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Thesçff 

SI» «.cealtr to ».. coubln.d ^...^.^0».*^^^ 
proc.-e. is eau..d by th, «ut.«.   of ,ucn or, typ„ ^ 

whleh It la toonnio«!!,   i^8.ibl. or .cononieaaiy   unpJofltab_ 

lo to oxtract oopp.r „itn drying or a^dro..».^^ „^ 

oaXjr. Oxidised cr «Ixod (.ulphldo-oxidizcd) copr,r o,ea b.Xon« 
to such types. 

A coined proo.a. UTOtìly con,ist8 of ^ ^^ ^^ 

tlon», 1) Tho conv.r.io„   of oxidUod coppo, coapounda into . 
.olutxon    (leacnlng), 2) Tn. eltPactioll of copper ^ ^ 

.olutlon, 3) Floatation of copp„ coyunda in80lubl, ^ a<¡li _ 

.ulphldOB and other.. Tn. slwc.„ic,n of ta,8, 0p9ratl<m8   ^ ^ 

diff.re»t, that i. . Ivtocotaiurgical oporatton «ar precedo 
floatation a&d vie« varia. 

ponding «p.» th, oro In.wiosioal co^oaltion and pny.1- 
cal d*raot«,ri.tio. i! th. oro or „a, .«. part of lt . „^ 

o» 11«. or   fioatti«, product.. ^ u ^„t.* to ai th.- 
OpWBtlOU. 

POPPT frffyrç 

V.rto»a a,iy„t. •« o. u..d for loacklng oxldiaod oop,„ 

eo»p«»d.. «apnurl. •*!*   boln« tho oJ»apo.t and .ot Wnlrt 

nyiiÉ 



PPT?—!W"F>»W'r!»P,•»,PfF"*PWp—1WP"BP"»SP"«PP^ 

- ii  - . • 

Salvent« 

The oost of sulphuric sold depends upon the technique   to 

obtain it and it varies within 10-20 dollars per a ton* In 

practice less than ¿Q% is used for copper solution, the rest 

of fch«   acid being spent for the solution of the rock - carbo- 

nates* aluminium silicates iron compounds and others« Therefore), 

ores with high content of alkali-earth metal carbonates requir- 

ing 10 kg/t of sulphuric   sold lor each per cent of CaCO, or 

MgCOj, can not be treated by aeans of the processes   including 

leaching with sulphuric acid« 

If there- is the so-called "refractory copper" in the ore 

it is necessary to use more concentrated solutions and heat up 

the pulp (Almalik, USbR); as a result acid   consumption for 

solving barren rock and the    residual acidity increase« On the 

avorago, acid consumption for ncn-carbonate ores is 4-5 kg for 

1 kg of copper, and it   rises up to 12 kg for 1 kg of copper 

for the ores with the increased content of carbonates (Djeskas- 

gan, USSR)* 

The rate of leaching, and hence the apparatus volume depends 

upon the particle  size and the leaching aethod. 

Leaching method       Particle sise, 

in vats - 12 

In drums with wajÉsng- 
-off in classifiers        - 6 

Agitation (alines) * 0.5 

Leaching duration 

••5-5 days 

10-15 «In 

0,5-1 hour 
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Sitctrolysis is applicable to pioli solutions with copper 

content not lower than 20 gr/1. It is   possible to obtain con- 

centrated solutions when leaching   products with »Ugh content 

of copper (concentrates, intermediate «storiala and others) or 

when processing   lean ores by means of oounterourrent percola- 
tion or décantation methods« 

Prom lean solutions copper is extracted by cementation with 

iron scrap* Cemented oonoentrate with about 75% copper content 
is melted. 

Copper separation from   a solution directly   by electrolysis 

is a more effective operation   than cementation , melting and 

electrolysis both in capital and maintenance costs, but   a consi- 

derable ooat and the complexity of solution   separation by 

oounterourrent    décantation prevent using a   scheme   with 

obtaining rich solutions applicable for   electrolysis. 

An axtrection method of oopper concentration from lean so- 

lutions with the successiva separation of oopper by electroi/oia. 
is being   developed. 

war iiiiffs'XMMm 

Ima main process which makes possible to extract oopper 

from a pals is that of lift leached oopper im caaamted mad 
floated. 

Lemhi ng ia carried out   in a series of vats (usually tares) 

•t pH of about   1.5 at tas wagtaalag mad 2.5-*.5 in the tod. 

¡ÜÜÜ JMMAI iJh m i m 
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Cémentation is effected either with scrap or with sponge 

iron dust, or with dust obtained by   grinding iron chip in 

ball mills ; the operation is carried out in a series of Tats ,- 

cementatore. The least precipitator consumption is at pH « 2« 

therefore in case of an increased acidity in the cementation 

vat supply the acid excess is neutralized with lime« The remo- 

val of the inert return scrap is done on pcreens and magnetic 

¿separators« Iron consumption for cementation is on the average 1«5 

kg for   1 kg of copper. Scrap cost is 60 dollars a   ton, but 

in a country having an undeveloped metallurgical industry scrap 

is less expensive - about 20 dollars a ton. 

Cement copper floatation is mainly    done using collectors 

not reacting with copper cation in the solutions dixanthogenidea, 

minereca, hydrolyzed aerofloats, Z-200 and others and more 

ueldoo with normal aerofloats and xanthater. 

To prevent the solution of cement copper fine grinded iron 

must circulate   in the pulp. Floatation reagents are added in 

the end of cementation , before aeration, flotation of sulphides 

and cement oopper is carried out separately or jointly« 

LP? process is most effective as an additional one for 

extracting oxidised oopper from mixed ores. The process is 

profitable if the   amount of additionally extracted oopper is 

1 kg/t of ore« 

Farther increase in LPT process profitableness is possible 

by means of decreasing the cost of materials - sold and   preci- 

pitator, improving the equipment and increasing   its oorrosion 

resistance (new alloys, plastics, rubber and others), deoreasing 

the reagent oosts, automation of   control« 

i 

\ 

s 
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Attuta are being nade to replace •pensive iron with less 

«pensive   calci«« sulphide and iron sulphide obtained by hatt- 

ing up pyrite with liae, precipitation with ceppar concentrati 
in autoclaves ana others« 

Sorption proof ej~ 

Of interest is the process of extracting   copper fron 

solution in the pulp by ion   exchanger having sufficient eda- 

city oopper   cation, sorption seleotiTity and •echanioal 
strength. 

Copper saturated ion-exchanger of 0.6 am and   larger 

in aise are separated from are particles of - 0.1 mm in 8iae on 

0.6 an grids subject to counterourrent desorption with acid 

and the solutions with oopper concentration of more than 20 

gr/1 are directed to electrolysis. 

If the resin particles are fine then after saturation 

the   reein can be filtered with ionogenic collector and also 
directed for copper desorption. 

«he regenerated resin is a return one. 

fais process disadvantages are a larger voluae of the 

apparatus in leaching stage   - sorption and the oonsuaption 

of «a expensive ion exchange re.ing, true t its consumption 

i« aupposed to be not sore than 0.1 kg/t. The advantage is re- 

placing   pyroaatallurgical prooeaelng with electrolysis which 

decrease« considerably processing cost and saves acid   oonsuap- 

tion at the expense of the return electrolyte. 

In cas« of inexpensive hydrogen copper can be precipitated 

.. ú¿*,--  U^th¿t ¿y«. jfi 
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in the fon of a higa - quality powder in an cutoolavt. 

With wf loatation-sorption" combination oxidised ooppar 

extraction can be increased by mora than 5% compared with toa 

IiPF proceas. 

Other solvants inattad of sulphuric aoid ara not yet of 

practical importane«. 

