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0 ft cottOopt of doct xocovory of coppor from, 

riotto by o10tzOiyt& Wfidng Is ono  Vj,  tho rovouton. 
; rotrnuOG in tho dOvALopiont of,  now and offo*ttVo 

cntcton tochnilOost  Ito oehiovOnts iuot bo vOwd 
as a POcoo in Itself and as a part of the total proC000 
In .vtch cost and porfQnneo aro oqaUy imtit 
cloasum of OffoctivOMOSO It io n00000ary to find it 
oLnu cont&ono undor  Bch it vU be pooOiblo to rocovor  
Ccppor tLth movioun efficiency fm tho rnttO. 

Tho dlo.t ctxoDofninO of SOD mtto In an 
qU[OOUe solution of Cpo' suiphto and sulphazic ccid 

has boon otudid, The Influence of ctiront density, 
ot)CttOde dietonoo, bath ccmpoot tioc.. aid tcpoi zo on 
the Cathode. curnt oftccncLoo is 

A two tank multioloctrod a olcctxZyoio coil has 
boon 4O6igflOd and fobzzioatod for the otudy of above 
rOnt,tonod vor&zbies and optimum conditiona for miutn oCovoy 
of Cop' fxri the motto hyo bocA obtctcd. 

An otpt hot of boon mado for the cocunition 
of clog pirtiIoo and than conctration of the ono ty 
f.oth flotation to roVwev tho Oappor entappod in slag 
in vaztzc fozzo, 



I :1iroi.JcUo! 

In tho oo1y poziodc of, ron' a oxiGtanco it w 
GOB tthich too p2*3Z'Uy ud as vjo~pono and tooic for 
oainirig tho rocpIrmonts of Uvalyhood aad ooU protctton. 

toWtor the ocono &go tho orta of raotals ovio In tth tho 
ciacovozy of iiatao in notivo fozn, r pzttitivo huntoo 
mound 3,OC 14 C* Tho ion diocovortod that It to ponatblo 
to utflio owe of tho porttoo of MOWS or main 
tho woVono and 1cp1wMts rtq4rtod for houoohoj4. Thrto 
to MVIOovidancá that in India also ooppoz' ootoi has 
boon OntraCtOd in a vorl px1mitivo way Eri the dqoattc  

copper at an oarly stagof agyptianc woxo maldng 
00;1)POr Intv:oa and woapona 0000 yoao abo and pipos and 
tubo as only ac 	 D.0 Tho Rman 	ply iao drcvn 

oaOmsuot boczzo knom as Cpitxr; raa shortened to 
pu;vac, wuptod to wp= o whoro ouoo our word 

COjpo and caiaZ obeL Ctt. 

cpoz' hen bOon uood in tho Induotrioo of the tortd 
fo. CO long that i.novitaby it to rogortdod as a traditional 
roorinj, It continuos to be uaod wrto z groatoD nuthOrt 
06 fto piqottteo am noodod in 'the prto<ot and thoro2oo 
a Oottofactorty substitute Ia not co oasy to  

In IGoo tovld re4lnod *port conption ) wao 
voy amoll and by 1O) it hod only riron to aQx 50,= 
tone, but by 1900 had incl?oocod to exoco tono, SineG 



that doto tho flotal world dtnd hci ron at a rato 
Of b*t 4,5 pozcont por annuui ( rig. Idli ). Rofinod 
coppor cor*uriptiOn in 196S mo noai•y 	tons, irL 

1969 	tona'  and 1 .n 1970 obit 7,o  3a tor, coppoz 
option In Lzpo in the oar 19& undo various 

hoods to co given Sn toblo 1.1, 

.:T 	1L1I -Intt IT u 	SLLL*UL1Jt. i 	: 

19r3 Ccpoz concuration 
(ton) 

i1- u. twir 	-r*JnJLL it-Ir-111-  ts l —*i cjt 	-- r,LuuIu 	- _ L 	1UL t U*v1L TL 

Is 43.tro laduotrV 	 1350000 

9.4  Gonoral EngnoorLng 	 445JOO 
3. OML449 Znatvy 

4, T2?Onq.Ort Znioty: 

Lo co of tho motals in t*h India 
is 	 ci.o 	Dcsouo or tho oovozO zot rostrictiona 
and incoueod grotth of coppor cono&ng tndutdo, it 
haR bcao an absOlUtO Aocoealty to prockico tbio vitol 
tot1 frm tho .ov1biO ftoolts and raoucoa In India 
and iMoncivo efoto a= bolng mado to zoioo On outputs  

obio dqooito of ccp, W  ono fi!ftMj,4fi&bGCUZ  

rn1y in Mhaz and Ron, 	ootoiy WQI to GICCOVOr  

oho 	 or oro deotto Lo bonj otoia.vo1y puucd by 

th 3ooZç,icoI  Survoy o Irtd tnd ,ocrtt1y nao MV1  

c1roito two boon locoed in tr*410 Lrdoh Uttar Padooh 



Fig.. 	WorkJ con urnpflori of  
ref - .d copper 

yeariy aVc=ra e ; er decade 
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and Knahnir aogion. Thc f1har dqposita aro boing  

vzorttod by /$. Thcirn Coppor Copotton Ltd. and 
thorn o RaJaothart to bo 	tod by lAndustan. car 
Ltd. a pubUc utohicj. 	

0 

KiMpirig in vow tho rraaod Coppor dard, 
ovoz p000nt problan, of aain,,%-,ainancq# Ocnvotluvo 

aoto in producinja COppOz fDai low umado oroa and otl'~ar  

OQ1JCO3 014 tailing 0109G otc J, cuignificant  

tocno1oci Improvmontia have boon donop 

oiri and modord.iotion in 1nin3, Concar% 
tratingg, aeithg and refliI.Ing aro going on all over 4110 

In most rodci n, athod of OOpo ctvocUon ono. 
tvO a MOM Gtcpo h:vo Won oticd. Th pz'tsoflt trondo 
o*o broadly as ftuom : 

DovaX4pont and vpucatson 02 anwamwa  

urnXtng pxocou. 

2. $itchtncj nor to 	XiOv t)nta rAth 
ottnç and production 	ctto. 

3. 4pcQUon OC continuous poeoca 

Tho ova docng d.tvtcion of tbn Uation1 
1otXw4cai 	,otozy , r1ght fry 	 incqrio 
o OcUvoly antpVod on bono2ic ation otuoo on vamlouu 

typeo of Zø Ordo Oappor ovoc oC Zti. LOVJ çiza3o cr'oo 
and noa].o off CQVIwt and C,4.vom4Mad nruzx, h,a boon 
invootigood in doci and citab10 bcn c2.attori tochncuoø 

volopod. 
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Production c pO f= Sup O loto 
concci ato occt nto for oba 75 p 	nt r 	o of . 
poict5ofl, n1 Lnwnol G i r £0 uotoo on for ho 
rOCOVO ' Of c ror 	cowotoz o ' 7w. Tom 10 	on 
achd o , o 

 
bdin3 C +app 	th3 nec t 	Ci o.? 

dor h1a o 4o Sno t of the 	Tho otordzda 
tcC1tçt3Qs for ti o pu -OCo bvo Cttn .nod 0 good iiaaotuo  
of onçtnootng p eic ncy but att 	a o otW on 
ra t to c2ov&cp bo to iothG4a.  

1,2 nJ.n 	 3: t 

Out !noLodg of sln p ondn c Until voty  
rocontiy.# was dovGd 	Oct t ly ` 	C OUdV O IthO 
colid poduettandn gccxn1o 	i :off'toboh viou  
of  tho molton cargo in o fvzncoo. Tho in o VI thio 
cethod hos on .ad 	,.Uug to nd orto 
O 	n 	h jneltinj ztca and good reo io OS at  

cOat 

The copor contort in o1.av 	c:q coo,, to a 

groat ontont, an coltinj eondtoz rt c 4'o 	v 
f. ondom 0-1 tho oattonc1 p co 	Co vo to loJo 
con itninç gho coppoDntont n . oo a zulo0  th000 
wbich no taken c ostly 	the caflvotø t o a oco,, 
The d g oat co token if rci the v 	W I Lo pro Of lOvo 
ci rpo+L cunt,  nt. N LF may  bo ai o=,  ad XI`ao : b. n 3 10 jo na to 
pcocuction plant t o con 	ona ?o elog coting a 
bo to tho ccpoz contont Vin. the olaçj  r 4d be on 



acptiibn diagram of Si02S'02 • 
oto, has boon ml.,abli shed cnd has proved helpful oven thou ,h it 

io now belfv0d that tho com pounds *Lh soparate On 

cooing door not noonriiy,  o4t as such in tho ooiten 
state*  Tho ciactc wark ed vot in wtch numoro.a 
toll ovin 4tro10 tWO:  identiflod in oiogo bo boor) 
oucrzd by Futon 5)• 

pWmtod out t 
of applying the lam of physical cboiotzy and thom.odyw  
ncico tQ ooppor mot2Jury ond uggooto a pro3r,-m O 

$03 zth to tKa#  but only a start has boon mad 	In  
order to poont a omploto picturo Dogding aUgs  
n000j eoiontiic facto trim tare ovoibloby noo 
ocon t thooroticst considorttiono. 

sine** zofthory slogs and convoxtor cologs tro 
uittrnatøiy zotur od to the vbootozy furnico, tho  
*ray fina ions 01 	in Slocus is that thtch 10  
co4od by,  tho CAooardod rovorbomtoz7 olags. Tho 
nra .ot poib10 Como in 7th tho )7OZ may 048t 

In 	 olag, VL, no dioolvoi copper u.licato, 
LGOOiVOCl CpO OUtdo, t1Ot\O pAV tcIe ifl .su 	Ofl 

di000iiod auipbido, diasoivod eCppOz' forrito# and 
dt000ivod rnotci2. The otont to * oh tho c•aipoundo ro 
dtoOetøtod in the ioiton clog is unhnovi ond tho 
ovziiob3,o hnorAcdgo of tho coppor contont ic basod 
antiroy on o otudy of ooiidifiocl clog. ?ubiihod 



aou i nc d ?oz'-,, but the most a oønt studieø t nr .c ito 
that othcugh aU #h o vo `o=0 oto posotblo9  roariy. 

all tbt COPO in tho slid slag to a* u1pbtdo or  

A move VOOGnt toChnitOo, though Only or 
0 ion r4 boalas;  , to the car*cotratofl o gro,nd 
slog# ttO 	ng and cl t rAnrAng o cqpoz fran  
rot o thuc 	od b, eloctzoly o. ho r it poozod  
end; dLocu000d In fo r ch tora dozily Ltb con rt ton 

•of  ound clog 1 { 0totl and a oc t rtnnj of 	po ' 
r.iaattoca 	b b of tr 

1.3 

sgt copper Matto Gto ; s ttiOU Of 

oid ioS oa , of which udor nozi ratan of cooling. 

contair 	 Of otter cu 	4m, In the oe td 

oolutton. The eq i ,fit : .ate for this riao oa 3 i o d 
by Cpo4to end Hytd. 

s caovccl iettos the coppoz  and Iron ottihtdon 

ae oo o otod v4th =all zZIOUrtG O o or u)iid and 

alto wth or Le o do and dtolvod ole , Th 7oxzc  
o d do, t-4 ch ciao+ of tiro b con ablo In =Ount . 
diotxbutoG itoo3 ' occOrdt qto oono and yet undotoz nod 
late otrPon tho clog. and rottO. The lotus boing at t 
fauna of tho rneco undo a Navy 3 yor of olag to usually 
at a olottvcy  low toporaturoat tMch tho Doaet.on 
boron the oikhldo  and fott.o dodo door not ta! o palace... 
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At tmCo, tOtovor0  tho tapoturo at tho Q1o0otto 
intmfaco to w ttentJy high to poto tho roction 
tho,  4o1onco of tLch to a  pmt functSon of toporthre. 

