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ABSTRACT

Sadik Tezer, B, Sc,
Middle East Technical University, 1972

The variables affecting the extraction of copper
and zinc from brass-melting dross of MKE Kirikkale

Brass Factory were investigated.

To. produce copper aud zinc, 1eééﬁ—eledffﬁiyéis
method was used. The dross was roasted first, then was
leached with dilute sulphuric acid, and (was purified,
Subsequeiitly the solution was eiectrblyZed usiné

platinum electrodes.

Roasting and leaching temperatures, their
durations, particle size of the dross, liquid to solids
ratio, and acid coiicentration effected the diéééiu%ion
of copper aund zinc during prbéessing; These effééfé
were investigated seperately aud it was found that
,S0, per 100

grams of dross, liquid to solids ratio 6, 180 minutes

optimum conditiois were: 180 grams of H

of roasting aud leaching times respeCtiﬁely;.$Ob°C of
roasting ﬁemperatufe; leachihg tempéraﬁufé'GOOC; and
0.2447 mm. particle size.

Key ‘iords: Brass-Dross, Copper and Zinc Extractiod,

Leachiig.
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Bu galigmada, MKE Kirikkale Piring Fabrikasai
baca killerinceua bakir ve ¢inko dziitleumesinde etkin

degigkenler incelenmigtir.

Bakir ve g¢inko uretuek igin saiyirma - elektroliz
youteminden yararlainalmigtir, Baca kiilleri dnce kavrule
mug, sonra seyreltik sUlfirik asit ile siyrilmig ve
aritilmigtir. Son iglem olarak ¢Gzelti platin elektrods

lar yardimiyla elektroliz edilmigtir.

Kavurma ve siyirma temperatiir ile zamanlari,
baca kili tanecik biliytikliigli, sivi-katil oraui ve asit
derigimi iglew sirasinda bakir ve giunkonun ¢dzlnurligi-
£l etkilenigtir. Bu etkenler birbirinden bagimsiz oia—
rak iucelewmig ve en uygun (optimum) kosullars 100 gram
baca kili igin 180 gr. H2804, sivi-kati orani 6, kavur-
ma zamanl 18C dakika, siyirna zamani 180 dakika, kavur-
ma temperatiirii SOOOC, siyirma temperatiri 60°C we baca
kUlu tanecik blyliklugu O.F47 mm, olarak saptaumaigtir,
Anahtar Kelimeler: Baca Kulii, Bakir ve Gianko Ozutlet-

mesi, Siyirua.
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CHAPT IEZR I

IuTRODUCTION

Most of the copper aiw 2zii.c useu touay for various
puryposes are extracted frown the ores oir coiceiitrates o7
these two netals by pyrowetallursical metiious of

extractioi. and through hyarcietallurzical processes.

At various stajzes ol extractiou, aud later duriig
the na.ufacture of alloyvs iwuvolviug thesze netals soue
coprer aLu ziic are lost to waste products like slags
aid dross. ¥ith the risiig price of netals aud 1i.creasiig
woild detand there ig en iateiizive research effort to
either device wmew procesges or establish the best
cot.viiatioi. of kiiowir methous for the recovery of tliese
metals frow’ such wzaste products.

L.ost copper alloys coitali readily oxidizavle
eleve..ts, such as, 2inc, tl., aluiliidi, LATLESIUL, Qilu
maigaiiese. Upoir meltii.g thie oxides separate almost
completely fron the relt =.:d form & uross. lit some
alloys, such as high ziunc brasses and alwulium brounze,
however the sepacation of the oxiue phase is difficult
aue to tire effects like high surface tewsioi. Thus, the
dross may entrap a cousiuerable amout of metal,
cesultiig il high meltiig losses.

The brass factory operated by LKL at Kirikkule
produces @ lar e anouut of dross thie aualysis of which

is pgivern ii: Table 1.



Table 1 -~ Chemnical A..alysis of MKE DBrass Dross

Llecents wt o
Cu 20,36
Zii 43.70
8102 5.94
51203 4,42
Pb 1.91
-

.e203 C.70
+0t accoui.ted for 5.23

Ifhis thesis ig couwceruned with tvhe wiiaiiing of
copper aird ziuc fron trass-melting dross of hibkwo
Kirikkale Irass Pactory. Followirg brief outline of

extraction miethods is pertine..t to this study.

A~ BETEODS Of COPFoit PRODJUCTION

Coprer may wve extracted from 1ts ores aua
coiicentrates either by smeltiig oirr Ly leaching. In
gei.eral, copger ores rarely coutaii more thau 1 or 2
per cent copper. Table 2 preseiits tlie comtioln copper

miliierals occur...g 1l.. copoer ores more often.

a) Pyrometallurgical ixtraction.

Amongst these, the ores countainiing the sulfide
group rilierals are anmenable to pyrometallurgical
treatuent, owiug, mainly, to the exothermic character
of the reactiouns leadiug to thelr decow.positiow.. A
typical flow-sheet for copper smeltiiig is givei 1L

Figure 1.



