests 

made is given in a paper by Oldright. (5) This gives one some 

idea of the soale on which tests are necessary before def­

in! te conclusions can be drawn on the applicab11i ty of a 

process to any given ore. 

In 1928 a. plant was erected at lIount Elllot. 

Queensland (17) to treat Et mixed oxide and sulfide ore. The 

plant wss designed for an ultimate oapacity of 10000 tons 

oathode copper per a.nnum. Operations included crushing the 

ore. mixing sul.flde and oxide in proportions to give the cor­

rect acid regeneration, roasting in a producer gas fired 

nedge Furnace and percolation leaohing in two 30' Jt 60' x 

10' tanks. The pregnant mlution was purified by agitating 

to neutra.11 ty with limestone slutt7 in two Paohuca ta.nks. 
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the iron being settled oft ,~s insoluble ll'e(OH)Z. (lS) 

!he solution £or electrolysis had a Fe content below 2 

gm/llter. Any copper prec~ .. ~~tatad with the iron was W be 

recovered b7 leaching with ammonia, distilling off the B.HZ 

and precipi tatlng the copper oxide to be returned to the 

cirouit. The leach tsilo containing 0.35; eu were 1.0 be 

ci/anided to recover the gold and silver. ~ low price of 

copper and the poor financial condi tion of the company pre­

vented the plant from ever being put into operation. (22) 

1h.1s process has also been· ope rating on a. pilot 

plant scale at the Begdad Pro pe rty at HillsIde t Arizona wl th 

results which the superintendent. C.T. Barooh. reports as 

"higbly gratifying". (20) The plan~ roasted 25% Copper co n-

centr:::;tes in reverberatory and Bruckner roasters, leaching 

the cf'J.cine by oechanical agitat1on. in a batoh process. In 

ap! teot the SOll1eW 1st inadeqnate roasting equipment they 

claim extractions of 91% of the copper with the iron suff1c­

iently 11'lSo1uble to maintain a concentration in the electr­

olyte no groater than 7 gm/I. Cathode copper of 99.98(; 

purity was obtained at an average ampere e£flciency between 

83 and 92J~ depending on iron corltent. Careful roasting is 

emphasized by Mr. Barooh as the key to the success of the 

prooess. 

The latest experimental work on the eleotro-hydro­

metallurgy of copper wa.s performed at Washington state College 
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b,J Floe and Drucker. The results haVD been publisheu in a 

bul1etln of tlat i.nsti tnt1on( 21}. Comparatively high grade 

(:;o%) concentrate was used tor the investigation. Laboratory 

scale tests were made on ro6t.<3t1ng, giving a calcine wi th acid 

soluble copper 6S high ss 98%. This was fOllowed by leaching 

test-s in which 1t was determined that iron in solution can 

be kept down to 5 gm/ll tar by a period of neutral. leaching 

as in zinc plant practice. h"'1ectrodeposltlon tests showed 

that a current efficienoy of 90% cnn be II8intained under these 

conditions. A favorable report was also given on gold extr ... 

action and eyrurl.de consumption in the treatrmnt of the 

leached res1dues. The experimental results on which these 

last conolusions are based are rather scanty. 

PURPOSE OF TFLS PRESEnT BXPERlMEl~TAL .~t;ORK 

From the foregoing historical outline it can be 

se-en that considerablo experimentation on both laboratory and 

plant scale has bean done on the leaching and electrodepos-

1t1on of copper from sulfide ores and concentrates. Th-e re­

sults can be classified as: 

1. Those obtained :prior to 1920 using DB thods ess­

.ntla1~1 not modern. 

2. Those in wh ich experimentation or 01..: ora tion is 

on oxide-sulfide ores. 

3. Those in which experimm tation has been on prec­

ious metal bea.ring anlfide ores of the type likely to be 
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found in Canada .. 

As examples of Cla.ss 3. we have only the Flin 1!'lon 

tests on a complex ore and the Washington- State College ex­

periments. 

!he puxpose of this WOD: was to repeat t.he se tests 

using an ore (from the Horne mire at Norands.. P.Q.) v.hlch has 

hereto:tore been considered purely a smelting proposi tion. 

The points of main 1r:terest are. first wlat sort of copper 

extractions can be obtained and second ~'lhetb.er the precious 

metals can profitably be recovered. 

THB UAIlI DIVISIOnS O~" THL ~:'ORX. 
I 

1. Hand roasting tests in a ~f1e furnace with det\1rmi~e.tions 

of copper solubill ty in the ealc1no. 

2. Experiments on the formation of copper ferrite. 

3. Production of flotation conoentrate fram the ore. ,. 

4. Boasting tests in mechanical roaster on both ore and 

concentrate. 

5. Sma,11scale leaching tests on all the calcines produced. 

6. Cyanidatlon tests on the lenched reeidues. 

Electrolysis of the leach solution was not includ­

eJ ~S part of the work. 

L1m1 tations 0 f the Exper1mon tal VJork. 

It is to 'be understood that any results obtained 
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from an investigation of this kind cannot be regarded ss 

other than preliminary. In the first rlace. tests were made 

on on17 one ore which was regarded as t1Pioal of those gen ... 

arally- found in the Canadian North Countr7. A general set 

of Qonclusione can be dram from these results but the same 

conclu.sions might be nullified in the case of another ore 

d1~ferlng to e. alight but im.portant degree from our Noranda 

ore. This appUes especially to the sectl0.n on precious 

meta.ls re:cov6-q_ 

Then again the testa were mde on only 2-kilogram 

batches. ~ere have been any number of l;rooeases which pro­

v.e4qui te e fie-et 1 ve on tha.t scale b ut could not snrvi va the 

rigours of practica.l application and. so have since met a 

violent end. In order for a. prooes·s on any ore to be con­

sldered it met first be tested Oll a sma11 scale, as I haTe 

4one. then on a somewhat larger scale t and finally one. 

pllo;'\; plan1; scale over 8 period of months. Only in this way 

1s it possIble to fars-ee all the difficulties which are 

lIkely to crop u.p. 

A.Dother 11mlta.t1on was the 1arge amount of ana17tl­

cal and control work whictJ had ,",0 be done. In oommerclal 

'esting a staff up to aB many as fort,. men are needed. 4 .. 

pending on the scal.e on \\b1eb. the tests are made. This inc­

ludes sample.rs and anal;rsts as well as the. regUlar research 



staff. A single-handed inv£stigat1on is necessarily limit­

ed by this consideration. while in my case time was a.nother 

factor. In ell some 1200 anal.ytioo.l determinations were made 

in gatt-ing the rasu Its to be presented. 

Electrolysis was not included as part of the work. 

This eliminated also the posslbl11 ty of tests using El cyc11c 

process so that da.ta on the purifioation of leach solutions 

is missing. This question 1s important however; therefore 

1 t will be discussed to some extent later on. 

:EXPERILlliNTAL r!ORX 

llaterlal Used • 

.Massive sulfide ore from Noranda. LIims. Limited 

was used. This ore 00 mists principa.lly of Pyrite FeS2* 

P~ot1te Fe,Sa, and Chalcopyrlte CuFeS2 together with 

siliceous gangue. 

The ore as received was in pieces about 5" in size. 

With the assistance of the ~1ourth year !,:etallurgy olass it 

Vias crushed to -40 mesh material. This was done in the 

gyratory crusher and rolls in the mining laboratory_ Prev­

lolle to crushing SOlne hand sc):t"ing was done. those pieces 

containing largely pyrrhot1te being re3eoted. The crushed 

ore was out in a riffle sampler into 2000-gram lots and place.d 

in cane until read,. to be used. 



!fhe ore analysed as fo·11owB: 

Cu 2.98 % 
Fe 45.2 % 
S 34.6 7~ 
All 0.14 oz. 
Ag 0.50 oz. 

A screen analysis was made of tIle crnshed prodllet 

w1'th the asSlsta1100 of the 4th year Meta.llurgy class. The 

Bell screening machine in the mining laboratory wa.s used. 

!his analtsls is given in Table I. 

Soreell_ 

35 mesh 

48 

65 

100 

150 

200 

.. 200 

TABLE I. 

8m-een analysis of cruslacl ore. 

Percent on 

0.32 

11.40 

11.84 

]..3.86 

10.-61 

7.74 

44.0~ 

screen Cumulative. perce~t 

0.32 

11.72 

23.66 

3'1.42 

48.03 

55.7? 

99.80 

For tests on higher grade material 8. flotation 

concen'trate wa.s used. Thi s was prepared from the same Nor Em a. 

ore using the2000-gm Denver Laboratory flotation machine 

.in the Mining laboratory. This machine is shown in FigureI. 

A summar7 of the flotation tests made is given in the sect-
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ion headed "Flotat1on~" 

In all. 35 pounds of concentrate was prepared. This 

was mixed and cut into l500-gram lots in a riffle sampler. 

The SDalys1s was: 

nmoDS OF LNALY2,IS. 
. . 

eu 13.7 % 
Fe . 4:0.5 
S 37.6 
Au:J.22 oz. 
Ag 1.34 oz. 

These were taken from four sources. 

1. Lord and ~morest "Metallurgical j~alys1 s. " 

2. Seott ffStandard Methods o:f Chemioal Analysis." 

3. Low "Techn1oal llethods of Ore lmal.ys1s. t1 

4. fTUetallnrglcal An c..lys is" • Methods used by the the 6on-

8011dated M.ining and Smelting Co •• Trail. B.e .. 

They w-ere modified to meet the spacial condl tions encounter-

ed. 

The standard Low's iodide method was used for most 

o£ the deteminations. In the experiments on Eerrite form­

ation the fl.uoride .. lodide re tho-d was tDployed. Copper in 

resid1l8S and cyanide solutions was determined by the colori­

metric method. 
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Iroll_ 

~e permanganate uethod wa.s used. In Bl1 cases 

the filtrate from the COI)per precipitation was titra.ted with­

out further treatment as is the practice at f~i.'ra11. J~l though 

this ls not a generally accepted method it was found to give 

good checking results and is vrny rapid as both copper and 

tron may be determined on the Game sanple. 

Total,. S91hr. 

Samples of low Sulfur content were dete:nnlned by 

precipitation ss BaS04 in hot solution and weighing the pre­

cipItate. For high sulfnrs the cold precipit atieD method was 

used. 

Stilfs.te Su1fur .. •. ' . - r 

The is aJ!Ille was bo lIed f1 ftcen minutes with 5/S RCl 

and the Bulfste in solu:tlon was deter.miLed in the regula.r way-

See seotion on terri to form tion. 