Ammonia process requires greater ospitai costs and hermetic 

apparatus; the application of this process does not increase. 

Leaoning with alkali fron carbonate ores la not effective 

enough« 

The way to solve oxidised copper and sulphides - chalcocite 

and covellite - with cyanide but cyan process waa uaad only 

for treating gold ores or gola containing tails of floatation 

mills with copper or pyrite concentrates extraction at the 

same time (Flin-Flon Ulli;. 

Recently a method waa suggested to extract copper fron the 

sand of floatation tails by percolation in an original apparatus 

with the subsequent copper precipitation in the fora of cuprus 

sulphide and cyanide regeneration. This method, however, is steel 

in the stage of experimental tastai it has complex Apparatus and 

technology and requires increased capital costs. 

At present LOT procès* is the principal combined floatation- 

hydrometalluxglcal process to treat oxidised and nixed ores, and 

from year to year it is more extensively introduced into world 

practice. 
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«as use of combined dreatiii|-a«tallur«ie*l promts it 

aeotssitattd by tat   availability of   tuoa ort type, froa lhi0|l 

it it technically   iapossible tud economically   unprofitabls to 

extract ceppar only by treating op aydrsaattllurgieal procaiaat. 

Oxidized or nixtd (sulpaida oxidised) oopptr   ora* balón« to 
auch type*. 

ïae ostie method of dreaaiaf ooppar orat it flotation, but 

it dost not aake potaiblt to axtract oopptr in the fona of 

oaryaooolla, cuprita or sorption ooppar bound with o laya or 

iron hydroxides, sto. On tat otas* hand, oxidized coppe? coa- 

pounde dissolve ftU, for example, in sulphuric acid solutions, 

but tas solution of wall   f lottine ooppar sulpaidea is a 

relatively   coapltx operation and raquirea the eeleetioa   of 
apeoial solventa. 

In otta of gst«t variety of QQWT orat ta to their   tint* 

ralafieal oospositioa sud phyeioal   oaavaoteristaotaa sonants 

of ooaalaed prooaaaea of trotting tata, are various, aa wail. 

fat toabiatd psoooaa usually   ooaaists of tat   followint 

.1. «ransfarins   of oxidistd oopptr   ooapouads   into a sola- 
tita Uaaoafnt)t 

*• ooppar axtrtotioa  am tat solution« 

3» flotttioa of «usinait la said ooppar ooapouads»« 
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TB* succession of the«« operations aaj differ, i.t^i 

operation aaj   pr«oed« flotation and vio« 

••na« 

?        Depending upon the or« nin«r*logical composition and physi« 

cai charme t«ri«tios ali the ora or only «OB« pact of it aaj ba 

subjected to all thes« operation«. 

Copper leaohing 

Différant solvents can be u««d for   l«achlng oziais«d 

oopper compounds, but sulphuric acid is the   cheapest and tb« 

noat oonmmnient on«. 

Tb« basic oxidised copper compound« in ores dissolve) ac- 

cording to the following   reaotionai 

asorite tOu3(OH)2 (CCy^H^— ^uSO^+kCO^i^O 

«•lacbit«t0tt2(0H)2003*2H2S04-*2CoS04 • 002 • 3&3O 

«taytoooUas CuSiOj* 2&¿0+H^804 -^ OuBO^^SiOj+JHjO 

«matitéi CttgO • HjSO^-^ 0u804 • Cu • FgO 

OB' • I«20»V, -*• Cufl04 • 2*«0O# 

by and 

«aid is 

aoié «osi rt«p«mda 

within $ 10-90 a 

f*om802 ia omit 

ta« aethod  it ig 

L«M «xpeaaiTe snlptmrU 

of  ««trinami««! 

\4 
# 
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Theoretical weight rat. is 1.3 «**, of ^ ^ ^ ^ 

oopper. In practice UM than 30% i« used fop dissolving oí 

copper, the   rest of the acid being consumed for «ck eolatlo||_ 

-axbonates,      aluaosilicatcs, iron compounds, etc. yor instance 

when leaching    copper fron the orea of UUaklr- de?0sit| ^    * 

/40/ acid consumption for leaching    is in %% 

copper 

iron 

Calcium ana 
•agneslua 

aanganese 

residual 
acidity 

-28.5 

- 28.5 

- 12.4 

- 4.1 

- a.? 

-23.6 

100.0 

*ha*afore, ore.   with   « inaraaaed content   of alkali-aarth 

metal carbonate« requiring    10 kg/t of sulphuric   soil for 

•aon per cent of   0*90, or M0Qy can not be   treated by tha 

preces... with aulphurio add laanning. In practice the per- 

aiaaible oonsuaptloa   rata of acida   is 3-5 lea for 1 kg of 

a*trt*tad copper. Usual!,   at tha bagUming   of copper l.ach- 

ü* tha solution pi . 1.> at* in tha a* it i. 2-2.5. .**   1» 

eoa of tha   ao^lled« a*** cappa* or oopaar amch U dlffi^ 

«at to trinaf.r lata eolation tha reaidual aoidlty au* b. 

iaeraaatd up to   4 gr/i which inrolT.s addltlanal acid _ 

*mg*Um to daociapeae elamiaoslllcetea sad iron coapound. 
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The apparatus used in the leaching process la différant 

depending upon the successive    operation of copper extraction 

from the solution. 

With purely hydrometallurgical processing of oxidized copper 

ores under   favourable climatic conditions pile Caching   is 

most widely spread» On filtering solutions through an ore bed 

one obtains relatively pure   solutions from wLioh rich concen- 

trate e of   cement   copper are obtained by iron e esentati on and 

Intended for melting. 

Pile leaching with the aucceaaive cementation is described 

in detail in the informative circular 83*1 U.S.Bureau of Mines 

/V. 
In connection with the fact that economically it is more 

profitable to obtain ca^hodic copper as a commercial product, 

it is deairable to get more rich puro solutions applicable for 

electrolysis by means of leaching. When processing lean ores 

it is possible only with vat    leaching by the   percolation 

of the   deelimed   granular material or by meana of   counter- 

current   décantation (CCD) on treating   alines. Both pre o esses 

have found   application. 

Thus, for instance at   Inspiration   Consolidated Copper Oo 

factory milled to     25 am ore oonea to eoreening. Sha 

aiss product of 6 am in sisa In passed into   classifiers. 

The diacharge of classifiers goes to hydrocyclomes whoaa 

oversiae product containa «5* - 7*/tt and the sands ara 

to the claaeifier. The overelsa product of soraeaing ig   a*» 
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«rinda* on roll» up to too »is» of - 10 m la » cloaod cyclo 

with »croons. Thi» product 1» coabiaod wit* Mad» fro« cla»»i. 

flor», it contai»»   85% - 7*     and ?-e% 0f aoi.tur». It 1. 

charged into 1* tank. (52.5*0.5,5 .), appro^toly 9.600 t 

into oach of thon. Loaching 1»   carried outwith tho «»»to 

•loctrolyto noatod up to 5*#0 «nd auppliod «t tao rato of 
•pprodaatoly 11 «>/««<,. ^ tftt mm^9 thf   ^^^ of 

loaohlag   1» 4.5 daya. 

Aftor waahlnc with water tno ovo oontaiaia« undx.eej.wod 

©•pper «iiphldo» 1» paaood to a flotation factory. 

Tftua, oaOdlaod ooppor 1» fir.t oxtractod fron a dooliaod 

ovo by loaching. taon aalphldo ooppor i» oatractod by flota- 

tlon wita a uaual aethoc. Doaiuiag 1. aooo.»ary, for .lia,. 

sharply dooroaao tao apood of tao aolutioa  percolation and 

inoroa.0 tho durala» of leaching proco»» and   ero waahiag 

«ftor loaching. At tho «ill in food Helghta (Anaconda Coapany) 

hm»fal offoet   of »Ila*, on pareelation i, oiiainatod by «ater 

•t*l*kling tao oro ap to 5-7% aelatare oontoat in it on charm* 

it into tata. la thla oaaa alito. Earn to big iniM, few 

fnaulo» oad distrlbuto   aalfosaly 1» tho ortlayoM in tho rat». 