COPPER ORE

|

CONCENTRATION
]
|
|
CONCENTRATE TAILINGS
ROASTING To waste
|
GASES ROASTED CONCENTRATE
? SO,‘ Production [
FLUX
] ;

MATTE SMELTING

|

SLAG MATTE
CONVERTING
|
e
FIRE REFINING
99.9 */eCu

ELECTROLYTIC REFINING

Electrolytic Copper
99.99 %Cu

FIG.1-A SIMPLIFIED FLOW-SHEET FOR COPPER SMELTING.
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avle 2 - Imvortaziit Copper lirnerals

Copper co.teut

milceral Chemical Forrnula per cewt
Loruite BCuZS.FeES3 5546
Chalcopyrite CuFeS2 34.6
Chalcocite CuZS 79.9
Covellite CuS 6.5
Azurite 2Cu003.0u(OH)2 55.1
Cuprite Cugo 8.6
Terorite Cu0 9.9
wative copper cu ‘ up to 99.9

b) Hydrowetallurgical sxtractiou

swuerous methods are kiown Tor the extraction of
copper by hyarometallurgical meat:s. The uilt steps
which are comron to all these netiods, however, are

~

the sare aitw cai. be listed ags follows.

1- Bringing the ore, or aily iluteri ediate product to
a state suitable for aissolutioir. This 1s usually
roasting, or calcl..iiig and cai. be omitted wheis the
material at haua contalus the retal soushit i, a soluble

fora.

2- Leaching ii. a suitable solveit.

3—- Purification of tiie leach solution.

4~ Precipitation of ftihe metal either by chiewical os

by electrochemical methous.
-4 -



1- Hoastii.g

woagting is applied iir elther one or the followiig
forrs, oxidiziig, reduciag, sulfatizing or chloridizil.g,
derenting upoi the final desirable form of copper.

Figure 2 shows a roastiiy phase dis ran for copper at
\
J

2
SN : s
{CC C( , plotted o logP,. - logP coordiuates, The
- i \‘OZ 2 02

diagram has beewn drawn for uiuit activities of coudelsed

~

vhases; 1.e., for pure Cu=5~0 syctei . The locatioi. of
lines depicting the bivarient equilibria would shatt
both as a fuunctio. oiF tewperature au ailutlow witl
metals like 1iroi., nickel zud cobalt capable of forming

letal-5-0 gsystemus.

deslecting, ior a momewnt, the aloreme.tioiuec
dilutio.. effects,; the diagram 1i. Figure 2 cau be used
to predaict the vhase chaiges that will take place upou
roastiing at coustaunt tewperature. The uasi.ed lii.e showu
in figure 2 is a cotisercial roastiig course alowg which
the roasted gases awnalyze P + P % 0.21 atu.

802 0o

correspo..ding to the situation whewn roastiug is couducted
with worial air. As seewn frow the diagram hrpothetical
ore coatalaing Cud oily woula uuntergo tlie followiag

. - O
chaiises upoi roastiiig at 7006 C:

s -2a cus -Pu ocu =% cu 0 -%5 cuo.cuso. =S5 Cuso. -is
) 2 4 4
Cu0.Cus0, -E» Cuo.

i
Combiniug tihe ‘roper kicetic data with.the

irforiation given in Figure 2 oue may be able to stop 1a

O

bt

the predouicance area of Cu,.0 or CuSO, or Cul aud tuus
2

4

be 1.. a positioii oF controlliiiy thie Jroducts of roasting.



2—- Leaching

An ore that 1s cousidered suitable for leachil.g
is ouite that does not respoud well to gravity colceatra-

ti0i., flotation, or other simple processes.

Solveints for leachiig include both uclds aiu
bases, as well as sowxe salts, but sulphuric acid 1s by
far the most widely used. This 1s due pactly to 1ts
effectiveness as a solveuat, aiu partly to 1ts wiue
availability and low cost. It is easy to hawdle aid

losses it process are low,

Triere are some wecegsdry reagents 1i leaching
which, like Terrous a..d ferric sulphate, assist 1i. the
tissolutiou reactions without actii.g as the priucipal
solveat. Ferric sulphate helps dissolve a aukber of
copver sulfides, ualld ferrous sulpliate acts as 4

depolarizii.g ageit 1. coprer elecirolysis.

The reactiows by which copper wiuerals zivei il
dable 2 duissolveu i leachilig, eitiher with sulphuric

acid or sulphuric acid plus ferric irow, are as follows:
Azurite:

C i . , %’ i O = } C p 0 t l -

uuB(O})2 (co3>2 3H23b4 3 uso4 + 200, + 41,0
Dorulte: Practically all tle copper cati be

dissolved from bort:ite by leachings with hot acid plus

ferrite sulphate.

Chalcopyrite: Ounly part of the copper 1.

chalcopyrite is soluble 1i acic plus ferric irou, and

-7 - e



evea to get tiis colubility, fiue griwuiling, héating ol

solutioiis, @G & 1low, coubact tilwe are regulreu.

