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Tho contopt of dinmset zocovery of Copper fzon

riatto by olestrolytic sofindng is one of tho rovolutione

- oy moacuros in tho dovelopmont of now and offottive
lc::tmct&m techniqion, Its achiovenonts nuot bo viowod

as a procoss in itsolf and as o part of the totol protoss

An which cont and porfomanto are cwqually importont

aoagupes of offovtivonogs. It io mmcwsmry to find out
optirm condltions undoz whieh 1% vAll bo poostiblo to rocovor
Copper v th moxdenm officicncy from tho matto.

The dzoct cloctrorofining of Coppor matto in gn
aquotus solution of Copper sulphato and sulphuric ooid
hos been studlod, Tho influcnce of curront density,
@;lmfﬁmda distance, bath composition sad tomporatuzo on
tho Cathodie curront officloncies ip discussod,

A two tonk multicloctzodo oloctrolysis eoll hag
boon dosignod and faobricated fox tho study ofabovo
pontionod vorioblos and cptimum conditlong for mardoun recovory
of Coppor fren tho oatdo have boon obtolasd,
An attonpt has also boen nado for tho commund sation
of plag particles and thon concoitration of the samo by
froth flotation {o revover the coppor ontrappod &n slog
in vazloup fomp.



Chapos 1

IITROUCTION

2,1

in tho vorly poriode of mon's adstanco 42 won 4ho

glaios wvhdch oo primandly used as wospons and toole for
attalning tho roquirauonts of livelyhood ond colf protoction,
nEior the slono age the oxn of motals ¢ane i}; vAth tho
adgeovory of notals in notdvo fom by pﬂmﬁﬁva tuntozs

cound 13,000 D,C, Tho mon discovored that it s possiblo
t0 utilizo como of tho proporties of motals for maling
tho wamons ond dmplaoants roquired for housohold, Thoro
Lo amplo ovidenco that in Indls also coppor metal has
koen ontractod in o vopy primitive woy fra tho deposite
of ctppoz ot an corly stago, Eoyptlans wero maldng
coppor knivos ond wospons 8000 yearo abo and pipoes and
tubes as corly as 2790 D,C, Tho Roman supply wés dravn
fno éypma; becone knovn e Cyprdung tas shortened to
Seypoun; wag curruplied to Qupnum » vhorto ¢mmos ey word
é;qapea and ¢hanical gynbol Co,

Cappor has boon used in the Induotrios of the world
foz g0 long that Anovitably 4t 4o rogarded as a traditionsl
ma':;ozr:!&;. 1% continuon o be used vhorp a groater nunbor
of 480 patportlos aro noodod &n the product and thereforo
a oatlofactory substitute 45 not oo cosy to find,

In 3000 vorld rofined coppor eomummion( Y o
vory gaall and by 1850 £¢ hod only rigen to semo 50,000
tong, but by 1900 had incroased to 50Q,000 tonpe Sinco
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that dote tho fotal world daapnd hao rison at o rate
of nbout 4,5 porcent por anmm { Fige 1l }o Rofinod
coppor concunpéion in 1968 vas noarly G5 tong, in
1940 7o tong, and &in IO70 about 7,32 tony. Coppor
congunption &n Buzopo in the year 1960 undor varioug
hoads 48 20 given 4n tablo 1,1,

1963 Coppor consumntion
{ tong)
1; Elestric Indugtry 1380000
Za Ggﬂwal Enginooring 445000
3, POSIdAng Industsy 200000
4¢  Traneport lodustoy 26,5000

nppaz-:‘ 2 gs ono of tho motals in which India
is doficiont, Docouge of Lho covont Luport rostrictlions
and Aneroased growth of coppon conoundng induptries, it
hag bocmo an absoluto noconsity to produco this vital
notal fran the avallablo depoeits and rostureos in Indla
and dntonsiva efforts aro balng modo to ralgo tho ulput,

torlioblo dopocito of coppor oro ghpBekis, bocuz
nadnly 4n Dihar and Rojoothan, Giploratony work €O (locovor
oshaz coppoer ore deposits Lo boing ontonglvoly purscued by
she 3eological Supvoy of Indlia and reocontly stmo now
desosite have boen located 4n Andhza Pradoch, Utter Poadosh
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and Kaolnds rogion. The Blhar doposits azoe boing
viozhod by [3/S. Indlon Coppor Comporation Lids ond

| those of Rajasthan €0 be wrhod by HMnadustan Coppor

Ltdss o public undastaling,

Roeping in vioy the incroasod Coppor demand,
ovor prasont probla: of nointalnanco, commotdtive
coots in producing coppor frem low grade ores and othor
zasouscos { old tallings, clags otcs J, aﬁgnif&sam
tochnological Improvanonis have botn dono,

Bwppanglen and modorndzation in dindng, conceone
trating, smeltdng ond vefining aro going on all over the
~woslds  In moot nodosn motheds of coopor outraction ono,
to & noLo stops havo boon poducod. T prosont fremnds
arg broadly oo follows 1w

de Dovolemont and poplicaticn of aniogoncug

gmiol ting procons,

2¢ Scdtehing ovor (o mallor units vAth Maghog
caekting ond producilon Gopoclitios.

3 fpplication of contimicus procooss

Tho oro deegedng divislon of tho Hational
Notodlungicol Lab@&atow‘ 2) ¢ TAght €£ran Lo dncopeion,
1o acllively engagod on honoficiotlon otudioo 61 vazlous
Sypoo of low grado ¢appor oros of Endla. Low goado ¢ros
and ninorale of ceplon and clvosaifliod naturzo havo boon
invootligatod in dotall and cuiablo benefickation Cochnicuos
dovolopod,
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Paoduction of coppor fron sulphido flotaticn
concontzate acecunts for about 75 poieant of the Lolal
produetion, Alpgo intonpive work o going on for tho
rocovony of coppor foad convortor siago. Thy flotation
Zachnicuo Lo bekng adopted for tha concentrathon of
docdcablo o:ldo ninozald of Cho sdng Tho stondand
toshniquon for thls pumoso have attoinod o gosd moasuso
of onglnooring projicloncy bui atﬁmmés axo gtill on
way o dovelop boltow pﬂ%ﬁzﬁd&

zosontly; wao dorived almeost oiwlly fom o study of dha
gaim pooducts and o g@mml obpazvation of tha bohavieur
of the melton charge 4n tho furncoo, Tho infomation thuo
oainad has onabled tho metollumgiots ond Gpozatons 49
attoln Mah aneltdng patos and good recovories of low
COsty

The eoppor  contond in s&ag‘ 4 denoidg, o o
groat ontont, on caioltdng conditRons videh abo &rostly
depondont on tho Qorationsl procoduze, Convortor slogs
contadrdng highoo coppor contont pov, 05 o zule, thoso
videh szo tokon dncecly faan tho conveoten oXh o 0o00p,
The olog carploo CGalion foa o ovorilon hwdo oro Of Aowor
coppor contonts. I8 oy bo asouod ehat L0 o longo ocalo
noocuction plant vhono condiifons foor slag ootiing aro
bottons <ho copnor contont An tho olag vwuld ba ovon
16v00
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Bquilibriun diagren of S80, - FaO, $40, « G
otc, has boon e¢stablishod gnd has proved helpful oven though 4t
is nou béﬁ;rﬁd that tho compounds vhich soparate on
cooling doos not notossazdly oxdet as such 4n tho nolten
state, The c¢lagsic work of vogt in which numdrous
wall knoun sdnozale woro Ldentdficd 4n olags has beoen
susmordzod by Fu.lton{ 5’.__,.

sctutnanal® has painted out the foportonco
of applying the lawp of phﬁrsﬁcai nhmatw and ﬁ?wmoéw
nandes to f:eepwz: motadlusgy and suggostio o projrom of
rosoarch o Shig, Wt only o stast hao boon mados In
order to progent o cemploto pictuze rogarding slags
um@&aﬁaw sclontiflic focts bowx axe pvnllabloby nomo
rocont thoorotical coneldorations,

since rofinoxy slags and convortor slags arc
ultimataly roturned to the pevosboratozy furnace, tho
only final loss of copper 4n slogs 4s that vhich g
sarziod by ¢ho @gsardod rovorbozatory slags. Thoro
aro ofin ponsiblo foms in wireh the coner may odst
in vovogboratory olag, Viz, ao dissolved coppor wilicate,
dissolvod eoppor onddo, natic particles in gugpension,
digsolvod sulphide, dissolvad coppor forrite, and
dlesolvad motal, The omgont to vhich tho caupounds aro
digsociatod 4n Cho nolton olag is unkmown and  Lho
avadlabloe kaovdcdgo of the coppoer contoent ig basod
entiroly on o oltudy of colidifiod olage Rublished
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discuscions diffor, but the nost rotont studlies indicato
that aithough all tm above foms aro posesiblo, nocarly
all tho coppor in tho solid slag 86 ao sulphido or
forsdto.

A more rocent tochniquo, though only on
grpocinontal basis, is the concentratkon of graund
slags its smolting end olectrovAnning of coppox from
natio s obiaslned by cloctrolysics The work ponfomod
and, & ocunnod in lotor choptors doals vAth concontration
of ground slag ?I::g,‘iﬁibi‘,atﬁ.m and clectrovdnning of coppox
from matto ﬁmc%@%‘ by olocteo®ywolo.

S6ild coppor natte consists vssontially of

Cuns and Fo8, each of vbieh undor nommal »ateos of cooling
contoing cuoll smounts of othor sulphidos 4n tho solid
‘osodutlon. The oilibriun doagrom for this mas ostablished
by Carpontor and Haywasds

In comorciol mattos tho toppor and Iron oulphidoes
ane posotintod vdth omall amounts of m:ﬁax sulphldos and
ulm& Aoh forrfic orddo and digsolvoed plag, Tin ferdc
omido, which nay ot times be considorablo in gacunt,
diotsibutos Atoodf soccording €o somo and yot undotommined
laty botvoen tho slag and motw. Tho lator being at thn
bottom of the furnoca undor a hoavy layer of olag 1o usually
ot a zelativaly low temporature at vidch the zoaction
botvoen tho culphide and forrdc onxido doas not tako place,
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At tdmeg, howovor, tho tmpérawm ot tho slag-matte
intorfoce S0 oufdiciontly bigh ¢o promote the reaction,
the violende of chich s a diroct function of tomporature,

Although operatiog erporienco through tho yoéxs |
has showm that tho most dogirablo slag varies Jittle
from plant to planty thic &5 not foue for matte gradoo,
vihich ave found $0 vary congldorably,

Coppor induolry &n Indio 49 o281 4n i4g
infarwy, Our country Tocos an acute shortge: 0F the
\ma*izal vdih an anmxai production of only about 10,000
tong agoinst an ostiooltod requiroment of m};em tong.
ihis huge doflgit 1o mot by idoports <o the tune of
90,000 tons fron countzies 1iRe Uslefw,. Canadn, Shodesia
and Congo,

Intonsivo oﬁ‘farﬁa‘ 7s8) aro Bolng modo <o ralae

tho cufpui tp obout 50,000 Cons by the and of tho fouxrth
pian. To this ond, M adustaon Coppor Limited %gw!z ovor
from the National [idneral Devalopnont Cozporation tho
follovdng praicts i
| {4) Khoted Copper Projoot in RMojasthon » a projoct

in congtruction otages

(11) Hakha Conper Pavjoct 4n Bihaw ~ a projoet in
‘pmlﬁmimzy otaqe of devolomont,

{143) Dacibo Copper Projoct In lajasthan « a project
in orploratozy 68290
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(v) Dalaghat deposit in oplozatory stago.
(1)
Tho thotrd soppor projoct located in Jhunjlmnu

| éigtriot of Rojasthon, Lo tho naln projost of I canpany,
which 45 at prosent 4n tho conptsuction stago. Tho projoct

coprioos two céppor deposits, the iladhan Iudhan ares
( commonly knovn ag Ihotzl mines ) and olishan deposits
npbout 7 Img, away, and a procoss plant compriaing o
coneantyatar for benoficiating tho ooo, 0 meltor to troat
the cameaé«mtne and an olectzolytic rofinory for produce
ing olectrolyile geodo CappOD, |

In Ihatel coppor projoct, it was docided to (4)
endarge segpo of tho project t«o produce 3,1,@% Long of
coppor, ¢tho additlonol 10,000 tong of coppor from tho
Kolihon, (41) Sngtnl o flagh emelter { instead of
rororbemtory molting ) which wuld ensble poscvocy
of eulphur valuos of the ore 3 and (4ii) 1,0, producod
feom onalior goped to be uillized for tho mmfa&m of
o cuftobloe fortilizow. /

The Khotrdl deponits are estimatod o contodn obout
70 million tong of copror ore of L porcont 8verago connor
contents Tho Holihon deposide are estimatod to have coppex
oo rasezves ovoz 31 nillion &ons of 1.4 porcent coppor

falkln conpor poghet 45 located in M Singhblam
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digtrict &n Bihaw It is estimatod to contaln about

98 nillion tons of Bverago 1.0) porcent copper ore upto
a dopth of obail 600 meterss. in tho flost phase of its
development progzommoe to yiald 3,900 tong of copper metal
pPer anfkils

(54)

The minoeral belt of thig project located in Guatur |
dlotrict of Andhra Pradesh -éi‘*&::h s about 22 s long, contains
evidenGa of ancient work of copper and leads Tho estinated
rosults of roserves of ctpper ond lead ore deposits arve
18,2 milldon tong in thin avod.