Five cc. of solution was titrated with standard 

0.72 N. BaOH solution until a permanent prec1r:itate was ob­

tained. Then the eolu.tl:)n Vias back-titrated with weak (0.1 li.) 

HCI until the pre-e1pi tate disappeared. Ordinary indicators 
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cannot be used when there is a large quantity of iron or 

copper in solution as the precipi ta te masks the oolor change 

at the end point. 

Gold. 

standard fire-assaying methods were followed. The 

flux charge-e wer e the e ame as those use d in the r~ora.nda assay 

office. Go1d in solution was detemlned by evaporating the 

solution to dryness in a. lead boat and soorifying. Silver 

also was detel1llined. in a few smlples. 

Free C,Mide. 

The standard zoothod was followed. This involves 

titration with standard AgNOZ solution using KI indicstor. 

Samples conta1rJ.ing sulfide in the rcgensrstlon oxperiments were 

subjeoted to the following prelimimry treatL~nt: 

To a. qnantltyCabout 20 C\1) of solution to be test­

ed is added a h61f .. gram or so of solid lead carbonate. A 

reaction tnkss place and insoluble PbS is precipitated on the 

salt. This removes the sulfide from solution. As PbC03 is 

also sparingly soluble it does n(jt contsminate the solution. 

Lead does ·not form 8 complex cyanide and hence does not affect 

the t1 trat1on. The Pb~03 1s filtered out of the so1ution 

whioh 1s then ready to be sanpled for titration. 
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Phenolphthalein is added to the sf'aple mich lIas 

been titrated with AgBOZ and tp~ titration is continued using 

standard oxalic acid solution. Results are reported as pounds 

0&0 per ton. 

Aoid and ITater S01uble Copper aDd Iron. 

Tll~se are usually deUxmined by boiling the s8II1?le 

with an excess of dilute H2S04 or water as the case my be 

and then deteminlng the amount of copper or iron in solution. 

The results so obtained v/ill repres~nt the maximum solubil­

i'tles obtainable using the 61 ven leaching agen t. Aotual ex­

traction will usually besoImwhat lass thrn this. 

Por this reason it was preferred to adopt anarb-

1trary system of leach1l1g which \vonld be hc1d to rigorouslJ' 

in all tests a.nd would give e. series of comparative results 

which might be called QSo~ubility under leaching plant con-

di t.iona. n l~ctua.l ext.raction wa.s found in BO~ c:.}ses to exceed 

the perc-ent solubUity detenuined in this way shOWing that 

more ideal leaching condl tions had been obtained. 

Soluble copper was extracted b;.r 8. twelve-minute 

agitatIon with e. definite quantity of 5}; s!llfuI'ic ac1d or 

water at a tanperature of 50°C. EKactly the same conditions 

were maintained for all determinatlons. 



To do this a constant temperature water bath Vias 

set up. This was made from an old 4--ho1e copper steam bath 

set up on bricks. A Bunsen burner prQ'Vided the heat and the 

gas supply to the burner was oontrolled by a Cenoo mercu17 

gas regulator set in the water bath. Later it was found that 

the regulator was unnecessary; if the burner was set vu th a 

very low name ti,;6 natural radiation of the bath was just 

enough to balance the heat snppUed and the temperature re­

mained. constant within 2°e. 

The b·ath had in addition to the regulator and a. 

thermometer, a stirrer driven by an ale ctric mo tor. In the 

two remaining holes in the bath were set two lOO-cc beakers 

for duplioate tleterminations. Each beaker was provided wi th 

its own glass im.pel1er for agi tation of the solution. Both 

impellars wero drivon off a 1/50 HP Cenco stirring motor. 

To make a detem1nation two L.5 gm aanples of cal­

cine were weighed out and put into loo-oc beakers. These 

were put in the water bath -- exaotly 30 cc of 5% H2SO, or 

water previously heated to 50·C was poured in and the impel­

lers "ere sta.rted. After twelve minutes the beakers were 

removed and the contents were filtered and washed immed1ate17. 

The copper and iron in solution were tb.on determined by the 

uSll.sl met.hods. 

One or two B amples were detel1l1inei b::' boiling them 



w1th the 8ulfnric aCid. The acid solubility in this case. 

as would be expected. reached a higher f'lgtlre. 

The major! ty of detel.'mimtioIlS 'were run in duplle-

ate. 
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he object of the flotation eX_Jeri. nts aa simply 

to. prepare suf 'icient cone entrste to work ·d the !\ recor l as 

made of e tests ho ever and uOIn-e of the re lts will b pre­

s nted h re as ~ aving a bearing on th' s process of tresting 

COPl er ores. 

P_ooedur iD 

~ 0 s . 1 an ~ 4 ~ er e tl 

El le 0 _ I:o:r!..n ""' or 

1 tee t~ t:ras 'lll' fo rm e .. ce ,oA.. ..ior 

r.:.a.tion 'fnas as noted . .. 2000- g 

o ah }·a.s ground .;1 th . 5 

..... s ell 11 ill fo r l:- hour . 

'EtlO pulp \ .. S !.len pu in 0 .IlJle 3" a.l1 lot- tio' ell . 011ut d 

en.' i ti. n d :f o_~ v i VB m.~ nut e ,. :i:ae T agent s were 

t en a de . lJ.'hes ,".:cr : 

7 drops (0 . 71 gm Pine Oil 

50 cc (0. 10 g ) ·yl Aanthate . 

_igure 1 . 



~ froth was then removed. filtered. dried. and a.na17zed. 

In some o£ the tests the tails also were an~~y:zad for cop­

per.Table 11 gives the results of the flotat-ioll eXl~er1ments. 

In the last three tests the composition of the ore 

was assumed to be the same as in 2 which was cut by riffle 

from the same lot. There Lught however have been a maximum 

variation of 0.-3% which wonld re{iuc6 the percent extraction in 

tests 4 and 5 to 93 or 94%. 

!he highest grade conce:ltrate was obtaineCi by us­

ing 7.5 pounds per ton of 1ia2COa --- 16.75% in test 4. 

Lime was found to be a poor (-cI;raosor for pyrite_ 

This checks VIi th the reeul te obtained at norands; for some 

reason the No rand a. ore requires soda for effective concent­

ration. 

These teats· indioage the t a 951) e:xtraction by 

flotation is c()1~roially possible on the ore in Cj1l6stlon. 

FERal!E FO~TION 

Copper in common w1 th a number o~ elements forma 

with ferrio oxide compounds of the spinal type 08lled ferr1t­

.!!._ Two are k~;.rn. cuprous ferrite CuFe02_ and cupric 

ferrite Cu.{Fe02 )2- (24) They are very refractory and prac­

t106117 insoluble in dilute acids. Rot concentrated HOI d18-



TABLE 11 

FLOTATION T~S'lS 
I 

R1 Wt. tf'lt. Wt. Wt.* '7t. • f, lit 

NR... Cond i tions Q.IJ! ~ Ou gone. ~ Cu '.rails % Ou Ou in Ou out Extraction - -

1 Ore-lOO mesh from 1929 5.04 398 10.10 
rolls. Put int 0 

machine direct with 
2 gm Ca(OH l2as 460 9.94 1067 1.01 96.7 85.9 89.1 
depressor. 

2. Stand ard 2065 4.55 186 12.65 
459 14.65 1442 0.29 94.8 90.7 95.8 

3. Standard 2006 4.65· 541 14.'15* 1498 0.76 9.12 '19.8 8'1.4-

4. 3 Tests averaged 
7.5 gm soda in each 

6006 4.55* 1611 16.75 273 210 98.8 

5. Standard 1910 4.55· 643 13." 09.6 88.1 98.5 

Items starred * have been calculated trom other results. 



solves territes however. 

It has been -knOViD :for some time that when sulfide 

minerals are roasted these insoluble ferrites are apt to 

form. (2S)(26) Considerable work has been done iv the case 

of zinc '~errite in determining the exa.ct oonditions under 

which it forms. This has been al;ly sllIl1TlE.rized by Oldr1ght. 

{2'} The Tarious results indicate that ferrite formation is 

a ~~on of temperature. tine .. atmosphere. and a.·ssociat1on 

of the iron and ore lEtal oxides. Zino ferrite begins1n 

torm under ordinary furnace cond! t10ns at a temperature of 

'150·C but :territ1zs.tion is not complete under 950°. The 

}>ropertles and oonlltloDS of formation of colper ferrite are 

less well known. 

Aft6r hand roasting tests ht.:d' been begurl in the 

experimental work it was recognized tha.t some information on 

the for,mation temperature ot copper ferrite would be valuable 

in oonducting the roasts. Lcoordingly a few experiments were 

begun on this subject. Y~hile the wor~t was on. a reoent 

publication of the United states burea.u G:£ nU1l8:;l came to 

hand describing the :prepara.tion f';Ild properties of oopper fer­

rite. (28) This gave most of the des1red reaul ts and so the 

1nvestiga~on was not continued beyond one or two detemin-

at1ons. 

~I~·-repara. tion of COppfSTr Farr! tee 

A number of wOl'kere claim 1D have pro duoed the pure 



compound from stoichiolllstric proportions of the two oxides, 

cuO and FeaOz. llostovich and Upensky heated the mixed 

oxides andreported the reaction beginning a.t 6S0o. rapid at 

'50 0
.( 24) Stalll named tl. somewhat higher temperature '50-.800°. 

( 24) Walden used si8ilar methods. (29) Hilpert f1lSed the two 

oxides to obtain the compound. (30) List used a wet raethod 

to obtain the twooxides in C"l1 intimately mixed condition,.(3] 

He treated copper oxide with ferric chlor1de solution. pre-

Cipita.ted the mixed chlorides as hydroxides with potash and 

dried the precipitate at 110 0 obtal.oing a. yellowish sub­

staooe called 'the pentahydrate. Forestier used crystal ana­

lysis to deterin1nfJ whether or not ferri te had formed. (32) 

He discussed the limi tstlone of previous work on the snbJect 

and has recently proposed the £ollowing procedure as being 

more reliable: Free1p1 tste with UaOH a ti trat-ed mixture of 

ferric a.nd cupric chlorides in eq uimolecular proportion to 

produce cua.Fs203- Fl1 ter a.r.d wash the prec1pi tate. Ignite 

for 10 hours at 900-1000°0. 