Although 	oo2thiio thxugh thm yoare  
how shom that the moot doolvable &-aj vozieo Uttlo 
from plant to pint, tho Se w  two for rrntio grodoo, 

oo found to nary  oorz4oro2y, 

4 

Coppor lnduxatry in indLio to ottU in it 
InConove Our Country C=oo an acute sboxta O tho 
iot1 rAth an armal Prowction o' only obit ZOOGO 

an otirmtad reqArwent of 2',O00 torts,  
Ms 1go dofigit to mot by,  Iraports to the tune of 
9O,OO tonu fraa, count4o Uto U, 	Canada#  .th000i3 

d Congo. 

Interzetvø offorto 	oro boing mado to ruioo 
the o*; to about 50,00D tons by tho ond of tho fourth 
plan,* To thto andond#  f.ndueton C0ppQt Limitod took ovo 
frcrn the National 1.11necal DocIopcont Coporot!on the 
foUong prqbcto I 

U) laptri cpo Pzcjoot 4.n wastivn - a p3oct 
in conotzuction otacyOA 

(U.) Ralftha Ceppo' Pjoct in L't'ia.. a pojOct In 
poUcLtnry otao of 	 oiont 

(ii) Dba Coppoz ojoct In £ajaothan a project 
In a 1oatocy Otago*  
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(v) Woo hot depod t in opootoy otogo. 

Tho ittotzt aqWor pojot locatod in Jfrun.jbunu 
dttit o 	Jortbn is tho main pojoct o 	aapany, 

Is at pout in tho coottcthn Otago. Tho projoct 
cdooc t,o c6ppor dw,ott, tho Eindhn Ln are*  
( cozmioniy motn as 'Moul mtn ) and ioUehin dcoito 
about 7 boo# oriy, and a procozo p1nt copprIcing a 

	

oneontrat? 	bcnatcioinç3 tho OG, 3 cnoltor 	to treat 
tb a ctxitos and an a toyic rafinozy for proic 
ng o ct,iytc grado cpo, 

In Mot4 toppor pGO!t it vas doCidOd to (i) 
i cijocpo o2 tho prGJot to p xuco 3COO tons of  

qpo; tho addttaonai 0030 tons of qpor fran th 
Kih, (it) incto: a flash s  of 	( Instead of 

rPtoy ipolting) tich would anbie rcaovorrye  
of OUIPIUr  vaiuoa of tho *to : and (iii) t$0 prucod 

nZto' goo to be utilized for tho maoufA60 of 
o tuitablO otUtzor, 	

/ 

Tho tUtd d4oatto are atnatod to oontain about 
70 million tona of cqor oo of I pocont avarago coor 
content, Tho 1(olih3n doporltz, are ®tirntod to have coppew 
azo 030VOS wozr 31 Million tons of LA pozcGt cop)or 
content. 

(U) 

	

i ra 	pt s locatol In tk $thbb1iun 
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ditrict in I3ihar* It is otkutcd to conttrt about 
98 r$lUon tons of averago iOi rct open ore upto 
a dqth of about WO meters In tho first pho of it 
dev1o,ont proazto to yioid 3,O Porto of opper notal 
poZ OfltU* 

The gni bat of this project 1ocato2 in utur 
diothct of Andhra Pradesh ttch is about 22 Iris long,, contains 
evtthc of aeiert trt of copper and lead* The esthatd 
Xoruits of rosorvo,3 of copper and load ore dqwsltrs are 
ISO 3 million tore in ttts 

A very prcrnie&ng ora belt iao been diccverod in 

WO distziøt vAose apocftil fentu.ro to said to be the  
high eoppr peraontge (, about 3 porcor*t } In this *y 
it has an Odge over Itheuri one bocuo of the low copper 
content in the letter. 

The Indian copper copno Is at present the Oray 
ertçago . selting coppox fran the ore tined at 

their tnooabani mines. Tho oopor producd at Gbtntla 
was 	 y of fire .refiaod qaUty till 196% Tho ousting 
capacity of 9X tons is to be eandod to 1G,0 tons 
por yoar in noon f ro.C. is now producing at GhOtOtZO 
840 tons per year of electrolytic copper. 

The supply of copper f=n indigenous production was  
7000 tons In 19(), Therefore more than (OOW ono of 



topper wo irzpottod C= 4cd. In 2.964, the tort 
of ccppor and copo' oUoia t, 69,OO ton and ind 
c3onGouo p'OdUCttO) t1S 8bOJt 	D tone agiirnt an 
ototod demand o 2.38000 tones The dc end of copor 
for the ourroat. yo Lo osthotod to be 236,OO tons. 

ThO p4cd of a rAdcly ucd notol so 
u)irnttoZy rolatod to the qo1ity of the oo rthed. 
The U# S* producov p.co for copper c OdGC3 at cono,*  
tortU.s dollaz'o 10 lnvoneiy poport&on to the 
quolity of th3 Oro nLnod. 

A et31e 	 podte ono 
jnete the vero U. 	oco po of coppOr in 

the no:it yoar youbeod on knot1odge of this yonr' e avogo 
quality of ore In th U.S! and thte yo' 0 7 defoctor, 

The lotionoh5.p ie 

Cu price (Avoe not yo) 	'oo quality ( t!e year) 

vhoz'o 
ofIoctoz - do1octo Is that Coto which 

Moves Inflation f:cm the doUbt ( 199D * 	is 

ore quouty io ao rapoxtod by i=con 
nar!et ( Lb coo pe IN Of ova 

C4ppor pco In 19SOoSO 	uaod to doivo the 
contont, ocmal to O.22, 
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C GG 1 n10f ' ') Ora r amorally ecuLr9 
t { c 	r 	4 cyopiUno c :ucirov  tong B ch 

tho fQtVO Dotal o also LfCIU 

s d oa10 and rho fzOo in 	oo in v1 ch cQt) 	La 
*u 	on 1y abundant and cam= In ouch onncr that 

can bo ninc and ot.ctod nt  

ic'* 	2) cqporoot ,. Vcont rn 
t to 	r ,pant Qp oz. D QL o c-o ttning goo 
titan 0.5 pocont cc,er aro not y r od of pvoaont. 
T b1O (2.1) poonta tho +fir ozoo moot ofton s : 

b A 

C1c31 Fonui a 	Copp con tore 

0 

cieoyLto 
*,T  to 

Choi o l to 
Covoltto 
t1a cbto  
iuxLto  

arm 
& 329 io3 

25 

Gus 
OuCo3. 	O 2  

79.9  
(i3.5  
57.4 
564 
Coto 

79.9 
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Tho ooa ao c1O3 	d in thDCo gxoUpG 

ouZphd6 odo Ond ntvo cOpO. 

Tho cupido ozoo may omr UtWr no c1ctvo 

bocO3 OaLaxy ctmicladnocc eap,o and I=n uiI1doo 

or in ca11 paDic1oi o %̂.I moo aicaardnatod t1urougli 

omonto Srjnoaus rock caUe 'pohyt'y. Tho mazolvo 

oohid5eo ooattAn n, owo 6ulphA:r and copporo Tho okii4 

oos oro r. iny oc tho dlaominatoll 'pot  and ogreator  

part Of iron In th 10 px000nt In IZA110 fob or oco 

cboto on oUicoo 

2.2 	1!j* 

The slop of copor walUng. a,o a "1ar in 

.canpoUon on4 potioo to tho slage of othz rIln* 

forrwotlo* in &1 00000 thoy are Ugh in Vavcuo 

GtdO in *tch repcot, thoy diffor frw blast $o 

aloes . doh •ca rolativoly low in ftrzuc Oiddoo Tito 

Is bor-auso boozo tho notol can 1,3 o:tctoci fr 

tho iron hno to bo o ootod end 	Into 

Q 

UuUy. tho cappor * slog Gf1thO? 

00 t V0CtO O tO uri• tOd 	ojçt Vo, it 
gootly nto t1wo ccoiooy of cz oiting 	It  

Gb&OD of vlunbo w,talo and nico 000 fuel in consxod. 

in kOcng the clog In colt cto. The los000 ineoeoo 

th 	otol content o to clog and the quetity 

of clog proctuced PoS,  unit t7,-,A Cht o total ormotto,* 



The a o yield Va OG tI) the Ghat 'ooitton  
cin d the ieritt, of f.tw t odd, v h+ the r ote1 content of 
of g dcorid oi the pcorUosoL tho slag and IO 

oonditior undo w tch a given gtvcn hez : L0 zun.  

The motel ioo oo th tho &.off ao c eta ly cleeod  
into th2'oo ou,o t o 

i Y/,gcel 06COO duo to tho f ct the V the 
pr t e1 vo3tto of 0 çtvon cIirig ooze 131jo to 
pOøGd to AlotOn, and to o.da of the ota a ino 
partly da3oivodIn to ltd In the caco of Coppo it 
o• iainly loot ao Ou,0 not coploto1y oulp1ice1 by 

the , 	t ihtdo 	e . nc and the alculetiono elm 
that th000 10 eo ore n Ug.bl 

. r/ Phycca1. locooa duo totho d.uton of 
tho motel or ratio in the leç id tho fouat.on  
col o. a L*l tcno, The 'suit r oZ cqpo 1phtdo 
n clogs veto r.th tarpoturo, the r aixui bong 

0* 2 to O..3 po 	a .. 

1:1) Iciian.cal IOSDoa duo o the iflcEp1GtO  
o a.r t tL of ool bon motal o mot4o+ from c.1 of Peonslag 
bociy,aeo of tt 3 iflOgflifiCGflt . fO Or G in their tpocif to 
g a itIODS  o1oz d ll or the h24lv 1oty of the 

, iGU } '/a  thie type 0:: toc o dace' to foz the bettor 
part of  total Pogo* i luiirj  that 	c ,oY 'a•• 	.• 

The olajc of cq po : olttn j era Closest in 
GQOa ►tQn to the olejo of icItol, load and t4n € 	*► 
ng cnd C3y a iotal of a to 3 po cont of SiOI  rd0 



.14. 

and CiO 	They 31$O Cozr' UptO 19 pG4Xt - of  

and scmetimose, at, much as 25 pezCt Le (ontOrte 
sgr, ), as ioU no O3t(.2GO GQ OflO3iU, barixot todl= 

and oQO other iotals. 

The melting point of a dig is VOIatet,  

ViaCOr4ty and Cpooittorh io a u10, sce incoaso 
in the content of roo t tiv, COnd 13 re&coo the 

voosity of o1go, adlo 	41~pn and Pe 	Oct 
often to the pooito in suc cases, ratoria10 nearly 
Lnoo3ble In o to raise its Vlocooity b' foing solid 
P arti(1oS cuspondod in the nolton riaarta1, 

Tho my in xAich the main caiponento of, rove rstoay 
urriaco diooari slago are dorived. directly affects comer 
OOS to thGlg 	ovobosry fu"00 diocaxd Glago 

are mainly doivod fm two sou=os directly tra 
euerboratezy £uznaO!. "rations end indiroctl faa 

converter qeruttons, t.1ost wort that has txxi •oar4od 
out on Copper anolting slags has boon directed to the study 
of various factors affecting discoM slogs as Vogards 
copper lOsses, Wt t1s tudLo bVO fto 9)OtQflt dis 
advontagos that they are essentially rot oøetive, 

it is reasoned, and substan to Li oozszionta1 
tok, that the 0140, fornod d.rctly an the solid charge 
do not contzRvto significantly to non • sulpM.de copper 
lossoo in alags# It is also reasonod and substanttated 

ki 



t t good slags t th3 o w 1!a coppø iosD os con 

bo=0d dt 1y if tho flu C r oqJiartort9 to givo 

thG ioiest molting point 	th corcoritr3ttg gip 

io c c ii to 	a do. 