Sllaoa aro troatod la a roftvao orden firat oulphldoe affa 

n**M. thoa flotatioa tail» art thlokoaod ap to 44» of „m 

•oatoat «at tho   oaidlaod ceaper ia loaohod with mipaarle aoid 

la «Mean »gitaterao t a la d lato boa i ulani nth 

•M ai»   lifta fa« a^^tTHaa; ¿ho palp, glia» 

J 
AMiltaMiitei^fai 
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ï 

duration ranees fron 10 ain to 1.5 nr. Separation of coppa» 

containing solution   is offectod by aeans of a oouatauottrramt 

la * thickeners. 45 a in disaster. 

The use of return   electrolyte decreases sold oonsuaptloav. 

Acid consumption can be decreased if flotation of sulphides 

is first carried out with extraction easily floated oxidised 

ooppsr   alaerals, such as aalachj     and asurite, sad   flota- 

tion tails are transferred for leaching. Thus» on dressing 

•laatlk (USSk) oxidised ores the preliainary separation of 

sulphides and partially   carbonates by flotation aakes       pos- 

sible to decrease sold consumption   by 25-90%. /*1/. 

Besldss there is no necessity of using lias to neutrali« tao palp 

before flotation. 

Most often all the ors is leached • In soso   casos, however, 

when oxidised copper content is   low the latter nalniy transfers 

into sliaes out of which copper is badly extracted by   rlotatioa. 

therefore, onxy sliaes are sent   to combined processes. Bands 

are dressed by xlotation (jautte sill;. The presence of oarbo-» 

natos in the ore aakes possible sharp decrease of acid   ooa- 

aufflption. Thus, is Djsslcaagan (UBfil) using such a scheme 

sed aoid   ooaauaptioa   two times. 

sold consumption osa also bo decreased if act tae ovo la 

leaoaod wat   flotation prodaots relatively   poor la o sap or oat 

teat. Ana, at Bekaagt alll (lambía) attor separatioa of rims 

animale* ooaeeatrates by flotation, oxidise* oopper sad 

of salpanti aro   extracted frati talla by flotation lata 

centrate with 11.** of oxidised copper sad 1.7% sslpaide 
if.* 

M 
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contanti. OitdlMd COPP.P i8 di.,olv.d with sulphuric .eld out 

of til. conc.ntret. «id th. clarlfi* «caution pawed to .1.0- 
trolysis« 

ift.r l.achlng otì.. «. f^ „*   „„^.j,, ^ ^^ 

WU.U floatlug tü. oxldlMd oo,p.r co^c-und.. alkaU-«.tal 

cartonate«, renuLtn in tail. what aharply d.cr»ae„ «id con.u»p- 
tion per unit copper. 

Separating of solution from «olid and   obtaining of rela- 

tively  pura copper solution«   by mean, of ccuntercurmat 

décantation in case of dresain«   .li^a and pulverized product. 

is a relatively expensive   operation. Substantial investment. 

are necessary to    organiza thickening. Therefore   especially 

attractive are   methods by which the diaaolved copper ia ex- 

traete* directly from the pulp without separating   liquid   fro« 
•olid. 

In 1929-1950 Prof, Moatowioh V.Ja.  (OBSR) /3B.39/ c^wlo- 

pad a process on a laboratory «cale   conaiating of the following 

operation.« laaohing - cementation - flotation. Simultaneously, 

during 1929-1934 IMI«« and  u»mo* Keyes developed ü,. 

dapendently an analogous LOT procer and   introduced it at Miami 
Copper Co. Mill CUSA). 

*k» proc.ae cUffaw with the way of copper precipitation 

or cementation im «aHüi««- i» pulp by mean« of metal iron 

••oerdimg to ta* reeatlom. 

<**0# • »• —   0« • faw04l 

ooammt copper i« thorn floated. 

tkt prooea« MM «ome twohmological   advamtegte, ««peolally 

ItaMWlÉiiiÉ^J^É^ÉiM. —1>h.->.. 
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in cast» when there art sulphides in to« ore gad   pulvsrtsatloa 

is required to decompose their grains« 

Flotation of sulphides can be carried out   up to laaoaiag 

operation and the tails after flotation «re subject od to UT 

process. Such scheme ia realised, for Ínstanos, at Miami and 

Bagdad Mills (UBA) and is   also planned Tor a new scotica 

in Almallk (USSR). 

At Miaai Hill owing to ths pressas« of aolybdonai la tas 

ors. copper and   molybdenum sulphides ar« first floated fvoa 

tas ore containing 0.4%   of «ulphide copper and 0.5* of osi* 

di zed   copper. Bulk copper - nolybdenu* eonoentrates ar« tasa 

divided into copper and   aolybdenum ones» The   prestaos of 

oeaent, readily oxidised copper would asks selective flotation 

•ore   difficult. Therefore, oxidised copper is leeched 

sulphide flotation tails and osasat   oopper and sulphide 

aalna art floated. 

Xa this cass liât is addsd to the otaeat   flotation talla 

to precipitato iron and oopptr salts up to pH 10*8 and rsageati 

(fiat «il, xanthat« and alcohol B-23) ead arts» tara« aiautes' 

stirring sulphides are floated« 

As asntioned above, a aort finely grind ore is Tratas ft 

aash farter (hundreds of tlats) than tao ort la esas of a 

pile   poceelatioa   procoas of 1OO-150 am la siso, tao 

veluaa decreasing correspondingly. Therefore, oa [irtaas lag 

tao oro for I*F procesa optratlon of lsaealag tad 

tao solutioa iroa the granular part can bo ^Tllfltd 
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*».. .t *a« Mili a.«** m fc^o,,«!«,. produç% of 

««*i»« 1» «4 ,111.   tf - 6 « i. *„, ta j^, 
1.5 la dn». (j.63(7.6 ,, a^ 10 ^ ^   wMh#d by ^ 

•r . .ounfrn- in fo ^d^«.r cU..m„.. ,„n.4 «„,. 

••»•* .* 41«»««. tro. el^uf.«. «. 9CBbla#4 ^ ^ 

r«*ion .talon l. l^w 1» M«»!«! wod#n ^ „ s, ^ 

«^••r, to. 4»r.tlo. ,t l.~hln« .u... b.1«« 1 bo». 
toi* ««.^ti« i. **. ca^ la ^ ^ of or# or 4 

««. for M«,   ^d., «4   V, i. ^JM t0 «„ 
1—«hing >Ua«a. 

** X»o MUX (CWru.) I.«**», nnd o.«««««*.« „^ 
.* «Ml of - 13 « * Bi„ „e carrl,(l ^ in 4 cUa-lfw 

»to. fl». or. o* .li., „. ututìly 1#achtd ln thret   ^ 

m. „*.. pò..«*. „ kMp ^ -asteto KU ooa8tntpmtie|i 

mw ««urrt.1/ M «.a«, tt, proct-g v th# iMlM 

••láltjr, M MU. fk. baalo Mrt o* ««.„.. ,.   „ -""*w F"«» o* eoppar 1.   dlaaolTtd in 
th. fi»« m. it Helium COMI) «rof •MäU-SW* 

tMMTMNd to th. «lution 1. tk. gix« vrt ^^ „ ^ 

ItMktac. I. *» rttor T.*. «ujr rt«.t an «d41tfc.»«ll7   41^.1- 

I» tatt or 

» §r/l 

Irtottar 

of  ezuu* 
•*** Mffiir eoafttst »et l«u 

•Uottol/»!.. «ttUeiag 

EHÜütal HEU ru i¡iinìiár 
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Proa lean solutions coppe.* is extracted   by a less economi- 

cal method - cementation follow*! by melting of oeaent copper 

concentrates. Cementation is carried out In chute» /I/ with 

lattice bottom to reacve cement :opper. Fop the    lari tía« 

cementation   is effected In cones designed by the firm Stnneoott 

Copper Corp. 