All these investigations do not give ~Il~ indicat1.Ol 

of the extent to which copper ferrite forr:ls at various tem­

peratures or how it is a::ffccted by the I;rev1ons state of 

association of the copper and iron. For more satisfactory 

information on this subject \1e nltct look to the ttork of 

Sul.11-van at t1le US:B1l previonsly ui ted. (28) This vdll be sum-

marized along with the results of the present investigation. 
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Test 1. 16gm of intiI:lately i..1ixedcO'pper and iron 

OB1des was prepared using the lJethod of Forestier. Four 

z.-gm portions were placed in poroelain crtlcibles a.nd heated 

in a Leeds and llor~r-a'p ftHnmp" electric furnace contro11ing 

to plus or minus 3°C. After heating the samples were ana1-

yzed as follows: 

s) Per cent acid soluble. 20 minute agitation w1 th IYib 

HaS04 at 50°C. 

bJ SolubIlity in hot acid. !l'he four samples boiled 

Results . , 

e imttl tBneo us ly w.i th hat 5,; H2SO 4. T1meof heat­

ing about 30 mil1utea. 

cl Total. copper or iron. Sample dissolved in strong 

ReI. 

These are given in table Ill. These results dlow 

the ouriou s anamaly that while tile so lr·b ill ty of the copper 

decreases wi'th increase in heating tanperature \fleIl warm 

a.cid is aBed. as would be expected, in hot acid the reverse 

is the eas€ and 'the solublllty increa.ses slightly with tem­

pera t ure. 

This can be seen from t.rt e diagrams. Figs 2 and 3. 

Test 2. A more exact method ox determining copper 

ferri te £ormation tVaS used. This relics on the fact. dis-



TA.BLE 111 

Analysis 
• Samp. Fe 

fC"'\ 
fC"\ No. !lme l'emp. .QJl. Fe .2.:!! -I 

'l'hAoretical 
CuO Fe203 26.55 46.'1 1.758 

1 7t hrs 600-700° 215.65 45.1 1.758 

2 2t 6000 do do do 

3 2t 650 0 do 

4 21- 700 0 
do 

f, Solubility 
Warm Acid 50°0 

Pe x 10 
.Q.ll l..t. .9.!l Cu 

43.8 9.5 2.16 97.4 

48.3 19.6 4.06 98.3 

12.1 13.1 3.10 98.7 

36.3 10.8 2.97 99.0 

~ Solubility-
Hot A.cld 

l.! Fe x 10 
£ll 

70.0 7.2 

76.2 7.75 

79.3 8.03 

82.3 8.32 

, 
VJ 
~ 

1 
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covered by Sull.1VSll at the Bureau o~ lanes exr:eriLent stat­

ion. that oopp·er ferrite is insoluble in cyanide solutions 

while practically a.ll the other copper compounds a.re sol­

uble. Therefore to separate copper ferrite from copper oxide 

in a s8Dlple the s[l-mp1e was ground to -100 mesh and an 0.2 

gram portion was treated with 50cc of boiling 8% KCN solut­

ion :for 15 minutes. The solution was :filtered and washed 

into & oonica1 flask and the cJ8nide was decomposed under 

the hood by (;I. 2:1 mixture of sulfurle and nitric acids. The 

solution was than evaporated to dr~ess and tile copper was 

determined by the fluoride-iodide ~thod. From this the 

copper as forri te could be calculated. 

¥at&rlals. 

s.) CnO and Fei'z pulverized to -150 mesh were weighed 

out in tIle proportio-n 4 mole CuO to 1 mol Fe203 and mixed 

for six hours in a t~oha.ni cnl mixer. Having a. excess of one 

oxide ill the mixture tends to promote the completeness of the 

reaction. 

b) Some 1ntlruately Ql1xed CuO and ]\62°3 in the molecular 

proportion 64:1 oo-preoipi ts.ted by the Forestier method. 

In the ttl!nmptt furn20e controlling to .aoc. Four 

di~feren. teml)6ratures wel~ used. i.D ll .. hour heat \vas made 

at eaoh tUllI'sratm-e. 

The results s·re given in table IV. 



• Insol • Th. " \0 Samp Total !otal ~oluble eu b7 insole Fenlte tc'\ 

• No. Material Temp. ~lme Cu. ~ Fe i Cu ~ dift. Cu Form~d 

lA. 4:1 oxides 
850 11 h 20 min. 52.5 22.5 42.3 Ip.2 13.3 76.8 

IB do 750 do do do 45.1 7.4- do 55.~ 

le do 650 do do do 50.2 2.3 do 17.3 

ID do 550 do do do 52.4 0.1 do 0.07 

2B 64:1 co-p 750 do 73.35 2.2 72.05 1.2 1.25 97 
0%1d ea 

20 do 650 do do do 72.4 0.95 do 76 
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Sulllvans experiments .ere similar., He worked with 

a mUtture of copper and iron o:~idaa in 6:1uimolecn1ar propor­

tions oopreclpltated from .nitrato solution. Hia results are 

glv-en 1n Table V. 

Tbl3LE v. 

Ferrite formed b7 heating 1 hour at various temp-

erature-s. 

fem}l ..• 4eg. C 

650 
700 
800 
900 

1000 

Percent of total Cu in ~err1te 
form. 

67 
84 
9b.5 
97 
96.3 

E-f:fect of tir20 on completeness of f~rrite form-

atioD at 650 deg. C. 

T'lme Q·f hee.t1PJi Hrs. 

1 
2 
4 
8 

12 
24 
96 

336 

Percent en. aa :ferrite. --
67.3 
68.a 
69.2 
'12.2 
71.1 
73.2 
'1Z.2 
"11.5 

In figure 4 'the results of table 4 and 5 are 

plo'tted. The upper dotted curve representing tIle 64:1 ~'Jix­

tore of oxides is only epprox.L:late. In this sample the 

peroentage of insoluble oopper is very small. hence a ama11 

error in the &D81yt1oL~1 determination of soluble cOpper res­

ults in 8 high percentage error for :farri te cOPIJsr. 
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From Tables IV and V we may conclude: 

1. Extent of farri te formation is beyond a certain 

limit 181--ge1y independent of tiI:£. 

2. It la very much dependent on the mode of oocurrence 

of the copper a.nd Iron oxides in the mixture. The more in­

tima:t-e the mixture the greater the feni te formatioh. 

3-. Percent ferrl te fOl'1l18t1011 incr·ea.ses with the temp­

erature of' h.eating. It is praotically- zero at 650°C rising 

to 100% at about 1000oC. 

4. ~;hatever the mode o~ ocourrence of the oxides. 

above '100° the ferri te formation is eo grEUl.t 8S to seriously 

Interf'ere with solubility in dilnte acids. 

Conolusions 1 end 3 indicate thb. t the.re is an equi­

l1brium between 'tho oxides and ferrite vo.ry1ng with temper­

ature. Conclusion 2 indicates just tTJe reverse~ namely that 

at no time we have.8 oomplete reaction and that the extent to 

Wilioh the reaction ta.::es place depends on the degree of con­

ta,ct of the grains. ~ to tf16 present no a.dequate expla.nat­

ion of the meohanism of ferrite formation ilcSS been given to 

elea·r up tb.e cl. if:fic u1 ty • 

j.;pplieat1on to roasting. 

Figure 4 indicates that if inti~aately mixed oxides 

of copper and 1ron a.re he:r~ted for a short time at 600 0 abou.t 

30% of' insoluble copper will be formed. The condition of 



intimate mixture obtains when cha.lcapyrite (CnFeS2 ) ls 

roasted -- henoe a copper calcine produced at that temper~ 

at-ure should be uD-suitable for leaching ptl%poses. Sullivan 

tested this reasoning with the following experiment: 

Its grams of pure CnFeS2 was placed in a unoovered 

pore-slain crucible and roasted a.bout 30 hours at 600°C 

without stirring. Analysis of the ca~cine showed a dead 

roast with only a t.race of ferrite and about a third of the 

original sultur content converted to snlfate. n( 28} 

T.his indicates that in the range (550-650 0
) in 

which sulfnte and ferri te are both stable t~.:.c eulfa.te will 

form in preferenoe to the :ferrite. Above tne decomposition 

temperature of uoppar sulfnte (653°C for the normal sulfnt-e 

Mid 702°C for the basic sulfate}(U) ferrite formation will 

be rapid. Hence in roasting as a. preparation for h7drome~ 

a1.l.urg1' to lower too CTIlOnnt o£ water-soluble cop~per simply 

by heating above the decomposi tion temperaLure of copper sul­

fate is not the correot procedure .. - 1 t uill result in a 

decided falling off of cOIJper solubilIty_ 

ROASillNG 

It woo proposed to use a sing1e--hearth mechanically 

rabbled roaster for the roast-1ng tests. This was constructed 

in the laboratory; while wsi tlng for i ts comple·t~ion other 

work wa~~ prooeeded with. The first preliminary roasts were 
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han-d-rabbled and. weTe ccrried out in a. Hoskins electrIcally 

he-tl.ted muffle proylded w1 th a. Brown pyromete-r. :-iome of tJ-j.ese 

tests gave a. high perce--;tage oopper so1ubl11ty but the temp­

ernture control obtnina.ble was too tJ..Dcertoin to be of nmch 

v~une. Ranee hand roasting was discontinued a~ter six tests. 

The procedure in hand roasting was as follows. 

A charge of ore, about 1900 grams. was put into a flat iron 

pan tc b~ hoated in the muffle. The power was turned on -­

after one hour the furnace rea.c~led a temperature o:f about 400·0 

and the charge bogan to bum. Now the current naB shut off. 

allowing the roasting to proceed p~e.ctieally to coqlletion 

without overheating. t'ihen most of the stllfur had been burned 

off the power W?8 turned on again and the roasting was oomplet­

ed a.t the desired tem~raturo. ~~ ooJJiploto roast required on 

the average about seven hours. 

en: the six tests nos. 4 5 &; §. were supposed to be 

"ideal" roasts, tha.t is conducted at a low heat until the 

renction was about conplete<l. and finished at the maxiuum tem­

perature allowable before ferri te Lurmution sets in. Eos. 4 

& 6 prncticnllJ7 fulfIl1 this requirement. 1:0. 5 however gave 

very poor resnl:ts -due most probably to a. very lOtl and erratic 

tcmporf~ture d.r~rinf the inl tinl roosting period. No. 2 waa 

kept bclol"! 600 0 during the tjrst 5 hours giving a high copper 

extraction on the hourly samples. Then the tem.perattlre was 

allowed to rise to '100 0 for an hour; the copper extraotion 1m-
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med-lately fell off to belovi 50l~ no:; was roa~;ted throughout 

at a lor temper8"tu:re. It shows D V0XY l:.igh .f.,crcentage o£ 

water--sol.uble copper t in faot a.].rJlost lOO~-; of the soluble cop .. 

per was in the sulfste form. The results 0:1: the hand roasting 

teste are given in table VI. 