{iv)

A very promising ora bols bas been digcovered in

this clstxict vhose gpoclal feature 40 sald to be the
high copper porcontage ( about 3 poxcent J» In this way
it has en edge over Khetrd ores bocause of tho low copper
content in tho latter,

Tho Indian ceppar copn. ds at prosent the only
m engaged in snelting copper fran the oro nined at
| “.ﬁt‘wi‘r iiosabani mines, The copper produced ot Ghatsils
was enly of firo rofined quoallty ¢211 1965 Tho odsting
capacity of 9800 tons is o bo omponded to 16,700 tons

pér yeor in noor fumm».l.m& is now producing ot Ghatslla

8400 tons per year of eloctrolytic copper,

Thoe supply of copper fzon lndigenous production was
7000 <ons &n 1960, Therofore more than 60,000 “ons of
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¢oppoe vas znpm‘:ted from al%ad. In 1964, tho lopori
of coppor and coppor alloys s 65,000 tong and indie
aonoouy production was sbout OGO tong againot an
ostimated danand of 138,000 tonpe Tho doagnd of coppoer
for the cuszent yesr 1o ostinatod to b 2,36,000 tong,

Tho prico{w of 2 vddely uscd notol &5
ultﬁmatc.ly rolated to ¢ho quality of ‘ho oxo nined,

Tho U.5. progucon prico for coppor cathodos at conp=
¢ant U,S. dollozs 1o iﬂwmeiy proporidon e tho
quaiiw of ¢ crc wminod,

A sliple m&aﬂm:mp(m" pomits ona tpl
gensrate the averago Usls pmdzmr piloo of coppor in
the noxt year basod on knowlodge of this vm’ 8 average
quality of orc in the U.S. and this yoar's GO deflccton.

The rolationship 4o

Cu price {Avermage noxt year) o g tzgua.,iﬁy “ Ius‘smar bl

whopo _
G Dofloctor - dofloctor 4s ¢hat facdor which
ponoves inflation €rem tho dollor { 1950 = 50 = 10 ),

Oro ouolity 3¢ as ropoxted by smorxican notel
mazket { Lb coppor pex ibe ©f 020

Coppoer prico in 1990=50 g taed o doxivo tho
congtant, omal o 0,220
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21 Wwe& :
Coppor mﬂmmlﬂ( 1) aro noturally aﬁmzﬁng

Chamd cal campounds of crystalline stouctusd, caong wideh
tha natdve motal is aloe Lncludods

LITERATUOE

Coppon cxos apo natural nintures of copponwboaring
ninczals ond coppor oo oinerolds, &n oihdeh coppon do
oufflciontdly alundant and cocurxs &n cuch a moance thot
3¢ can bo minod ond onteacted at o profig, .

In gmemalu‘z) coppor oo Dadely contaln moro
thon 1 o 2 pozeont ¢oppone  Déposdin contalndng laso
than G5 postont eo»0r avo not worked ab prosont
Tablo {2,1) presents the egppdr oros poot ofean &s

A?’nblé‘
S SRS —— e s
ndnozal | Chefleal Formula Coppoy camem,pammi
Chaleopyzito Cured, 34,6
Bormlo HunSs Fooby , 55 6
Chalcocldto Qu,8 799
Covolllito s G895
Nolaghico CuCog (01), N
Azuzlio 2%utoq, u{01), B0 d
Cupxito Qu 0 - 00,0
Tono lo{noloconity QU0 09

o St A, 2 K e
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Tho oreos ane c¢laosifiad in mﬁaa groupG 3
sulphida, orddo and natdvo copose |

The eulphido ooos moy oGur Bithor as nassdvo
boddos malnly consloting o coppox and Izon sulslddes
o2 &n tsll pazticlop of tho mee digoaninated through
monzondto fonotig rock called vpomphysyvs Tho naogsive
‘oro bodies contodn moroe émip!ma and coppon  ThO oridiged
i@ms aze madnly of ¢the disominato’ Hpo, ond Lhe greator
part of ivon 4o Chon 4o prooont &n the fom of o:ddos,
‘carbonates md sllfcatoss
22 2 &1

Tho slags of soppor moliing aro eimilar in
composition and proportios to the slags of other nonw
fercous notaioe In oll cosos thoy are high in Fosrous
oxidas in widch rogpomt thoy diffor from blpst fumnaco
plags whlch aro rolativoly low in forcue oxide, Thic
190 bocouso boforo thoe nolol can bo oubractod fron fco
~ oro, tho 4zon has to bo soporoted md withdearn into
the aloos

Usunlly, tho coppos = gaodtdng slng alihor goos
80 a waslo op o ukllined as o byeprodugts Vo, it
grootly affecets Cho cconony of camez: smelidng, for 4¢
¢opslon off valuableo ootals and alco oane fucl 1o consuncd
in koping ¢tho slag 4n nolfon glate. Tho logoes dnexoace
vl ih 4nonoacing notal content of the olag ond ¢he quabtity
of olog preduced por undt wolcht of notal or matics,
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The olog yiecld vardes iith tho charge camoniidon
and ¢he quontity of flux oddad, widllo tho notal content of
glag doponds  on tho proportics of tho sglag and the
condizions wndor vihleh a given boot 4o pune

Tho motal loosos cdth o slag are custoaazily classod
into three anoung te

(1) rhonleal losses duo o tho Aet that tho

” ;'minc&pnl roaction of o dlvan melddng progogs Colls o
proceed o complotion, and ¢ho oxido of ¢he motal panoing
partly digsolvod in tho slag. In Che cave of coppor, it
3o modnly loot ap Cul not complotely sulphusioed by
tho ixzon cuiphide, Hrporionco and the ¢aleulationg show
that those lossos ara nogiicible,

(13)7 Physical loscos duo 0 the éﬂ:?.swl;umm of
the motol or matto in the slag md tho fomation of
collofdal polutions, Tho solullility of ¢oppor gilphido
in slags varlos vAth Comporaturo, o nokdnun boing
042 £0 043 pozeants

(418) lcchonical losses duo o the lncomplete
separation of nolien motal oo nmatie £rm molten slag
bocouse of the incioniflcant & ffooonce 4n tholin gpocifie
gravitios, shond dwold or tho Mah vistogity of the
sloge Ucualiy, Chis Sype 0f loss accounts £oo Lho bottor
part of total loogy including thal of coppor gncliing,

Tho slage of coppor gelidng are closest in
camosition o tho olago of (Hclkoly load and thn molle
ing cnd caosy a total of upto 90 pozeont of 680,, FdD
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and CoD, They also carxy upte 1S porcont of Al.D4

and sometines as much as 23 percent Fegd, (Convorter
slagy )y as woll ng onidep 0F masnosium, ba..m. sodiun
gnd sang other netalss o

The melting point of o slag 85 related Lo its
vigcosity ond émaaitior» ro o tulo, some increase
in the contont of o0, [nd, Ca0 and Dad roducos the
vigcosity of slags, vhile 33.02, ALDn ond Fef, act
ofton to tho omoodte. In seac coses, materials rearly
inspluble in o slag :x:éiae its viscosdty by forning solid
particles susponded in the moiten materials

The wy in vhich the main components of ravorboratoxy
fumaso dlgoard slags are dorived diroctly affects copper
losses to tho slagse .loverboratory furnaco di;*:mam slags
aro mainly dorived from {wo sourcos = directly fram
raverboratory furnate oporations ond indirectly fras
convestor epéz'aﬁimm oot work that has beon Garxiod
out on copper gnolting slags has boen dirccted to the study
of varfouo factors affocting distard slags as rogards |
copper losscn, tut these studlos havo tho fmmostant dise
advontagos that thoy are cssenilially retrosostive,

It is reasoned, and subgtantigted by oipordmontal
work, that tho shtag formed directly from the soldd chorge
do not contribute sionificantly {o non «» sulphide copper
logses in clagse It is also rcasoned and w»bstantiated
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thot good slags vdth low sulnhico copper losscs con
bo formad dizeotly 4f the flux rogiizenonts <o glve

the lowest nolting point glage -Ath concentrata ganoue
are calculated &n gdvaonce,

Qovarboratory furfzaee slags are éazzgalo:: combination
of eilicon, cale‘im; .Jamasim and Aluniniun onides,
vith ferroug and othar iron odddes. Chromic ol becomag
froquently a signﬁ.i’i&anﬁz componont i€ bosic :éof:acteﬂes
ave uped, In most cascs the major constiionts can be
zogarded as Fa0, 510,y Ca0, ond ALD, slthough thozre are
smeltors vhore othor notal oxidos are also signdficant,

- The slags m:?lecv::( 3'3}, in gweral, tho sulpiide
mingralization of the concentzato. The more pyritic
tho consenteade troatod, the highor is tho Sron content
in the natle :'md,‘ congoquontly, the Mghor the Fd 4n |
the discard slag, cenvergoly, tho less phzitic ¢he
concentoalo, the Mghor the o0 contont of tho slag,
to maks up tho doficioncy of frons The slag snalysis
of GASPL’# 2o of intarost; this nosults fron tho tmat«?
ment of chinleopyrito concentzrate vith & sllicifiod limee
stone gonsue whidch, &t hos Loen rcaaﬂed( 14;, hag o low
molting noine and jlvos an onviably low ctppen contont
in tho final slag.
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APy L8 loast dosirablo of tho cammonly ontountored
canpenconts bocause of it offect on glag visgositdos,

MgO, becouso of its regroctoriness, hos long boen
considored an undosirablo caponent 4n slags.