In LPF procesa camentation is effected in druaa op in the 

p-Ip with    stirring in vate,- 

At Hosita Mill (Nicaragua) cementation is   carried ou» im 

drums (J.6x?.5 m) and at Miami Mill - in two druaa (a*7asß.4) of 

wood boards. The   drums rotato at a speed of 8 r.p.m 

Big iron scrap, mainly cans and also wastes of steel 

foundries and machine-building plants» etc. axe used fop 

c©mentation in chutas and drums. 

To separate non-raactïniç acrap remains the   pulp frim drum 

cementatore is supplirà to stainless steel screens   and magnetic 

separators. Fror, screens ana   ^ abriet ie separators the scrap 

is returned into the   process again. 

With big scrap a large scrap weight has to be changed to 

produce    sufficient    reaction surface. 

Scrap price depends upon that of steel and peaches 50 dell« 

a ton. Can scrap price is ¿Q% higher /2/. 

Can scrap crushed into plates   in hammer crushers «as timed 

by Ohio Mill CUSA). 

Here scrap was periodically   manually charged into cementa- 

tore situated in stages to provide for the pulp gravity flow» 

From the last Tat the pulp cornea to a drum screen and them imte 
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• aagnrtie aeparator for   trapping the return scrap. 

Fine scrap prodding r.pld copper ce«.nt.tion during 5-10 

«in. 1« required for cementation in vata. 

Sponge iron obtained by reduction oí iron ore or pyrite ' 

C1nder£ and other., 1. a «ore active   precipitator. 

Thus, at Kennecott Copper Corp. mm the nec.aaary aulphu- 

rie «id la produced fro. the pyrite obtained fro» the proc.M 
talle at Hyaen «ill, „*   Bpone, iron u pp<(duc#d ^ ^ 

cinder after Ita additional   deaulUmriaation in Bructoer«. 

furnace, u.ing nature g« and .0« eoi as a reducing agent. 

SI» procea. of obtaining apo-«. iron fro. sUg is alao develops. 

The sponge iron i. craahed in . cloaed cycle with a screen up to- 

35 MA. M.t*l iron content 1. 50-60%. For Djezkasgan and AIWL- 

11k Milla U'SSP) aponga U. navlng   activity up to 80» waa 

produced from ¿ron   haaatite ore in tube furnace». 

The coat cf conge ir«, f0r mm ^ ^ tli,    Wk lg ^mt 

» 50 /}/. 

under   condition, extrtlng In the USSR iron cuxp cruahed 

»P to - 1 » m . ball Mill, 1, a 1... expen.lv. precipitator. 
At *«raa*p.i8k Mill (Dbea) ^ ^ WM cru<hsd ^ ^ ^ 

Mill in an open cycle /-a/, in. MIU product ce», into a clawi- 

fier. The all... of   iron ox.de. and eoxth «dnixturea, oil, «0. 

•ere re»ov.d into •*•? together with the   olaasifler dieoherge, 
eoewer iron .hi«, »M DM-4d ^ ^ ,^4,.,^ of c-^.tl<w 

»«• .operated fro» the cuaalfier ^p pu*, ana   fin« iron 

»«• .epar.t.d fro» the olaMlfie.   Botto» part before the di«. 

«•M»   «teoaooU and it •*. tren,f.rwd Uto th. and of 

«lorn for   ooyper ooanuete Mttllag. 

I, 

àÊÊÊÉÈàÈà*â ÉÊ .-*, .¿. •"--iTJnMtiT - f •'• t ' 
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Oeaentation is usually effected in vats connected in ••ries, 

It Utin-Topkhansk Mill (USSR) 78% of copper mará settled fron 

solution in the   first vat fop 6 min., 9Q% of copper waa settled 

in 2 vat« and 99% - in 3 vats. At DJeskasgan and Almalik Mills 

they went over to cementation   in flotation machine chambers 

6 a5 in volume with decreased   iaeller speed and without air 
section« 

Theoretical iron consumption for copper cementation la 7/b 

c£ copper weight or about 0.9 kg for   1 kg of copper. In prac- 

tice iron consumption is 1.5-2 times as much   which is caused by 
secondary reactions: 

Pe + 2H+-*-?•"** + Hj 

Fe «• 2Fe +3 •2 

Ou +2F;> •3 

3Fe 

0y+2 • 2Pa*2 

line cement copper is readily oxidized by air oxygens 

Cu • 02 + I^BO^ CuS04 +20H* 

and iron must again be spent for cementation. 

A1X the reactions given above depend on the pulp pH. 

Optiaal acidity for cementation at which the least iron 

consumption is characterised by pH * 2.8-J. is the acidity 

in toe last oeaentation vat is usually higher, acid excess la 

neutralised with lima. At Bagdad Mill a email conditioner im 

inatalled between the last leaching vat and cementation one 

to control pH. 

At Miami Mill the last leaching vat discharge contaima 2.3 
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gr/1 of freo sulphuric acid. 

«a~ -i».ral .»««it., ooc^ - „»(„o   U ÍSnuBt * ^ 
or. ion Ci   coacntratioa i* th. station 1»I,Wl.thla 

l.rat.. ta, captation proc... but .t ta. «u» ti,, u^,,' 
coppo, and iroa OÄdation rootlona> ^ p#wirM ^ 

11/ .»ot oontrol in ,oe.mag   c-nwtatioa ^^ ^ 

«. precipitator .„pply, cotation duratioa, pH of ta. „u» 

.to. «id c«.nt oopp« fiotto» caditioa., „ wll Aj/ 

To »ain^n th. r^uotiv. ».«*» i«« BU,t „, ^^ 

wrto.i at ta. beginning ud ».for. th. .»• ««. •TO ««ox» ta. roí of «.»«ntation, to 
pro.«* ta. incr.M. 0, coppK. „^ ^ ^   ^ ^ 

«• ~t b. any nratiou to ^ proc0M ^ ^ uft< Mrt 

U u^4 Tor ^ ^ ^^ ^ ^ ^ ^ ^^ 

fw» on. apparatus to anoth.r by gravity now. 

S»B£^SBes£_£loti$loS 

Both ionog.nic aod   uon-ionoc^o eoll«,tora   mMl4for 

o«.«t ooPP8r notation, m ¿«rie« praetlo. tn.roli.Hrtn« no», 
-ionoganic collectors aro uatfi 

m^mMTwom Auas, wfaia    vptrtntiy reprint« 
«ix#d XMithogttû«t#   thioaiihyteidtst 

fi   - 00 
II 
8 

-   8   - 0   - OR 
II 
0 

«nd other», 

«~*e .o»o.iti« * "U-mui U 9» i»/t. « «ort*, mu 
¡»o«ot36P/t.«^i|ll(ttcil|t|<4fltttiMfl4rt 

25 1th 0.5**/t ooaMptio. OMto^tho», «t« o* butyl «a*. 
e«io »ou i. « .ttwrttT, ^„^ „ „u „ Mlatr#o A u- 
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case of cement copper flotation« Cement copper float« well with 

reagent Z - 200. 