5

Chalcocite:

Cu.S F82(804)3 = Cus + CuSO + 2FeSO4
CuS =+ re. (S0 S
Leé( 4)3

i
Q
&
w
)
~
+
N
o
™

i
n
Q
c
w
O
+
—i"\'
e
®
wn
O
l_
w

Cu.S - 23@2(304)3
ngg;llte:

8! . ) — -y ~ DDA .

cus - *62(804)3 = CuSO, + 27eSC. + S
Cuprite:

ot + T ‘ = CuS0 - Cu - H O
uuZO H2504 Gu 04 Cu hzb

u .o+ Fe (S0,). = CuS0, - 2fe
Cu . + &2( u4)3 Ca504 2 eSO4
Cu,0 - E .30 + I‘eq(SOl;)3 = 20uS0. + H. .0 + 2FeSO

4 2 4

genor}te:

Cul -+ HZSO4 = CuSO4 + h20

Leaching of copper is coudltiouncu by .unber of
Tactors, all of tuoerm cowiown %o tire leachilg of other
etalg as well:s

a- Particle size to which the ore is grouuu

- Counpogition &l streigth of {tihe solvewt

c—= Tilme of countacst

d= Tet.perature of the solveut



In uadditio.. to these factors, the plhysical
crnaracter of the ore aad its origi.. of forwatio..

ircortai.ce.

The object of crushing 2od gricalag for leachlig
is obviougly to periit coatact of solveut and wmlieral,

aiu subsequent removal of solutioinl 1. a reasounzble tiwe.

Crhoice of streasth of golutiow aicd solvewt is a
questio.. of balai.clig severcl ractors. Practically,
tine acilaity of liguors useu for copper leachiing is less
tligw 1C wer cent. I copper loachiwng, this acid cais LOY
be ucutralized completely because coupounug of iroi and
alurinum preciitate from solutiois that are too iiearly

weutral.

Tine of couwtazct is a very iwportait “actor,
especially wheii leachiwny slowly soluble sulphides.
dsuzlly "t.we of cowntact!" iucludes oily that tice durliug
which fresh leach liguor iz broushit i..to cowtact with

the ore,

Tenperature is iwportant siiice the solubility of
copver sulphides ig raised appreciably by licreasiug

he temperature of the solveut carry.ng Terric ii0..

3~ Purificatioii of the Leach Solutioi.

Various n.caiis have beein uevelopeu to purify
lecach solutious prior to eveutual recovery oi the
metale. The electrolyfic a..d the various chenical
methods of preciyitatioa have beew apylied to several

metals,

-9 -



Iron is rewoved frow the solution by pE
adjustments accoruiu.z to the diagram givel. 1. Figure 3.
Ay ferrous iro. preseit 1s first oxidized to the ferric
state with manganese dioxide ant by byarolyslig the

ferric sulphate:

2FeS0, + Ma0, + 2H S0, = PeZ(SO4)3 + MusSo, + 2H,,0

2

re2(504)3 + 21,0 = re(OL)SO4 + H2804

4~ Jinning of Copper from Leach Solutiowu
,

Tlectrolytic recovery of copper from leach
solutions is effected with imsoluble aiioues which are
commoinly rolled antirousial lead. The curreat causes
copyper to plate out o.. the cathode, aiu the electrolyte
is coutinuously depleted 1a copper. Impuritics arce
removed before electrolysis; therefore there is iio
build-up i the cell. The speant electrolyte is sinply

used over agai.. as the solvent 1li: leachlig.

The electrolvites contaii. about 24 to 26 grans per
Yiter of copper aud 20 to 48 grams per liter of sulphuric
acid. Copper deposition efficiewcies are at their best
when the electrolyte cowntailiis more thai: 20 grams per
liter of copper, but a solution of 60 grais per liter of
copoer and 1C grams per liter of acid does .0t coutaill

(4)

sufficieiit acid for good couductivity.

Curreit deisities used rawge from 0.6 to 1.3 aunp.
per sq. dm., although vensities up to 2.1 awmp. per sq.

(4)

dm. have beea used successfully. Current deisity must

be carefully chose. to bala.ce several factors but, 1a

- 10 -
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FIG.3.THE POURBAIX DIAGRAM FOR THE
SYSTEM IRON-WATER AT 25°C
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general, slow deposition at low curreut densities favors
better coudition of the final deposit aud higher curreut
efficieiicy. It 1s possible wider certaian countitions to

Geposit a copper powder by runiing curceut genslty very

high.

Curreant efficieincy 1s simply the ratio of the
amounit of metal deposited in a unit of tine to the
amouats that should have been deposited accordii:g to
Faraday's Law. Oue ampere-hour should yield 1.186 grams
of copper at 100 per ceut efficieucy. Losses of curreiit
can occur because of poor connections, leakage 1n
various parts of the circuit, insufficieut circulation of
electrolyte (which may cause hydrosen to form at the
cathode), or actual short-circuiting of electrodes

through "tree" formatio..