Tho slags vAth tho loweet melilng polnts aro
gonenolly those vA¢h ahor Fed contonts Fdd 4n e
reglon of comon oporation docroasos tho slagh molting
point, but incroogos olag denslty, Bucossive C0 incroaoos
the olagh moltdng polnt, but in the aren of accoptiod tlag
conpositdon it reduces viscosity and density, S10, has
tho genoral offoct, vAthin nomal lindts, of zaleim tho
noléing peint ond incroasing vigcosity without ihsmasmg
slag density,

liueh valuoblo wwexk has been done by f.%sﬁmixw:(m’
on the FD e 540, « Ca0 = AlOy oystam, but compilation
of dotoa for complote coverage of all revorboratory slagss
to be of full valuo ghould alpo includo M0, which howover
wendd make the study of tho tvorall systar osntranoly
canplon, |

Mdd,m( 13) ° Evans;( 16) vy Vanyulov ot al and othors
havo goviowod tho literatuzo on thy conmtont of coppor
in slags. Thero 4o differenco of opinion on ¢ho natupo
of all Cho coppor prosont &n olags, but ¢thoro io agzecment
on tho polnt that sono of the coppop io prosont ao
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sulphido inclugions, Thoy have confimod tho accepe
tonce of tho prosonce of an lnsoporable coppoxr campound
0z capounds in rovorbaratory furngce slags, but thoro

15 lack of agroament on the fom or forme in which

tids coppor i prosont, Opindons vary as (o whothor it
45 dissolvod oxido or sulphide, sincaw or forpito,
aléhmgh r‘uédle and ‘Ga-workora( ) qotod indicatlions
thot nuch of ths coppor is cuprous oxldo In txzue solution,
and that such logsos are madnly e function pf the oxygon
potontial of tha slag ae roflected by its Fd contont.
Copper 1osses in rovorbomatosy fusnoso clags con be obtrie
butod to two ovidont couses « qx;mhmicnny ontropped
wlspMda and an ﬁ.mqmmm&ihdémﬁzmnm non « sulphido
phagoy

Re#wbamtew fiznucg dscard slags comprico of
vazioble quentitios of mechanically ontemoped sulphide
GoopoT,  Although convortor slogs cavry oniroppod matto,
and thus contzdlbuto ¢o final coppox logoog, tholse ,
propurtios, particularly for conolond matlo production,
sugoont that thedr conteibution ¢o sulpbido coppow lossod
4¢ Iiloly to bo g constont _ﬁn&a ze Furthomoxe, sinco
sulphido eoppor ¢on bo soparated fron convordor clags by
so%ting &n tho nolton state ( or by flotation aftor |
solidificacion and grinding ), 4¢ ip poasonablo to say
¢hat theso slago shoudd not bo major contributors to
final olaog sulphlde coppor looSos oo long as theroe s
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sufficlent rosidonse time in tho rovorberatory furnate
foz ¢ho culphidoo to sottlo frem the dengor convartor
slage Convorsoly, non o sulpiddo coppor lost in the
digcorcd slag, which gppoars te bo a congiotont loss
Cactor, Lo logically dorivod from convortos optoation,

Tho minoralization of tho concentroton is zoefloce
tod 4in the proportdon of sulphide and non culplido coppos
2ogo0s. ldneralization giving risc to Mogh grade matto,
L9 agoocioted vAth more sulphide than non sulphido coppor
loss 4n slog, bactuse the ceppor contont of tho physically
entrgppod ﬁsaf:.ﬁb droplots dn the olag 4o highg also, tho
digsolved non sulphido soluble coppor dexived from tho
convortors tonds to bo rolativoly low, bocause of tho
low Izon content of tho mattd,

One footuso comnon to oll of the slogs As that |
‘they are fiuld at Cocoporatures low snsuph to load tO
officiont cporatlion, Viatoolity, densltys voluno,
incoefaclal tonglon, maliing polat, Oxygen potentlals
ao reflocted madnly by tho P content and furnaco
tmorating temposotusas tA1l all aﬁ?aat the coppor
contont OF ologe Tho offoct of slaog foxmation tomoras
tuno, nolidng polnt andvlscooisy ¢an bo oado loss signim
ficont by gnosation ot Mghor tomposasuros &a the fumeso
although at tho ociponpo of fuol officioncices ond cootue
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Hgoino ond Jones{ 18) evaluatod tho factors
that affoct the viccosity of Zemblan ezppor bolt slags
and 2oseosed dpontitativoly the influonco of the aclnoes
ledaod nojor slag camponants. Thay davolopod a “locified
Vipcoolty rotio® fop slags widch, ot congtant temporature,
could be :énlawd %0 absolute vigoosity ( 4n polge ), Tie
fommula for modifod vigeoshty ratlo { VA ) 4o as

VR comRe 905 NS ) o £ 283 2 AW SASY )
(098747 Fo™)+ (0B8IALLINN) 40, Tl AEICa )

+ (0. 952AL SH1a™)
- In oot slogs nangoanoso Gzﬁ&éﬁ am genorally
absont or are presadt &n only omall amwunts, 00 tho
VR vAll depond lazgely on the emounts ¢F Aluming oz
s licon, calelum, mognosium and forraus oxides in the
olade |
In tho vork by Hiogings and Jonoes, no oftempd
viag mado to ca&ra&m vigcogdty zatlo oz shsoluts vigeos
gity to potual olag coppor ot
30310!;3( 1) soforrod o a Yiniting value for tho
physical clinination of coppen, and this da probably
due ¢o thy Misitotions 4n climinagting non sulphide
COpORe

Convortor slogs rogult fzam tho owddatlion of

<ho Ison culpidde of tho copor « Lron mavie and tho come
binagdlen of tho zaeoulting oxddizod iron tAth cilicouo
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flux, Tho sogultant cloogs aze thoroforo cssontlally
conbinations of Fed and Sioz. Inovitably, thore v4ll.

bo othar Sgon o:d.dtsa pmsam, ompeciolly & variablo
amount of magmﬁ.ﬁlﬂ, the anﬁoﬁﬁ of which, gbovo gn
unaveidable mindmun, vAll depend on tha officioncy

of the convemtor oporation, Converter slog io usually
refuoned in molton condi¢ion to tho mes*bwatow furnaco
e jodn slags obtninod by dlpoct smelting In wat charged
rovorboratory furnoce oporation convorter slags are o
redn sourco of Iron oxidos ond oxygen patm%al in tho
final dicgard slags.

2 3

Coppor mati:e( m} hag long boon mgazxied as a
mixture of simple sulphides CuyS ond Fe$ hoecause thoy are
the only ones stable at the high tomporatuzes aaployod,
In the courge of tmo, o noticeablo doviotion from tho
conposition callod for o ‘"19 basis of this apsumption
. was notod, thoro balng dasuificionts Sulphur to fom
thege two campoaunds, Investigotion of the magnotic
properitics lod to tho concluslon that a Substainﬁal
amount of motallic Lron was prosent ﬂz’t.azésc:opic oramination
did not ¢onfim this but indicatod patior that conslew
dorable magnotite cnd coppor £or-dte woro progonte

Recont dnvoptigations ¢f a magto of the follovdAng
compooition som to boar cud the follovdng gencrallzation
rogonding tho copooition of thio ¢yplical coppor matio
( Tablo 22 ).
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1, 7he only steblo compound fomod batuen
suprous sulphide and forrous sulphide is ( Qu,5), Fes
{ this 45 soluble in Pitassium Cyanide e

2. All coppor mattos contaln thic compeund, If
the coppor content &g bolow 62,7 porcent, tho matto
contadns on excops of ferrous sulphide and foxrdto or
nagnetito, Uatto cmming moro than this exiticsl
omount of coppor hoe on gucess of Cuproo Sulphdde,

N 3. Conling of motte, doponding upon the rato ot
uhich ¢ proctods, couses tho provipitation of motalile
coppor and tho formation of Mghor sulphidos, mong vhich
io QuFoSm

4, Hotton may contodn upto M0 porcent of magnotito,
I¢ has not boon provod thothor this is in dlosolved fom:
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o= gugpondod fomm, but ¢ho latior gocac more logleal
in viow of the foot thot tho average matto 45 closo
to tho gpoeclfic arovily of mognotito.

S lany mattes also contain notable mounts of
othoe motals. zinc.m‘ ldohkel, chen prosont in tho
chargo, ontors Cho matto as tho sulplide, and load cule
plido 45 oleo Crnocuontly found,

6, Thope matlos are ougollont colveonts for gdd,.
silvor end motals of ¢he platinun growpe Ao a mgttorn
off fatts 80 noazly porfeet io tils &cﬁim that tho only
procious motals €9 oscano cdll b in ¢he undocomposcd oro
which docp not cono In contaet vAth tho aolton matto o
in drops of motte viich do not limate wut tut roehn
susponded &n tho slags |

7s ALl othor elements are usually clagded as _
Ipuritios end, althtugh tho aaounts may be onoll, thoy may
odve coneldorcble ¢roublo in tho subseqient rofining
presosss Tho coomon ones reforred to ovo m:sénic;
| antimony, nickel ot

At €ize¢ gloncoy 1¢ would soen doolzoble, sinco motto
tﬁnolﬁing s g precoss of concentgation, to nako motte
a0 hgh o gmode a5 poasiblo.  There are, howovor, five
poageng vif natte of tho Mghost grado 4o not olwayo
:msmm.(
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1, The production of o high grado matto 'm
a fuznoco $5 alwoys asctmponiod by & clag ofusuelly
high coppor content. Slagoling wut nore of the fron
w31l produco more olagy henco more copper vAll be lost
not only bocausge of the greator voluno of slag ut also bocauso
thore 4s loos time for Moaueation 4n tho fuztoce. |
Jurthomoze, stno of tho etpor may be mddizod &n
zoaoting of 070 of 1o mulphur cantente This coppor
orido vAll combdnd wACh s3lies (o fom a silicato uhich
31 bo dissolvoed by tho slage

2. Tho high grado matéo il Q.iﬁ;’«b nesossitato
o longor and mere epensive coastdng oporation whdch will
foduco the ¢epaclly of the reasting plent oad produce moze
£luo dusts

4 Tho high orado matte mczx@iea Jogs volung
than tho low grade ono and tAll not be oo effoctive as
4 coliogtor of gold, «hlwar and othor pooslous notals,

4 1t in fouad that tho conversion of high grado
ma¢to 4o much movo CAfficull, '

5 Flnally, provicion must Do node to take carw
of the lazgo omount of hot gages ovolvaed at tho top
of the fumace.

By roagon of tho conditlons eatdinod abaut,
coppor mottos uouglly contaln 40 ¢o S0 percont coppor;
d 45 povcent Coppor aatto ucually glvos Cho nopt satio=
fastony zeculio.
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Tho mattos condatndng noze than 70 porcont
coopor ore mproraataly cuprais sulplhide in copogle
{2on, ond olaost thlta An color honco ﬁiis ez vilito
natol 4o gonotally ucod,  Thooo Moh grado 0ating avo

_aloo 1liloly ¢o contain etrincore of notollic or “nosa®
coppose Thoy A1) zongoe 4n goocific gravity oo 4,8
20 56 oo (I coppur contont dncroasos. Tho porcontage
of copper in tho natto L5 camonly lmosn as 445 grado
¢ ovd thoe moount orproosdd ag a pozeontage of Clp total
" chowgo as e "nottofellcs Analysis of typical coppor
oattes avo givon in Tablo 2.3
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For notasllurgical troatnents of slsgs, mallor
placos, sawotdnos vory finoly dividod ( loos than 0,1
o 06Te0s )¢ ovo rogdxed, Fog this roason, clags
ooo camimtod, £.0: xoducad sm? sizo, in bz:eakorag
czughors and nillse In this bresking, ¢wuohing and
ooinding ocuipnont vAll oporate offlciently only in
tho gpecificd ronge of lusp cizos.

Lite coppor oos, thore are two niethods for
toosting coppor slago s "

(1) Cancentration followod by enelting of

sonecontrates for low grade alagos.
(44) Loaching followed by cloctrolytic procipie
tation or precipitation by fron.

The slago can bo trepted by fiotation vdthout
nuch difficuliy.

441

Camlinution ig nomally the fizet otop &n Benén
éﬂ.cﬂ.a@iu&x of o0ldd clage 1I¢ Lo uwnnv o single stago
poosoos, utilising in succoosivo glopos Tho stage stasting
'w.’i.eh ¢rudo ag minod and owprising of wccao.oﬂ.ve roduction '
62009 dorn co firet otage for producticn of fipo . porticlo
plze &p callod cruohdng. Tho coanseot porticlo of the
crushod product befng 1/20 Lnch or moxo An oizos
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T éenoml - tywpo of mochinos aro usod for crushe
ing, Viz,

1, Reeiprocating broalors { Jaw, pyratesy, Cono and
gyrachhore crushors e

2. Contimsous broakors { xollg, elnglo oll crushors e

Primary gzdnding (-} may bo in. ono, tmo or thieo
stago. Houovor, ¢rond 1s tovmrxds ono otage grinding cizcultls
In goncomaly clopod cirzcudd multhatage grinddng 44 usod
for hardor 0200
ﬂ.z 57 : ﬁ H

sinco tho offoctivenvss of proctically all dressing
oporations i a functionof tho sizo of tho particlos
troatod, thorsugh hnowlodge of . tho size chamcmriaﬁaa
of the matorial handled theough adogtate sizing tochalgqua
apoumos a plate of groantest lmpootancos

Thoro azo covorol moethods {or alzing ninoral pazticlog,
tho most fnportont of vhich s geroening.