J?lgureB 5.6. '1. and 8 show some of the more signific­

ant results in graphical. form. ~~igure 5 shows how copper and 

iron aolu't:>1l1-; le~ vr:..ry as roasting proceeds. from determina.t­

ions made. Inl~o8Bt Bo. 4. Grab samples \'1o~e tc.kan from the 

charge every hour and analyzed completely to give tl~c results 

p~~eent.e.4. It can be seen the:~ f"ftBr thE; third hour the iron 

is at s. ;maz1mum B oluL~li ty probably cOLverted CO Dlple tely to 

oxide and sulfate. Copper is only partly COINerte-d to t~~e sol­

uble form at ihis stt:.ge. In thE.; next two llonrs t.lls total 001-

:fur Old not decrease greatly (See Fig. 6) but reaction took 

place betvleen en:? Cuo. '?€20Z &.n (1 FeSC4 r;i th arJ inorease of 

soluble copper a.nd a. deCret\S6 of soluble iron. This reaction 

was cOIfl'leted a:fter 5 hours. In th e final two hOUTB the tem .. 

perature ~~e raised to 6700 to decompose CuS04 and decrease 

the amount of w:.:~tor soluble copper. ~\-s the graph shows this 

temperature resulted alao in a. ff-lUng off of acid solubl11t.1'. 

The percent of water and acid so1uble iron is low. 

ah .... ~.. However the total percentage of iron in the oalcine 

is abOl!t 14 times. that of the copper so the actual amount of 
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soluble 1ron in much greater in propGrtion. This ie one of 

the d1sadv8l1tages of treating unconcentrated ore; this will 

be discussed in a later section. 

In Figure 7 percent aolubili ty is p10tted agnlnet 

percent ~·~:;ulfur in th.e calcine while Pigllre 8 shows the per­

canto! the sulfur in the wlfate form as the roasting pro­

c.ee4s. 

Mechani cal R{)ru~t€r. 

Tnis was used for the next thirt~en roasting test~~. 

The furnace was designed by Prof. G. Sl'ronle t pn.tterned some­

wha.t after the Herreshoff laborator37 r08.nting unit but with 

a number of imports.nt modifica.tions. 

It cons1sts of a 16" shell made :;f 1/8" steel plate 

supported on legs of iron pipe. Inside the 80011 1s a. refrac­

tory lining. On the hearth of tile roaster this conajd;s of 

2i" of S11-o-ce1 bri-ck with a oovering of 3/4" or Grefco 

chrome oement. The walls have l-k·n of 811-0-001 "C_3'1 cement 

covered by i to in of Grefco ceme.nt L'1t?1:1nc- the inside hearth 

diameter 1211
• The cover of the roaster is romova.ble and oon­

sists of a. st.eel shell 1111ed with 811-o-oe1 ca-Jent about 24 '1 

thiok oyer whioh is tIt of a.lundwn cement. In the alundum 

cemeat j s imbedded. the heating element. 
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T~e heating element oonsists of 80 feet of Chromel 

A wire BlS gauge #1; wound in a }/16" coil to ak!Ke Rn open 

coil. (turns aLout 1/16" apart) 175" long. This is wound 

in a flat spiral 10" in diameter having 8 turns of· coii. 

The rabble is a 314 ft nicke1 tube on which are fas­

tened eight teeth of chromel hairpin 1 3/8u long and 3/4H 

broad. To it 1s welded a central drive SLLH1't of nickel tub-

ing which passes downward thru a 1" a~undum tube irobedded in 

the h~8rtt. A cover of' nickel welded to the rabble serves 

to protect the beari~~ from dust. The nickel-tube L~aft ~ 

extends downward about 5~ below this out 01' the region of 

high temperature it keys into a :L '" iJ:on tube whi<;;l1 is suppo:c-

ted on the bearing below. On this tube is an ~ inch pulley 

leading by belt to an electric motor and speed reducer. 

Air ls supplied to the roaster under light presSllre 

from a b1ower. It enters at the bottom of the hollo\,,;' 'bearing 

supporting the drive tube, passes up thru the holl.ow rabble 

arm and Qutbetween the rabble teeth. A chimney in the 

cover carries off the S02 gases to a hood. 

Details of construction are shown fully in Figure 9. 

F18Ure 10 shows the roasting unit set up for operation. 1riC'Ure 

11 Is a view of the interior of the roaster shoning the rHbble 

and the thermocouple. 
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Pure 10 

Figure 11 



Operattns details 

Motor. 110 volt DC supply_ i HP. lbOO-18JO RPM. 

Speed re4ucer. 48:1 ratio. 

RHbb~e speed. 

Power to roaster. 220 volt DC WJ,.l;1l varl.S DJ..e re-

sist-ances in series. Maximum current 

13.9 amps = }.o6 Kw. 

Temperature contro~. Iron-constantiin thermo­

couple connected to Leeds and. Northrup 

recording and controlling potentiometer. 

Re1s1 control switChes resistances into 

the main. power circu.1t. Control. to 4°C 

at 600°C. 

Method or conduct!De roasts. 

A charge of from l3JO to 1800 grams of material 

was used. In the case of the -40 m.esh ore the 1800-gm 

cbBrge could be handled with case. but the fine concentrate 

gave troub1e. due to caking and piling up in front of tae 

rablle. Hence wh.en concentrate Vias ronated charges o:E Ollly 

1300 grams were used. 

Afte:I' the charge had been put in. the CUl'rent was 

turned on. In about 45 minutes the temperature of the 

chamber reaciled SOOoc, ·enou. .:h to ignite the coo~er :layer o~ 

sulfide below. At this point the power was cut down somewhat. 



the rabble wasatarted and the air was turned on. During 

the roasting period. which lasted 2 hours and 4.5 m::.nutes on 

the average, the temperature was kept around .5.500 • Then the 

air was cut ort and the temperature raised to the desired 

value. The control~1ng mechanism kept the roaster at this 

temperature for another two huurs. Th0 roast was then com-

plete. A complete roast toak about five hours. 

In Table VII a typical log of a roast is given to 

illustrate the procedure ~ollowed. i'he actual temperature 

record made b7 the recording pyrometer is reproduce-a. in 

F1gure 12. 

Botes on the roasting 0Reration. 

(~). In the first roasting test measurements were made 

to determine the relation between the mui-:fle temperatu.re re­

g1stere-d by the recording pyrometer and the actual tempera-

ture of the bed of material. To do this El secolld tbermo-

couple pyrometer was used with the Junction inserted into the 

oh8rge ltseli. In addi t10n periodic meHSl.lrements wel/a made 

turn the peephole using an optical pyrometer. SOCle of the 

results obtainea. are given below: 

femp. Temp. Optical 
Condition of roast Hui':fle Bed pyrometer 

J T I 

Initial heating ;00 220 .- ............ --

Ignition beg11illing ;80 ,;60 650 

Full. Ignition 62.5 b50 b50 + 

D1tto. Air on 670 710 

+ Small localized areHB gave readings as high as 8000e. 



liar. 1, 1935 

Roast 11-6 

9.10 AM 

9.40 

9.55 

10.10 

10.50 

11.30 

12.15 

12.40 

1.15 

2.10 
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TABLE V1). 

Can. No. XV Ore. 

Rabble speed 6 RPM 

Power on 14~ mp •• 

Temp. Chamber 390°0 

Power lOA MpS. Air on 490°C 

61- .4 mpa 

550°0 

560°0 

560°0 

Power 10 Amps Air ott 540°0 

Cont ro 111ng 8°3 coming off 650°0 

Power oft Roa st er opened 665°0 
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This ta'; le shows that be.fore igni t10n takes plaoe 

a minus correction of 20-80° has to be a:pplied to the recorded 

temperatu.re to give the true bed temperature; du.ring the actual 

.roasting the bed is from 20 to ';0° hotter than the recorded 

temperature. In the finishing stages muffle and bed tempera­

tures are about the same although the latter may be lower. 

In view of this difference between actual and 

recorded temperatures, the muffle temperature was not allov:ed 

to exceed. .5';00 during the period in which thesu.1.fides burn. 

In this way the actual roasting temperature stayed below 6';00 

After the aultiues were all deoompos-ed the muffle temperature 

oould be raised to 600-6;0 0 without danger of overheating. 

(2). The air supply was not entirely satisfactory. It 

was found that natural draft passiIlt; thru. the fo11ow rabble 

Vias not sufficient to roast the ore in a reuBona.ble time. 

Accord1ng17 air was provided from a blower. This gave the 

necessary volume but as used was thrown on the ore in jets· 

as the rabble moved around with a resulting tendency to 

localized overheating. Large draft ports in th~ side of the 

roaster would have given better resul te. One advantage of 

the method of supPl1 used was that bearing. rabble, and 

teeth were air cooled and hence were batter able to stand 

the high temperatures. 
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(J). !he calcine trom a good roast is a bright brick­

red in co1or. If overheating has taken place the color is 

elate graZ. due to the presence of copper ferrite. This has 

also been noted b7 previous investigators. (20) (21.). 

The resu1ts o~ the roasting experiments are given 

in Table VIII. In most of the roasts the finishing tempera­

ture was the ysr1able but in one or two the effect o~ time of 

rQasting and size of material was noted. (Roasts M-b and fu-7). 

The rela"tion between roasting temperature nnd copper solu­

bility in the oase of the ooncentrate ~s shown in FigQre 13. 

Table -U gives the results of periodio sampling of 

roast No. F-3. and experiment perfQ~ed in the Metallurgy 

laboratory by the fourth year mining stUdents. The ttstandard" 

method of determining solubilit1es was used - that 1s the 

sampl.e was boiled first with water and t11tered to determine 

water-so1uble copper. then the residue \'7HS boiled with dilute 

acid to determine ac14-so1ubleoolJper. and finally the in-

soluble co;)per was determined from the second residu.e. The 

lsstsElmple (1f1) was cut from ti1e final calcine by riffl.e and 

determined ])7 me by the method I have be-en fO.i.lowing. Figure 

14 ahows the results of tab1e IX in grarh form. The d.otted 

curve is one obtained by Floe hnd Dru.cker (21) working ;, i th a 

30]" conoentrate. It is put in for pUI·poses of comparison. 