In the USSR aerof lo at e with xanthate addition» or without 

them with foam er addition, are used for cement copper flotation« 

At Ohio Mill (USà) 45 gr/t of Uinerec ü are added into 

leaching, and only   f o amera are introduced into flotation« 

At Tsukita Mill {Japan) ethyl xanthate   - 85 gr/t and anyl 

xonthate - >5 gr/t are used« 

Beat coll oc tors are those whiüh do not fora precipitates 
2+ with blue vitriol* is Cu     ions are always preaent in the palp 

in c&se of   cement copper flotation, the consumption of    rea» 
2+ gents reacting with Cu     ions sharply increases. 

Interacting with Cu     both xanthates and   aerofloats fora 

unstable salte which decompose into   monovalent copper salts 

and di8Ulphide3    that are good collectors of cement copper if 

they are precent in the pulp in t ie form of fine emulsion. 

The so-called hydro lyzed aerofloat - (B0)oP=¿2   or 

(H0)2 PZQE 
d0ôfl not folm Precipitates with Cu2+ and is» 

therefore, a »ore efficient collector than noiaal aerofloata 

whose   efficiencies depend upon hydrolysed aerofloat contents 

in them« 

Jor bettor use of collectors ami mura ou2* contant in the 

palp is neoeeeary. Copper cémentation is   continued op to 

residual Cu2* concentration of 0.02-0.04 gr/1. 

Ilth asration during flotation oxidation reactions intensify 

and copper content in the   solution can increase. To prevent 
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this MW iron with freah .urfac. TO,t ^ clrcuUt, ^ 

the pulp. B.aidea, the collector nuat h. m^lfì befor. tno 

completion of cementation for   th. contact of copper p.rtlcle, 

with the collector   to occur without air acc.es. 

4t « number of «uu amali amount, of «pong. iroa „, 

added into baBic flotations to prevent copper oxidation. 

Cement copper flotation scheme, are ei.pl., Da8ic ^ 00nt. 

rol flotation, with .cadging of rough concentrate. Thee, »ehe- 

rnes differ «Only in the «ay of   fini.hlng intermediate   product 

- froth   of control flotation and sc.v.n.ing tail.. There i. 

an increased content of soluble copper and .limes in intermedi- 

ate producta and their return Into batìc flotation   often cau„. 

violation or   deterioration of cert copper flotation proce... 

At Dde^an Mill the intermediate product ia   returned into 

the laat leachir* rat, at Big Butt,   «ill aponga iron i. added 

to the «avenging and acavenging tail, go into dump in 8plt. 

»f the Increased copper content in them. 

« Bagdad Hill   final oorcentrat. ia taken at once duri«.« 

2.5 «In «id the iatarmediat.   product i. mnllrt to ba.io 

flotation . it Ph*o Mill they .l«, ftr.t ..parat,   final con- 

centrât., but the lnt.x„dl.t. product 1. «,.Teng.dx and   th. 
•oavoqglng tall, go Into «tamp. 

notation tall, contain «.itomi .*•! iron with a coppo* 

Í1U. fhwefor, , •» a rul.. 1*1. ir«, 1. MHM** In .«„»ti, 
••punter, and rrtnmtó into the   ,»*.... It u ^^wt ^ 

***** **• *•• ""» *—• i«« to reo*, metal «rf^, ^ 
**w oopptr« 

pS ooatroi u of gc—t i^orttao«. 

I 
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At ffloat of the mills flotation is carried out   at pH   4-4.5 

iDd controlled by adding   limo »«fore flotation or by acid 

addition before the control flotation. 

In some cases, however, even without lia«   addition the 

acidity sharply decreases in the process of cementation and 

especially in that of flotation. For example, when treating 

Djeskasgan ore (USSR) the pulp acidity decreases rapidly down to 

pH   5» especially in case of returning   the intermediate product 

into fche basic flotation. Therefore, -co regulate pH sulphuric 

acid must additionally   be supplied ov the intermediate product 

must go to the last leaching vat« 

The field of a combined process application   depends upon a 

number of fsctors and first of all upon the ore nature and copper 

and noble metals in it« 

Combined processes provide for an additional copper extrac- 

tion and a more complex utilization of ores. 

Economic efficiency of IFF process is higher in case of 

using it as an auxiliary process to the main flotation one. 

According to practice adding a combined LP? process to 

flotation dressing is profitable if   1 kg of copper is extracted 

per 1 ton of ore   (Hyden, Big Butte, Bagdad and others) and evem 

0.5 kg Cu/t ore (Morenci). 

In   ajeskasgan, Almalik (USSR) MostOYieh's process for 

oxidised ores increases copper extraction by 20-50%. if the 

process is used as the   only one the   cost per ton of ore treat 

log is auoh higher than that of flotation , and capital costs 

are also greater by 6-10%; hence profitable   copper content 
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ia ta. ora fo* or procta. «,.* * ^pto^^iy 1t5 tu#. ^^ 

«IMI tw that of flotatioa only. 

Ito alaadraatag. of a .iag!. ajNteaa^alliitilaal praoaa. 4. 
loaaaa of gold la talli. 

âaoordiag to K.ATb.tT.. /2/ data capital ao*>. f0, tha 

laaaaia« - alectrol7.ifl proo... a*a app^Ki^fly 6« u*«, 

tao*** coppa* ultimato prodaotioa <** wltlw|lt tftkla§ ^ 

lata account, »m bf about 40% Iowa». 

fra« aaarlcal praotloa par tarn af ota a««, for OT Wtll 

ia dallara ara /j/t 

EjS04 

;• Iron fro» o. 

floatation rtagenta O.150 

aaortioatioa 0,342 

aaataa fancdcion 0.500 

(19 k*/t) 
(•50 tfa) 

la all     i.9§a 

iifrtaaara tlaaloaoly work at laproriac 

«Ma alfflavlay, oapaaiallj 

a* 

••*€ af ta aalatura oaataat 

(10 aa ia alaa) atan 

5 taaoa 

for •ztraavias 

dlaaoluala 

/*/ to 

«ulpburio 

mÊÊÊUÊm^m ...HMMt. 4J« 
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tion   to storage   bunkere with subsequent b-8% addition of 

water. At pH s 1-2 the ore is treated during 1-3 tors,  after 

that calcium or iron sulphides or calcium sulphide and metal, 

iron are introduced inte tfc? pulp to precipitate    copper 

in the fore of a   sulphi.le. 

The precipitator ig obtained by heating pyrite and lias 

in a neutral or weakly reducing medium for 1-3 hrs at 815-670»C. 

The product cooled without    air access contains 60* CaS, 25* fe 

3% PeS • 7% CaO.+) 

Precipitation lasts 2-3 min.  (pH * 1.5) the    precipitato* 

conation is 0.35-0.«. gr per 1 gr. of   copper,   .opper precipi- 

tated in the form of   ulphide is floated together with sulphide 

primary copper at pH less than 7. This method makes it po*m'.bla 

to decrease acid consumption and water consumption for leaching, 

to lower the amount of   fine eliae which is formed on aiseolving 

the ore, to lessen the equipmea    volume. 

At Morenei   Mill precipitation by means of above    preclpi- 

tator was carried out simultaneously with leaching of JO m 

ground ore in the drume, installed behind the mill. The ore from 

drums mixed with precipitated sulphide copper and auiphidised 

surface cement    copper are sent to the «Ills and after grindig 
is floated. 

9o Improve the process of copper cementation on iron, eat 

decrease Iron consumption It 1. suggested /6,7/ to introduce enee 

ial additives - inhibitors - organic compounds, containing   nit- 

rogen or sulphur, coco-nut oil, for example /6/. Inhibitor« 

PpîlîliSSfi-IAÎ^^èfiainjt^sulphuric acid action but mio met 

at Moreno! A/ calcium sulphide is used for copper c< 
instead ox iron. 