2. i  

a m r 	mace CItiUG are c. for cabition 

of Uicon, cal. i, 	and i&niir O#,U00, 

t o e'rGir and ot1 it oxi4os Chrorai 4. bocaoo 

fcuon tiy 	n5tcnt o. cnt i f bosie rofctorios 

eve used, in most cases -'tae majo oonstiorc:s tan be 

oç dod as 	$i02, COOS 3n.d A20 iithough thoDo a 

tto tih0XG other mewl O dO& rG also içjniftcnt.  

minoraliatt on of the conGentr x Tho r o e pyz.tic 

the con nt'aatootod# he !tfi Is the iron content 
in the n alto and# con o tly, tho. higher tho i) tn 
the scud cia ,, Oonve l , tho lone p4tc the  
coneent .ci o, the ghoz the ) con oat of the $logo 
to rnako u the doficiccy of iron. The slag analysis 
of t ft U" IS Of int o 	osults frya the txo t 
molt 02 	c4yrtto c a: 	 o tth $CtLCd lime. 
stone ga up thuich, it bos io rc7orted~ .4;, 1130 0 1CK7 
ioltinz) paint and 4voe or •cav ly Xow cqpe contont 
in the .fin.g . slat. 



Al 3 £a least do it blG of tho caori1 y one untorod 
c apon nto bau so of to Off oct on oIig 	6oLas„ 

P 3, 	c ioo c* fta 	acto :n s. hot long boon 
conoidovod on undoatrablo-  ciponont In c1ag. 

Tho slogs c tI tho low of rnolU.ng pointo oo 
onoioUy thoso vi th Motor £o0 contont.oD in t 

ro on. of c x .ors ortio doe aeon t 	1ab molting 
point,  but in00000n clog. dvnslty. UCOSO&VO G ? incvoa000 
tho o1 gb molting pcLr , bt in tho oraa of a . od olcj 
oon2ocition it roducoe viscosityand dcnity. Si02  has  
o 0 owral ofoet, tth.n nct li 4t c, of t eg tho 
t o tt g point and incDoacing viscosity vitthaut incrcaoing 
Qlocj density, 

Much valub10 t ?; boo been dono by hairy 15) 
OX thc EcO 0 SIB 'o CoO  "- 203 systuo, bit cCxpi1tion 
of do, n fir cmplo o coverage of ail rvoborotoy0 og5-, 

to be of fuU valor o . bouid o10 includo :. 3 o  040 how iv 
t 4d motto the Study of tho ort oyOt ontmoly 
cc Zonw 

rfdlo(1  ) # onO(16) 0 Vcnyulzov of at and othso 
Savo rovi prod tbc Utootuzo on th cunt t of c po 
in Gogo. the la d if oronco of inion on the natuo  
cif all th coppO pro cont In s1agc, but thoo in oVcont 
on tho point that swo of the Cq poor io progont oa 



tsulphicio in+ H3tQfl3. Thoy have con cl od tho acc ►*- 

tonco o tho pxoxonco of on inbo coopOx c p nc. 
o ca~pcund i r c r)xratGxy► furraco s go Iit t o 
In 1ic1z of roient on tho fora  •or 'yo, in t1ch 
tbLO cpr s proiont. Opinions vary, ao 	ti t# it 

,000 vod o do or oulphtdo, siZtc8to or for .ttr.,, 
zbighrudd10 and G 	rt orJ(I.1:') 	, rd Ir cr : ons 
that much of tho 	par Is cii oxide in to o1ution1 
and that such Z0000 a o &trninXy a function of tho o t' on 
pttini of tho og no oflactod by it tI conto 
Geer iO6eoo it tom ato funrco o1ç oars be o trt 
butod tO t O .;don 	Q# hontc UUy OfltOppOd  

4ptddo and on inocrb10 inIotoz . a o non *uiphtd  

Rovozbotc4toy Amooa.SC-o slogs coapdo of 

u4nbie, an 	on of chicaUyontroppod cuiphtdci  

Although + anvorter oLagt cry Mtrappo Matto, 
and this contbuto to final c pO i0000a j, of 

pt?OrtiOe p ticu3.1y for CO Oti3nt c3ttO prO&ctio o 

- icjoot that Choi' cotititto to 1pbido coppo io oo 
.I ly to taa ccrutant .fnc,oz. Furtoro, thoo 

wutphtdo c po con bo ocparn tad f a convortor olaço by 

eatting in tho colton ototo ( or by fiotntiom oftor 
cc1ificoton and 	nding ) , it in rononobio to 03y 
thot th000 ai go should not bo motor c(rnt zbutoro to 

rioi c3og a1phide Cojpo ioo can o tong ao thoro in 



uefictont roddortoo time in tho ovothorotoy fuzruco 
tho cUpItdoo to sottlo from tho di'soi convortor 

conuortoiy, non to,  ou1p1do Ooppor lost In tho 
dd oiig, whtoh oppoao to bo a conottat lose 

cto, ic logically dox'ivod from eonvortor cotion 

Tho ctnorz1i.ntton Of th3 concont=tos to o floe. 
to4 in the propordon ev az]hi.do and non wlphido c*.Vor  

Liino1itiOn giving 400 to h.tgb gado motto, 
io aosotLotod tth cozo eulphido than non sulphido,  cpo 
loss in 	b000 the ccpox content of the phicoUy 
ontroppod. itto droploto In tho slog le t$gh; 	0, tho 
diolvod non sulphido Oluble Coppor dovod fO tho 
convortce tondo to ho =IatAvoly 1oe0 bocouce of the 
low Xon  content of the 

20 3 	 I 

One footuo MO-1 to all of the clacjrn Is that 
they arc fluid at WM4  Oraturoo low onGçyh to load to 
offidont OØiOfl. ViOtOOLty, dOnO1ty. voLut.o 
LnZoz'facLal toneion, molting pont orygon potentialo  
oo 3QE1OCtOd mainly by the Pco contont rind fllur0000 

qoating to-1pozowroso VAIL all effoct the caper 
contort of oboe, 	a affect of 010 fozetion toz.oa'o 
turol, rnolting pant iidviscodW cen be ctio loco oigni 
icnt by opontioi at jar tcrnp tauoa in 00 Arnao 

a3.thcugh at the oiponoo of fud o'f1coneio3 and coto. 



Fagçnn and 	ovauatød tho factoro 
that affoct tho VtoCO3ity of Znblan cmpporbolt clogo 
and a980000d ontittiVo1y tho influonco of tho 4Ctriow' 
lodgod 	itg cuponowto, Thy dvo1cod 	odt14d 

viocooltv ratlwn for elogs reAoho at conetant tcnpuo, 
cwld bo Volatod to ntoo3t4te vtcooity ( in poiso ). Th 
C-02MUID for mod .iod vicotty ratto ( VR) to ao 

YR 
(o98 	Po° )+ (O.O3 	insO.7ii( AC3) 

(o.95wt SLgW) 

In most a10c3n n. anganaDo odes =0 9onoz'ally 

absont or ro 	in only emoU amaxrOtoz  oo th 
Vii v4U dcpod IArgoly on the crnowito ez Atm4na or 

tXic*n,: l01-UM maçEootun rtd foGo o4doo In the 

in th 	1; by M991nos and loace, no ottar.pt 
was ado to cozrolato v1s000lty ratio or absoluto ViCO° 

otty to actual 0100 QOppo O 

Jono 	OQrVOd to a Hating taluo for tho 
phytcni el tnation of coppo:,,  ond thLs Is probably 
'hie to t1pe,  limitations in eliitthating non suihido 

2.4 
I 

Cavor tar olaga roolt fran tho odot&on oC 
tho Ion culphdo oi the copo 	iron n. ao and tho cm, u 
binaden of tho roouting o4azod iron with ciIicoo 



•ftua 	Tbrosultant sings •Qz'O thoro2oo oorta1Zy 
combinations of EQ and s1020 IflOVtt7D  the t.U. 
bo othsr Iron o4doe poont, ocioUy a veribXo 
amount of MagnbtitlO, j, the oitont of uhtch0  obwo on 
UALWOdb1O m.1almwo Will depend on the of fictoncy 
of the Convortor qotion, Convortor 0109 it uoutUy 

eAuznod in inolton condition to the Zt4=bOratoZy fumco 
to join slags obtninod by divoct soolengo In it chagd 
rovorWratory furnato oozoti on convortoz el3go ero tf 
main souzoo of Iron 044os and oxygen potont$al in th 
final diocerd 39O, 

41 L 

Coppor. mattet 	ho long boon regards a.$ a 
raixbare of splo Gulphidoo Cu2$ and FoS buo tPy aro 
the only onoo atcmbto at tho high taVoratuvoo omplopd, 
In the Ocurse of time., a noticeable. dcwtion f.ai th 
ootçoftLon caUod for on 	basis Of tt a aovnption 
was noted, theta bdoe ttut Sulphur to form 
thoco two copounda. Invootigatton of the mognotic 
por'tioa led to the concZuton that a, Oub8tainttal 
anount of motaiUc iron tio Prot"Oonto MUrODCOPIC orarninntton 
did not eonfi= thit bit i ndicøtod =tl= that eona 
datable t0gnotito end cqpor fotto 'ioo p tenant. 

flocont InvooUgations Of a ntotto. of the follcn 
cpoaition coan to bear out tho eouoWing gnoLtation 
vogavding the capooition of thic typical coppoz motto 
C Table 2.2 ). 
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It VO only stablO cipcind food bttøfl 
cupouo w4bido and forrouo *u1pht3e to ( - s) 
( this is $O3UbO In- P 	G11in cyd-d ),* 

2e AU, coppar mattosont.-An, thLo *pind, i 
Ow cqp or content Is b4atr 62,7 po=wto, the nttO 

tdno an O;ZOSO of 	 AM EO tG O 
Magnoti-400  Matto COflJIiflQ Moro thttii tAs OrMc al  

ount of cpor has an e=ota of 0r*io SuXphtctog 

So, Cooling of motto, dop4tn9 upon tho rato at 
which It pts courses tho prapitation of mttliLC 

coppor and tho fortnziton a 14gtoz -cuiptttdoo, tang vbtch 

4 Lottoo may Contoin upto LO porcont of cnottto* 
It tae floe Won provod d-Othor this, is In c1oO1vod om 



iconOd Como  but tho ittor oocno mom 1oç.c31 
In 4oi Of tho foot that tho avozgo motto is cioco 
to tho ccM?c gravity 02 Magnouto. 

5, tofly mottos alto <ontatn notoblo anounto o2 
othz miotoI 	zinc '-or c!:oi, tten pr000ct In tho 

ago, entoro tho rxtto as tho sulptthio, and load 4. 
plado to 040 oiccLy cun 

Those miotto aro czcoUont coivonts 	gdd, 
stivot' and motaZo oe tho p1tinu gi 	AO a rnottO 
Ofil  foott, co noaz.t1j porfoct lo to oction that tho oLy 
proojauo motale to 	11 bo in tho undocp000d ODO 

ht ch d*oo not co In otcct rAth tho iolton matzo os'. 
in dropo 02 	44b do not lioto out but rm.roan 

in tho slag*  

7. 	otterOr (4cmCnto ozo usually ci0000d as 
utoo cad, 31thmgh tho oounto ncy bo omo110  thoy may 

ivo octdozcbie troublo in tho suboacpont 
pooio. Tho con Ones 02orrod to oo croontc#  
Ontbonyo  ni1;o OtC. 