'xftg-fuﬁdmmal functlon of oerociing is ¢o pags the
undorolzo pazticlos theough the sponing and rejest Cho
ovorsdzo partdclos, Thoro are two typao of gorocn ugods
finod serxoens { Stationary ) and iloving scroens { Shalking,
vibratdng s‘:ypé‘ )o

43 Eletatian (25,22,23 )
Flotatlon 4o o procoos of coacontratien baced on tho
preforentdol odheglon o alr of como pazidclos fran o pulp
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nnd tho cinultanoous adhopion of othor porticles 20
vater, IL dncludes tho uso of cncugh orgonic liquid (041)
to produco o dlotinct oll phaso, In vhich selestiwe
adhoolon of stmo minorals to od) is dnvolvod in pdditéon
¢to solostive adhoslon o oln,

T osscential Inorn facts azo sumasizod as
follovs 3 |

(3} Most minorals cuitably protoctod fzan contaw
pinaticn adhorod to wugiop, not 0 oln,

(11) poraffin ond othon hydrocarbons adhoro 0 a&i-.‘
in proforonco €0 watons

{234) Somo mineral substences adhore <o i

'(4v) Uinorals ( S.0. culphides ) can be mado to
adhere ¢0 air by adding a sultable agent to tho pulp,

{v) Uost ang porhops all minozals con bo nodo
plr allhorent or wator sdhorent by ¢ho use of, oz coabinge
tdon of, proplr ogontos |

(vi) changos & tha choractor of thd curfacos of
m&mmls bocauso of axidation or ofhor procecdos affect
uona&dexably tho facility vAth vhich they can bo pado
air adhoronC,

Ia 3060, 12 mm Haynos patonted o pretosa {op
gopavating oll wottod cugphddo miné\ln fzon wator e wottod
gangue ninozals by aopitotion of <he dry goound oxe viACh
oil and thon tho minture vAth wator. |



o P23 e

In 1885, I, Dradford patontod o nothod for
separating culphidos fxam ganguos by a skin flototion
procass vdthout the uso of 0ils,

The o4l flotation procoss wth &¢s subsoquent
improvenont hos moont move te coppor industxy so far as
Lngroased rocoverlies and roducod €osts are conccanods
‘In goneral, zecovarles in concontration have hoon _ncxeased
fron 65 poreont o 90 poxcent and ovory and this dn itpolfd
has allowad the troatmont of vory lms grado. Oros at o
proflt than could possibly have bcﬁn accomplichad vdth
the zocovorios made by old gravity wmethod of sepazation,

Dirost flototlon of slag pa:ticias vith Honthatos
and othor organic cmxmﬁma ]

_ Ag the slag pagticloes, mamly contaln coppor-in
omde fom and in stme casog as wlphidee. can zbe.dimctvly:treai
by f&-@t&t&m with Xenthates and othor orgonic c.allmtqm.
This 48 duo Lo the fact that there io formation of highly
ingoluble campor nali;.s ‘l‘::sy the voo of Lonizablo reagents
wokeh pwac}sé a subotontial non polar postion in tholy
otzuciurey Tho scparation 1o mado moro offoctivo theough
cordicol adjustment of ca&la&%ﬁm PH of solutlon, ond
uso of mod flors,
Lotlest

0f ¢the flotation agonto tho nool impoztant ooe
tho colloctors, widch are pddod o causo & adhonanco.
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- Tho gonezal wequdzaucnt ig of non poluz‘l curfacas
i,,e;, surfacos in vhlech ¢ho atanp are covalontly linind
and oake 4¢ watos ropollont, Tha eonly proctical way
of goturding guch o surfaco L0 by moang 0f oxganie canpoundo.

Matural flotability 1o gene rélly‘ availoble only in
sodids . in : which outor gsurfacos have non donkc or
| nm - pglaz? ehar;-;cﬁaé; The boundasy nust be discantinuous
60 thot thare 4o no tzonoition layorbbiveoon nawr&&y
flotable substancos and vatom. The caxletew'mblecum
must not bo lotally regctdvo bud sufficlontly active to
talo ﬁh@ selottive minoral away fxom the watoss Tho
lccalised Mgh activity chould aloo be sufficiently sclective
wlih ropasd €0 minoval surfacon,

(1) ?3{‘471?3-; Propyl, Rutyl and Myl Xanthatos: Portie
culazly tho CShyl ond Amyl Xonthatos of sodium or potasium,

{44] 0 ethyd ond Dicrooyl Dithiophosphates.

(834) Ololic and Polmitic aclds and tholr sodium 0oano.

'Tho ncchanden of minosal colleotion hao bomn tho gube
Joet of consldorablo spesulations Preoont day views aro glvon
in ¢ho fom of o Iypothosoo. Vic. tho ¢hamical rooction
ypothosis and tho adsorpilon hypothoolse
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| (1) T nhaical roagtion Hypothoolo® stated by
Taggarl, Toylow, and Knoll : *All disgolved reagontsd
videh, 40 £lotation pulpge cdther by action on tho tow
bosfloted or on thy non to=boefloted particles offoct |
thodz flotohlility, function by zoagon of Chomical
zoactions of vall recoonized typos betveon the reagon®
and tho particlo affectod”,

(44) Tho »adsosption hypothosis® oo foxwanddd

by werl noy bo stated aé "'Aii fons dlsgolved in the
flototion pulp loyor adsosnd at minornl gunfincons AR

oach minozal eurfaco, the adoozption of aach dlosolved
don Lo cpocific, Thio pocific fon gdsosption is albo

a function of tho cmcontration of the dlegselved ioa
undor considoration and ¢hat of othor dicgolved dons,

¢ and vhen g sufficiont pooortion of tho ninoral curfate
4 sovored by tho offeotivo collcetor Aong, the particles
bocame £lotablot,

Colloctor fons oro udllinod 4n Shevo ways 3

le  To provide tho adoorbed fone oo the gosctod
Leas, g5 tho ¢oso noy boy |

2, To oliminato prosipitating 4ons prosont in tho
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3, T0 provids adectato concontration in tho liquor,

Inczoasdng the quantity of cﬁllegﬁo:: rooults 4n an
inczonso 4n Ceoovesy upto @ mardmum vadue. Imsoaaing the
quontdty of collcetor 8o pasticularly effootive in incroacing
¢ho cacovory of very coarge pazticlos,

*

Inczoasdng tho quantity of colloctor to orosbitont
lovels may rosult in docrensod flotation, Tha possiblo
cousoo for thls offoot aro related to the fomation of
caplon fons, or to tho ndsorption of on additional layor
of colloctor fons oricntod vAth tho polas oroup towardo
£h0 vatons " |

The process by which collcstion 4¢ dncroaoed ip -
gonozplly tomed oo acbivation, and that by which &t is
dosreasod Ln tomed so Poproscion,

Control of pil &g dmportant in Cwo ways te TiooWly
the consentfation of oolublo colte can bo rodueed te the
polnt vhoro tho Sendoncy for guzfacos L0 booomo aldhke is
topt vAthin bounds, GSotondly, a doublo golt that consumos
the collostos may Do “locked up® ag a procipitates in o

fozm 4% congumos loso calloctom, |

Foobh €iotation 4o conductod In thowd naln otens 3

| le Sclestive Chamicol modification of tho gurfaco
0f cposlific ninczal particlos o affoct flotakdlity o non
£10%0b81ACYe |



v 32 -

2, Contoct bowroon odr bubbles and minegal
narticles gnd pojection of nonflotable ninoralde

3. Scparation of flotable ninerols £ren non
{lotablo mingralte

Tho coqmizoentosf a sultoble froth in flotation
azo that 4¢ should hgve bouyancy to bogz the minoral
pacticlos to tho wurfato of the pulp, If muot bo stablo
anough ¢o oxdot unZil bubbles tAth tholr mailn loagds e
pacs ovor the lip of the flotation mochino and it should
not bo 50 sti¢f that 1t vAll bo cifflcult o broak &t
up after zonoving foan the cell, Floally 4¢ should by
fluid onough to flow ovor ths lip of the coll wthout
clegging it |

Tho tustainod demand for goppor togothor vAth
inczease in prico, hos hod Cho natural offocet of gpursing
intopost in uhcwmlng now deposits and zoononination of
knorm low grado doposits, old ¢allings, constond improvows
nonso &n officioncy of oro concontmation,

In bateh rdgo procoss thore 4o o tompOrotus® flucs
tugtlon 4n tho vazious fuzngcos, In contimicus procoss
3hds vorindon &5 doczonsod ond this whll load ¢o caving
cool rofractorys Attapts have boon mado to dovelon botlos
r.m*:z!mio and praosent trondn aro beoadly basoed as follows

1, Dovolopmant and goplication of catogonoocis gmelting
PECCONGy:
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2, SviteMng over to smallor unito with high
anel ting ond production capacitios.
3, fpplication oF aorimous protosse

(1)

{A) Flash Snolting s

One of tho most Antoroesting devalorwnts 4n recent
yoare ko thy mtogonmus mc&ﬁiﬁ.ug‘ 24) of coppor sulphide
soncentrates. Tho protess hos now boon in oporation for
gome yoars at the Hozjavatta smoltor of tho cutolumpo Co.
the l-argeaf. coppor producers in Flaland and aleo at the
Geppor emolter of International lickel Co. of Caleutta.

Thy procoss conolots of datroduction via a bumoz
of dry concontrato ond ﬂmf to n furnaco smelting chanber,
| prcohogtod aly op aw@em roquized Sor combustion being injocted o
nlang vEth the concantatoss The ninturce flachos as 4%
ontoxs tho fuznoco, The iren end gulphur burnlng
~o:ldos { 270S ¢ Wy = 2660 ¢ 2S0, ) op combustion s
supported by she oxygen, Matto and elag collected en
e furnaco hearih ond are Soppod off dnd tyeatod An
o convenrtdonal mamnoz.  Grade of motte io controlied by
sogutating Ctho amount of alr oz oxygen cupplied for
¢coubuptlon,

Although tho procosd oliminates tho noed for
ontornal fuel §¢ Lo cesontip) that tho ol requirzed
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for combustion is proheatod ( 50° ) %o malntain
heat balance8log comtalng abmut 0.3 t0 1 porcont of coppos.

1, Large smaount of slagffamé 80 moso logs
of capper in slog,

2. foro nagnotite formation wideh coucos working
difficultios in p convorting procons,

dyans .
1, Puol ceonony

2 Easlox control |

3 High grodo motte deuczﬁﬁm |
4 Low oopital cost of Plant
8¢ Rocovery of S as Hp80 4

here tho cost of powar 8o low clottric smelting
hos many sdvantopose The fuznsco aployod s of tho
rosdotonco typo cithor eircular 4n ohppo o of tho ordie
nagy rovorbopatory culling., CLlactricity introducod $o
tho charge 4n vdth (ho dlectrodes of tho sodorborg potiomn
nade of carben uplo %0 inchog in Almetor placed olthos
in o lno or in tho fom of a trbonglo according to tho
shopo of tho furnacoe Ap the clectredes are scacunod,
thay azo loworod 2nto th2 moléon baths Powor consuaptdon
rangas foaa 370 <o S K wi/ton of chargo fed o tho
fumate or 4500 €0 55500 &k wh/ton of Qu. Cepocity of
fusnceo 45 50U ¢ens/daye
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1. Lo powor conoumpilion

2 High thomal efficioncy

3 Stoedy opozatlen

& Long 1lifo of revarboratory roof and lindno,
8 Soall volune of gases zich in S04 9o -

(44)

In orxdor to ovorcono tho digadvantagos of <ho
cenwontional mathod of convortor coppoxs production congipe
ting of alolememstion, Gonsonisotion, roasting, molting
and convortdng Sehndedl ot al dovolopod dbrcet produce
ton of mmm coppor faan tulnhido ¢oncentoatos by |
continuous troatment sﬁ,,?x smodting fuprmncos In this PLOsoss
¢oppor bearing materlal is ¢hargoed into tha godting fumace
vhope 4% 45 sncltod to produco slog and matios Tho matto
ig mﬁ&iz@d by oxygen onrichod olr which 46 blown fram tho '
top ond introducod by moanp of blowors to produte convostor
ceppor ond olage Tho oxygon contont &n tho blaot Lo dice~-
tatod by tho thominl balmnco of the cquipmont or by tho
roquirements for 50, concontration in conbustlon preductss
Tho oquipont ic prohoated before starting cporation,

Tho prepsuxe of the blast zengos £xan 4 1o 6 atnosphoxos.
Tho 0, 4n tho blast 4o 42 poreant, production Crpocdty
of tho oot up 6 tons of coppor concentzato / 24 hours,
5lag contalns about 0,2 poreont Cu highor than &n ¢in
slag of convontlonal procoss,



i, avolds ¢hroo steps in conventional procoose.
2 Low caplital cools

3 S20l) plont givoo o large out putl

4

Pogoibility of sutomations

05426

Contimicus convorsion of coppor maﬁto‘

1n pilot plont otudy coppor nmatto s producoed
in emoltling fumoco widohviss comottod o continuous
gonvortor through a connetting channdls lolion nottevbs
suppliod through an cponing in the yean wall of the |
convortors Alr was blown into tho nold uhdw a pRosoure
of 6 atmosphopes thecugh blowors. The followlng focto oot
a majozr zolo &n thlg prosandy

i« Blovdng tho natto in conversion otngs rosults
in Xron oxddo togethor rdth tho quorts prosent feem plag
and conpor is produced in tho last, |

2, Convoztor olog, vwidto nofto and convestor
coppoOs form o syoton of ¢throo liqudd phooe r&aﬂ.ﬁhﬁqﬁc muuge
Liy micz:’é.&lu only ¢o o idnitod ontont, :

convortor olag (12007C) Sp. the 22 to 5 629/ce

Atomotto { COF Qu ) Spe the D2  Dfce

Ceppor Spe the 7o Dfcc
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3, buring convopslon o{ago, convortor copor
45 formod only whan tho mateo consieto mootly of CugSe

wm :
3,, Tho procops 4o continuous oo ghut down tinos

' oo eMﬁ.ﬁcm&, hoat lasamz rﬁn&mﬁooﬂ and thosmnl thmfm
prasc u.maliv ammﬂ.mtod,.