In additioi. to electrowliuauing there are some
cherical methods of precipitatiown, aind they are used to
recover copper whel. the electrolytic recovery is 1ot
desired. Obviously there arc a cousiderable wumber of
theoretically possible precipitants, but oily three are
in actual use. Thege are:

1- Precipitation by iron, usually called

cementation

2- Precipitation as cuprous chloride by metallic
copper frowu solutions carrying chlorine

3- Precipitation from ammonia solutious by

decomposing and driving off the solveiat.

4 simplified flow~sheet for copper hydarowmetallurgy

is given 1i: Figure 4.

- 12 -



COPPER ORE

i

ROASTING -
l
| |
GASES AND DUST ROASTED PRODUCT
!
DUST CATCHING
I
I"—_l_— l
- DUST GASES

To HZSOL Production

r———bu.. Hy SO,
. 1

LEACHING
|
| |
CuSO, SOLUTION RESIDUE
1
To Treatment
IRON REMOVAL
ELECTRIOLYSIS
l l
SPENT ELECTROLYTE CATHODE COPPER

G.4-A SIMPLIFIED FLOW-SHEET FOR COPPER HYDROMETALLURGY.
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B~ MoTHOLS OF ZIaC PRODUCTION

sinc 1s fouwid 1. nature as a few miuerals. The
prii.cipal amoiiz them i1s zinc sulphide, ZuS, kaowu as
sphalerite or zinc blende, and its variety marmatite
which is aL isomorphic mixture of ziuc aid irowu sulphides
(4n, Fe)S. Wext iu importaunce are zinc carboiate ZnCo

3
kiown as smithsonite, and ziac silicate, Zn28104.H20,
called hemimorphite or calamine. The other nii.erals

occur seldon ana are of 1o cormercial value.

The metallurgy of zinc is divided into two fields:
pyrocetallurgy ana hydrometallurgy. The former is mainly
preseunted by the distillation processes, @uid the latter

by the elcctrolytic processes.
1- Roasting of Ziuc Ores

The wali. purpose of roasting zinc ores or
co..Centrates 1s to cowvert the ziic sulphide to ziuc
oxide &@i.d to expel the sulphur dioxiue gas. Accordiungly,
the priucipgal reactioir of conceitrate roasting is:

22nS + 302 = 2400 + 230, 4 223.6 kecal.

2
The ignitiown point of zinc sulphide depends oh

its miineralogical cor position awud grain size. For
practical purposes it may be assumed that the ziuc
sulphide conceintrate ignites at aiywhere between 55000
anu 500°C. The rate of combustioii lucreases with
increasing temperature and uecreases as wore sulphur is
buri.ed out, for the reasou that tile oxide film formiug

onn the surface of each gruia shuts out oxygeii.
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The heat balawnce of the roastiang operation is made
up of the heat input from the combustioin of the sulphides
ai:d the heat losses to the surrouundiings. As the rate of
combustioin ig reduced, heat input per unit time 1is
reduced too aid at certain monent of tine 1t beconies
equal to heat losses. It 1is at this r.oment that the
spoitaneous buruins of the sulphides ceases. Too high a
temperature of roastiwng may cause the particles to siiater
or fuse, which fact would hamper the i..flow.of air to the
sulphides aid the rate of combustion of the sulphur
would drop rapidly.

In roasting, some of the zinmce sulphide 1s oxidized
to ziwnc sulphate; which nay be expressed by the followdiilg

equations:

2802 + 02 = 2803 + 45,2 kecal
2010 + S0 = Zu80, + 55,6 kecal

3 4

The irpurities cowutained in the zinc coilceatrate
are oxidized in roastiiig to form Fe,. O Cu0, Cuo,

2 3’
SbQO and As, 0O The oxices of arsenic auwu austimony

3’ 273"

partly pass of as fumes, aud are partly oxidized to

higher ai.d less volatile oxides.

~

37 ASZO", szO., FGEOB, Siu2
etc, react with the basic oxldes aud carbownates, 1i.e.,
Cd0, FeO, Cul, PpoO, CaCO3 aild MgCO3

zii.c sulphates, arscnates, antimouates, ferrites aud

The acid oxides 80

to form respective

silicates. All of the reactioils here do 0t reach
completiou owing to the fact that either the reacting

materials are ot present in stoilchiowetric proportious,
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or coi:tact betweesw tliem is upset, or the rate of
interactioin is too low. The most detrimental secoudary
reactioius 1ix roastiiyg are those prouuciuag ferrites of
zinc and cadrium ata silicates of leau awd ziuc. The
latter, reacting with the sulphuric aciu 1in the
subsegueitt leaching, form colloidal silicic acid which
hampers filtration aud settling. Zinc Territe, on its
part, reacts with sulphuric acid but slowly, and the
zinc fixed i it does not practically pass into solution.
At low terperatures, the rate of ziuc ferrite formation
ig lusicudficant, but it rapidly iacreases at above
65000. The lar-est quantity of siuc ferrite 1s proauced
i roasting zinc corncentrates containing narmatite for
the reason that i.. marmatite sulphides of ziunc aad iron
make up all isoworphic mixture.
2= Leachli,s of doasteu Product
The priwary purpose of leachiiyr a zilc concentrate