At 2izot OIbnCo#  it twuM com doob1o, sinco motto  
molting Is o pmoso 02 conoontradon o  to nano motto 
aO high 0 gado as pOibiO. Thoro no, 	ftvo 
roasona t4i motto o tho tIjhoat ado to not o113yO 



0 

1. T)i production of o high goc10 motto In 
furnoco Is alwaya auempmled by 4 slag ofueuoUy 

high coppor COflflt, $lagging out, t3ODO of tho iron 
rAll prodtico more ologi honed more co?por All be lost 
not only boauo of t1 	oetor volwo of clog but alco bocauto 
thoro is  J SL 1000. tmO 	liq.eottom in tho  rnzco 
Lkurthozn. oro#  me Of the cappor may bo o4dLzod in 
oottng of era of l, cuiphur ontrnt. Thie coppor 

O.-Ado vAU cczibLne ttth clice to fozi o eUlcoto tih3ch 
&Ul be d&000lvocl by tha óloç,  

2. The: htgh gcdo n 
lonGr and taero orpcaoivo roatting o,oration ttch vdU 

cuco tho cadty of the rótLrj punt and prebGo roro 
fluo C104% 

a Tho Igh go motto Cttis loso vo1xio 
then the low grado one and tiiil not be so affective oc 

coIlctor of 901c1, other ond other paoua ma, 

4 It to ind that the co=rdon of Ugh grodo 
motto to uch Moro dczicult# 

S. Finally, proiddon must be made to tko care 
the loro OMOUnt of hot gaeOs evolved at the top 

of 'tho funcoe. 

By racoon of the condtono czxtlinod about*  
cqor ziattoc uouaUy contain 4 to SD peOnt Copper; 
6 45 porcet COppor motto UWOUy gglvos the noot 	 ova  

foctony rOcUltO. 
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Th D1tL cc 	coz a t1i `0 poccnt 
Cx)O' ?O cpp 	ttIy + 	s F ipt don, c# rfisi+o  

ti2it in coo 1aneoth to  
Do 	D go iy uooc moo ç gzodo Oot amo 
aioo i y to contain gt 	z. o m tWc or 
coppor. 'may v n tango in COOCIMC gravity rO 4.0  
o 5.6 ao th qO dens: croca. lbs pontogo  

Of CcpOr in tho tZttO io cczt only Item 	, Vz 
d tho =mom 000d oa po t 	Tv to 

a► th 	 inilyoio o y iczi •c 
a.a 	gl :i n T•o2.'' ,  

Ouncec pot 
ton 

Q 
a 

xz 

C; 
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FOz DotnllLUcftC3ltÔctt of Slag cn11or 
p .aCQO,, c of aoo 4vovy finoly d .v4ad ( leas then 0,1 
rz owmo ) r oro aird Ppr his mason, olags 
o~: Q 

 
cod i.o& .. 	acod In oio0 In brr oh+ r s, 

+ -metore 
 

eid rtU 	In this bz ling whtnç3 and 
J n ng ouip3On : 	aor t officiontly only in 
'h opociod rorwo of Imo, aizc ►_ 

I:M coppoz øDø thorn , oro two tothocIt for 
tzoting cq por slags S 

() Conctrion folLotc by melting of 
c*scontrato for lOw grodo ot ogo . 

i) LocChing foUod by OloctroZyti pr ip 
toto or precipitation by Immm. 

Tho dngo can be trooto by +to 3 i tthcut 
uch difClculty. 

Coiinutton ' s nozolly th irst of In bortO- 
ciøion of cold c1o. tt Lo u oUy a single ste o  

pzOo0, U'i1L2 11çJ In OUCCOOOi O of poo Tho ota o otoz' ng 
with owdo oerninod ond c 	► «' 	nkj of tccoGatvO robction  
.c Wa s do r n fit Otago fo' ,roducton of fir„ - pcticlO 
lze Lo caUod c ahl nO6 Tho co coot puttclo of the 

O2UohOd product being i/20 inch or Toro In 
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Two gonotLi typo of m; co-hinoo oo uood for cruth 
ing, Vie. 

1. acciprocating bro&ori ( Jowi  gyatoy, Coo and 
yIiQO CWthO?t). 

20 Con n*io brookors i booms roUo, cincXo roll cri 1t 

Primary grndng C ) may 'bo Louono, tM or tho 
otigo. FaivO, tz'ond is to rdo ono ottgo q4nMnq ci*cuit*  
In Soncxnlv OIOSOcI 01rOult multistago grinding 5o u3od 
for haMor 000. 

4,2 

Sinco tho otts,os000 of practldaUy all droosing  
a funictionor,  tbo otto of tho PartICIOD  

ootod, tbox'auh Inotilodçjo of tho rAzo charactorio4cs  
of tho mtovl hndod throuOh odocpat6 ding tohniquo 
ooumos a pXso of gotoot 	ortnco. 

Thomoro 	rnethoth for sizing Dinori pJc.00, 

to moot iotoflt of eich to oroening. 

Tho fundmntel fon of oocfiing to to poso tho 
tudz'ctzo pttios tu.zgh tho oponing and root t1 
oo,oizo pnrtiCXoo. Thaz'o nra two typoo of ocor uoad; 
fi zod OCPOoflO ( Stationary  ) 
vibrating typo). 

4.3 	(21.22,23) 

and Owing ocroono ( Skin, 

Flotneorn Lo a pw000s,  of cøctxoton b3ooc oil tho 
prof orcntin dhoi1Oty to atr of ccm pocUolos fra a pulp. 



ond t10 oiQultrnoQs odhooton of,  I porUelm to 

vnitcr. it Includes tho uco of onough ogazde liquid (011) 
to pzOduco a distinct oil phase, In vMch o olotiv 
odhoton of  OHO ULtflQ1O to oil is ttivolvod in cdition 
to celoctivo adhodon to o. 

1h oecttg tnoa facto eo M=aAaod or,  

(i) Liost rñnorls ctLttbiy protoctod frCm contow 
nGticr adhorocl to voto not to ufr. 

(a) poraffin end othor hydroorbone adhoro to air  
In pzofoenco to wotor. 

1St) soo nAaora subO coo OdbOZO to Ott. 

(iv) Litpcl ( i.e 4pM4o ) can be mode to 
odhoro to air by addg e oultablo agent to the pulp,,. 

IV) flout and porhapo all minorelu can bo cdo 
dr aUhorort or tatoz odhorent by the taco Of #  or ceobineo 
ti on oe, propor egonto, 

(vi) Chongoc In th cherctor of tho Ourfocon Of 
minorole bocet*oo of o4dotton or of PrOCOCS00 effect 
conoidorobly tho facility tith %*Lch they can be mode 
air adornt. 

In AOGO#  UlU m. 143ynoo patented a pro €oa fo 
ocporatlng oil mftod 	hAo ciinc1a fran iator viottod 
çjango ntnomls by agitation of the dy grind oO with 
oil end than the mituro tttth rmtw.. 



In l85,. U Bradford potGntod a mothod for 
oopotinci Gulpi'LtdOa from gnguoo by a &tn flotation 
process t4thout the U:O  of O&li. 

The oil f1otAton pxocoas r1th its subooquent 
ipzovcnt has iont iovo to Ccppor trduetzy so for no 

ceased rmoverlos and roucod coats nra concc, 
in gonoral, roo0vorloo in concontration hvo 1.*,w Lncroaood 
ftOa 65 poron to % poroant and Over# and this In itsol 
hoo nUood the troaont of troy i.oi çjrado0 Qroa at a 
pOfit than Could possibly have boon aCcaiplicd r4th 
the vocovotion made by old gravity method of separation, 

Direct flotation of *leg patttclos tith Xanthato 
and of 	organic cOlictn $ 

AC the olog )ttClO$, cain3y contain copper- in 
oddand in sane caeoa oa sulphideof  can r66,  ciroct4y: tte 
by flotation rAth Xmnthatot3 nd other organic c011oCtor. 
TUG,  ic 610 to the fact thet there iG fonati on Of' t!.ghly 

aolubit cpor oalts by thO uco of iontzGblo reagonto 
Lch powons a iubotantiol non polar portion In tholv  

The operaton is rnedo moro ocottvo thrigh 
ctticaL aduotGt of C-01100tomr-04  P11 of co tOflb  aid 
useueo of modiflorso,  

Of the flotes-lon aonto the moot pOtant aO 
tho colloctoro, w:dch we addad to CaUo 



Th gonoi reepirament to of non polar curfacoo  
urcc in whtch tha atm.,c ro covUont1y 34rdd 

rind make It waWz, ropo3J.Ont. Tha only pCol my 
o ooudng nuch a cufaco le by ra0ans o2 organic copcundo. 

Uatuzal fiota&tUty is gene r11y availobio Only in 

soUdc 	in which outor curfcoG, hvo on ionic or 
non • poor charzictoze Tho bound 	must ho diecantinuoue  
c0 that thOo i'o no tE3fl:OttiOrt layorbbtwon nathrolly 
1otblo substancos and titor4  Th tollootor , molmulo 

wet not ho locally ronotivo but sufficlantLy activo to 
tt tho seloctivo ratnora3. azy fwn 09 wators Tho 
icoaliced b&gh activity chould atzio be cufCtciontiy seloctivo 
4th rogad to rninoral isurfacooq, 

Ci) Ethyl* PO?ylo  Butyl and ftVI Xnthntoa. Porti 
Gularly tho rthy1 nnd .inyl Xanthatoo of,  sodium Or Eotaiuma 

othrl and DLorooyl )itIt*ophctoo, 

(Ui) Oldc and Poaitic adds wd thoir aodttzu oón,, 

Th raochanIcn, of tinozZ collootion boo boon tho Oubi 

oct of condoab10 pulatLon. Pcont day viowo ao givon 
In tha fozz of trio trypoth0000. VLu, tho chnicol roac-Uon 

O'hoois. and tho adsopon IWpothoolow,  



Tho 'achmied, roaction U othoat 	ttd by, 

Taggart# Thyioz, and Knoll *"AU di000lvod roagonIzz 

ribicht In flotat4on pulpat ofthc' by action on tho to* 

bfiotod or On 	 non tO O*fXQtOdF p ticloa offoot 
tb~)Iv flotoMutys function by ZQaCOn of  Chic 
z'otton Of i133i rcoogaZed typoo botten tho reayt 

and the pattcio afectod0. 