SUmmsxy of Roasting Results • 

. 1. 1iax.imum ttleaching plant solubility" obtainab~e 

was 8,~ for the ore, 99~ for the concentrate. 

2. For maximum solubi1ity the finishing ,temperature 

should be be'tween bOO and 6700 • preferab1y around b}Oo. 

3. Water soluble copper was around 1510. If the 

temperature was kept low this cou1d be raised as high as 81~ 

whUe if the temperatures exceeded 7000 it went down to 40]0 

or less. 

4. There 1s no advantage to be obtained in roasting 

finer material. Copper solubility remains the same while acid 

solub1e iron goes up. 

5_ In the case of tne ore a shorter roasting period 

gave practically the same extraction (Roast 1~:-6). The per­

cent of undecomposed sulfides was gre(;.ter but this seerJed to 

be balanced by a lower ferrite content. 

6. Acid soluble iron varied from 1.3 to 1.110 in 

ore samples roasted at temperatures between 600 and 66.;0 c. 
In the concentrate the amount was somewhat higher 1..6-2.4~ .• 

ComJ)!risonof resu~ts obtained with thos~ of other experimenters. 

Five other sets of results are available, those of 

F'l.oe-Drucker (21.). Goodrich (33), Baroch (20). Asherott (34) 
~ . 0: ~ 

and the c omp~ex ores recover)' company (;). These wi11 now be 

briefly swmmarized. 
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tABLE 1X 

ltoast '-3 llaroh "' 

Exper 1 me nt p erf'ormed by 1V ye ::i r M 1 n er a 

~ ~ 
~ ~ ot ~ of 

Time Sulfide 'rot al cu ou 
hr. w-a Cu a-8 QJl Cl! eu w-, a-a 

1,00 3.08 8.26 4.60 15.83 19.' 71.0 

laZ5 3.48 7.6'1 1.6'1 14.82 23.5 74.5 

2*10 3.96 10.6 0.84 15.40 25.7 83.5 

2135 5.45 '1.93 0.05 13.43 40.5 99.' 

31.16 6.20 7.30 0.06 13.55 45.7 99.4 

3145 7.0 5.60 0.00 12.6 55.6 100.0 

5100 11.8 2.85 0.2- 14.35 1S.'1 98.6 

• Fenlte CU. 
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Goodrich working at ColumbiH Ulliveraity roasted a 6t. 

Porphyry copper ore in a gas-fired muffle furnace, screened his 

OtUclne into two lots -20-40 mesh and -80 mesh, and deter­

mined in each the soJ.ub1~1ty of the CO} per in boiling lO~ KC1. 

lIe obteined·uniforml.y high extraotions (9.5--1.001o).on the coarse 

materlfi l. even when the rORsting temperatu.re went as high HS 

8500, but on the tine mater1~1 extraction dropped o~t to 8,~ 

at thehlgh temperatU.1-e. Leaching tests at 200 0 on 'twenty 

gram samples using 1010 H2S04 gave extractions ru.nning :from 

12-~O~. 

Floe and Drucker used a Nichols Herreshoff 1abora­

tor, roaster gas-fired. They obtainedextraet1ons on their 

,010 e oncentrate up to 991-. Water soluble copper was always 

less than 501y as shown in Figure 14. They recommend a 

roast with the initial stage at 8 low temperature and a 

finishing temperature of 600-670°. 

Baroch or:tained his results in an electric heat­

treating furnace with.yrometer control. He used 3110 chHl­

coolte concentrates and 2.5~ chal.coPlr1te OOnOGlltrfltes. The 

extractions obtained were of the same order [~S those of the 

present investigation. 991- acid soluble copper. 70'1- water­

so~ub~e copper. However. the temperatures used for a goo~ 

roast were deCid.edly lowel~ than the other 6X}}eriments have 

shown.. His soheme for obtainil2gmax1mum copper solubl11ty 

is 8S follows: 
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~st. stage. -- Sulfatizing period. Temperature 

shou1d not exceed 455°C othen~se soluble magnetite will be 

:formed by reduction of·Fe203 b7sul.:fldea. Maximum amount of 

sUlfate is obtained it the temperature is kept at :>70oC. 

Above this temperature the sultate decreHses. The product is 

lower copper and iron oxides, and sulta.tes·. 

2nd. stage. -- Oxidizing. }~ter all the sulfides 

have been decomposed the temperature is raised to 455-540°0. 

Ferric oxide forms. 

3rd. stage. -- Temperature ;50-6';00 0. Iron 

sul.fate is decom·posec1. 

Roasting experiments were also made in 7' x ~2t 

hand rabbled reverberatory furnaoe - oil fired. This gave 

a ca1clne with acid soluble copper around 92~ and water 

soluble copper nround 26~. 

The rObsting tests on ~;-11n Flon ore mode at Denver 

were too numerous to be listed IleJ.'e. Most of the tests we.L~e 

made in a 2it electrically heated 8~earth I':HC])ough~l-tlpe 

furnace takillg l't feed of Hround 35 pounds per hour. atrac­

tlons of 9510 aCid-soluble Elnd 151. water .. ·so1uble copper were 

secured when treating 1.510 oopper concentrates. 

hearth te~perature was around boOoC. 

ThE; mrudmum 

This summary shows that in general there 18 agree ... 

mellt Among the various investigators as to the degree of acid 



aolu'bi1-1ty obta1nab1a on roasting a copper ore. }i'or con-

c-entraUd mater1a~ it will run from ,0 to lOOj. while for 

un.conoentrated ore 80-901- extractions are to be expected. 

There 1s disagreement first as to the temperature to be 

used and second as to the per cent of sulfate cOTJper formed. 

{1} Temperature" or roasting. As prev1ousl.y noted, 

:Baroch's experiments indicated that a very lo.w roasting tem-

perature, below 4,;00C should be used. I~ 1s dif~icult to 

see how be was ab16 to maintain that low temperature success­

:fully and. ob"t81n a calCine witll good 801ubi~it1. when low 

temperatures (,,00 ) were tried in the present experiments, 

undecompose sulfide usually remHined an(l the copper solubi~-

1ty dropped oft .. fne iron solub11it7 in this case was high, 

a result which supports J3aroch's statement that to exceed 

4550 in the early s-tages of the roast means the production 

of solabl.e magnetite. It was found, howeve:l~. that by heat-

ing the charge over 6000 in the final stages of the roast 

the 1ron so1ubillty could be reduoed to a figure comparing 

~avorably with his. 

Goodrieh obtained apparent~y h1.gh extractions on 

material. whieh had been hcate-d: as high as 850°C. This result 

has not been confirmed b,. the other and 1ater investigations. 

Boiling lO~ HCl would tend to dissolve copper ferrite, whereas 

d1lute su.l.ra.r1c acid does not attack it. This may be the 

explanation of his results. 



portion of sOl.utiOL. 

went down to 2~:~. 
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de\erm1ning factor. Ashcro:t't, as n result of hi;.; experi­

ments (;4), bss Oome to the oonclusion that up to 650 0 0 

salfate formation is the primary roasting reaction and that 

oxide forms only because ot H seconda~ reaotion between 

sulfate and undecomposed sulfide thus: 

CUS04 + CUS + 02 = 2XuO + S02 

~1s reaction takes place in roasting only beofluse CUS04' 

and CuS are constantly brought into contact by rabbling. Iron 

sul.tate, he says, is not per se decomposed to alry extent at 

om1nary roasting temperatures. It will, however, give up 

its Bullate radica1 to copper oxide with the formation of. 

~S04 and Fe203-

In virtue of these reactions he hhS been able 

to demonstrate that by using a aharge viith the Fe Cu and S 

ba1anced in the proper proportions and roasting it at 550-600oC. 

without rabb1.1ng it j.a pOssible to get practically all the 

copper in 8 water soluble form and the iron insoluble. 

The explhnation of Bullate formation mo st com-

qlonl.y accepted is that the partial pressure of the 302 plus 

02 in the gases percolating thru. the bedded material is the 

determining factor. S02. 02 reacts with basic oxides to :form 

sultates in the presence of finely d1vided ferric oxide or silica 

which aot as catalysts. (35) 

Cuo + 302 + 0 
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l.:n:1 reducing agent wh1ch removes the oxygen formed 

by the decomposition of the CuS04 tends to send the reaction 

to the left --- hence to break up the sultates. 

~ reducing agent~- gbS may be used as mentioned 

above; more commonly fresh unroasted ore is added to the roaster 

at one of the bottom hearths. This provides the reducing.at­

mosphere which deoomposes the sulfates. 

The direotion of passage of the gas in a roa8te~ is 

important. Down-drafting the roaster is the basis ot the 

Coolbaugh-Read patent for sulfat1zing roast1ng. In this way 

the hot partly roasted calcine in tile bottom hea.rths is brought 

into contact with a gas relatively rich in S02 which tends to 

promote sultation. Ol.dright discusses the genel'al ideas on 

concurrent roasting in his report in the Flin li'lon experiments 

In the present experiments, due to laok of time, no 

attempt was made to test a method of reducing the per cent of 

CUS04. It was found that if the charge was heated above the 

decomposition temperature of Copper suUate (6,5';0) or more 

partioularly the basic sulfate (7020 ) the water soluble copper 

decreased greatly. (Roasts #2. 1( .. .5. F-,5) but at the same 

time the acid so~ubi~lty to-ok a deoided drop_ As was pointed 

out in the section on Ferrite formation, this is the expected 

result. 1'herefore heat alone cacnot be used to decom:rose the 

oopper sulfatej there must be in addition a reduoing action. 
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LEACHING 

The purpose of the leacLillZ tests Vias: 

1.. To determine on a 500-gm. scale the percent copper 

extraction obtainable on each of the calcines. 

2. To determine to what eKtent poor roasting oan be 

remedied by the US,_, of stronger acid. solutions. 

3. To determine how temperature affects the xste and 

degree o~ extraction. 

4. To observe the extent to w.nlch iron dissolves and 

contaminates the solution. 

Each of the n~eteen oalcines was leached with 

dilute sulfuric acid at room temperature. In addition eaoh 

was given 8 seoond leach und.er different conditions. The 

choioe of these conditions was governed by the solubility 

results of Tables VI and VIII. In some cases 1each with 

at 75°0 VISS used, in o the l' casus :lO'~ aoid at 

~OOt in still other oases pure water. 