& Refzootosy Mfo &6 moxa bacmaw Lo zono of
hﬁghesi ﬁmomm o In tho oquﬂ.em‘:. z’.s in th:: ccni:m
uf tho m&ﬁ.

B maﬁ&ng of mnﬁo*&a& into tho oot can bo dono
mm&.numss}m

N slag fnmua havo ¢anp amtivn&s; low doopor
sontonts .

8 [uot loosos are loss end wasto gas 4o Mgh
in Eaa_pmteuﬁ which ¢an bo vecd for tas% monufnttu s

{iv)

pilot plont awmm( 27’ havo boon done for
smelting coppor concontratos dzcetly 4n o Pologo «
¢adth convortoss, Tho ponvoodor tmoltlng cyclo s
startod vAth oprodnatoly 10 tons of moltan slato
nagto ébmt £ W 0 pasecont O !ﬁﬁﬁi’z was Obtofinod from
blant futnatoy mavobbomatony furngco oo oZo::txz&c cmoltdng
fumeco.  Tho conaontrate and fiun are chargod thecugh
o potraciable chuto, sotine than fooding lazpo cuenticlos.
of flux ceparately ob vidoly mpacod intorvale Onygon
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- enzdcind blost woo blovm at 4 €0 5 Kg. por Sqg o at &
alzblow of 70 cuble o por mdnuto ond onygon flow of
20 cublc n por odmutes The 0, concontzation in tho
onrdched blaot wao 3345 pozcond,

Tvo otops dn convortdng

s \

go { or snolfdng )

Tho grode of matto gredually docronsos cucdng
tho chazging of cappor concontratos 4nto tho corvo-ton,
but the grade ogodn fncronsos duzlng tho subscaient charge
ing of sil€a flun,

Puzrthor gnelting of concentrates 4o no longoz
possiblo at white matte oinge has badn rogthed, Tho
whito natio charge ¢ biown o bligter cOppoLe

Sdoplo floophoot for teooting coppor concontoate,

L

el  and flun oconoy.

P

S Production of Blistor cospor foan concentzate
in ono eluplo 6%ps

4 Boonuaic resovory of “S° oo (L8, fron high
grade 20,5 gros

Se  Low copldtol coste

{a) Tho otocply rioling cost of tho lorgor bateh



(b)

(c)

(q)

{ o)

{£)

s

Tha Megh daat: o largoe erands, Dolltay oysioms,
lodios, lodbo nepolr ohops ote, “iccegdazy foo
bateh handling of Yquid productis.

Thoe doallzo SO coononlico 4n olze xoguiznmonto,
foundations and uildinuns

Tho noGoosity <o goduso heﬁ':; lopsos snd to utliiso
mordouwn csonany dn fucl ond cleotolic pouos congune
ption,

i
|
|

The moso aophioticotod and relinblo instmunchtation
and genoeally olmplox contool in contdnuous processos,
The groator mmbiliﬁg Lo autonation and contoe
guent roduction An nan pownr rocuiraionts

In tozers procoss all the etips are porfomod 4n g
ﬂmg;le fumoto. This prosops hao now gone thrasgh the pliot
plant otage 4n oideh fusnocos hove boon morgtod continucuoly
for upto gt woako in nino tmnpaﬁéam Plans pno now cmploma ‘
tor mtw into fammmmmim avoluatlien phaots Ao phown
in V3ce 2014 tho fusncco 3o dividod dnto throo sonoce

L A ma}.mng cono vACh funstlons oindlar $o rovosrborates
o blost fumnotos

Za A Convortdng sono vAth functliong clailor to convondle
Omd convastor but oposoting contimuouoly ond vdth o hocloontal
oo woll ag vorticsl ecmpoolition gradiont modntalnods

S A 0lnp = 0oClo opoarnRen 2000
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in oddition thoro 4o on gusdliacy chambor of
tho ond of <he ¢onvorting brzaneh and into wiich motalle
coppor vAth-obout 1 poxeont culphur flows through a botta
pansage fran the coppor woll, If doplzod, furthor sofining
Aash rogpesd to culphur ond pomo othor clamento con bo
gffectod 4n Chlo chanbor boforo tho notal flows an b

bo caot nto onedoo and othos shepons
¢! /

In ¢ho pilot plant ﬁézibﬁ.n copon in nl:::) voluog
balov 0y 4 pexeent have boon bt ovad and 4¢ Ao confldantly
omoectod that vhth lavgor furnato and groantor omporioncs
cAth rofucing trontnont oorg attzactive figupos for coppor
losoon vAX bo gohiovods

1. Rodusiion &n slto roguizencnis, foundation and
mufildings for tho onolton.

2 The olimingtion of Ltho ncoopsity for roaoting or
sintoring aohond of coolidng

3, The oMntnatdon of handlfing of ologos

4, doduction in el congurpiion,

S ledustion dn mon power rogizcacnts oo o poould
of lopsor Gponatdons.

6o Inczoosod uoe of sutomotion,

7¢ A 0llpht Jovasing of coppor lonsos An slogs and Cugls

Qs Lapo coplital cost and poooldblility of comutor
* controb.



Ay of oathmaotdcs) nodol 4s to ¢

(1) yiold o dynanic wocord of veoction matdie
(23) havo 2 Enocladge of convertor contonts
(424) peoediet end pointo
Incividual convorter eporatdong aro contoollod by

(1) qualdty and quantily ;m? irmput natodals
{2) slr flov zotes o
{3) dopth of blovfing
(4} bath temposaturo
{9) flun gddicdon zatos
(6) sltmming quelity
and {7} cxano sorvico.

| Tinge varieblon are fntoxrolated as hath tamporaturo
ig roloted o tle oddatlon reacticn patos which gno related
o olrficw zatony depth of bloving otce

Tho otopg dnvolved dn fothomaticall lodelling oro
ag follows

(A) Reviow of Zundmontal Gpozationss
(B} Anolyets of zomirod infommolidon,
(C) Davolopnont of pratess ntacuzomant inpuliss
{D) oavamamonﬁ of mothanatical oquatioas.
(E) l'odol construstdon,
{F) Caputor progeamo nodold
end  (G) Camutor slonlyplon of actwel eporations,
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1% 45 nocosoory 0 havo continuous NCasUTEIONLs
of vaclous varlaobles in ¢he convorter g0 as to dovelep
o ochccmii;xg dnfornation ond sutematic controls ovor
flunr cddition ratos, dopth of blowing and alr £l6w potoos
Thomocynmie mprosch was found to bo more suliablo 4n
doveloning the nathamaticsl modols

(A}

Fipot otor was to congidor tho fundanmondal miaﬁcng
onvelvod dn ¢ho convostor 4.0, olog phase rogctions, fhnish
phooe rasetions, mrs;ﬁms.m' roastion of FeS bofora Cu,ys
orddotion and groas noatoriol bolonco. |

{D)

Analyols wan modo es follows to got informotdon
roquired of ald thy paremotors throughout o charge cyclos
(o} Mality and onalyods of oach moterdal inpul to
4 convorton.
{b} A contimous noasuranont of converting ratos based
Gn gos ¢xd tapocaluzo balonceo,
(c) uolity and polycio of ench matomdal ocutput fron
a convonton,

{d} Oporoting Caposatusos

Crano wil hing dovicon moro used £or natonial imputs
and cutpults ond £flow nator £oor aleflow ratog. ilotonfonl
analysds vos dono fth Xeray tcshnicuos or chonleal nothodo,
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Bath tapozatuco and stach gas tamporatusd wore nepsurod
il tho holp of Hadiatlon pyzenetor or thomoctuplos

(9

Tho Enput data wao comwertod into ugoble fomm
by puttdng 8¢ in fomm of cguationo,.

e eqiéﬁiana ane aseangoed in socuonca comvocponde
ing 0 mezetios Lt oocur in o thasgo cycln, Procosp
contool inforaation was eolculotod for eoch 10 mimutos
theoughout o chazpo Cyelos

{F)

- Tho eqputor paogeatme was pepored mad vediton
&n Footean lonoaage to process punch cavds Amut dote,
$.0v, for offlino cooputer cpplicatlons,

{c)

Al noconsany iaotounonts and moncuraicat dovices
are Snotallcd on Sho cOWOSL0m -{:mputqr proecoss doto 4o
colicctod for 10 gonvortor change wcma; Godod Snfomation -
was platod on punch cards. Caputer prégromie of tho
noded o stordd in capuling naery and change cyelo docko
e propantds.  Cosonsony nodol roavislons voze nado ond
tostod by moprococsing tho 20 batehog of dnsut dotoe

50 4s poon tho povicod mathmatical nmodal zomrosets
tho octus} comvootor eporations.
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A mnbae of dnvantigationa ‘30) havo boon undortalen
with zogand €0 ¢h2 motal culphido oloctrodes in ajuotus Hiutdon
rabodz, in collebosation vfch Hoddack and fopbet, ¢orricd
ot oh o wasm.ga&m of motol oulphide clettrodes in
aqueoss colutions Aecording to those workorg, the olcctove
chenlcal bohoviaur of heavy motel culphldo olectrodos &n
BqUOOUS solutlon Lo 4afluoncod by tho noneptoichianotelc
mgosy wilplue in $hoso motexiale,

Lﬁsﬁlzamv and VYogioov found that vhth Lncreaning
cerpozainee the voltago of ¢old dewezméd ond ¢ho ylold
“incrocoed &n tho onedic digsolution of QUyS In ulD,

lecxcf;wlwe. m:mcﬁ;ng to Chizhihov and Coworliors,
- exposimonto dn tho ancdie solubdlity of colphico olloys
~ond nattes have conflimod <ho possdbllicy of Gasolving and
genarating tho voluablo cmpd onto,

aope and uazm‘ ) uscd oollon Oua‘.s both oo cothodo
end onodo 4n o S0l having nokton BaCl, ao thoe olostrolySo,
and produced puro ceppor at o cathodo and pund sulphup
at Do avwde, curmont offlcloncios bolng ovor S0 poroonds
Tho uso 0fF eeppor notio as o cathodo, hovovory s found
20 poguil dn o posuluo of poseons o and 29 porcont Cue

accentdy dnComant han boan ohown &n (hw qagsl%ca‘iﬁo:z
of Ulte s:xrﬁ.e in cleclemplating €oom a elestrolyilie bath,
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Tho reshod Anvelvos nounting on ultrasondo vibzator 4n

the tonk of m olostzolytle both to Lscadlate the clestredos =
thopaly inetenaing the 2ato of notal dovosdtlen and
inproving ¢hoe consting propertion ( handnoss, flomdbalicy
andd denddCy Jo  Dudloz ond luss found thot coppos hod

a {ino geoln otmeture ond geeator Consllo otronglh whon
¢epoadtod o o vibratdng cothode fom o sulplato colutdon;
ong ;':03;3( J2) roportod Ancreasos 4n curront officioncy and

a deovease dn doposition potontlal whon [H was daposlted

in sn ultzaconic flodd, Tho offccts of ultraconic vibraticas
with vorieus froguoncies in the clectredeposition of Cu md

' Zn £rom cyanide and eal;:oha::a' cloctrolytos havo baon studiod
by konohon ond Sehidofng and Cho anodic dosolution of Cu

in on vltzasonic fiold hao aloo boon gtudied by Moshowgin
and Cowunhors, |

38 v . . k, 9
oAb L0 N L0 € A Yo i S

»Tiv R
""‘, ,‘!’!.‘gﬁ ’

Vonboatodhado and f.lmiimjman( ) hovo dono
studios on o lino cAth uliznsonic dcraddotion uging both
gydindzical ond postonsulor anodose  Osporimonts vAth copporn
matto oo anode wmro cagried e on o largo scale. o
wlioasonle powor swpply { Dawo Instrunents L0de ) vASh on
U cx':‘ EI)Q" U ond a froquensy of 4 IB/sce was used
{ sioen in F20e. 263 )a

Venliatashalan ond fallikazjunen Ceuad Chat tho
officlonsy of the clescduilden of tho notal wno groatost
at the lowoeot cuzzent donsity. Tho voltage of ¢ bath



FigaPschematic dig-
gram of electrolysis
cell.1 copper matte
anode: 2 copper cathodes:

4 thermometer: 5 electro-

lyte lovel -6 Support for

anode:7 cathode Supp-
ort.