1s to dissolve the zitic oxides

Zin0 + H2SO4 = ZnSO4 + HQO
eing a siuple process ik itself, 1t is
cor.plicated, however, by the simultaineous dissolving of
uitwainted elements and compoutits which have ar adverse
effect on the electrolysis and recovery of zinc. For this
reason, a two-proig approach has to be takeir to the
leaching operation: firstly, to mininize the amouut of
impurities passing 1uto solutiown; secowdly, to puriiy

the solutioili.
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Maiy of the impurities cai. be reduced i amouiit
or elininated by neutraliziug the zinc sulphate solution
n1th zinc oxide, with the formation aund precipitation of
ferric hydroxide, This method 1s cowrmonly callea "iron
purification" and is usually carried out simultaneously
with leachiiig. To this e.u, any ferrous iron present is
first oxidized to the Terric state with mauganese

dioxide aid by hydrolysingz the ferric sulphate:

™ it \ — i (o 1 T
o 9804 + 1‘!1102 + ZHZSC4 *ez\su4)3 "> PnSO4 + 21120

Fe, (30 + 2,0 = 2Fe(OK)S0, + L,S0

2( 4)3 2 (OF) 4 2 4

The first reactiowu is possible in ati acid medium,
therefore, the iron has to be oxidized at the beginiing
of the leachiiag operation. The gecoud reaction is
feasible ouly at the eid of the leaching whein the acid

has beeir cepleted anu the solution 1s almost neutral,

The arset:ic anua antlmoly are renovew from the

solution sirultaneously with iromn,

The principal reactioi: of copper awnd cadmiwa
elimlnation is that of electrolytic reduction: both
copper and cadrium are below ziic 1 the electromotive
series, and zinc replaces them:

2+ ‘ . 2+
Cu + Z2n = Cu + Zn

o
P L 2+
ca + 72 = Cd + Z4i



The purification may be carried out with zinc
dust. More =inc must be addaed tl:an 1s reguired
theoretically to precipitate the coprer and caamium
present for the reasson that some of the ziuc 1s dissolved
due to the reduction of hydrojen ions,, The removal may be
enliai.ceu by ilicreasiny the temperature of the solutioil.

The clarified solution ray be further treated
for the removal of cobalt with sodiun xauthogeiate aid

blue vitriol.

The purified solution ray be treated for the
elimi.ation of chlorii.e which may come from rutding
water or chlori.e~beariig recycled materials., The removal
of chlorine is based oa the precipitatioir of iearly
insoluble chlorides of copper, silver or mercury. Copper
purificatioi. is used 1ii. 1ost cascs; the reagent 1is

freshly deposited cemnent copuer.

The harrful effects of sowme inpurities nay be
moderated by the awdaition of surfuce-active raterials
to tiie electrolyte. These addition ageiits ray be glue,
goulac aud various orgai:ic subdstances. Most often, up
to 0.1 graiw of zlue per litre is adued for tlic purpose.
This, Lowever, doeg ot rake solutioun purificatio.

uiilecessary.,

The cemplete recovery of ziic rejuires ali excess
of sulphuric acia, O:i the otl.cr haiiw, the solutioi

shoula be Leutral towarce the eca of the leaching

O
]

peration 1f¥ the 1row is to be withurawn successfully.

=l

o]

mest these requirecnents the leachiiir operation is

>
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carried out in two stages (double leaching). Zirst,
roasted ore is treated with a slightly acid solution

of Zn804 coirtainiiiz about 100 to 1350 grams of ziuc per
litre anag 1 to 5 grans of free sulphuric acid per litre.
The acid vresewt will wot leach out all of the ziic,
only some of it will pass 1.to the solution which will
be ieutral anca therefore clean of iroir, This stage 1is
callet the ..eutral leach. The 1asoluble resicue of the
meutral stame still carries puch zianc, aud 1t 1s re-—
treated by aepleted electrolyte coutaiuing about 100

grams ol I‘i,SO4 per litre i the secownd stage calleu the

2
acid leach. Towards the end of the secoud stace, the
coiucentratioin of sulphuric acid ii. the solution drops
to 1-5 grzms per litre, aud 1t is used for ueutral

leachingz.

The rate of leachiung depeinds ow the couceutration
of sulphuric aciu. As it 1is higher i1n the acia tha.. il
the ..eutral leach, the bulk of the zinc nasses Litto
solution during the secowd ste-e, The other factors
affecting the ratc of leachiilz ace tenperature, the

grain size of the roasted ore, agitatiou, etc.

As the temperaturc rises, the rate of leaching
l..creaseg due to ail iwcrease 14 the ratc of airffusion
aiid the rate of chewmical reactions betwee.a the sulghuric

acia @..d the solid ziidc coupouilus.