Tho 'dcotion 1otto' 00 forwargad 

by worlt may ba ottod o 	low diaaolvod in tho 
iotatton pulp 10yor 000b at roDi 	At 

Qach rnSnozui ø*fao, tho ndcopUon of ouch diosovod 
ton to epooifto# ThLo 	ific Lon o2ozption le olbo 

a function of the canonttion of the .1ooiv o<1 Lea 
under conoidorotion and that of oth3r W.Goolved 
U and ricn a seioion potto of tho Qinozai Curf000 

to covood by tho o cttvo coil ector Iona the particicø 

bocno 3.Otablo4 

CoUoctoz to8 ono uUliaml In th=o'vjayo 

I. 1* p?OVidO the odoorbod (!ono. O tho roactod 

oo the Coo racy be*  

2. To olbinato prwipitcItIng lono pooant in tho 
U Op or. 



To [)OVt6O adoo:mto COrCct&tOn In tho Ucpovo  

Inocthg tho uantty of colicctw zou1to in on 

imor0000 In moovory tipto 	4iutn vtaua. 1nootng thO 

onity 02 co11oO to n tttu1oriy e2focttvo In incx000ing 

tho zocOvy 0$ wr' coo'oo p04—ti1006 

tncorç tho quantLty of coUotoz to oiOrbttont 

lovolo moy vocult In docz'0000d flotot.0n, Tto posolblo  
fCOUOOO fQ Mo ofot o roitod t the oaoon of  

GUptG ions*  or to tho tdsOzptton ofadditional 1yor 
o coUocto Ions o&cmtod ith tho polar gp toiard 

t:io veto 

Th process by . vach collornion t9 Incroacad to 
çj:noofly tood cm aattvaUon, and that by Bchit Lo 
ozoo4 in tozod o Drozion.. 

Control of P 4  Is Impmztant in two vravo tw 

the ConzonWation of oolubio onito can bo coaucod to the 
point vftro the tonoey for ouziatooto boc o olil:o to 
h-topt r4t1tn bounds. secondly, a double olt thot conewnoc 
tht3 cOUoctOr may be 11,10chod up" 4a a pzoopiteto, in t10 
2 ozin it GOflOttQ X000 C0UOCt0 Ø  

Foth 	or lo conuctod in thO tcin oho i 

I* , 800tivo C1••01 io1ftcotion o? the Ourfaco 
o? cpoc atmoval potic1oo to of $ot flotab&lity o non 
OAX Otob.ity. 
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2. Conti ct tae :cyan & 4vbubbiobubbles a d d ercl 
otCiac rid re, et 0n of no fiot& io r,no al 

-3. "c ►rt.oi of iOtAb1G m fleIt fr non 
f` 

 

Lot b1 :t,n i&o. 

The ro 4aOtofaoiitoL4efoth tn flotation 
a o that I t should have bauycy to boor the nL ozz 
p z t CiOo to tho ofoCo of the pulp* It must be fit blo 
onouc hh to clot utl bubbloc t ,th their tn boor c 
po OVOv the. Up of  the fbotnUOn rnechtno and it ;b ? 
not be so stiff that tt = f; be dffcuit to b ek 
U aftez 	̀  T the eU. Finally It should 
CbAd onou h to flow o the lip of the cob tthout 

cboggLnçi i 

The atoinoddates for coppor toigo bo with 
nconse trt prtco, has had thO natural effect of opu tng 

in; opt In uncovo nçj now do aoi c a:x z ; inotion of 
1Ori 1O gzcdo do ,i ► to, +old tz fl. ngo, conetent 1p-p~olm 
co no In OfCCiORCy Of 0. cocootin.r 

In betch wining pose thane is o fi pp: of 	OM 
tua Lon In the O 	1 	nocoe. In conttrnotø prococn 

°51 o va a,4on to doc?0000d cd t La tILU . loud to ooving 
coo 	 ►, i ttc to ho boon mo4o to dovolt botto' 
cothOdo and p ocnt treno. are broadly  b, n oc folly r t 

1, D vol. rent and iplc3tc a of 	oonooio anolt ng 
pr 00 : 



2. $t&tching over to anaiIo' unite with high 
EDelUng and pro&ictton CcitoO. 

3. .pp catia OF riniou rocooa. 

(,) Flash SM01ting i 

One of the most int000ting dovflto in rocont 
yoeo to th mitogonour, ooitn 	ccppor cu114ci 
conctotoe Thc p=ass has now boon in oporation for 
acme yotro at tho FlariAvatt3 anoltor of tha C%ItOhtpo Co.. 

the l•argoot cz oducezo in inlnc and oleo at the 
qpox noltor of 1nto'naUonal rai Co. of Calcutta. 

Tho pocots cotto of introduction via a bawor 
of dry coneontato and flue to 0 funao aeXting chcbo, 
pzohott air o orgø zoqtrod fo combution boincj injoctod 
along vAth the coentratoc. TN) eituro fiøtto as it 
ontoz'G the fuznocoo The irm end sulplwr bu=Ing to 
o:tdo ( 2ZoS 4 SD2 =2r'00+ 2so) ea ccxtiotio. 
Ox?poxtcd by 00 oygo, t.Ieto ond clog collected on 
MO funCo 1eozwth and ao toppod off and teatod in 

o conVoonOi marnart Grade of cotto to controlled by 
unUng the amount of air or otygon cupUod Co 

coibuotion. 

A1thoh tho pr000c olkiinitoo the nood for 
ottern3L fuel it is 0000nUal that the o required 



for con.bustion is pobetod ( WOOC) to maIntain 
hoat bal c%1g cOtatnG about 0,3 to I porcont of copporo  

 mount of iag7fou ot co £flOO 100,0  

of cc,por Ln olocj. 

2a 1.OZO rofottto fornotion whI cuaoo torking 
difUeuXttoa In a cmvorting procoao 

L, Fuo1 oonay 
20 saclor coto1  

filth grado motto proccttOn 
40 Lot, C4toi cost of plimt 
$ IOCOV.OZ7y of $ 00 ft2304 

24) 

tho tho cost O' 

has many Qdvtogoo. VW fumaco Mkplapd Is of tho 
aotnco tylG cth Cft!cular In o?ipo *:7 of tho ordlo  

flaw rorerboratfty ottUio4 aotiicty intrOdUcod to 
tho chago in tth tho Oloctrodoe of tho sodorbozxj pottn 
odo of cavon upto W Anchas in d1cmetw,  placed oitho 

in o no or In W Co=n of a tngo accozdng to tho 
cho Of tho furaco AD tho olotr01a azo canmmodp  
thzj aro oorod into th3 moles bath. 9 otior conuzp on 

f 	M to SM 111, ryb/ton of cho fed to tiza  
3uaco or 	 to 9QO k */ton of cu, 	acity of 
I.unco ia u teno/day. 
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• ti 	, . 	,a ►>7,~ . 	+ 

a 4 t: 	rye 	 yw! .w 

1. 	s r. 	a +. 	t' s o y a 	R' 	+' 	• 

. ~_ , .. - k 	a 	_.._ 	{ 	.. =,E: . _ .; 	F 	ad 	. ! .- 	,1$ : * 	•air 

In ardor to ovorca o tho didvntøgot of tho  
cGnrwDn onnt method of co voemr Ccppo , pz'o4uction c € o 

and convortng sctcdl of al dovoi(od digit podo  
Ofl Of C orto, CLOD 	0 GOflCOfltYcitOO by 

Ofl W 	t'ocinont inSmotLrg `urn cco In tic proo 
ocppo boating ciate4i it chcigod into th r03UnS)u 	o 
a:I O it Is ICtOd to pzoduCo slog and act , Ti r.Ot+: 
oO4dtQd by o g : onabod ai ,Ite : i0 .W.om• from ho 

top nod tntrodzood by moono of boro to produce conrortoz 
coppoz nd Ding, Tho otyg0n ccntont In tho b. off- tc 
toad by tho thcziai b weo• of th .oc 1paoAt or. by tho 
ro4cmt for $02 concontrttonin c o 	poet% 
Tho Dent Is pohootod Wow starting opor ticn.r 
Tho poosuro of t a bigot rengo fr 4 to 6 atophro. 
its 02 n tho bicic 5o 	pOrCOt,,q oductionCapacty 
of tho not up 6 tono of copper Concortrcito / 24 huro, 
Slog COnt Mo oft 0.2 poont 03 high th In thh 

cig 02 ccwontionl pr oso4 



tot mount of fluo duct .1cc fZVO ohigo, 

L twolds thou stops In coavcndonal prococa. 

2o, Lot; Capitol Cent. 

3* Small plant given a laxc3o out put. 

4 P000ib.Uity of autaotion 

Corittnuouo convoxxton of cpo 	2526), 

In pilot plant ozdy COPPOV,  Mattos p2zcd 
in 	ftmoto v*d4hN4as conioctod to continucao 
convortaT  huh a connecting cbann, tiolton n. øttO$ 
:ouppXied thou9h on cponing In the rcw till of the 

convotoz. Air vas blom Into the molt undox a pGOUZO 

of 6 aoophrs though blotioo The foUorng foots act 
a maSoz to in Odo pOc000. 

1. Dlog tics motto in conversion ancio rocuto 

In Xron Qc1Q tegotho' rth the cporW pxot fcc *log 

and co;>po Is pocuead in t1ti lt. 

2. Conoto ol.oq#  tiita motto and ConvOtOr 

cqoz 	ii a avotcM Of thvoo ii<iid phoco vto .ruao 

tv at,  oahlo only to 0 liDStOd ozont 

Convorto elacj (iO°C) Sp. tr 3,2 to 629/c4 

r!to motto ( 	Cu ) Sp, it,  

or p. rY4 7. ? 9/Ca 



WF do 

, During COflvOG.Ofl otagoo COflVOrtO 

to fø-iio6 only tn tho mattO Conte Qootiy oe 

$ 

zTho PMCOGS 10 continuous so oftdoir two$  

pcticaX2y oUanotod 

2. Reftactory WO 16, M6.vo bc uoo -tto zono o 
hloheat £n tho oquLpmont f&in th 

odng Of cctotoi Into tho o*t con be doO 

Slog OnOd hvO owp4rativoly low Oppor 
£tOn 

$ wet .Z000øo are loss nd mto gas It 
In 502 contont tiCh akabo to 	)SO4 	uturo, 

puot.1gt tudod 27).h3vo boon dono for 
malting  copper concontritoo dotIy In 

I

. 	 Lth convoto', Tho cootor molting cyc.o *s 
otortoel ttth cpp=dmoto1V 10 tons of moon to 
MattO bt jO to OD poCont 	4ch t,co ObtnOd CM 

cont,thuc 

blot flamacoa  cvotboratozy fTurnco o oiort4c io1Un 
Tho coontoto and Clun oro ehgod tboi 

o xotractaUo c!r•to ot 	th3r$ fooding ko quantitloa. 
o 11u 000rotey at t.tdoly opecod Lntor1 	0tyOon 



al:~bow o? 70 cu1c m par minuto and oLygon fici, of 
20 cuLc n. paz' rinuto. Tho O coacontttora in tho 
ot.cliai 1tat io 20*5 porconto 

Two Oups to cos*vong * 

Th goo of matzo (orcoaUy docra000s din 
trio thçnç of 4pO, oonocntratos into tho corvortoz", 
bt t1'Q grodo oijon Incroosoo du4no the aubocquzit eh 
Ino off St1i 

suroar noItnç or. concCtratoa to no 14ng 
p"OW0 at !Ø .nata ge has bn r000d. Tha 
tthtto intto chzio lo bion to biiGtccpor. 

zap10ior,hoot fOt' tooting cpor conconttow 

ioI at,4 ?lux oconccy. 

4: PZ001wdon of £33ptfltOZ' CO 	OOIOOnttO 

L4 oo DIM PLO 

I £3conotc t000vory Of '011ft ac 
2 gco, 

8. L*t7 COta1 

(v)  

(a) Tho o'ocgy otnç) cost oC tho 2oo' batch 



rn3 

(b) TM Meh cct o? lorgo Granoop M-4, ksy oyatmo#  
dIo, 1x10 vpogr chops otc. limossozy fo 

batch bandling '0C 1iLd procuCtO. 