Fig23dschematic diagram
of ultrasonic system

I cable to ultrasonic gen-, =

erator: 2 water bath SEErEa

3 ultrasonic transducer P TTTSEREEE ==k

4 stainless steel cone: _ ]

5 CuZS anode :6 copper *_é%__,

cathode .
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aloo Ancoeaned cAth Sho progfoss of olcsiedlyclc. . ThoOy
aloo feund that tho 1,80, concentration did not affest tho
catiote curront offichkcenoy but tho cathedic current
offichonsy Inczoasod th tho concentzatien of coppors

Ln cleoctoolytic bath ond attolned mprodnatoly congtans |
voluog thoronfton. Tho 508 w uaéﬂ by they s os ghowmn
A0 T20 Zele

Al oG fong et

fo zepoctod by Chiabiloy cad Co-trkeRs Quys
45 an olcstronic concuctor in both the solid ond nolton
obolo.

Sul 31} culphide Lo a scmdconductor chovfing on
oictptionally Bgh elocizenic conductivity oo caspazod
o notals

aa(11) misttedt 3 1s convorted to Sull) sulphide
ot oliwalted ¢opporatizes Ln Cho prosence of sir, and at lowon
tauporature in g i, aticsphosd

?mﬁaatﬂ.m of conpox 4o tho fingt otop in tho
procons of mwodle closelullon,

BusS » 20 » Cut & Qus (2:1)

Por o ghoot (Snp, 3¢ vdldi Do 350 pocont onodie
offlicioney for the losolutlion gt tho Jownst cugsent
donsliGye A8 Ttho fAln of w8 fomod, Uhn eaodo potentlal
2oos tAth tho dlochango of OH fenc 2eading to omygon
ovolution.
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20H w20 » HO+ O (22)
Coppor dlopolution takos pleto by tho Choodeal
ouidation of Cus and CuyS by tho onygon ovolved as

Qg8 ¢ 2 0p ¢ 21,80, ® 200, ¢ S0, 200 (24)
. Tiho eulphur ot tho anode can bo oxddizod by
whio oxyaon as

S4 0y » g { 2 5)
§¢ 30% 1P =I1LE0, (26)

| Honce tho pnount of sludgo 4o novdoun at tho
lowost curpont donolty vidoh 4s ooscsloted vith tho leaot
oxldatdons

The Fod of tho amodo ¢an discolve hoth Chomienlly
and cloctrochanically as

Fos # IS0, = FosO, ¢ WS (2,7)
Fog «20 = Fcf’”' + 8§ / {2:8)

Tho 5% $ons con intoract rAth qu® fons 4n
golutdon an woll as m:ﬂdiaod ot the onodo o

88" & uS w Qug {2.9)
ST« 20 ® 5 {2 10)

Tho Fo® Lon con bo omdinod to tho o lon by
the aquation glvon bolow



4F00, 4 2MpS0, + 0y & 2Fe ,(80,) 5 ¢ L0 (2.11)

Elestmmiﬁgz oridation of Fof* at v ariade talog

plato as Fo¥ o 0 e Fo¥* (2.12)
The offoct of forsie Son s cosonciolly Chumicol

-to disgolvo tho coppor of the cathodo and thus 44 scto a0

a hammful impurity
280 o Cu = 2F0 » | (213)
Tho loso in cathodic cuzzent officlonty con bo |

attxibutod to the rodustion of Fo® dons to Fof Lons ot

the ¢athodo, but no eoprolation hos blea mado yols

“The equilibzium potontials of CGupsous sulphido
and eoppor « Ivon eiattos havo boon ooocuzod 4n solutions
containing cippas donos Tho Quins/Qu™* Couplo do +0. GOV
more posltive than tho cu™ /0 couple. 1¢ has boan

suggostod that tho non ptolchlanetzic Cuprous sulptdds
 bohaves moze nobly on aceount of tha oxcoos S.

Liany aﬁﬁmﬁa have baen mado 20 pocovor motals
and by productslilio § in clmeontal fom directly fem
sulphido orco. Tho warlous procossos dovalcped 4n an
attempt $0 achicve ¢this havo boon ravioved by Habaghis
A8 good olocizonlc conductorg, tho sulphides pmﬁcxnﬁ no
difficulilos ¢o tholr ugo as anodos,



tirabatz in colloboration vdth Hoddack ond Horbst carriod
cut on invootigation of motsl eulphide oloctrodes in aqueous
‘solutdong, Thoy feund tho oloctrochenicol propertico of hoovy
motol sulphddos 4n gquocus solutions to be Lnfluencod by, tho
p#eamaa of nonwgtoichdanotric oncess sulphug in tkmo.mww
iolgy The mlphﬁﬁ.dé ‘exaatm‘iea diffor fzam o nomol oloctrode
“pyston in that only a minu{o Porsdalc cuspent con flow uwithe
out a copploto oxhaustion of the ovollablo oxcoss sulphur ond
a ¢orpopponding altorastion 4n ths composition of tho olcctrode
gurfaco, | | |

1t was obsdrvod that many motol sulphide olestrodos
in contsct with solution sartalning the | corrogponding cations
eptablish o rovorgible potential, Sinilar to the cloctroe
motdve soxdes in casia of notalo, tho motsl sulphides were algo
ﬁ”wmﬁ o hove thofr o anf gorios, The roversible poteone
tials ostoblishod by tho metol eculphidos 4n aontm:ﬁw&ih
solutdons carteining the cozrosponding cotions havo, hovovos,
boen found to bo noxo noble than thoso cstablishod by the
rogpestivo poront notale, tioroovory nony of tho modol
sulphddon in colutlons contalning tho difforont contentration
of tho cptlong ohowod the elcetrodo petontial teo bo gwernfed

by tho soluto asctivity in accondanco vAth tho Nerust rolationship.

Thic oquilibriun potontials oolablishad by tho nmatio
olectredos in difforont solutions of varlouag concontration
havo bocn otudied for culphate oloctrolyto ( 100 o/L



o 0 »

1,S0, ond 113 Cudl, 5iL0 ) and chlovdde clectrolyto
( 200 ¢/L flaCl and 1 11 QuCl, 2HPO ).

It hao boon zeported that oquilibziun potontial
vdth Cu§0y 4o groator thon oquilibriun potonidal vACh
104 o/t 4,80, and aloo oquilibriun potential with uCl,
o gooactr than ﬁqﬁﬁlﬁ.bﬁm potantial vACh 100 ofL i1aCl.

The dnfluonco of curront dongliy 1o cubstanidnd,
the nadoun Guzront off i cioney' 0} io obtolnod ot tho
lowest curront donoltye AL ooy poartdcular tonposature the
total curvent utilizod for tho dissolution of natte
anode 1o found %o docroaso with incroasing curzont dengliy,
In ghort, tho officioncy of coopor dissolution decTvasos
conoldapably vdth Lncroasing cuzzont doncity.

But the curront donpddy can not boe decroasod
ndogfind{oly for {ho ouipul of noosucts wfll Lo vony
amall ond Cho Smacily of tho plont . vALLl bo lowdzods
Thug tho current donolly should bo kopt at on optimun valuo,
and not pafgcod too high go

{2} To ovodd clnulonocmus dhoohasgo of B fons wideh
sousos tho dasoodd to bo gyengy, diogolution of denooldl and
focilitato tho hydrolyado of cupress calphato, |

{b) 7o avold tho roduetien rogction QU™ 2 0 e m‘@
el Loze curpeat donolly.



The voltago of the bath ﬁncﬁeasoa vfith tho
progross of clecrolyoisy 4¢ tho zoto of attolment
of tho Mghiz voltage 46 fostor, tho groator 4o tho
cusront donsdly. Tho docronos in ¢ho coll voltage
oboozuod after none tinmo may bo due o tho leoponing
o ths gnodle €iim,

In clestzorofining tho cnomgy sbsorbod in iibose
ating tho sgppor ot tho ¢nthodo &5 countor baloncod by
the enopgy genoroted in disoolving cappor ot the cnodop -
£40s oqilibriuz potontdal of the onode and cathodo axo
practically some ( Ba «» BEc = 0 )y Thug tho voliagd netow
ssary for the oloctsorolining 4o ¢ho oun of tho voltage
Lo wamme tho rosistanco of @lﬁctmlvﬁﬁy cloetrodon,
slino clinging to tho anodo and nlso tho contoet soolotences,

The caposition of oloctoolyto ond opozating
eondlilong oo 0o adfucted 00 as o atidin nindoun dopoge
itdon of dmpuritios vAch bigh cupsont ond onoray of fichonoy.

In novy boths pdddtlong of acide are nado L0 lowon
¢ho roolotonco of thy olcotrolyte, Tho peotontiol drop
theeugh Cho olcetrolyto Atnoldd 8o XoueoCd for ¢tho oeo
cugoont donolly. It 40 not posoiblo <o k:hanga tho
goncuctlvity of solution vhthaud nakling changos in g
othor propostios sueh as tho notol Son conconfratdon,



Tho odeitdon of M50, to Cusdy oolutlon incroascs tho
concuciivity, but tho cmmon fon offoct detrcasos tho
cu”® don concondoatione Tho ndvgnbages of acldifying
Soppor sulphate solutdcen azo oo Folloso 1

(1) 1t &ncroocos mm_can&:mmce of tho bathe

(22) It inhoblto {2 hydrolyoic of Cuprous Sulphotcs

(243) 1% ¢iosolvos port of thn conpor seporatod in
¢ho bull of Cho bath,

The alostroly¢o gharld not havo Soo bigh o concane
tention of QuId, othordeo 41 vAll fnczease tho zoslstonce
of the Dath and congsouuontly tho curront officioney will
bo loponods Ginflarly the concentration of tho bath
sheuid not foll bolow o costoln voluo othoweded Iff «A11
start doposdting olong vAth 01 fone. Vory low natol
concondsation yiold povdony doposito ovon at low cuzront
donsidy. Saoll ooounte of golotinod and guns oo genozally
addod to ¢ho both o dmpoove Cho physleal choractoriotdcs
of deposdto. |

(4)

Tamoraturo affocto tho zecovory OF soppor fom
ratto dn ¢ho follofing voys ¢
{1) 3¢ &ncronoos tho conductance ©f ¢ho both,
{£3) Iv dninlsins ¢ho poloootion of okoctzodos,
hengo lydrogon ovoz woltago ond psatiplitation of o::%;ﬁan
L8 Cocnons0ds
{314) It incrcapos tho Chonfcal colubdiliy of tho anodo.



o 53 -

{iv) 1% incrcaocs tho chemical dissolution of
dopooitod motal ol cathodes

(v} It dnindghos tho cdl voltage,

Tho not overall offect 4o to incroges tho curzent
efficionoy § at any porticular curzent dansi y _&ha cuzrrent
efflclonoy Increnges vdih Lncrossing Laiparaiuic.



FOITULATION OF THZ PROLEY.