The grai. size of the ore affects the rate of
leaching above all for the reason that the coarse ait
fine particles ciffer i.. chesical cor.positiou. The

coarse particles are mai.ly slaterea zinc sulphides,
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ferrites, aund silicates which react with sulphuric acid
but slowly. Furtheruore, the zinc coirtained 1. the larger
particles passes iuto solution more slowly that the

fines: in the cearse particles the surface of the zinc
cowpoundas ay be isolated from the solutiow by the

gangue, while ia the fine particles it is exposed. As

the graii size decreases, the surface area of solids per
unit weight increases, and the rate of solution is
directly proportional to the surface area of the particles.
This is why coarse-grai:ed materiil should preferably be

regrouwnd prior to leaching.

The agitation of the pulp cousisting of solid
particles ana solvei.t speeds up diffusion. The solid
particles should be always held ii: suspeusiown for better

coutact between their surface and the solvent.

The equipment for leachiug may be either air-
operated or nechanical., I air-operated apparatus, the
pulp is agitated Ly compressed air, aid 1i. techaidcal

equipmeint by a rotary stirrer.

The efficieicy of filtering varies with the
compositioi of the zinc ore belhg treated, roasted and
leaching coixditioi.s. The roastiug of ores high in silica
produces considerable gquantities of ziwuc silicates,
their formatioir increasing dicectly with silica coatent,

aid roasting tewperatures.

The acid leach step destroys the ginc silicates

to form colloidal silicic acid:
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MO0.8510, + B,S0, + (n~l)H20 = SO, + 510,,.0l,0

Colloidal silicic acid, depositing oir the
filtering medium, bridges the pores aiid reduces the
rate of filtrate flow. This detrineuntal effect of silicic
acid oi. filtering may be countrolled by roastii:g at lower
te..peratures aad by coinducting the acia leach at reduced
pH values. The heating of the pulp prior to filteriag

promotes the coagulation of silicic acid.
3— The Electrolysis of the DBeach Solutiol

The purified neutral solutioi which coinnbalils

fons Zno) soi’, Bt and OH™ is subjected to electrolysis.

Poth ions of zinc aud hydrogen can discharge at the

cathode:

.2+ 4.0
whi + 2e = LA ,

=
it

ot 4 2e=H,, E° = 0.00V

On the basis of their electroue poteutials, 1t
would appear that the electrolysis of zinc sulphate
solutiowu would result simply il the decompositioinn of
water with the prowuctiown of hydrogen at the cathode.
This is w0t the case, however, and ziic 1s successfully
recoverea by electrolysis of aqueous electrolytes. The
Pourbaix dizgram for the system Zn—HZO at 2500 is given

in Figure 6.

The explanation lies in that the actual potential

to deposit hydrogen at a ziic electrode is much higher
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thair the theoretical value., This differewce 1is called the
hydrogen overvoltage of a zinc electrode. The hydrogei
overvoltage 1s due to thie fact hydrogeti lons have a lower

rate of discharge thai. have zirc lons.

It 1s esseatial to reduce hydrogeil productioir at
the cathode, for this improves the curreut efficieicy of
electrolysis., To this end, all factors that teiud to
increase the hydrogen overvoltage oil ziiic should be

utilized where possible.

The discharge potential of ziuc iows 1s very

close to that determined by the Nernst Zquatioii:

O

E, =L # (32/aF)laf, C, T ~0.76 + 0.029 logf, C,
where

EO = electrode potenntial;

OZh = ziuc coLceutratioi 1n electrolyte;

fZn = activity of zinc 1ois.

The discharge potential of zlinc 10ils Zrows more
positive as their coucentratiou (or, rather, their

activity) in the solutiow iuncreases.

The aischarge potetitial of hydro_eii 1ows 1is tiie

sum of tune eguilibriun poteuntial awud overvoltagze.

E = - I
4 0.058 lo,ngCH +

where 7, 1g the overvoltage, V.



As electrolysis progresses, the ziiic counceitratiou
in 1t 1s reduced, its acidity increases, aud curreat
efficiency decreases, makings the complete recovery of
zinc from the electrolyte economically unattractive. The
usual practice 1s to withdraw the electrolyte from the
cell after about half the zinc has been recoverea and
the eguivaleit amount of free sulphuric acid has beeu
resenerated, The depleted electrolyte is their used to
leach roasted ore or counceuntrate. The zinc left in the
speiit electrolyte, 1s & ballast oir the process. Thercfore
1t 13 desirable to keep the ambunt of zinc left iir the

electrolvte to a micinum,

A simplifiea flow-sheet for zinc hydrorctallurgy

1s givei 1n Figure 6.
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CEAPTER II
EXPERTL B TAL PROCIZDURE
A- GL.ERAL PROCEDURE

The experimeits of this study were designeua to
deterwrine the proper working conditions for the
extraction of copver ai.d ziuc from brass dross. For this
purpose, the dross was crushed 1i a Jjaw crusher for size
reduction. Later, these sialler plieces were ground ik
roller aund gyratory crushers iu order to obtaiis a
material fine enough for subseguent roastiig experiments;
the grouid product was subjectea to size classificatioid
and the copper aid zianc coutent of each size group were
deteriined ia order to elimiiate errors which might have

arised due to heterogeneous metal distributiown.

ftoasting experimeiits were perforred iun order to
convert metallic copper iiito copper oxide¢ which is more

soluble 1iu HQSO than the foricer, For roastiag a 100 gu.