(c) Tho d000 to oonmiioo in CIZO votplranonus 
i?ountono arid Lfl9t5, 

(1) Tiro naoocity to odueo hostlosea's tid to wU.iao 

ant 000y in fuel orc1 o1cctc pvmz con= 

() Tho 	oopMoticotod and voUablo,  inotctoton 

and gno11y amplor control in conthuo.m proe0000c1 

This goato ccmobUitr to ut tion ond cono 
(port rvwottonin con oto' roq1irmorit, 

In rIoz'crA imeoris all tho t;tcpe aro p2oriod in a. 
g10 AiznoCo. Tfdo pcon hoo now gono thmgb tho pU 

p1nt otgo In thCi C-UM000a h0vo,  boon qontod conttnucui1y 
for upto dil vto In nirto C*V.a1Vn(6 Plant ozo nott caaplotod 
E.r oty into oi.co oco1 ovoiuntien phoo* o ohm 
in 	. 2.1, tho ?uznQCo o avidod gAto tto zonoco  

1# A uDoInç oro tth k3ntiono sAmu= to rovozbto 
o blocCure 

2. hoonvorfAno sano vAth functimo clot' to convoid. 
Qb convoz but ootinç aontnuoo1y ond t- th 
co wQ.!. ao vwtlool ccooition gradlent iantcn3d. 

t 0100 to Q3t1 O OCipOMM0.1 20,1O, 
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I."I addkIOA thot'o LID an C09114,6.ry chzbo t 
tho onci o tho oonvortLnq branch and into ch cotalltc 
cqpor ttb:obWt 3. pocont cu2phut ZZovs thxough a bettoi 
paoocçio i?cz the a."Or tiQi3., 1'9 dodod, furthar voflang  
ttth mopoot to oulptur and omo oho olwcnto ofcan b 
affoctod in Ma ch:m. bor bofoo tho motal 	on tb 
bo at rto ano2oc and oth 

Zn tho. pilot plant tao coppw in bko voluoc 
below 0,4 pozcnt bvo boot  botnn vOt,ovod and 2.t lo Oonfaldcntly 
oocod that t&th lorDoz Oorncr-o and gtoQtoz o.oiamco 

th. .oucing tronteM rox Ottgaeulvo fiuoo for cqpoi 
4.t3. bo ichtovod. 

3.. Rodtthn In etto 	 foundation and 
bUtflnjo Cm tho omoltozi . 

2. The oIrnintion of tho nooity Cor rowung or 
OIntoring ohood of moltingb  

3. Tho o1kinoton o7 hnd3.ing of c3.ogo. 

4 toc*Con in 81ful coriu 
tloduetlon In Mon p6mr rotanto ac 0 LOCU4 

of i0000r opoot2ono. 

C4 XflCDzj uoo of,  utoiotion. 
7. oitht 1otrij of 	10000 in o3.oço and aiat. 

Loon cz$to. coot and p000Uty 02 Caputo 
cot 
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Ak Of Liathmauca io!o1 to to I 

() il.oid a yntc rocord of ottor ztio 

( L) hQvo a ?notodgo of convartoz contono 

(LU) pccct ctd prito 

7ncjv d0.1  cmvwtor opom. ,40no ciO contoWxt by 

(X)qaaUW and qion4ty Or,  ItpVtxatoin10 
(2) air Z.o'i Totoe  
(3) dq t1 o  

(4 bat4 tcuorturo 

(8)fluit additio ratoo 
(6) okxftt3' qio1ity 

and (7) cno ao4co. 

Thoo variabloo .ciro Int=01eted or, bath totuo 
I* c1d to tbo o4dttton roaoeca ratca tftoh =o riatd 
to aZe.i rotoct dth of blot-Ang ot. 

Tho tioo .Involved In math tcaU 1odoUing aro 
ab EQi1Otv •i 

(A) aiic Of not aacona. 

• (a) Jktaiyc3ta Of Voqairod inoion. 
(C) D icrxor o7 pwCoos tO t iugo. 

( D) wont c othoat.cai eqi*citoio, 
( E) Lodo1 cotz 

(P) Ca uto pro rodit. 

cnd (43) Coutoz' simulot'.on of. OC*I  cpoz7adons, 



it to noc0000ry to to continuous moavirmonto 
Of VO:44.cua v4obioo In 00 CaMortor so as to dOVOlOp  

o ochou1ing ingoot.on ond autcmaUe ctoo Ovor 
n: cZtion vat000, doth of bIoitnç and air flov z'otoo. 

Toyic cpp=Oach was fcund to bo rroo zultaW In 
dooqnj tho mothcoadcal io464  

iot otc xo to Conoldor tho eund=ontal zoiotcio 
onvo.vo1 in tho covorto l. o*  clog phaio roactiono., 2inioh 
pboo roatameo  04datiorl Doattort of oS bo&o 

rotozaI balonco 

AZyLo o Modo Cc. fOUO= to got inorcation 
roquirol of aU th:  paramoters thraighoit a cbgo cycloo 

() uZt and ariyoc of oath 	 ol input to 
0 COtTUODtOV 

(b) A continuotio monrutmont of comvtthg ratoa bacod 
an goo rd tatijocotuO bco0  

(c) c!io&ty and cnoiyoo of each rat  mato4aj output fzcr.3  
a coavOto, 

((2) Octrtg tavoratum 

Cw'10 ttng Gcivfcoo mro Usod fOZ TtOi tnuto 
n4 outputs and 	notoz fmalrflov roto* ilatozlol 

anallycla vas dono Ith Xzrj tCvl'bnlqUoO, or 	 ci raothodca, 



.43* 

Both too and otct goo taazyio mvo mensurod  

th to he 01 t431iaion PyAm''Oux or thoocOuplø. 

'ft in,ut dot* rms comoz:tod Into oho fom 
by puttn it In 'oz o oor. 

OZ3t011O 1t) =vanaod In Ocqualao cOocpOnd 
tnj to atvrodwanc tt ozw' In a lobargo yo2o. Poc000 
eoatoi inoton vns oolcul.etw for each 10 rArmtos 

ChZOC GyC1O. 

V* CflUto 	 vao PITV OMIlll V4motor 
ia,17-ort.van Immorgo to p ocee punch car(lo LUt dotot 

Co.-, offZn oa*uter opucatlonso 

,\U n0Q33Z"/ 	rnont and MOOCUM, cnt do4coo 
MVO inQt3UC,'J 00 thO coivooz Gczutor pocøas data 10  

00.11cotod for 10 convoz'tox chago cc1oa. codd infomatLon 
umoplacodanpnch camla, Cam to pooto of is 
moll rms Ot3'3d In ca.,k,=&7 ramory and thacjo cyclo docho 

OG Q0301 	e-no two do mid 
teatod bir 	 tho 10 batcto of input date* 

xt to com the =decd 	Qoc!O1 VQe 

tho ac~~al convto 	tioa. 



1. 

A nUrabQL' Of IrJV-00' 19040 	hovo boon undor#ton 
1 +i a 	-rd to t10 rot cuiphtdo oloCtr oo In nuoouø plution 

In 	tth i4 d ck end lbrbst1 c 
Out n n 3olagotio. Of motol 2 	o occtrodo in 
ogUe cout2on. 	0cdLng to thou t-m hora# tho o. tor 
chr, . Cal boivicx Of ' hoo 	.l a 	do oLoctzodoo In 

qUCQtlQ OuluiO i$ 	lUOnCCYI by tho io.ctoichionotiic  
O O!.t 	in oeo  

Loch 	v z rd Vbzleov Found that tit inceaoing 
taoo tho voltago of Coll doc000d nd the yioid 
floc ed in ttomoJic di000iutior, of cu2s in OD4 

o.. oe iytoy► rccodLtç, to chh m wd 
o . ,z nto in tho ünodi z ubU ty of ca i O` oUopG  
and ottOO ho coraft 	t posófLtUty oE daso vin nd  
d•A in the voluoblo Cupc Ofll 

► and a 	 us iiiooiton 1r+~.~f2 L rn: ao cathode 

Ono o.' o o in a co 	r. - roitan Dares 00 tho oloøtxolyto, 
and poucod puo ecppr at t cathode aa1 uo cpr 

'rho s of cop COtta 13 athodo, borer, r o found 
to ro out t In a rc j o of CO poct L Q and Z) pozcont 

='.cccnty into of h bonn of i in tho ;* ca' 
of w1t ocric in aloe 	to n.. fx a ci ro!yic 
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Tho riood lnvavoo mcursting an uont vthitot in 
the tonlit Of 	 oto1yc bath to 	tho alcoftoder, 
tby 	OØOfl9 the 	oe cotoi d ootci. and 
Uvrovtma tho 003t 	 ( hardn000#  MvlblUty 
tci 	 uio on1 Zus ciund that cq,p0' had 
O CLno 	OA1CtUXO end g=tc Oiajlo OtOJth 

dco&oC to a vIbrating who fzw 0 culptnto coLu.on; 
end Au 32) 	 cuorit ooncy and 

dOOtVG in dcpoolUtm. )OSOntcI1 vGfl [a mo &OGftOd 

in on ultraswdc f1014 Tho off octO of ultrneonic vibroUo.10 
rAth vadoun froquonclealn tho olmtradq5osition of .i and 

cyon4s and c4o Oloctrolvtos bovo boor, studiod 
by hvqolm and 	zinc tho mocZc e.GsolutAon of O 
in 	tZ4C fo1 I*o o10 been 6Waed by I.Wehorgin 
and COti•4s, 

Vot31 and I 	 31) ruo (ono 
QtULOO 'On to inQ tth UlUaWdo Acrodlotlon uoing both 
cynth1ci end •ti ondoa* Caoorlmontv vAth 
raotto a onodo V=O ocztx1 ast wl o 1orofw 
uMmsorde ptmz opiy ( Dtio Xr ttxctc 'td. ) dIon 
c  W, 	900 Q od a fy of 4 W/200 vas uoO1 

( &Qfl In 	2,3 )* 

Vcntiotacho1codriaUi!tojunc 'e&3c1t2 b3t tho 
th 	 oo rot yo  	o 

at tho 1000t OUVzOlt c.onity. Tho wltwjc of MnO both 
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of 
1 cable  
erator : 2 
3 ultras, 
4 stain(( 
5 Cu2S 
cathode. 

dia- 
5is 
to 
.thodC s: 
etcctro- 
)rt for 
supp- 



aloo .sic oa oU t h th pry= o 	 Y. 

o i.G o 'cunci t : tho ti $Q4  nC 	o o2* dd 	Of 'c t tho  

c a .' ooc c Lrro OC Y but tho cthodLc cuot 

I n 	 both cad z t mod rp-p o.riatoy conoton'4 

vgguc3 orocxfto. ThO q w u ooi by tam Is os chotin  

j\ 	o oct by ch2.thtbv t. 	t 	0t 
 anocZ - c Co 4cto, 	bowto 	aid r' is 

c(fl) 2We io 	! cone-ic oz oft x rig 

to LU aL 

UU) 	) s Wnuo o to cu( ) ou1p124o 

at o w 0  er `imp cra =oth tho -roo=0 Of 	p and at O : 

	

o2 	o tho 	ot L& tho 

	

?fit o i Cc::+ 3£'► 	! 

(201) 

"io c 	on onod 

tho i o o nt1 on at tho 2. 3t cuct, 

e so u, s to Loczoçjo  Of on £ of c 	no to ox:y n 



o41 p. 