*) 
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«"*—«*. latito,   co»^^ iB 0.5 ^ pep 

solution. w* 

To précipitât« ceppar from solution it i. ^• 
„.. _  ^ »»-wion it ig reoonuaended to 
ut« copp«r concentrate containiiur   ~k.i      — 
ion •wwaini*t   ohalcopyrite /8/ by react« 

CuFeS2 • Cu** -    »us + Ff*2 

*he procese ia carried out .*- *.*- * a out at the temperature of 160*C. 
in the ÜS4 a aetnod of copper extraotie. froa 0xi<Uw4 

ca*>onatite orea wit, aoov.u* ^^ t.   ^^ 

i. cruahad up to 10 m» «is« ^ leaci|#d ^ 

Wed of 0,35 p.p... The pulp i. mtmí ^ * ** P AP ia altered on a vacuum filter, 
the ca*. i. waahed wita eodiu. ^oxide solution. Copper i. 

Palpitated fro. tne aolution by electro!**, at t*. t_ 

»ta» of «0*C. current   danait, of 8 e/d.*, bata ^Hf 

». ^,»8. cont^u^     2« of 0app.r MttieE on th. c.tho- 

•- fll«», w^.d «   re„lw ^ ^^ furnacaii 

«50.-1260.0 *«, -.1X .^^ of . ^^ ^ 

"^ **"*" *• P*»*1 »— «-«•• «* -b^ct* to .l..t,o. 
**.. «- -«.   .Lct«^ « .^.^ „^ ^ w 

•"•«— *« X^Al», «. «^«^ „, te „„ of toiim bfiM_ 

• •til«   I I '^^ 

^MâdÉ ¿uih. 
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When treating mixed ores» cakes aitar leaching art r«grinded «ad 

floated which makes possible to extract up to 90% of sulphide 

Copper insoluble in sodium hydroxide. 

A number or Improvements in ammonia-carbonate leaching «era 

suggested /11, 12, 13/ for extracting copper fror sulphide mina- 

rais at the expense of introducing oxygen and catalysts t diva- 

lent copper ions, euipuite and thiosulphato coi heating. Ths 

following process optimal parameters are recommendedt NH.OH 

concentration - 60-120 gr/1,  (.NH^gCO- - 20-50 gr/1, Cu*2 - 

10-50 gr/lt CuE (soiid; - 10-50 gr/1, auiphitt (SO J2) or thio- 

suiphito (SgO^"*2) ion8 " °»?-5.0 gr/l$ rate of oxygen supply 

¿ 1/2 of oxygen fpr 1 copper atom in a sulphide materiali dura- 

tion - 2 hours i temperature - 45-60°C. In this case coppor 

extraction from chalcocita is       90%. 

For the last years much work was done, with firms "Gaapo", 

"Noranda" and "Galiger" /&/ participating, to find a rational 

method of    treating the ores of copper deposit Copper Maynten 

(Quebec, Canada) having 0.75% copper content . Basic usami 

mineral in oxidised ores is malachite, there is some ceppar 

in chrysocolla and chalcopyrittj in subordinata   amount« it is 

contained in cuprite, tenorite and in a native   copper fom. 

malachite associâtes to a considerable degree with limonita, 

total amount of iron in oxidised ores is within 6%. Basic 

minerals   of barran rock in oxidised orsa ara silicates, 

however those ores ,   on the average, contain 8% CaO and 4% 

Ugo, as »all. 

tmo sjothod using alkali leaching with sodium hydrox4és «U 

•ii. 

i '' 
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not girt poaitivt ¿await». Coppt* astratti©» **,     50*. 

J»onla itaonln« aataod wa. ra4att.d la vl#fJ of ^ 0^ 
pltal costs nactssary to rtaliaa it. 

«f proc... with tto «plictloa «u*U. oopp„ ,onc.»tr.t. 
f.» MtUlog copp.r ,ua not provid. for Ufb .«¡Motion 

»•id.., «te», i. « lndu.trâ.1 WMmtu. for ..«ling oopp» 
**«• pulp« at high taapsraturaa. 

.AMÜB work, ware carrtad out la tarât va*»!«*, 

1. agitation leaching, filtration and uttiin* ^ *•» •titling copçtj? fpoa 
tna solution with a aulphidt cone antrat t| 

2. IMI«. I**!*,   ,.ttlXat 80pptr ipo> ^ ^^ 

with a aulphidt conotntratti 

*. LPF procete, i 

station 1..^ m* M«11B,   c^.r by mti9hua   ^ 
. (*• ,.bl. 1) prw<1 te b. th. ^ #fficient fw ^^ 

MUlMd oopp.r oros of Oopoer Utjatn deposit. 

«t. „rtot prie, of J7 .«to . ^^   ^ tvM mmat 

ot P«Ul«,d or., «mo.» ooppT contât o« b. tr.at#4 by 

Uà. Mtbed   with .cono.ie.lly profit«.!, »«»it. 

'" "' 1U* '•"*• «»-"• -"»<U for «tr^tla, o.pp„ 
ito« ftetotioa tall., ozldiMd tod aixad «... _ "•* •**•« o*»,   «r. gretti? 
••tlMtUt fNNMm< M«Htl. 

ImMac MR« tarn w. MM.., MIAIM« ud un, „„ 
» Ntum •*•« ». »¿«tu. l3 ^ ttm ^ vtmêt 

J 
11111É11111111 il fi    Trfp'" 



'  ' ''<*>" <9m*pMm*»wmi^m*w »»m  mmin^mmim^^m^mmi^^^^mm^mmm^mimmiimmm m^w^^ 

- 22 - 

All of the* Involve copptp transfer lato a solution in ta* foam 

of cymnld« complex with the subsequent settling oopper fro« 

somisulphide copper solution, and sona itgeaeratlon of tha rea- 

gent used to decrease the process cost. 

In 1964, white Pine Copper fixa built a pilot plant with 

the production of 12-24 t/day at its dressing «ill in upper 

Penon Sula 'DBA, Bwate Michigan) to prove the possibility of 

oopper extraction from oopper flotation tails by Bean«   of 

oyanide method. The scheae of the apparatus   liât is given in 

Vlg. 1. 

Sand fraction of tails with average oopper content of 0.24%, 

sises 65% • 200 mesh, 10% • 525 mesh, 25% - 325 mesh9 40% aoistuj 
content, «as treated. 

Technological and   Tochaioo-ïoonoaical Indices of 

Processing Oxidised Oopper Orea   of 

Deposit (Canada) by Different Sonants 

i;. 

I o h e a e 

III 

agitation Percolation 
leaching,cop- leaohlnc.ooppi 
per ätttling settling fia£ 

tsatta with with -»Irttltt 
sulphide cop- copper 
par concen- teat« 

± 

the ore, % 

2* (ft* also for leach- 

— • ••••• •   ••••» III •    *      , „    ,       m .. 

0.75     1.0     0.75 1.0     0. 

€0% -ÄOQaeah 60%-iOO aesh    15. 

*  

0.91 
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3. Laaoaiog conaitioai 
•olid oonttnt ,   (O 
toaporaturo, aC 

eoaeoatratioa,* 5 

KjBO^ eonauaptloa» 
kf/t of or« ¿y 

1 • SrttUac oonditiottf 
toasozatuso, *0 

prooìpitator eoa» 
•uvtioa, kg/ks 

oopptr 
ft pooaar a,* 

•uipaldo ooppa* 
ooaooatrato 

5. On o*tractioa, %       f§ 

•• to« aaount of 01« 
for treating, 

X 

9 

7* tot«! «oat of aa» 
2223T   âBâ 

SllWÍ t of tro 

* ••!     7.1      M 

•• Hotal aarkat aatt 

ft 

mz:-r^L.wmTmam 

au ••I      • 
**      •.*       *#      *,a 

-«.1     •O.Jf    <0,ja   -0.« 

•* ftBlMataft ftfta* 

ft 
fatili •ft» 

aw 
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Percolation leaching was effected in a v&t (see Flg. 2) 

which representa a closed cylindric container 2.44 a ia dia 

aeter with a filter (4) located 15-25 cm above a cone bottoa.' 