Aparatus 

Thr~e different leaching apparatuses were used in 

these tests. For the leaoh witil dilute acid. at room temper­

atures the apparatus consisted of a 2-11ter beaker provided 

with a motor-driven glass impeller. Agitation in t,Ci.is case 

was carried out .,ith a 21-:1 pulp rati.o. The sol("tion used 

was either freSh acid or the so1ution from a previous leach. 

In the case of the unconoentrated ore the copper content VIas 

not high so that the same solution cO~lld be used four or 
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five t1mes before it became concentrated. 

For high-temperature l~clling a special apparatus 

was set up. This is sketohed in F1&~re 15. It consists of 

a gal¥8nized iron w~ter bath in which is set a 2-11ter beaker. 

The bath is heated by a bQnsen burner. Agitation is by means 

of a glass 1mpel1er motor driven thru. a belt and pulley. The 

temperature of this bath by proper adjustment o~ the burner 

could be kept constant within plus or minus 50. 

A small Pachuca agitator was devised for leaching 

the calcine from the Concentrate. It consists of an inverted 

4t 11ter bel.l Jar bin in diameter and 12" high. Suspended 

in the vessel is a 2-inch l~ad pipe extending almo~t to the 

bottom. This acts as the air-lift. The lead ViHS found to 

be wholly unattacked by the acid solution. The air is su~plied 

by means of a tube passint; thru a stopper in the neck of' the 

Jar into the central pipe. The f~ir tube is provided rJi th a 

stopcock. In 8(;.d1tion it is carried up above the Bolution 

level before leading to the air su :tJly; this prevents the 

escape of solution in case the air supply goes off. Figure 

16 is a sketoh showing details of the air tube. In lt~ig\.tre 

17 the agitator is set up ready for opera ion. 

A 5:1 pulp ratio was used in these tests, the c:large 

being ,500-grams calcine and 2.50000 solution. It \'IbS found 

that when 1,5-1b. air from the compressor in the minIng labor­

ato~ was used the agitation was very effective. The s~pply 



F 1 er t 5 

f I 0- I cS 



Figure 17 





-72-

from the blower was not sufticient. 

Procedure 1n l.eaC;i.ing tests. ,-

A weighed amount of calcine was put into the 

vessel. the measured amount of solution. and agitation was 

begtUl. When the Paehuoa was used. to prevent Caking of the 

fine material it was fed in slow1y to the solution already 

in agitation. 

Atter one hour the agitation was stopped for a few 

minutes and the l)ulp allowed to settle somewhat. Then two 

5-cc samples were pipetted off. one to be determined for free 

acid, the other for copper and iron. The~e samples were 

filtered and determlneu by the usual methods. In the same 

way other samples were taken at whatever time intervals were 

desired. 

At the end of five hours l.eac.l~ing was oonsidered 

oomplete. The pulp was t?len filtered thru a 9-inch Buchner 

funne~ into a 2-1iter receiver using suction ~rom a vacuum 

pump. The pregnant solution was put into a 2-1iter acid 

bottle to te used again but all wash waters were discarded 

The residue was given five water washes. then dried. weighed, 

samp.led, and anal7Zed tor copper. 

Results 
JI 

Initial and final so1ution asstqs are given in 

table X. In addition samples were determined at the e~ .. d of 
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1. 2i. and in some easea 4t hours. The latter results 

are ir_rel.evant to the main purpose of the work and are 

omitted trom this thesis with the exoeption o~ a few in 

Tab~eXI. In tabl-e XII the percentage extraction13 are 

calculated from the assays of the heads and realdues. Some 

discrepancies are found in Table X. These are most probab17 

due to changes in solution concentration by evaporation. 

althout;han effort was made to keep zolution vol.umes constallt. 

This e:f'fect wae noted espeoially when high leac~ling tempera-

tures were e-mployed. 

TABLE XI 

Variation of· rate of extl"action \71 th time 

Leach No. Conditions 

4 Calc. Jl dil. ac. 

ChIc. J1 25~ ac. 

Summ~ry of results. 

-Copper in solution g/l. 
1 hr. 2 hrs. 41 hrs. 5 hrs. 

1~.66 12.4 

1.4.4 14.07 14.22 14.0 

1. Time of leac:ainG. The results of THble XI are 

shown graphically in Figure 18. From this it is evident 

that the so1uble copper is extrccted raJ)iuly and that agitation 

beyond two hours will not increRse the amount dissolved. Using 

stronger acid increases the extraotion but here a_~ain atter 
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two hours the action 1s complete. The iron is dissJlv0d 

steadily. the amount being a .functlon of the leaclling timJ. 

Rence oontinued agi tatlonbeyond. trIo hours is of no advan­

tage and actually produces a solution higher in impurlti0s. 

(2) Percent extraction in dilute acid. This Vias 
----~-----------------------------

generally somewhat 1ess than indioated by the acid solubi1i­

ties. Extraction for the unconcentrated ore varied from 80 

to 85~ in properly roasted samples. The extraction of 

copper from the concentrate roasted unu<'Jr the same conditions 

was 9510. The nMtt series of roasts gave 10vler resu.l ts tllcUl 

expeoted. This was pro ba l)l~I due to the very weak solutions 

In all these tests 

the leach solutions were the filtrates from previous tests 

made up to 1 liter with ,~ acid or water. SUbsequent analy­

sis showed that the acid strength had dropped to a greater 

degree than was anticipateJ. 

(3). Extraction in stronger acid. 10'~' acid V'IaS 

used for calcines b,L-5, -6,F-l.F-2,:E'-3. The extraction 

obtained was decided1y higher, only In those cases where un­

der-roasting or over-heating had takan p~ace in roasting. In 

the case of a normf,l l"oast the dilute acid gave ex~ractivns 

practically as great. 

Hot 2;~ aoid was tried with the iden in mind that 

copper ferrite might thus be soluble. This principle is the 

basis of the TaLnton process.for the proQ.uction of electro-
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lYtic zinc (31). In all cases the 25j., acid gave higher 

extJaotions, the maximum obtained being 94~. The badly 

overheated ca1cines produced indifferent results. 

The l.arge amount 01· iron which <llsso1ved i:iore than 

compensated for the added extraction obtained. In practical 

operation strong hot solutions would not prove satisfactoxy. 

If magnetic separation could be used to concentrate the 

ferrite portion of the calcine, this might be treated separ­

stall with strong acid as in the Ta1nton process. outside of 

this possible application, strong acid 1s of no use. 

( 4 )T empera tur~. Roasts M-2. M-5, M-4 were con-

ducted with the same strength of acid at two temperlitures 

200 and .,50°. The higher temperature proved of no advantac;;e 

either in rate or degree of extraction. 

(5) so1ubilitl of 1:ro11._ Some calculations were 

made on how the acid-soluble iron corn~ared with the actual 

iron taken into sJlution on leaching as deter:-jined by solu­

tion ana1ys1s. The results of these calculations can be 

swmmar1zed as follows: 

a) _ ~~'hen roasted ore was leached in di1ute acid at 20°C 

the iron dissolved to the extent of hbout 6610 of that deter­

mined in solubility tests. 

b) _ ~j'hen l.O~ acid at ,;OOC was used the nLlount dis-

solved was hbout_equfll to the acid soluble iron obtained in 

ana17s1s. 
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(0). When hot 25% acid was used, four times as much 

iron d1ssolved. 

d) When roasted concentrate was leached in the Pachuca 

40% of the A-S iron dissolved. 

PURIFICATION 

The results of the leaching test show that while 

the iron does not build up in solut1on as fast as the analysis 

o~ the calcine indIcates, yet enough iron Is dissolved to 

bring the concentrat1on in solution up to about 8 g.p.l. after 

two or three leaching cycles. Some means must therefore be 

taken to keep the iron ooncentration below the desired limit. 

What this limit is depends on the way in which electrolysis 

ls to be carried out. The deleterious effect of iron Is not 

contamdnat1on ot the cathode as in zinc hydrometallurgy but 

ls stmply the lowering ot ourrent efficiency in electrolysis. 

This is due to the solvent action on copper at the cathode 

by the terr1clon. which becomes reduoed to the ferrous state 

in the process. The flow of solution then carries the ferrous 

ion to the anode where It becomes re-oxidized to the ferric 

state. 

A certa1n amount of iron in solution is useful --

it serves to depolarize the anode. However, when the amount 

rises above 5 gm per 1. in the ferric state the effect on 

current efficienoy becomes so marked that eleotrolysis 1s sure 
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to be unprof1table. tt a depolarizer l1ke 802 gas is 

used to keep the iron in the ferrous state electrolysis 

can be carr1ed on w.1th good efficiency using solutions con­

taining as muoh as 18 gm Fe per llter. (16) 

Whatever the degree of purIty required, some means 

must be used to keep down the concentration of iron and other 

~purlt1es in solution. This may be done by constantly dis­

oarding to waste a port1on o:f the solution, or by using pur­

ification methods. In purif1oation the solution Is neutra­

lized either with excess calc1ne or with a base such as I1me-

stone. Ferric hydrox1de prec1pitates and may be removed 

by f1ltration or decantat1on~ It 1s important that the iron 

be in the terric condItion because terrous hydroxide precipi­

tates only in alkaline solution; copper hydroxide preoipi­

tates in preference to terrous hydrox1de. In order to get 

all the iron into the ferric state an oxidizing agent such 

as MD02 1s necessary. This may be dispensed with if only 

part1al removal of the iron 1s needed. 

There is some question as to which method of neu­

tralization Is most satisfaotory. Neut~11zat1on by means 

of a neutral leach with exoess oaloine is the method usually 

followed in electrolytIc zinc plants and 1s used at least 

in one large copper plant. (Katanga, Belgian Congo. 38). 

It has the disadvantage that the prec1pitated iron goes with 

the residue to the acid leach a.nd is to f:ome extent redia-

solved here. 
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T111ey and Ralston (19) discuss the pros and cons 

of the use of lime in copper sulrate pur1fioation. The 

advantage Is that excess acid Is removed from the circuit 

as insoluble calcium sul~ate; the d1sadvantage is that the 

prec ipi tates obtained are generally d1:tt1cul t to settle and 

~11ter. Several plants use limestone precipitation, per-

baps the largest of these Is that of the Andes Copper oompany. 

Some data pertaining to this plant is now given: 

TABLE XIII. 

Purifioation at Potre~111osJ Chile. 

Unpurlfied soln. Eurified soln. 