1¢ hap boon olready cotablisched that tho ot of
convarting can bo Dypaosed by direst oloctoonafining of
coopor foon motlce  Tho moin advantoges balng moduction
in otons of tho procogss, oconmy 4¢ oloctohe powns &0
chomdy avalloblo, modcllon in mopowes, 2ocs Capital
coot ¢d cavia, An WAoo, Za hlo process thone oo mony
vazlalbdog o offoet ©f oil Lhogo, in tho propont wosl,
havo boea pluddod co oo to obtcdn Sho boot condd tlons for
Dorin sesoveny of Gappor {500 oottos  The voecdablos
pisdiod aro as follovs |

V1) Cuzmont donpity
{i8) clestredo distonco
(233) Doth canpoolieion
{0} Chonglng OB, concontration of both
(b) Chamglng 1,80, concontraticn of bath
{c) Only L0, 2n Datis

Blestrodndng wng dorw cdih opasnte nalio dloctsodas
cpot oo noatto obtodnod foom 1,00 Ghintollos Tho otudy
cf tho feadbllicy of thilp procons vhisch Lg, though, ot
praont conflngd Co pllot plont and lokozalosy obagos,
pocalsos € ronching consocu ot

o8 hmo Lo egocted &a litomowiro that tho omoeldling
0a0Go 09 I} oo convesiling ologo dnveriably contpln gano



. o5

eacunt of coppoz Githor in odide, sulphido ox gliicato

fom, g coppol contont Gan bo a5 bigh as a 3 poreent

in caoe of mnvcm:mr‘mi pm:mﬁ. Latoly nony now tochnolos
- glenl dovolepnonts hovo taken placo 4n tho profuction of
coros onvalving Joos lops of covpor dn olng oo slag ¢on

act oo a gmzco of ¢oppozs T rocovesy OF coppor frm elrg
8o caly pooodbio aftor cominutien and {lotation gonsine
Coatlicon  Tho clog foon Jhotodldo plont wao Obtoined ond A5
wao cubjested 0 bonoficlotlon and an oftaspt wag nado

to gob tn concantnoto aftor flotatlic.



.5 .

Shptor 4

EXo CRENTONTAL TORK 3

in <he present woshk on attompt wao nodo L0 sudy
the z2osovery of copper £ron olog ¢ and oadtos ohiainod
£ran Zaceley Ghatsllo, Slog wos flratly graund and
slizod and ¢hon ¢ wop eubjocted o (lotation for cone
goniratdons lgbtite tas caot &n tho fom of oloclrodes and
coppor was dopocitod on puto ceppor cathodo in cldstrolytic
bath and effect of various varfoblos wem $tudiod by {lnding
Cathodic curpont officionsy,.

fao coppor slag of the follovdng avernge analyois
wao veod for opocinenial wosk,

© Constituent
mnoe | '
Sulphur D
iron | i M)
silboon 204D




2osaoosiun Biwl- Xonthatwe in tho fomm of solutlion
{( 280 oft. ) tao used as collostor for thy flotaticn of
gpound olags i |

() Rinogd s

pino o1l vne usod os a feothing agente

{c)
Thls wag ugoed ( stoength baing Y30 ) for tho pumposo
of pH conteol, |

42,3 £p
The motto oo oblainad fran X, CaCe, Ghatella having
the foklowdng camogitlon,.

GonoYiaento Pocsont
L L e L s o asssyipini - s
Qu A2 %
e | 2LVnb
S 24,9

Q4 [hostzolutq ¢
Cheallcodly puro conpor sulnhato coyotalo ond qulpbusic
acld { cpeelfic geavity L84 ) woro ubod (o poxmare olextirolyto.



42e5 Coll

Coll was moade fron Cu 5 oo thick pozppon shoot
as shomn in Figuso, Chlorofom and "Dobesivo® adhosivo
woze wod for joining purhood,
%26 Pupo coppor cheets of 2 sy Chiclnioes wire used ng
cathodo for natto 2ofinino,  Anodoo waro ennd ¢oaot foan
ceCa e v ohataldo.
IV 2 {loghod s
421 oushiog ¢

tho olag was dn ¢ho luwpy fom ond for Qucthor
toooiment it had ¢o be crushod, £¢ vas czuchod An Donvor
Laedorguozy ancifilcation boaring roll cmuohox. The slag
was czushod 0 o ¢igo of ninus 10 noshe

Aftoz cruohing, tha olan moo slorged Anto the
bodl mil) chewo 3¢ wao subjoctod to doy drindlng by moans
of otool balls of dfforont dimotore €or 2 hourgs

4 20 Gloving 3

tho ground olog o oopasated 8a slzoo rancing
£3en nieoh 16 B Lo 350 wih Cho holp of a clovo chakors
Fox 0% o pumoso U slan of mosh siocs, roncling fem
3% Lo 0 was sakions

deZed; PRpGotden ¢
Afsor gotinding, Sho consontratdon woo dono 4n o
Dewor Ladooatony flototion mashino. Ground olpy of
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/560" pastiedo lco tos takon 4n o stool tonk Lo
21l 1t up 1o Sho glven morhe The optioun condltions
for flotation of the ground siog woro talion foom proviocus
viori: dong in thio dopartmonts 1.G G 0f Potasolun Bihyl
Ronthalo wos odded &n the tonk gnd AL woo conddiionod
for U ndrutog vAth no olr flowm After thip dekd, of
pino oLl was addod in tho tanl and oir vas 1ot into tho
infloving pulp for O mimuSos. Hooll was pdded <o pulp
for naintalning pii valuo of oopromdagtoly .2 Tho froth
miz. cctod at tho top of ¢ho tonk was sekd pawovod as
concontratos  The eoppor contont of slog contontsalo wao
dovominegd by tnectromoaplc onolycho wddly UOTA { Bthylono
JLomino Totsn Acotic acld Jo  0.00! QU™ soluifon wag
propared by diosolvior L. on of eoppor ({i3nns ) aftor
vapbdng «idh petrolown othor In 5 ol of coroontration
0o  This was dlesolved to 1 More, It woo stondandioo
vAth GOTA uelng Paot (Qulphon Blach o dndicotor. Thmg
GOTA was stondendfosds Duflfon oF pil 202 wos premozod by
adding 1 1 121 o 350 nl of 1 /1 collun AGOLala,

2 gae Of slop concontrato wg digooived in 1304 and
it woo Aluted Co 1 Mire, Titzotion woo dono by Sakling
10 02 of thig colution of cappor concontrota plus 20 ni
bugfon plus 10 0l 110, Tho wavo leagth ws oot at 745 oo,
rbgorbonco was oosonded oftor overy odditdon of 0.5l of
EOTA md §¢ tns 5tepod rhen absorbanso Bocons coastont. A
plot Ag dzomn botreon phoonbanco ond volume &F WA, o
Lo volwao of EDIA ugod ¥t ancunt o coleulatods



1

wrgﬁ};- -
2

1 nl of 0,08 {1 EDIA 8 B 177 ng of Qu®®

© Tho natto obtalnsd fron I.CuCe, Chotolla was mollod
in o geophlito cwmucible dn g forced dooucht plé Cumngee
aftor which 8¢ was coot dnto modos of eicos G 1 Ceo ulf oo,
Taoonor tino of I diomoetor was pravicusly inpreanatod
fs.ﬁ ¢ho neuld o oot oo o hook for hongdng onodos vhan Codte
Costing vag dond 4n oand nolda, ‘

%G Jopion.and fiohYcashon of

an clezupozollinlay coldl wdAth contmed panel, oo

shovmr &o Vigs 4 ly oo dosianed and Jfoboicatod qut of poone
pont gheots od jolnod ag woton thoht compartamt by neoho of
whlonefozn and "Doboglvo® aciﬁaa&va, T coll hod two {onlio
and tho elo%%%%&ﬁu IR G %iamg by noang of hools nodo £ ) cepHon
%mm sﬁ:ﬁ,ﬁ. condd plido ovor ¢tho kug bar no shovn 4n Pl 22
T clostolc ¢lrcudt vhg capilotod oo shown 4n Flow 4%

Lo &7

Tho anedos woro €26t foan matto ond cathodes wong
cul Joom puoo coppas shaotos  Thoso woze arcangad in tho
cedl, oo ohotm An Fags 45, o40h volaolors 2id rmodors
&n tho clooult,

The follovfing voidablos vono studled So obdatnesd
oyuloun conditiany Coo clootropafinliog:

Tho oRcalovdyvols €031 o 00t O and tho iroond doarn
tas vazlod, T azon of oathodo oposced o clecinOlyio woo
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‘kopt constant by Lacping oloctizode ot finod depth 4n
oloctrolyto. The duration of clectrolysio wag kot
constant for oach obsoxvotion and ¢tho cugrenl deon
was mopousads  Flge B3 shovo the cathodie curzzont
officioey chango cith curront donslly at throo difforont
concentrations of Hy80, { 9 gfL, J0U g/l and 150 o/L ),

(a4)

The olettrolysds coll wao oot cr‘x and tho dstonco
botwoan oloctrodos varded looping cupzont aens&ﬁy, cConcone
tention of eicctmlyta and chamts.m of olocctzrolysis conptont,
Such thyoo cots of obporvatlens were tolen tAth thooo difforent
f:igwﬂ consentrations to £ind tho offoct of clectrodo dlotanco
on cathodie curront offichoney ( Shown &n Mg, 52 ) .

(114)

Tho soncontoation of Qus0, 4n clocizolyto was varfod
Iooping suzvomt denoliy, 1,80, concontratien in elevtrolyto
and olectrodo diotonco constant, Theoo gots of obgorvationo
woze tokon ot different concontrations of 180, ( shown in
Fige 53 )o

(4v) Effoct of 1,90, concontrotion in Eloctrolyto ¢

Tho concontration of 4,80, in olostrolyto wao vorlod
Lecping currzont denolity, Qus0, contentratlon of cloctrolyto
and cloctrode digtanco congtontse Flgs 5.4 chows tho cathoe
dic cugront officloncy chongoe vdth thE80, caﬁcdntmt&an of
ol octrolyto ot throo difforent Cuth, concontyatlond.



Thoe olattrelyte &n the oletfrolyais coll vag

hoated by an olectzic bulb and bath Saxporaturo was auloetics
olly contzollod by moong of zolay. The zoloy cloeuid 4o
shotm in Flow 44 Roodlngs for coppor deposition vozo
tolion ot zoom tapOratuzo and then upwards, at intorvalo
of 10%, kacpling othor varinbles constont for ono sot of
obgorvations. Flg. 5.5 shows the cathodic curront offictonw
ey change vAth tapomoture at theoo diffoment S0, contonw
tzationgs

{vi) Effoct

PILEB LAY

N B X, ]

of L0, concontration wAthout any Cus0,

Observatlons woro taken by sottdng on tho cell
and kooping all the othor varlobles constant onsopt Hy80,
- gontontzation in tho cloctrolyte { shown &n ¥ige Seb Je
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OBSERVATIONS AND RESULYS *
S1 [lotation s

Tohle Sl
ttedght of pine oil (Fiothor ) 052 g/L
meight of »otassiar othyl Hanthote 0.32 o/L
pﬁ . ' 902
Tapoerature ae°c
relght of slag ‘ o 10 ofL
Conditloning tino ' 3 ninutes
Frothing tine | 5 ninutos
pPorcontogo of Cu &n Slag %0
Particle oizo T/t
Coppor pozcont in concantrate 11,3

——  ——— i A A et e e A et
Distance botweon clostmdoes I,

Tine of cloctrolycls 6 oo,
Tamporaturo of bath - o 2%

Aron of cathode inside the aloctrolyte P, 760 a8

Voluna of wator taken *2 5 Le



.?@Q&

Concentration of Cus0, in cloetsolyle o e |
Concontration of HyS0, An dlostrolyto 50 ofL

Lo, cutront  Ouzgeat  GeAghG Of Goppor Gucont

{2 ) ( mps!.tg ciq:?s&%d - e’fi.g%&zmy

B T T T T T
3 0.l 0T 0.4732 G6e 8
o 0,4 . 0,522 1,032  n2
3 0.7 0,932 20904 57,2
3 1.0 1,30 3,108 @8
5 1.3 1,60 81472 32,9
piotonce botwoen clecirodos 3 o,
Timo of olgetrolyoio 6 houzp
Tamporature of bath 2%+ 2%
Azco of Cathedo $noldo tho olottrolyta o;'; 766dnb
velumo ¢f wator tokor 4 - 2 5 Litzon