Sands were supplied into the vat through a rotating diatrlbut 

device /2/. After leacing the sands were discharged through 

the ring /V into the discharge pip« /6/ 30.5 ca in diaaeter 

through the vat centre up to the filter level. Along the wat 

periphery water nozzles are located to wash out sand«, lor 

solution seepage through the layer of solid on the filter 

the latter was connected to the vacuum line (10). 

Leaching took place with pH = 11 by reactioni 

CUgS • 3Ca(CN)2 — 3Ca>2 + 2Cu(CH)^
2 • B'

2 

The process was controlled by the solution electrio con- 
ductivity. 

At the beginning of leaching the solution with low coppa 

content caae fro* vat /*/ into a special tank of diluted solut 

/?/.  The necessary concentration having been having bean rea 

ed, the flow was ewitched to the basic solution collector /6/. 

Hth the decrease in oopper concentration and the incre.ee in 

that of eyenion, sands becoming lean, tho flow was switch* 

te recirculation /5/. facte sands were washed with water, 

•ate* comiag electrical conductivity decreased and thi. ama 

the signal to switoh the flow to diluted solution colico*«*, 

•hen ayaaid concentration in this solution becaac lower them' 

it i. permissible for ecoacaioal regeneration, it vas diammeag, 

te decompose eyaa-ion solutions auct be treated with chlorine. 
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^acain* duration, chMKine oi „ t of t-iie ^ ^ 

«--.-. « —- Coppa, oontwlt. ia „iatioDa ^ 

tic     t7 °n • 5"' mUM «*- »   <* *- -- «-- 0.7« cyan-ion   county f0P ^ ^ ^ 
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solution pH decreased up to 5*7»   60% of copper and       70% of 

calcium were settled. The pulp was separated in hydrocjrclona, 

the liquid part after reinf orcemenc was fed into the return for 

leaching. 

This method disadvantage is settling calcium carbonate in 

pipelines, which makes a continuous process difficult* Off gases 

from reactors went to towers /13/ where nitrogen was supplied 

as a oounterflow. Hydrogen cyanide    was   distilled off into 

absorber /14/ where   it was absorbed with lias* The absorber 

contents was pumped into collector /tí/ where rwtum solution 

was fed and   unslaked lime was supplied to regenerate basto reagì 

ent by equations 

2HGN • CaO -*~  Oa(CN;2 + ^0 

Oopper extraction into sulphide concentrate   reachsa 91 «6£. 

Eeegent consumotions for extraction of 1 kg of   copper 

weret lise - 2 kg, 75% HgSO^ - 3.6 kg, sodium blsulphats - O.99. 

Oyanide regeneration   was 43.7*, calcium cyanide activity was 

Xxpressed in money the consumption of reagents was    10-20 

esses for 1 kg of copper extracted, bat capital costs are 

large, approximately 1.5-2 time« higher than expendiiires for s 

dressing sill. However, the method is being studied as Tor its 

application to Michigan's ailioate ores /&*/• 

It is   suggested to use organic products, for example, 

laotonitrile obtained as a by-product of acrylonitril, tor 

e/siisting /23/» 

j„ • » * <,< 
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Dow Chemical Co. firm /23/ suggested a technique of copp.r 

extraction from a solution in the form of thiocyanate. 

Monovalent   copper thiocyanate ia treated with alkali 

and basic reagent is 'regenerated! 

2CU0NS • 2NaOH    -*- Gv^O • ¿VaCHS • HJO 

In acid medium   disproportion occur«   with elementary cop- 
per fonatimi 

Cu20 • HgSO^ --*- CuS04 • Ou • E^O 

The technique was tested for extracting copper fro» solutions 

attar leaching mixed orasi extraction achieved waa 92*, 

thiocyanate regeneration was 97%. 

îhe firm studies different modifie étions of   the method, 

thiocyanate flotation from the pulp among them. 

On treating oxidised and mixed   ores ion exchange prooessss 

tor copper extraction from a solution without separating liquid     ? 

fro« solid, are   perspective trends. 

A number of parants were offered in UBA, England, France, 

Canada, Japan and other countries on sorption extraction   of 

matais, that of copper from pulps, in particular /25, 26/. 

Bagdad Copper firm if carrying on studies of copper extract*« 

txm Its solutions using   ion exchange resins. 

A considerable ooaplsx of investigations was. 

•amy research works   wars carried out in the UBSft oa dare-. 

Isolai notation - sorption -   mom-fUtrmtlon method of extract. 

lag tappar from oxidised and mixed 

aoaoraiiig to this process a finelg^vided ora (70-60* - 



- 74^ )> intermedia e ). ro&uut or lean concentrate are leaohed 

with sulphuric  «to*.-'"      r   .otr.e ether solvent) in contact with an 

lon-exchan^e     e*--:'   <%-:-•;.•":.,*,;• :•;<, 

In Cii?e .>.•' 1..-.A ..-*....  *¿ contact wich a sorDent amor« comple- 

te astraeti.n u/ á'.-^r tvjja éui or©    into boiution takes placo . 

in the pulp»   for avi   •     r .ru3t of copper sorption   by resin tne 

equilibrium Kf!;*e>-\a < . ; r   „> c^nr; e ritratti one   .n solid and liquid 

phases ciiaofce»*..  !.i:vat  •!.- .1'ere.i:--:e in particle  sizes of the pulp 

solid (-0.i  ram,  a¡•-.   '•»  "".e corbííj.t  (+0.,,> mm) provides for their 

efficient ser,araî;'."r;  •.-.:. r^-z- ¡suction on tUe    grid or in the 

upward flow. 

Instead ol   î    L^r^-ci    -e.'aratioB oí a copper saturated sor- 

tent it i« poDoibi*' i... í,(a¿..-i.:vií;e it    by flotation adding a ca;ion 

sorbent of    ami.-.? ! yi>»?  . r native cation promotera with active 

aainogroupa /.'5,.5?/ /r—o^e^a L"1?/* 

To effect th.* . ru, « - >.; suction irom puìpe in other bran- 

ones of industry c:-r.-;*c¡; scrp; i.,.-.. apparatus wj tk pnedmatio stir* 

ring and grid    IrxLt    U-í me«? 'vilely spread. 

Distinguiehins    features of treating a pulp in apparatus 

with a pneumatic ßtirrao^. ara the following:   email ion-exchanger 

loading at a   time, apparatus simplicity, a complete continuity 

of the procesa, the possibility to treat pulps with any deislty 

and viscosity /27/. 

'ig* 3 gives a écheme of a pulp sorption treating In appo» 

ratuf with pneumatic stirring, and in Fig. 4 a general vis« of m 

sorption apparatus with pneumatic stirring and a ring drain of 
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"inclined grid" Is shown. 

The pulp is supplied into the apparatus bottom part through 

a distribution drain at a   speed providing for keeping the ion- 

-exchanger in suspension. The resin is loaded into the top part. 

'?he ion-exchanger ,nd pulp mixing is effected by means of the 

central airlift;, another airlift being used to supply the pulp 

with ion-exchanger onto the separating   grid of stainless eteel 

or synthetic material. The pulp and   the retin move as counter- 

currents. The type of the oro and metal concentration predeter- 

mine! the   number oí  apparatua installed. Kesin dewrption is 

alto effected by a countercurrent scheme. 

ion exchange r«sin used in the process must be copper Se- 

ite ti ve, have a sufficient   capacity and   mechanical strength pro- 

Tiding    ror minimum    ion-exchanger loeset. 