4
vortion of ground dross was placed 1 a rectangular
silica tray aund inserted into a "Galleikamp" muffle
furi;ace, heated with resistance-~heating elelents. Al air
pump was fitted to the furnace to provide necessary air.
The temperatures within this furiaace were measured aid
raint&ined cownstant to 1500 by meaiws of built-ii

tenperature neasuring and controlling devices,



At the cud of each roasting ruii, the trays were
take. out from the furiace, cooleu to room teumperature,
welsched and leached in water acidulated with sulphuric
gcid, In all leaching cxperimcits the ain. was to
detcrmine the optimum cowditioas of leaching time,
leaching temperature, liguiua to solids ratio anu colceu-
tratioii of the sulphuric acid which aré effective for

comTlete dissolutiot..

Leachiig exreriments were performed iin 2 1t pyrex-—
beakers., The stirring of thie leach solutiows were effected
by an electrically operated device, while the temperatures
during lcaching were kept cowstaut by the use of a Haake
‘ater Dath. For each leaching exzeriment the roasted
proauct was placcu 1 the beaker, tlie proper amount of
water was added, and cohiercial HZSO4 (spopr.1.815 -
1.820, S90%) was enployed <s tue solveut. Upoir turiiiiletioi
of leachiiis the leach solutiois was filterew, the copper

ai.d ziilc coilceintrutions vere wseteriined analytically.
B—- CL:EICAL AJALYSIS

Qualitative Aualysis: Jualitative aialysis of the

sanples were doile by usilng atorlc spuctroscopy methoa.

guei.titative Aralysis: The elenents observed in

gualitative apalysis were analyvzed gquautitatively by
combining pgravimetric, electrolytic aund atomic absorptioi

metiious. Details of these ai:alysis dare givean below.

a) Tiis Dissolve 5 grams of the sample in 40 cc. of
dil. Eﬁ03 (2:1), cover imtcdiately with a watch glass,

aid wheil violeint actionr ceases, boll uwr:til w0 iLore red

O
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fTumes are given off, Place the beaker ou a water bath
aid di~est for 0,5 hour. Dilute with 50 cec. of water
anu filter at owce, 1T the alloy couatalus vhosphorus,
vwashing very thoroushly with 2% Hu03.
Test the last drops of the filtrate with a little
potassivic ferrocyaunide or aummoniuum sulphide solutioriy
Leither solutio. shoula give any precipitate,place the
filter paver and coi:tents i 4 welghed porcelaiis crucible
smoke off the paper and 1gite for 15 nLiliutes 1in the full
heat of a buricer., Cool 11 a desiccator and weight. This

represeists S0, + Sb, 0, + P20 tosether with traces of

2 274 57
Fe, Cu aund Pb. The P and Sb are separetely uetermined,
calculatea to oxides aud subtracted from the above
welght, Thc rerainuaer 1is Smoz. Calculate to S by
multiplyitis with the factor 0.7877.

b) Copper a.d Lead: Dilute the filtrate from the Su

deter:iuation to approximately 200 cc., and add cofic.
I—EnO3 uirtil the solutioi: countains approximately 10%.
Theii aud 1 cc. of coic, H2804. Llectrolyze the solutioii
in a beaker, starting with a currewrt of 2 amperes and
gradually working up to 3 amperes, as tle blue color of
the solution disappears. My usliig statiowary plati.um
electrodes,; contiitue the electrolysis for 45 niiutes.
At the eua of this time stop the rotat.oi: of the
electrodc but do wot turwa off tire electrolysis curreuat.
Lower the beaker aud shut off the current just before
the electrodes come outl of the solutioun. Quickly wash
the electrodes with a streaw of aistilled water from a
wash bottle., iderove and i1mmerse lmnmediately 1 methyl

alcohol. Theu bure. off the alcohol ii. the air, keepiug
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the electrode 1.. coustaunt rnotion, Cool 1. a desiccator
aind weigh., The cathode coitains the Cu 1ii the metallic

state awnd the aunode comtaiils the Pb as Pobl Calculate

2.
the latter to Pb by multiplyiig with thie ewprical factor

Oc66430

Test the solution Tfor cownplete removal of Cu and
Pb by further electrolysis with fresh electrodes and

welgh any further deposit wnich may form.