Conceniratlon of Qus0y in olocteolyto B gae/Litro
Comcn":;mﬁﬂ.an of 1@&04 in olostmolyto 10D gnq/l.ﬁﬁso

oTaTion preseery

T R : e gggfm -
] 5..; mp.) dcmﬁey dfaoa % { o ) ofg! @ﬁiﬂg{
1 0.1 0,150 0. 8402 771
2 0.4 0,522 2,0026 731
3 07 0,912 2,902 5363
4 3,0 1,30 320328 . A2 5
8 .13 1.60 3. 1920 34 5



e

Agbls Se4,
Distonco Dotweon eloctrodes 3 cnge
Timo of cloctrolysis G hourcs
Tapesaluse of bath | w72%
_ ) 00 766 cn?
Area of cathode imida the olectrolyte
voltio of water taken ’ 25 Liires
Concentration of Qsd, in clocizelyte D gmufiitze
Concantration of 4,50, &n cleotrolyte ~ 150 g:m/z.ﬁ.m‘
5141070, mm m mﬁ Cedght of aappew Cuzrsont
{in gps)  donsity depae&itod (4n gno)  officioncy,
{nod ) n{ 5«1’5@ )

1 ok Ou 8956 . B%6

2 0.4 261732 Ten2

3 0,7 3.3234 64,7

4 1.0 3 5500 49,6

8 1,3 37032 2.9
{2y 2




2 100g/ CO\ICE_\J e
o 150/ ATION

100 T

50— .l
N

40 4 ‘* (#3]
, |
i
30 — — — -
&) Ay o C G

current  density (@sd)

LI N r"r'—

G EFFECT OF CURRENT DENSITY
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Tabla 54
Time oF alectrolysis . 6 hro.
Taspozature of bath 30, 2%
nrea of cathodo insido tho clectrelyteos766 dof
Voltmmo of smtoer taken | | L5%
Curront donsity 0* 522 asd

Concontzatden of Qugl, in clostrolyte X o/l
Concontrotion of 15,80, in cloctrolyte 50 g/L

o oot T o T
e Cq%édw(?ﬁ."}" Effiﬁimw.
2 28 Les2 654
3 o 1,9132 | 6702
4 4.0 1 4508 5.1
S 50 11322 2
¢ 60 10204 36,2




Tine of cloctzolycls 6 hougo

Teporatuce 0f bath X2 2%

Aroa of cathodo 4npido tho ez.aﬁtmkfm 0'766 da?

volume of cator tablon 2.5 Litras |

Cuzront donoity Q. &/, 700 %G _ 522 asd

Concentration of Quil, &n olceizolyto D gofiitzo
Concontzatdon of 1LY, fn olcotsolytc 100 guo/Liteo

m AR T

uz..:m. flcatrodo mm of ucront
dlotenes ? aﬁﬁiﬂicﬂwg
- {in ) 092*{;06 in gas). n lin %)
3 20 L5716 LG
-2 29 B9340 G7+ 9
5 $0 2,0024 | 731
4 40 La D16 | 50, 9
8 50 ' 3,118 m.‘mg
6 60 1.0432 2647




Tino of olestsolysln 6 houns,
Torpocaiare 0f bath 20:2%G
Aren of cothodo inolkdo tho oloctzolyto 08760 ia?
voluae of wator taken 2,5 L4t
Guzront o Ovd D04
Gueecnt donsity 04 4/ 766 pod=05223sd
sncetrotion of Cusd, §n oloctralyto 2 gns/Litro
Concontration of iLS0, 40 cloctrolyto 190 gus/Litro
W T floctmods ofant of 00 Quzvoad
el aleals coopor dope officiencyn
{ 4n cmo.) ooltod {in cmse) { 4n 55)
2 20 1,0202 60e 3
2 28 2.,1134 737
3 30 2,3732 T6e2
4 40 1, 9264 677
9 80 1, 2100 4246
6 60 1, 0306 S3ed




o 50 g/1 H, 50
21009/ } CONc:N-m
2150 g/ ATton

100

30

80

JAN
70 X

\ |
W
7

TN
40 , . \?§
Al \i

I

30

S S
o1

electrode distance (cm) ———

1652 EFFECT OF ELECTRODE DISTANCE



w69 w
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Ag tho cusyont densldty woo Incroased { fran 0,130 %o
3,60 A/¢18 ) gt bath temporatuzo of 30 2 2°C, cathodic
cucrent officioncynme found $o docroaso ao ovidont foam
Ao é.z,, The degroone in curpont oﬁfﬂ.cﬂ.orw vdth Ancroacd
1n cuzrent density moy bo otirilutod %o tho reducilon of Qut+
Long ¢o Q¥ st tho cathedo |

A the intomelar distonce véaca ingrogood { fran

2 %0 6 en ) the cuzromt officlonty voo found to intreaso upe
40 an Intprpolor <lstance of sbout 3 (. pnd then 1¢ went
-on docroasdng, Aloo vith chongo In conccatration of 1,50,

{ 20 o/L, m o/L ond 190 ofL } it has boon goon ¢hat thoso
iﬁvam inseoano 4n cuzpont officlonty coxrospondlng Lo {he
sc10 Antorpolar dloences Tho incecase in cusront officimoy
e about 3 On, dplenco may be attributoed So tho dacroapnad
Intorfozronce to impuzdtlos vAth incrogolng volumo of clese
trolyto botwoen thy cloetrodos. Dut as the intempolar
diglonco 4o dncnopood furthor, cathodie cursont officioncy
docooanos probably duo o tho prodminant offoct of rogice
taned Off oloctrolyto in botwoon tho tuo clocliroedos o

Pray tho figs S 9 4t 4o &nforxod That ¢athodic
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" cusromt cZ¢icioncy Sncroadcs ap tho contentratica of
Cus0, 4n solutlon Lncronoo feam 20 0 B gL, I¢

asgumos o conntent value ofter thiw arcund £ oL
concontration of QusOy This may be atleilutod to tha
inczoono 4n Qu’¥ Lon concontration snd aftor O /L
sonsentsation the noglipliblo chengo in curront officloncy
may bo duo to comploto sotupation of Cu™ Lons 4n tho
0locirolytQ, | |

{ 2v)

cugrent officioncy lncreases cAth ¢ha incronse &n Hy80,
concontraticon upto 150 gfl. After thio 4t docxzonoos slouly.
This may bo odtcibuted to tho dissolution of doposited
coppez at tho cathode vith highor concontration of H,y60
Alco vAth tho change &n concantzotion of s, ( B o/l

40 o/l end 0 ofL ) it has baon gaon that *hhm:é is on
insroaso in curpent officloney as tho concontration of

mwﬁ ineronoos.

| 1¢ 3’”. soon foom tho Flgs 55 thot tho offliclicnoy
incroeagos vAth ﬁmroésing Lomposatnte  Tho aaddmin cuzpont
officloncy 45 obtained ot Sho temperatuzo of 60°C, Thio
incrogno in casront officioney vACh GonmpOzaturo may bo
attritutod to tho disoosiotien of oro QuD, in occluilion
a% Mghoz tonporatuses ond thus cemmm%ng noro Qi* fong
Ln solutlon,



tdth Che ¢concontxations of 25, 50, 75 and 100 o/L
of H,S0,4 A 40 found thad tho cathodde cuzront officioncioo
noarly »amain constont ond azo very low { ranoing fron

30,0 t0 32,5 porcont ) pg campared o cloctrolyse bath
having QuS0 This may bo attsiluted to tho glow disse
olutdon of matte in ocolution gnd tihmo lgod consontention
0f it iong,

It hao boen posplble <o obtoln srcund 1), 3 pore
coent coupor in tho concentrato by ua&ng Idation technique
involving colectivo flotatdon of oxddes and sulphidos
pragsont in the fino ground olag, For thy nost officiond
flotation folloving conditlons woro found Lo bo most
sultablo for 130 g of slag camplo s

1,CeCe ©of Votogoodum Bthyl Xaonthato ( 0.32 o/ )
1,Ce G of vido ol ag frothor { C.52 o/L )

pli O 2

Condi tlondng im0 3 pimkos
porcicle sizo | 178/ 3007
Feothing tine o 8 nbmtos

incooaodng the cuantlicy of collactor o onotiitent
 Zovols mosulto 4n doszeasod tocovosy cuc Lo Sho fest thad
slag particlos aro oloo floted wideh dacronsos thn odlcse
tivity of coppor ducdng flotation, Aloo vAth Ancsoaning

fzothing agent, vecovary dessogses ao thy solutdon bocomoo
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gaturated with frothex, Increasing the tine for condi tioning
and frothing cannot effect in anyway the zecovery of

. Gopper fram slag but the decrease in conditioning and |
frothing time affect gs the recovery will not be complets

due to incomplets flotation,

This flotation concentrate can i¢ smelted giving
a proper grada of matte which ¢an be ddrectly electrorefined
to give hghest recovery of copper fron the slgo,
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Chantor 7
CONCLUSIONS

Direst oloctroxofining tochnicuo for tho
rocovory of coppor £ron matto can be used in proctico.
This roducon tho stoms of conventionnl prososs cA¢h logd
copilal cool and oose in porfomonco. Tihs procags Lo
ccontaicod dn cage whon the oloctricity Lo chocply ond
onoi\l‘," avelleble,

In tho progont study cupront officiency ia tokon
as a mesguzo for tho rocovezy of coppor fron the matics .
The influonce of various vaz:iabiea on cothodic curpont
officlency g studiod ond the optimuea conditions ave
obtainod for o particulsr matto compoocition, It is
found that moxdnun cathodic cuzzont officioncy L.0.,
maxdoun pecovozy of coppox ig obtained for

(1) Cuzzont donsdty of 0,10 A/d%,
{41) clostredo distonco of &0 g,

(481) Bath camposition of L ofl Cuso, \ A
: ’ A
0
and 130 ¢/L H,30, consontration. \
o/ 4 ¢ axﬂwlﬂmmpvmmmgwyorﬂmnmﬁ
ROORKEE,

It 1o also found that tho cothodic curzont
ofificioncy increagos vAth the inoregso in tamorgtur.

Fran the studios on slog obtolned fzom I.CuGe
Shiotslls 4¢ cen be concludad that it L pensiblo to
concentrateo the slag £or racovory of coppor from ¢
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Optimun conditlons for goloctive flotation of oxdde
and sulphide coppor in slpg hove boon obtained and

a congentrate vith azound 11,3 pamenﬁ copper has
beon obtained,

Thig concentrate can be mielted to give propor
grade of matte vhich con dircctly be elestrorefined for
ho recovery of copper,
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Thoso 4o considorable seope for futuzo work,
corcednily An natto zofindng widch Lo otdld) 4n ito ine
foncy and has yot to undorgo o coomescial broaltthraugh,
some sugaootlons oganding the advanco study of <his
pProcoss oy bo ag follovs i | |

(1)

| This mothod Lrvolves nounting an ultsasonic Wibzaton
in tho tonk of on oclectrolytic bath to ipwadlate tho cloctzo-
dos theroby increacing the zate of motol depositing,

(44)

Ths use of o dlophrogn voll is voquired whore tho
amda is corroded in & chloride Loth w ofvo mondonm offie
clency for qlosolution, Tho cathode céppor would not o
contzminated by the c?ﬂnmda and tho sathede officicncy
can be mointolned at h‘igh loval, |

(412)

Studlos can be nodo on Looating coppor sofinony
olinop €0 zosover ond goparato precitus motals lilko au,
Ags S0, To, As, BL o%c. aro diodolved 4n matto during

snolting,

(iv) "< G ALY L5 WD TR 53,

Inpuritd os could be semaved and oncagh ¢oppor Loms
oupt be added o bzing the coppor fong of tho olociralyta

£o the ozxlginal lovel by puzification and clzeulpdicn of
electrolyte - .
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(v) Studios mpy be done &n pllot plont stage to
£ind tho occonomic feasibility of dircct rofining procoss
studied by the authosm,

{vi) Conditions of mmeliding tho concontzate for
gotting suitablo composltion of motto can also bo
studled,

The pregont work can also be ontonded to other
notal matios as well, notable among thon aro a rango of
lickol motiess Further, othor wariablos Con bo ¢ludlod
11ke &nfluonce of stirring, additive agents ike gluo and
gelotine,
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