The aluate can be straight directed for   electrolysis or 

for obtaining copper powder by   hydrogen reduction which la alto   ' 
the process advantage. 

In the USSR testa on f lotatton-aorption-electrnlytit procès. 

of treating oxidized   and mixed ore. were carried out /2B/. 

The ore was crushed and ground in a closed cycle with 

olmo.ific.tion up to 75-90% - ?V    and supplied for flot*, 

tie» of sulphides by a usual scheme , with copper concentra- 

to being   obtsimed after two redeeming., notation tail, were 

leeched with «anurie acid at pH 1.5-3.5, »olid to liquid con. 

tent   ratio 1t5, durine 30-60 min., withonv heating. Depending 

on the grade of ore. treated .ulphuric acid consumption 1. from 
30 to 60 kg/t of ore. 
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For copper sorption a modified an aminocarboryl ion-exchan- 

ger having       98% mechanical strength. Sorption was effected in 

8-10 stages, each of them lasting 20-20 min. The copper absorption 

reein capacity was 90-110 mg/gr. Copper saturated resin was sepa- 

rated from the pulp by draining on a grid with subsequent washing 

on a vibrating screen.  Depending on the type of treated   ores 

copper content in eorbtion leaching   tails was fron 0.0? to 

0.18%; residual copper content in the liquid phase was of the 

order of 10-50 ag/1. 

Copper desorption from the resin and ion-exchanger regene- 

ration were carried out with 10-30% sulphuric acid   In 3-4 sta- 

ges, after which the resin was washed off from the acid in 5-6 

regeneration columna with obtaining return solution. Residual 

copper content in the rosin did not exceed 0.01%, copper desorp- 

tion completeness being   more than 99%. 

Ehe commercial regenerate contained up to 50 gr/1 of copper, 

100-150 gr/1 of sulphuric acid and 2-6 gr/1 of tfereevalent iron. 

To reduce J?e+3—Fa*2 it was treated with a reduotant (S02) 

after which it   was supplied for electrolytic separation of 

copper with insoluble anode3. The electrolysis fus effected 

with a diaphragm in two stages, and   comercial cathode copper 

waa obtained. Power consumption for the electrolysis was 1700.« 
-180   kwhr/t of copper. 

In table   ¿ approximate comparative indices   of oxidise* 

oopper ore treatments according to the   two schemes are given: 

1. laaoblng-cementation-floatation (LCT process) 

2. ftoatation-sorption ltaching-electroljsia. 
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Approximate   ooapariaon of the two ache».. „^ ^ 
technology efficiency. *he    ,mcitncjr ,. ^ ^ ^ ^ ^^ 

se in copper extraction (depending on ort type.)    the 1Q* «,*. 
-ore decrease in production expense. p#P   ton of ^^ ^^ 

*ion. of pyrometallugical convertie* *olu.. at the expense oí t* 
decrease in the quantity of fioatti«« ^- «*P«mse of the 
»ent. !lol^¿ i0n copptr c<»«wtrat# trt.t- 

22SM*a^e_In^es^^ 

Description 

 1_ 

Loopper content 
U the initial 

la ltt 
sulphide,* 
oxidised, % 

2.Flottation 
p conce_ 
output9% 

aomev eoncen- 

Coablned processi 
¿eaching-c ementa- 
tion floatation 

ore No 1    ore No 2 

 2 

1.2 

0.53 
0.65 

4.0 

3.0opper extrac- 
tion into floata- 
tion oopper eoa- 
centrate»» 

• •?•»•* «xtr**- 
tloa into coaa**- 
•Ul regenerate,* 

*£m*t extraction 
?•••*• intuì 
•M Uto catto*» 
 ft 9 

«F> 

73 

0.8 

0.2 
0.5 

5.0 

70 

Combined procemat 
i J.0 at at ion-sorption 

^••ohiag-electrolyei. 
_ore No 1       ore Noi" 

1.2 

0.33 
0.65 

3.0 

40 

to 

0.8 

0.3 
0.5 

2.8 

40 

40 

n 
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mmiß^^^^^rw ««»    upui 

6. Consumption per 
ton of orai 

»ulphuric acid» « 0 
kg 
•pong« iron, kg 10.0 

gorbent, 1« 

7.Specific invert- 
aent per ton of 
copper, % 

8.Production ex- 
pensea per ton . 
of oopper, % 100' 

35.0 

15.0 

100°) MXF^ 

I00ö) 

_*. 

60 

0.1 0.1 

K*.J 

80 90 

Botes: 
x^0nly slimee (-7^,/-' ) wert used for LP?, sand* «eve dressa* 

by floatation. 

**' The coaawn extraction it given . 
Ospitai and maintenance coste exe given taking into 
the construction of aetaliurgieal convertlon fer treating 
fljat-oonoentrates. 
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processes using hydrometallurgical methods acquire still greater 

significane« for treating copper raw materials     LPP is the 

basic combined process as an auxiliary one for additional extrae» 

tion of   oxidized copper irom mixed lean ores having teen dres- 

sed by floatation. In a number of cases its   application to 

non-carbonate ores is profitable, ii additional copper extraction 

is not less than 1 kg for 1 t of the ore. 

The process can be used for finishing lean copper concentrate, 

and intermediate products containing oxidized copper« 

The increase in economic    efficience of this process is 

associated with the decrease in acid,  iron, and floatation rea- 

gents costs, the increase in the equipment   anticorrosion stabi- 

lity and   introduction of the process automatic control. 

k possible LPF    compi et itor is a   combined processi floata- 

tion -sorption with ionite from pulps obtaining solutions appli- 

cable for electrolysis or getting high-grade copper powder by 

hydrogen reduction. 

TLds process is, however, still in the stage of experimental 

tests, requires increased capital costs and the availability of 

relatively oneap and mechanically strong ionite - oopper sorbent« 

extraction processes of obtaining copper fron lean solutions 

whioh sake it possible   to concentrate copper for subsequent ex- 

tracting   it by electrolysis or with hydrogen under pressure, 

are «till in the stage of development« 

the process of copper extraction with cyanide is also in 

the stage of experimental tests. The process may prove to bo 

useful for   floatation dressing tails containing oxidised oopper, 

-,A- 
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XSffcript^nsJboJttgurjs 

fig« 1. Sonsas of cyanide process sppsrstus chain. 

I. water 

2* sand fraction of tails 

$, leaching vat 

4« sands into dump 

5. solution for reciroulatioa 

6. rich solution 

7. diluted solution 

8. solution for recirculation 

9« carbonator 

10. HCN regeneration and CugS settling 

II. separation of solid 

12. sulphide concentrate 

15, two intermediate towers 

14* gaseous HCN absorption 

15« water for discbarge froa 2nd tower 

fi«. 2 

1. solvent Input 

2« sand distributor 

f. sand discharge 

*• filter 

$• discharge cook for 

t, sii** discharge 

f • receiver 

fraction of tails 

•. «s 

X 
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10* to vacuum pump 

11. vacuum trap 

12» watch, window 

13. automatic l«v«l control 

14, recording electric conductivity readJiga 

15* wast« solution diacharg« 

16* test of «l«ctrlc conductivity 
17. pump 

f If. |. Sonsa« of pulp sorption treatment in apparatus with 
pneumatic nixing 

1. regenerate 

2« resin 

3. tlrst washing wat«r 

4* second washing water 

5« pulp 

Hi. 4. General view of sorption apparatus with pneumatic 

•fcdof ana dag drain of -inoUnsd screen" 
typ« 

0 • resin 

fi -pulp 

1 - sir 

(view fro« «bor«) 
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