Cu 41.55 gpl 42.09 gpl 

112804 14.11 0.00 

Total Fe '1.03 1.50 

Ferrio Fe 6.32 0.94 

Copper loss in cake 1.7% of copper entering. Ampere 

efficiency in electrolysis 85~ using no depolarization. 

Conclusions in resa;rd to leachins. 

1. Using 5% sulfuric acid extractions between 80 and 

90% can be obtained on the roasted unconcentrated ore, 95;'; 

in the case of the concentrate. 

2. There 1s no advantage to be obtaIned by using 

stronger acids. The increased solubIlity of the iron offsets 
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the slightly higher copper extraction. 

3. The remedy for poor lDast1ng does not lie in the 

use at stronger acids. 

4. Either a considerable disoard or purIficat10n of 

solutions is neoessary to keep impurities wi thin I1n11ts. 

RECOVERY OF PREOIOUS METALS 

This Is an extremely important question, especIally 

with gpld at the high price it now brings. In smelting a 

copper concentrate the gold 1s recovered at no add1tional 

cost. A leaching prooess to compete with smelt1ng must 

t"herefore include some method of reoovering at reasonahle 

oost the precious meta.ls in the resldues. 

Poss! ble met"hods include both wet and dry proces­

ses. Cyan1datlon 1s naturally the first one to be considered. 

It is cOInplloated by the fact that a leaohed copper calcine 

1s apt to contain a prohibItive amount of cyan1cldes. Then 

too the" residue may not "cyanide". The case of the F11n 

Flan ore was suoh and as a result many ingenious schemes were 

devised to reoover the gold. (40). These included chlor-

ination, chlor1dlz1ng roasting, simultaneous leaching and 

flotat1on, part1al roasting and ~lotatlon, and reroast1ng 

w1th sultur10 acid to leave the gold in a form available tor 

°ranidation. 

A dry process can be used if the weight of res1dues 

to be treated 1s relatively small. The residue would be 
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smelted to a small amount of matte oontaining the precious 

metals, matte can be converted to anode copper and refined 

electrolytically or it may be roasted and leached leaving a 

small amount of residue to be melted to bullion. 

Experimentation in the present tests was confined 

to cyanidatlon. Only one set of tests was possible in the 

limited amOU:lt of time available. These included both cyan-

1datlon and regeneration of the consumed cyanide. 

Procedure. 

The residues were seleoted and combined into four 

groups, each with a different copper and gold content. These 

combinations were: 

Material Au. oz/ton en?, 

I. Cone. residue 0.54 1.04 

11. Conc. res. 0.51 6.3 

Ill. Ore. Res. 0.15 0.15 

IV. Ore. Res. 0.165 0.89 

They were divided by r1ffle into 300-500 gram lots 

tor cyanldatlon. The cyanide tests were made by bottle 

agitation, using the machine construoted for that purpose 1n 

the minIng laboratory. A sketch of the machine Is sown in 

Figure 19. It consists of a double-walled insulating wooden 

box 4' X 2' X 3' provided inside with electric lamps for 

heatIng the air. -The lamps are contrdled by an adjustable 

temperature regulator. Inside the box Is a revolving motor-
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driven ~r.rume holdIng eight 2-1iter Winchester bottles. The 

revo1ut1on of this t.r.rume agItates the pulp in the bottles 

at constant temperature. 

All tests were made in dupl1cate. One bottle 

aoted as the "standard" and trom 1 t the tinal assays ot 

solut1on and res1dues were made. '!'he other bottl e was the 

"control". PeriodIc samples for determination of oyanide 

and l1me were taken from 1 t. In th1~ way a constant check 

on lime and cyanide consumption could be made without alter-

1ng the liquid-solid ratio of the standard bottle. Addi-

tions of cyanide and lime were made to Loth bottles as requ1re«.l-

To make a test, weighed quant1ties of material 

were put into both bottles and water was added to give a 2:1 

Lis ratio. Lime was then added to give a strength of 5 Ib 

per ton of solut ion. The bottl es \1lere then agitated for 

two hours. At the end of this period the lime st~ength was 

determined; if 1 t rama1 ned above 1 Ib per ton the cyanide was 

added, it not, more lime 1ft!s added and the agitation was con­

tinued unt1l the lime-consuming JJB. terlals were all neutralized. 

The initial cyanide strength used was 2 lb/ton solution. It 

was not allowed to fall below 0.5 Ib/ton. During the agita­

t1on, deterrnlnat ions of lime and cyan1de strength were made 

every two hours. In all tests a period of nine hours ag1ta-

tion with cyanIde solution was mainta1ned. The temperature 

was 20°. 
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After nine hours the bottles were renoved and the 

contents filtered. The solutions trom both standard and con­

trol bottles were sampled and t1trated for cyanide and lime, 

then the standard was assayed for gold while the control was 

used ~or copper assays and regeneration tests. 

was dr1ed, weighed, and assayed for gold. 

Results: • 

The residue 

Table XIV gives a typioal log of a cyanide test 

showing how cyanide and lime strenghts were mainta1ned. The 

summarized cyanide and lime consumptlons in all the tests are 

given in table xv. Table XVI gives the gold assay reSUlts 

and per cent extraotions. 

REGENERATION TESTS • 
• 

Table XV shows that cyanide consumpt1on under six 

pounds NaCN per ton can be obtained. This figure could be 

reduced considerably if regeneration were uf'ed. A number of 

tests were made to demonstrate this. 

The Merrlll-Crowe s~rstem of regeneration 1s usually 

employed conmeroial1y. The process involves acidIfication or 
the oontaminated barren solution and removal of the HeN gas 

which 1s absorbed 1n lIme water in trickle towers to nake new 

solution. (41) 

In the laboratory experIments it was thought better 

to use the sodium sulflde-sulfur10 acid prec1pitation­

regeneration method developed by Leaver and Woolf at the Precious 
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Metal. Exper~ent station ot the United states Bureau of MInes. 

(42) In this process the HCN ls not pumped off but remains 

partly or totally 1n solution. Copper and zinc are preci­

pitated as sult1des and are removed by filtration; the 

olear solution is then led into limewater with regeneration 

of the cyanides. Leaver and "oolt found that best precipi­

tation ot the sultldes 1s obtained if only the theoretical 

amount of Na2S 1s added and the solution is made neutral 

or s11ghtly acid (PH 5-7). 

The apparatuB used 1s shown set up for precipita-

tion in Figure 20 and for regeneration in F1gure 21. A 

measure volume of solution was put into a 1-1lter Florence 

flask and standard Na2S solution was run in from a burette 

in amount just sufficient to combine w1 th the copper in 

solution 8S determined previously by analysis. Then the ap­

paratus was set up as in Fig. 20. The burette 3 contains 

standard dilute &llfUric acid while flask 2 contains limewater 

as a precaut10nary measure to prevent the escape of HON. 

Enough Sulturlc acid was ~ln in to neutralize the alkali in 

S) lutlon. In tests 1. 2, and 3 the amount of ac1d added 

was that calculated by the analys1s of lime and NaCU. Very 

1ncomplete precipItation was obtained. Accordinely in test 

4, the pH o'f the solution was deternined a:rter the calculated 

amount ot ac1d had been added. It was found to be 10.6 

very muoh on the alkaline side. Then the addition of double 
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IA.BLE XlV 

Cyanide te at No. 2 

Material Res. Comb 1 327 gm 
334: gm 

Ce 1bKON NaCN lb. lime 
~1me CQndi~ ions AgN0

3 
I2er ~on added Ce lime added 

gm Q.%&lat e per gm 
!.QD 

9.00 Ag1tation begun 1.63 
1.6'1 

11.45 .6%54 18.9 1.89 
.668 

12.46 Agitation with aganlde 

2.15 0.4 0.4- • Z27 19.9 1.99 
.Z34 

4.45 0.85 0.85 .327 20.7 2.07 
.334 

8.10 1.1 1.1 21.3 2.13 

9.45 Final titration 0.7 0." 16.7 1.67 
0.8 0.8 19.2 1.92 
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TABLE XV 

Final Lime 
NaCN Solution Coneum- Consum-
added Strength ptIon ptIoJl 

Tes' Wt. lb/ton NaCn lb/ton It-on 
No, Material mL. solut! on lb/toJl so lId 8 801 id s 

1 Ore res.-40 mesh 
Ou 0.75~ 467 2.00 0.43 3.14 16.6 

2 C ()1\.6.. res Cu 1.04% 327 4.00 0.55 6.90 6.66 

3 COlll. res Cu 6.3~ 414 4.50 0.63 7.74 6.24 

4 Ore rest.-1OO mesh 
CU O."5~ 450 3.00 0.55 4.90 10.6 

5 Ore ras.-SO mesh 
eu 0.89~ 530 3.00 0.47 5.06 7.72 

6 Same as No. 2 b'J.t 
with ad dl tl onal 
washes a.s noted below 321 3.00 0.41 5.06 5.66 

7 Same as No. 4 but 
with additional washes 403 2.00 0.43 3.14 7.8 

Samples 6 and 7 were given additional washes in an endeavour 
to lower the amount of aganioide copper. The washing consisted 
of repu1ping the residue with 10% H2 SOt , filtering, washing 
four times with water, twioe with delu e NaOH. and 4 times 
again with water. 



• TA.BLEXn 8 • 
At:.b in In solu ti on 

Sample heads oz/ton ore In tails Total of two a;, 
No. __ •• /ton treated OB/ton preceding ht~actlon 

1 .16 .128 .02 .148 80.2 

2 .54 .395 .125 .520 73.3 

:3 .51 .326 .170 .496 65.9 

4 .16 .132 .02 .152 82.5 

5 .165 .116 .033 .149 70.3 

6 .54 .4:57 .07 .527 84.6 

7 .16 .106 .045 .151 66.2 
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the amount of acid was tried; this gave a pH of 4.0 which 

was satisfactory. Aocordingly in all the remaining tests 

double the oalculated amount of acId was used. 

Atter all the acid had been added the flask was 

r1tted up as in Figure 21, and inverted ~or filtration. The 

filter tube 4 oontained glass wool above which was a perfor­

ated ~a18e bottom from a Gooch orucible covered with filter 

paper and asbestos. The clear solu tion ran down into a 

reoeiver 6 containing saturated limewater. 

aided filtration. 

A suction pump 

Some d Ift10ul ty was also experienced at first in 

regard to the amount of 11me~";ater to be plaoed in the recei­

ver. At first the volume used was about one half that of 

the original Bolut Ion. This resulted in very poor regenera­

tion. Then the amO'lnt was increased to double that of the 

original solution 00 that the final alkalini ty s}loul(l not be 

less than 0.6 Ib 080/ ton. Atter this change was made 

excellent results followed. 