20U° *20 '* O+Q 	 (2.2) 

Coppo.". e4aeolution totma pco by On Choricz1 
octthiton oZ OS ond Cu2s by tho o7ç3on ovoivoc .as 

Q3 + 0 U2SO4 'GuSD4 + J) + S. 	(2.3) 

Cu234 2O2 2i042cu04+ S02 s2Hp (2.4) 

Tho oulplur at the anodo can ba od by 

tho oxycn a•o 

S*.02 
	 (2.5) 

Ss3O+! 	104 	 (266) 

Honco tho 0ufl Of sudo 10 &at t th 

ioioot ourront torty 04.0b lo amodatc4t1th the loot 
od'io. 

Tho F w4 of tho atodo can diooivo both Choatcally 
on o toaictU.y ao 

io$+ fl2SO4 	Po44+ H23 	(2.7) 

F& + S 

Tho S— .Sons can intooct r4th CuO tons in 

ooiutIor aa tioii ao oiod at tho 000do oo 

S'+car 	QS (2.9) 

s $ 	 (240) 

Tho rloc~ Lon 4al bo ord(Anod to tho .Po .on by 

tho Oquatlon gtVOJ% b010i7 



4s,  43 ow 

4Eo04 + 2FL290  4 + 02 	2f  2 4)  3 + 2H20 	(2. U) 

1otrocb)i0i odcion of POO of Z10 anodo tattoo 
pXeo. to 	0 m 	 (2. L2) 

The offoct, of fcwde Ion io oaancIaUy Chicl 
to deaoXvo tho cpox ot tho Cathode and thus it acts as 
0 heu1 .2iputy 

2Eee+Dj 	 (2.3) 

Tho Ioo in cathode,  curt officoncy can bo 
ett4butd to the oducton of F00  imo to POO tons at 
the cnthodo, but no cozoaton boo ban macla yot. 

'Tho a 3b4uut peicmUdo oC Cucu o culphtdo 
4 	lVQfl MOVZOO ha b3cTh 0Q3vod In solutions 

GontLntng cAppo Lana. The Q'Q?' CauLo La +014OV 

mor*.p Oaft&*ra than the Cu /a& couple. It hatv boon 
ouggeetod that tho non oUdoldemotrio fro au1ptd4 

mOzo nobly on Q000unt o2 the oc000 $, 

Many attwpto have boon mado to vocovor motals  
and by pzoductsiLo $ in o1nont1 Com dioctXy fran 
st4phtdo oroo. The vadouc procoonot devatq,od In an 
attanpt to achLovo thiG have boon rtotiod by HAbaGhi. 
A$ good ooctonLa conductoroo  the auZphtdoG pr000nt no 
cliict4tLoo to Choir uao ac 



o 49iø  

tl bot* it coUnbc atcr t: th Uod4Qck and Ho bat corn o4 
cut. Invbt&tion of Ito 	I4do o Ctrooo in a ocuo 
SoiuUoni. Thoy 	nd tho oioct h is pr z'tiiovy a 
rotoi it4p1do in euoouo+ninfluoncod by. the  
P ►C a of nan toto 	otri , o.* oos oup r in thoo totor  

The ouipt4o oloctrodoG d or fa a nOmZ r c Coto 
ayta tn t zt an1V a minute Pao .c curt can fioi t4th"- 
at a ca ,o o o3tboution of the available o aae sulphur ond 

a CO 	)diflI OltOtiOfl iR the cotflpOsLtLOfl of the OCCt3OdO 

=a *bsO=4 'het iny r atol tdplAdo eloctrodoc 
in contoct tith ooluticn ca otniç the corz0ndtn9 cattono 
ostablich a roh o pottiaX, 	ar to  the oioctro  
notivo so400 in ciao of o o• 	xott1 auipd4es t r•o also 
found to have thou o 	f eozioo T rover a bio poton 
tt .e ootebUthod by the roto . phtdo in contact dth 
solutions cavts4ng the coz,rooncttng cottons have, hoovez,, 
boon found to bo rozo noble than Aso ceta .l 
ro p c svo p aon rActale, toroovo t. oany of the roof 
ouiphi4oa In oolut&ors contaittn the dcx 	coneontrtion 
of tho cat2oo ohm the eLcctrcdo potential to 130 	ornod 
by the oluto activity In accOzdnce titth the Nozuot zaiationabip. 

Tito off,ibrtt potentials cotnb1ohod by the motto 
oloctrcdos &n dLffozont oolution of va c' s coriOonration 
hove becs studied `or gulp to oloctzolyto ( 	''L 



and  X t cuZ &O ) and ch1odo oloctrolyto 
( 103 /L DoCI and 114 0JC22 P •) 

hoe boon rottcid that cquillb:iun. poortizI 

tth CuSO4 Is gotor 000  iILbrttm potontI1 ftJ 
10u ç*/L $U4  and oho oZibzturi pott5& tth Cue L, 
is OZ 	than OquillbaAm pototiaX VLth 100 ç/L. *CI. 

2.6 

.The inf1tonco of cucnt doiu ty to vabotantialo  

tho 	 carrot o tctony 	1.0  obtoLn of tho 
iotot cuzront dondtyr At My paVUCUUr t Qnzo tho 
tom CL1roflt UtUizod for tho dionolutton of ctto 
anodo is found to dooroo tiith inevoosing 4u7ont <2oitty, 
In nho't tho offLdoney of coppor dt000uton d0000 

con&Ldoxob1y with tflCraQOnU cu=cnt dOflOty*  

gat th cu ront 2ity øon not bo 0onod 
dn4to2y for tho eitut of o1T prolucto tfl bo voy 

mall and tho Capooltj o(' tho plant 	11 bø Ioc4 
Thuo tho curroM 4oro. ty ohcuid bo Impt o an optlm= v&.uo, 
and not zAcod too 1gh to 

(3) To ovo&d cULflo4O 	3ho of H,  lono thth 
incc tto dqoot to be çoay, d4l000lution oC,  deoot nra. 

fOCilM'O tIO I 1ro1yoo of 

(b) To nvoL4 thô rcx.uotton oOton Cu * o . OLR 
tAch 	cut 



Tho v*ltgo of thu bath SACtoosoo dLh thu 
progr000 09 c ocoiyo 	thu rtto Of  
of tho blollor voltjo Is factor#  tho groator to tho 
uvt donoty, Tho docutioo in thu coil voZgo 

Obovod after uao to c'oy bo duo o tho i0000rnci 
of thn CnOdLo ClIft#  

In dlectrovofinlAq thu coy absotbod in Moro  
:tno thu aq,po' at thu 4otlWdo go Owntor brcod by 

the OnOrw gcmrotod In 	 e&- th3 modol 
.00 OqAUbvl= potontoi 01 thu unodo end outhodo oo 

pC t.1otiV ou.,o ( Sa 	0 ) # TWO tho voitago neao*  
stary for thu aloatrorofinIng le thu sm, of thu voZtzgo 
to oco thu 	tnoo o o1oetrAZyt0 uIoctodoo 
Olio °iiO to thu anoCo and oZo thu contct roslotmeem.  

Thu =C>ooldon of oioc 	yc and qpocattng 
cot.oru oo oo i4uotod oo a.o to rttun tAalmm dcpOus-
Mon 

 
hA4 cuont and onojy offciou,, 

In many bathe udtLOnO 02 001do arc zmdo to 1ovx 
tho roaocmco of ft oIcztoyto. Thu potonttol dtV 

thu occtolyto ituolf go loioC.d foz' tho oo 
co-.Y.k doaoltyo  Zt iu nut poeu4o to thuno thu 
conducla,  vlty o6 oolutlon tithcut aoh.4 ng Ooo In OcriO 
otho 	 ouch ou tho notoZ Ion cGctto. 



Qonucv2ty, but tho ono Lon ofocc d 	ro3o o tho  
c ,;' ' Ion co or r a ,e a* Tho advantages ` ctcdU4t g  

c po u1ph3to co1uc. oo a . foi1oo i 

(9j it 1coocQo tho condu.ct nco z " tho bath 

x4-1) 

 

it ,,L coivo port of  tho cc0z aporotod in 
ti M.i: o2 thc, both, 

Tho a txoIyco owk1 not hcvo t ► blab a co w» 
ttor o2 Q 4 o 	t124O it  U1 iflGDa3aO tho ootrsco 
Otto bath oid coo by tho cu VV0nt a tcOitc7 L 
bø iaoxd S.tfl c y tho conctat *n o tho bath 
o 	: r 

 
not foI' boo a cotin vo *%=4,00 tiiZ  

ntt d ,00Lncj along tth O ions. VQ2y 1O2 ciot 
+coon o.A, -z,o l'M/ 	old P*-.4o e 	. Os% 	 Of at lor) G~i+ ' on 

ow:ir "O , anon t: mou n s * g'axo' n ao Wd 	 az o gnozay  

od4od to tho both to pao tha phyatcoi chaoctoiottcø 
019 co 

(i) 

Tiro o tho OffOCO tho Mocovozy o2 COMO: C; 
motto 11.x* tho ?oio13r o vzy0 t 

U) 	ncr000 th conicttco o tho butt 
(As) £ 	a Oh OB tha po :t , u rt 	o otzo2oo, 

c=o i Uoon tea-vo3tocjo r-id ate ,, - 	el, o oo 

:) it inercooaa tho Gt= »coi 000ut ty of tho nodo.. 



(IV) It icoo tha ctmoX dissolution of 
dopootod motoZ 	thode 

(v) 	it citcini1hoG tho Call 1volt3coo 

not ovorall offoct It to inoroase tho curt 

offLoncy # at any pa&4.cular cont dono&tr tho currant 
of-f!,C*,-',oncV f4oreasoottth £noroiit*ng 	orrtuvo. 



oL;-u19 tot ó tit 

I t t boon a. o ,' a 	ioo2th tho o 	off' 
canv . c.nc, conn bo;r aocod try rlrot oo 	. i nq of  

Ct7 . C 	QQ O.. flea Qfl a2v + togoo 'ctcj Ocu ton  

i:: 	a ; .a 1Q 	In CipQt1O, 2oc&+ I 

coa cia 	O 	o p `o o o ':7OiO no crate' 
tin oM 'oc o. all th000, Ln tho pont to! 

havo 	 co oo to bt the boat ova tone for  

CQtT* 	 5 )p OZ? 	tttO, Th vc ob oa 

o 	a 	o00 0110- 

(4) 	to 	 stnnco 

( ) CtII capoOt2On  

( cs) 	nncew oic 4 Co 	a on. O bath 
(b) chi n tom, coorttct o2 bath 

vias3 c2O 	lv t ! ac o 'atO 1 o ` O O? OCt 

cant, = taco obt no = I* C* * 	The e 2y 
ef o 'aatbU ;tV a? thic p c 	ctOih to 	at 
}ts+~41 1r COnna to pllofont on 	ab uM.i{+,.o'~i otajo +, 

+ •aco ao 
 

t7 	tO corq ov t}o olaG 	ccr a n GQ 



10 

zn o cqVoz a, thor 5n ortho, ouZptdo or 4ccto 

ft=. Th.o Copp= conz can bo no 1th as a 3 pozcnt 

in coo of conventional 	Lcitoly ranny nou tccbnoio 

çcdavolcpnonto hvo tat:a pIco In tbo ç occn a2 

COO onvol4ng 10oo 10o 0 C4pporltn olog to Clagcon  

cct x' 3 coucco O 	 Tho rccovwy of  

po33bo of 	ca=LAutl6n ark Clotatloa ooratnw  

Th3 	P3tOiQ pot vmo On1Lnod and 

tU ub3o1 to b 	 an Ott. t ZO OOCO 

to cp AU-n C 	 ofz 



1ITAt WtU * 

In tho prosont wrho an ttot tio modo to ody 

tho Zt000very 016 cope fa slog s and cttQQ oinod 

tTh3tøtlo. Slog vas fiUy 	d 

	

toJ ond Own it ti 	to Z1ottai 	con. 
GOtOh 1tto was Coot in tho f*r o ootodos ad 
coppoz woo dorttod on pua coppor cthodo In c1triytic 
bath 4n4  oUec3t  Of Vo Laja  vatob1oa t 	br Crad&r 

tb) 	anot Onto., 

4,j 	pD:J/8Q 
4.Z 	:ii4! 