Table XVII gives the results of the regeneration 

experiment __ 

SUmmary of result.s and conolusions on cyan1dation 

1. The extractions obtained were not satisfactory. Based 

on t::e experienoe at Noranda. on cyanld1ng their flotati:Jn 

tailings it would seem that fine grinding (100%-200 mesh) 

ls the solution to the problem in the case of this ore. Un­

fortunately there was not time to carry out an investigation 

along this line. The effect of time of ag1 tat'ion and cyanide 
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atrength was also not determined. In the s1ne~e series 

of tests these two factors ":ere kept constant. A reoovery 

ot at least 90~ of the gold would be looked for if the 

process were to be applied oommercially. 

2. Cyanide consumption was very reasonable. It is in 

no way dependent on the percentage of copper in the residue; 

in Test 3 tor example the residue contained 6.3~~~ eu but the 

cyanide conmlaptlon was very little greater than in the other 

tests. The copper in the res1dues 1s as the ferrite, in 
. 

which fOrln 1 t 1s insoluble in cyanide solution. The cyan1de 

consumption varied flum 3 to ? pounds per ton. By &u1tably 

washing the resldues it could be kept beloV7 5 Ib/ton if so 

4es1red. 

3. By the use of regenerati on the oyanide consumption 

can be cut to llb/ton or less. In the tests made it was 

:found possible to get complete (100%) regeneratlon. Leaver 

and Woolf were able to get only 80% of the cyanide regenerated 

and they pointed out that the chief loss of cyanide is as the 

insolul-,le ouprous thiocyanate. Tl:is has also been experienced 

at :B~11n Flon (43). When an oxide material if: to be cyanided 

there is no sulfur present to form the thiocyanate and hence 

a lower cyanide loss Is to be expected. Th1 s was the case 

w1 th the leached calci ne used in the:e test s. 
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A feature ot the sulf1de-acid process 1s that the 

oopper 1n oyan1de solution is recovered. The cost of the 

regeni!rat1on 1s thus partly balanced by the value of the 

recovered copper. The following oalculation from regenera-

tion tests 3 and 6 demonstrates this: 

TABLE XVIII 

Test No 

Soluble eu in ore 
" lb/ton 

Na2S /lb eu 
" /ton ore 

Cost/ ton ,; 
HaSO, cost·/ton 

NaCN lb used Iton 
Lb regenerated /ton } 
Lb lost/ ton 
Oost /ton fI 

Total oost/ton 

Value eu recovered # 

3 

O.~30t!b I 

2.6 

0.9 
2.34 Ib 

$0.093 
0.00 

7.7 
6.9 
0.8 

$0.128 

$0.22 

$0.20 

6 

O.065~ 
1.3 

0.9 
1.17 Ib 

-'0.047 
0.00 

5.0 
4.5 
0.5 

$0.08 

$0.12 

$0.1,0 

# 90% re~eneration 1s assumed. Cost of 
Na2S 4" lb l42). Cost ot NaCN IS)! lb. 
sulturic acid can be obtained without charge 
1'rom the plant. Value of copper acj lIb 

This leaves the total net cost af chemicals in 

cyanidat ion at the very low figure of 2r/ per ton. Even if 

the precipitation and regeneration efficiency were consider­

ably less in commercial practice the cost of cyan1dation 1s 

seen to be quite reasonable. 
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The 8ul:r1de used in the precipltatlon could l;e 

produced on the pruperty by treating pyrite with waste acid 

at a cost possibly less than thn.t of the purchased Na2s. 

This w0111d decrease the net cost of recover:r still further. 

In any case the wIne of the copper recovered rliTl practically 

balance the eost of the chemicals used in 1 ts recovery S'.) 

there is no need to go to ad{ltlonal expense to remove the 

last trace of cyanide copper from the residue before cyan-

Ida tion. 

GENillRAL SUMMARY OF Rl;;SULTS OBTAINJ5;TI IN E:~:i~RIMlqrrAL WOH.b~ 
. • ::=:: . c'· 

1. By carefully controlling roasting temperatures 1t 

was posslbleto convert 95% of the copper in the roasted 

concentrate into a form readily soluble in dilute sulfUr1c 

ac1d. Under the same conditions 85% of the copper in the 

roasted ore coqld be brought into solution. At the same time 

the soluble 1ron was reduced to 1.5 to 2.5% of the total iron. 

2. To get best extractions ttle roast Sh(Yll~: be so 

regulated that at no time the temperature of the ore exceeds 

6600C. The finish1ng temperature should be abO~Te 60000. 

3. sulrate formation is in excess of requlre~e~t5 to 

take oare of ac1d losses. 

4. The insoluble fonn of copper, copper ferrite t 

forms readily at 6600 in the absence of sulfate, hence to 

decompose excess sultate it 1s better to use a reducing agent 

at lower temperatures than to rely on heat a. lone • 
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fi. There is no advantage to be gained by using sulfurlc 

aoid stronger than 5% in leaching. 

6. Purif1oation or leach solutions 1s necessary although 

the iron need not be reduced to a very low figure. 

7. Over 8O~ of the gold could be recovered from the 

res1dues with a cyanide consumption less than 6 pounds NaCN 

per ton. The use of regenerati on reduced this consumption 

to less than 1 pound per ton. Fine grinding 1s indicated 

as the means for obtaining better extraction. 

ULTIMATE PROCEDURE IN AN ELECTRQ-HYDROMB'TALLURGICAL PROCESS 
FOR A SOPPER-GOLl-SILVER SULFIDE ORE 

Grade of material to be treated . ~ "'-..--. 

This has been a question which has been considered 

tor many years. In :ravor of unooncentrated ore there Is the 

tact that conoentration plus treatment of the concentrate 

gives a double tailing loss of valuable metal. On the other 

hand the present experiments indIcate that the percent extrac­

tion obtained trom a 3% ore containing a large amount of 

pyr1 te is distinctly less than that obtai nable from ooncen­

trate. If we take 85~ as the extraction obtainable by 

leaching the ore direct. 95% by flotation, and 95% by leaoh-

1ng the ooncentrate we get: 

Reoovery ~rom ore direot 

From ooncentrate 95~ x 95% = 90.3% 



Leaohing unconcentrated ore has the added dis­

advantage that the ratio of impurities to desired metals 

la muoh h1gher thereby making the leac'~1ng and purIfication 

prooess DlUch more difficult and oomplioated. This was noted 

very dec14edly 1n the Flin Flon tests at Denver. 

A hIgher total recovery 1s obtainable if the oon­

centrates and tails are roasted and leached separately. There 

1s nlso an advantage to be obtained if tv'!O different grades 

ot concentrates are treated separately. In this way, as 

pointed out by Greenawalt 
44 

J the relatively r1c& residue 

tram the high-grade conoentrate can ~e rero6sted and leached 

with the lower-grade material, givinp, an ultimate extract10n 

very close to 100%. The solution from. this second leach may 

be oon tamlnated by large amount 8· of impurl t1es. It contains 

however only a small portion of the total copper entering 

the oirou1t -~- this copper may be precipitated electroly­

t10ally or chemically to an impure form, reroasted and sent 

back to the high grade circuit. In this way we have an 

effective treatment of high grade resldues, of the same 

nature as the retreatment or rich converter slag in copper 

smelt1ng. 

Varlat ion in procedure. 

Depending on the nature of the ore J the locality 

of the mine. and the demand for by-products a consider[l;ble 

variation in procedure is pass1 ble. 
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First there Is the possib1l1ty just discussed, that 

ot treating two or more dIfferent grades of material by some­

what different methods~ Then there 1s the case ot complez 

ores. Greenawalt 44 gIves rlowsheets dealing with various 

combinations such as oxlde--sulf1de ores, copper-zinc ores, 

oopper~zlnc-lead ores and the ll":e. The trea~ent of the 

res1dues Is another variable. Wet methods like eyan1dat1on 

may be used or the resldues may be smelted tor their valuable 

constituents. A leach residue contains from 40 to 70 peroent 

iron; at some t Ime in the future th is may become valuable 

as an 1ron ore. Processes have been proposed to take a 

residue of this sort and smelt it wi th no flux to form mag-

netlte a.nd blister copper. The magnetite cO~Jld then be 

45 smelted to metallic iron. Another proposal 1s to reroast 

the residue with said electrolyte thereby converting the 

ferrite oopper into soluble rorm~ at the same time evaporat-

1ng down solut ion to make way for ':!ash wate r, and Rlso 

inoidentally providing a means er producing marketable sul­

tur1a aoid by preclp1 ta tl ')n of the 303 1n the roaster gas. 

Thus the list o-f' 9O;::f:i'ble nrocesses 0<y:1;1 be contin-

ued almost indefinitely. In the flow sheet to be p:re~ented 

we will confine ourselves, ho~evert to the simple case men-

t10ned in t i 1e introduet'l.)n. th,:t of a copper-gold-silver 

s'llflde ore l·~~·i th bullion and electrolytic co')per as the only 

produots. Other :features of the fIar' sheet are single acid 

leach with no retreatment of the residue, purification of the 
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solution rather than considerable by-passing to waste t 

cyan1datlon of the residue with regeneration of the oyanide. 

The now sheet is shown in Figure 22. 

ECONOMIC FACTORS , 

It is the conclus1~n of this thesis that there is 

no fundamenta.l technioal diffioulty in the way of' this pro­

cess. Whether it 1SCOltlmrc1ally practicable depends first 

on whether large scale operation can reproduce the small 

scale result s and second on whether the process can oompete 

w1 th smelting on the basis of cost. It Is not my purpose 

here to go into details of the relative costs of the two 

processes --- the information available 1s too indefinite 

to be ot any value. Floe and Drucker have rrede caloula tions 

which they believe are instructive 21. Caluulatlons on 

oosts sfrJuld, however, take the following into consideration: 

1. Loss of copper and Llore particularly gold and silver 

1n flotation ta111[1f:s, smelter slags, and cyanide residues. 

2. Cost of leaohing plus purification plus cyun1dation 

as opT}osed to 

3. Cost of smelting plus oo~~verting plus refining to 

anode copper. 

4. Relative cost of electrolysis with soluble and 1n-

soluble anodes. 

5. AS a corollary to 3 and 4 the relative cost of 

ooal and electrioity. 
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It Is likely that in the Canadian lrorth Country 

the balanoe sheet would be in favor of the wet process. 
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