V)o cqp Slog of  to tho vollok-Ang ovorago onalycls  
V140 u00) COT o.00tl t'oc* 

Poo W.  0 111-$ 1 	 ammo T*:i :i -i -ui- 	ia-utur.i u..0 

ConOtti,JGnt 	 PorcOnt 
rn-v itIi*t. 	1*u!nl*t. 	im.r,i - 

2.7 
41.6 

A1bcon 24tP 



1' Xarthto in tho fom Of oo)uton 

( loz cV1 ) tQO used O CO1OQtOZ for th flotation O! 

(T4 U90.4u 

Otto oil r= UOC2 as a frothing ovGato 

Ic) 

woo UCO1 I tzuth bnj WW ) ot tho purporo 

of  

Tho rtt•o o obnd fruu 	 vLrtc 
tho olon 

JU41 - Ill ar 	-.-.rw.-ti -cr-  r1 	WirU 	111T 

- -  

cu 42.1 
Pa 27-06 

L1L 	 4 

44.4 

Cicco!y pazo cqo zuboo ctc.to and  ond wIpW-"4.c 
!*,04 ) w3?Q uoCJ to pDQ 



•58 

461.5 sc3i I 

Call t30 Docao ftor 0.5 CM thiCh POZVO11 ahoot 

30 ootn In 	ch1oro'ori and "DobcolvW3  odbov 

wo mad for 3o.tninj puoo. 

4,1.6 Pupa co -w: phootti OC 2 ron, tbc1rL000 vzo uod no  
oo for fl3ttO 	 Macbc 2ro w-ind Ct frm  

(• 	..4 #. ,*, 

4.2.1 	hj: 
Tho clog V30 &fl tho .1upy f0m. and for AtIoz' 

to.t It 'had to be cusho4 It sc cuohod M* Donvor 
LbQ;GVcrPUMS,Cotion boa 	0Z1 ctaobo. The 4ag 
was ZOd to 3 dgo of flUD 10 ta. 

42.2 	dLa: 

Aftor cuohtnç th c-1  oo t,o chorgod into tha  
bU r.AU vhoro it 	oubootoci to dry cjnçj by moan 
O otQol balsa of L oc' crt rotoo or 2 hula. 

4.2. 0 	$ 

Thc, gzourcb og mo 3ood In dcoo ranclaq 

C-= zmcch no 5 to 23D vAth tho bolp 	a ciavo chaftor# 
Vo 	oo u000 tto 	o? Lest 	cr xnjng fm 
I ) o 300 trio tattono 

Aft= 	ndiy tho conot 	;zo dOfl3 in o 
C 4?O 	atOzy C-10'Zotioa maoltnoo 3io'md 010 of  



r 
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i./3Y p 	e o r o v n taftc In cO Ool tan! to 

~ . t 	4VC o . Tho CPtflUZ con to 
o tho grand. ag voro o cnC-=. p v't 

Ono In tW.o dtiioit. 1.c,C o ?otasiu3 i3tt l 
TSQmhc'vo ti i a d In tho trzI 	It vo co&tioiod  
!car , inuto r th no oir Elczn# l tQr th . o « 	, 
pt no o11 ms aC1o2 in tho tent: grid air c lot Into tho 
it of n pAp nthaot. 	t1ao 	r*is oc2c2o co pulp 
Ion anta r. g pU voluG O? O3 	2Za t .Ly 9# 2 Tho 	o hh 
o Z oo od a' tho top Of to tcnh woo ud i vod  

oorcoflato, Tho cq po i+nto,it o ooc 	ont" t0 si 

tott$nod bj cc i 1c naLyoo t t' tiTA (l3thyicno 
J:w X-I m pct A tt -d ), Q,O 	2, .`X, $OZuo# t7 
ppod b di000lvio,i.2 cjn of co ( 	;. ) o `tor 

w' is lnq ' h p t olou o = in i s of cott i  

IZ 	$ t1e C o s'C , #O(i O ,o 	: O 	Z` tJ O Stand3 	So 

w tb  A uc n Foot a p Uach. ac fld,Oo o TibO 

,a +1Lt 	» i (l o 3X in of 1 Ti oocrl Aoott to, 

Içp* of sloe conoct3to v3 	oo3va in I; X)3 and 
It :D (1tIUtOd 	I ltho itatcn rico 1ono by V&thj 
0 11 o' 	tho coIutci 	of oho co 	c 	to plus ml 
bufo 1uo IZ n U, O u I o vavo o s h t3O oat at 145 stn.. 
* O b a rya co do e 	+ cry ddc 0:1 0.5 cil o 

Old I t ti Stq o r; + r abSo~ b o Ecao ccx"t c:u-~ . , 
lcr So dM at aMo m &~ fo,b~w •M!o alV Vo fo ? 1) 'A. F 

Qzvou o 	LIMAUGO 	cut ac.l+• a'od.. 



1 01 of O,O5 ti I3D14 6 r► .7I roc o O*'" 

ho 6 o obtr 	I. C. C  	e notod  

u 	doh t do coat 4 zo aoo o7 o tan Oca u C to 
J~.1♦ 

TAI 	r LR o O 	nt wi~ &L 	FHI V V 3flo d 

ail iZo mould o -Z as o boot: fir 	gln:,) odo vcnocote 

4. 

tio2j col t .th coritzo . porto., ao 
Om In it 	* 1p two t.o i a and `cL ztcod Out Opo ~o 
(S i too4 3d+ tçht 	tyro o o 

C000i z4 '' ' goiv " d1iotvoo tI'acoU had to an h 
tUfl 	QOflG of ool mad* Ems; q o 

't 	çcot4t vto ccs OtOd o oho n in Ft g. 43. 

e . 27 	 I 

lizo t : dOO td" :0 03 , $fit U Ot O -:rj ca' "off t o  

0? 	ct3c1 Tho a t-OZ ? l.' 'tig I u' o 

In i ;~. 5t ruth vo1 z :c o d r r o 
tho c uI 

T ho cO :U n vu:an!, oo vo o 	c3 	ccin 

Tho o2 " ~ ~,1 ~► c ,l mao 	1I onc! tho 	drat` l 
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p + stcunt by k + .n.c oioct odo at C .3ad dCp 	t 

of o tz lyto. Thoduration o Z of 	OlVOLO Was t cpt 
oc start for o ch o co o lon and tho cw t &t 

was Gfl Od. Fig, U 	 o th o c ci to.2c rott 
O C .* chug th cu  cuont donotty at th oa 	Eci ono 

c t 	t a . o O 	3, C 	't, ,0( c . and i 	c/L ). 

Tho a txo1yic coil v o c'ot o and tho of cc 
bottion oloo tro1oo vozOd IOopicig cur nt c2ooty co on 
totion of ooctro3yto and duttor of a 	roiyS eonttnt. 
CUC hO cots of o co ' t €pr, voro t& v h r thZ' dozent  
H O4  concent a o o to Wtd tho ofoet O al r r o dtco 
or 	'mac cu onto `.ci.onCy C S ►+r 	in 

The cotcontroiofl of 	4 in ala -  o yto to vai. 
L tpi g cu= d * t l, .I O4 conontratOn in ell tty o, 
arid octodo 	oetant. ' " T10Q octe +e  	 0 

tio tokOr! at c' C' ozoa coon r tO se of  !1 SO4 C chovn E' 

L, 5.3). 

(iv). E-'foot of 	conontrotton in loctoiyto 1 

T1 concontratto OfX 12604  in oiootoyto t 	aml 
1:acing a nt donolty,, 	4  co ontralAor Q," o2octvoiyto  
and t .+ Ada datco Gonotont. Fin. % 4 s'otie tho Ccath 
rye ctvrant o ' "Iaio cy clitingo vAth U , 4  con notion o4' 

al OctrolytO tit. thoo dfforant cuSO4  Co c t O o. 



40 6tl. 

Tho oocro1yto In tho Ocotrolyols coIl tzo 
1oQtod by on oIoctc bulb and bath t)O?QUO mo otitotic* 
ally controllod by tflOflO of,  VOly. Tho 
chot-n In FLOk 44o  Roodlngn for C)pOt doponMUort =7o 

ton at room, taVor6turo, and then U 13 	at intoralo 
of ID0C1  koptng *thox v&Lcbleo conotont for one cot of 
obottono. ?tg%  5.5 ohotic the cthod o cuont officS,oriw 
Cy ctango v.. th tco:oure at thoo difCwent 142SO4 COttCOrm 

tcton. 

NO Effect 	 t4thodt ony C 
,1P* r 'p, 1- 	balm*iiirr 

obooc&Qo tteo talon by setting On tho tell 
on d 	 in elI the other vo4 obles conntant o=- opt SO4 

in ho oloctrolyto ( ohom in 4q#  5, ), 
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otscavzous AND R"-S' 

,ø I 

ToUe %I 

L•1tILUT 	i 	 1v1h Iju. 	 ---*.i- 

ioiçjht o' pine oil (iothov) 	 002 t 

Yetgit 02 Potasobxa othI XOtbOtQ 	0.32 g/1. 

9.2 

aperatuo 	 3OC 

?eiOht G2 slag 	 •i ç/L 

CondidomqLao tio 	 3,  minutes  

t0tt:nçj. to 	 8 i4nutoo 

Perontoçjo 01 cu in slag 	 34 

Potlo.ai2o 	 170 /3QQ4 
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saturated 4th frother. Increasing the time £oz .conditiiting 
and frothing cannot effect in anyway the recovery of 
eqpoz from slag but the decrease in conditioning and 
frothing time affect as the recovery tvUi not be eopletg 
due to InCOVIete f1otatio. 

Me flotation concentrate can be gmeltod giving 
a proper gz3dO of mattO which can be directly,  elctrorofinod 
to give highest recovery of copper frot the als90 
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Optimum condtttoc f or solootivo flotetion of oxide 
and *iphtdo odorin slog have boon obtnod and 

ononttc. VAth around U. 3 po=ont copper has 
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grade of itto rAlch 0an dLroCty be olect oz'oiird for  
the recovery of cpez, 
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000c1aUy In taatto rofia&ng rihioh Is otUl in it 
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cOntminted by the chio4de and the cathode officlanoy 
can be Lmifltoifled at hch Iwo4 
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pUreo -to r000vo and ooparoto prccicuo rzotals MO AUI 

Ago sop Too Aep Di etc. aro diceolvod in matto tbr,4ng 
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(iv) 	Studios may be donc in pilot plont stage to 
Cind the economic foentbiltty of direct roining prO(Gss 
studied by the authort 

(vi) 	Conditions of uelting the concentrato for 
Notting sutteblo 	oGition Of motto can also be 

tudied 	 * 

The Present iork can n1, be otoded to other 
cot3l raattoo 00 vJ011, notable cnonq thoi are a XT3O of 
iokol toe, Rithe *  other vozIobloa can be otudiod 

like tnfluonoe Of st%xtng, eddtti%e ojonto liko çlue and 
olotine. 
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