¢c) Ziiics To the filtrate from The Cu ainu Pb

determinations add 5 cc. (w0t more) of couc. HZSO4 aid

evaporate to the appearaice of SO, fumes. Cool, riuse

3
into a suitable beaker, aud dilute to approximately
15C cc. Adu 50 cc. of 30% 4aOH solutioi and electrolyze

the™y

and & cathode which has beeid plated with Cu. The cathode

oIltion usiiiz @ currc.t of 3 ampercs awnd 2.5 volts,

used previously in the detcrmination of Cu is suitable,
The Zin gzewerally deposits out 1 1Y miuutes. After
welghiing the deposit, however, dissolve off the Ziu i
dil., HC1 (1:1), wash, dry a.d weigh; the. electrolyze
for 10 miiutes more in the same solutiois to iusure the
coniplete removal of all “Zu. The maunipulatiois Tor this
determinction is exactly as iin the Cu detercination ana

the Zin is weigheu as metallic ziic,

Because of difficulties encountered i electrolytic
zinc determination, zinc was latver analized by Atonic
Absorption I ethod. For this purpose a Pye Unicam SPI0O
Atomic Absorptioi. Sgectrophoutonmeter was used at a
wavelength of 213.9 mf7 . Details of awralysie ai:d sample
preperation. were gives in the Ulidicam Absorption Method
an(lB).
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d) Iron: A 500 mg of the dross was placed im a .- -~
beaker, wetted with a few drops of water, and 15 ml of
HC1 was added. The sarple was heatew uear to boiling,
any dark particles remailning unuissolved was attacked
by a few drops of LI additiow. Upoir cooling the solution
was filterea, the filtrate was Leated ou a hot plate.

I.. order to reduce any ferric irolr presewnt to ferrous
state staninous chloride solutioll was adued dropwise
wittil the rellow color of the solution has disappeared,
The excess of stan..ous chloriue was absorbed by 10 ml
of mercuric chloride solutioi: additio... The volumetric
determinatio.. 0T 1row after this sta_ e cousisted 1i1

putting 10 ml 1:5 EZSO 5 ml H PO4, aud a few drops of

4’ 3
diphenylamine bariun sulfoiniate salt iudicator to the
solution ana titratiing it with 0.1 i potassiwa dichromate

to the ei:c poiut.



sxperiiental data obtaii.ed 1ic this work, by
usiig thie methods described 1u previous chapter, are
preselted 1 Tables 3 threouzh 11. These uata are
summarized 1 graphical form in Figures 7 through 20,
The data pertaiu the experiiental fiudiags oii roasting,

leaching and extractioi.
1- X-fay Diffraction Pattern
The raw dross subjected to X-ray diffraction
analysis yizlaed the patteri given in Table 3. Upon
comparisoi. with ASTM card files the peaks were ideutified

as shown in this Table.

Table 3 - X-day bDilfraction desults

26 6 5ine I I/I1 d Peaks
39.90  19.950  0.3420 N 16.6  3.3572 =
48.00  24.000 C.4667  10.8 64.0  2.5162 Zn0
52,20 25.100  0.4410 5.6 50,9 2.6037 4u0
55.10  27.550  0.467C  16.9  100.0  2.4765 %0
73.65  36.825  0.6000 4.0 23.61  1.9111 -
69.60  44.800  G.7060 4.5 26,70  1.6255 -

101.6C  50.450C  0.7760 4.3 25,40 1.4781 -
0

112.30 56,150 C.8310 5
114.380 57.40C 0.8450 2.
135,40 67.700 C.9270 1

Other peaks couldii't be iceantified.

26.60  1.3792 -
14.80  1.3597 -
.5 .86  1.2381 -

1
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2- Copper awnd Ziiic Distribution as a Fuwiction of

Particle Size

The grouwit drose was screened to pass through
differei.t sieves. The copper auad zinc conteunt of four

size groups were determined as shown in Table 4.

Table 4 - Copper and Zinc Distributio. iin Raw

Grouwnd Dross

Particle Size Copper wt % Linc wt %
mm .
0.589 19.62 43.70
0.295 20.36 43.75
0.147 20.04 43.67
0.053 20.00 43.70

Thie copper aund ziuc percentages givei. represeit
air average of three determinatioiis oii each size group

in order to ewusure rep:ioducibility.
3= wffect of roastiug Temperature

100 grau portions of dross were placea iu silica
trays aud roasted for three hours at temperatures BOOOC,
600°C, 700°C, acd 800°C. The particle size was 0.147 mm.
rach roasting product was cooled and later leached

hree hours at room temperature iii water coutaiuniug
105 gr. sulphuric acid with a liquid to solids ratio of
4/1. The copper and zir.c extraction results from these

sanples as a function of roastiung teuperature are shown
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i, Tavle 5. Later 0.295 ., particle size for copper
extraction a.d 0.589 mm. particle size for ziuc
extraction were examiiied witer same roastlig aid
leachiig conditiows to determine the effect of roasting

terperature. These results are «lso tabulatea 1. Table 5.

fable 5- wffect of loastiug Tenperature ou

Copper ailt 4linc “xtractions.

. Particle.Size (mm.)

Roastiug Temp. . Q@.147 . 0.295 0.147  0.589
(°c) Cu Extraction(s) Zn uxtraction(%)
500 45 39 27 32
600 58 47 30 35
700 65 50 51 47
30C 72 40 {3 47

The data given in Table b are showil graphically
in Figures T aud o where copper u.d zli.c extraction are
plotted versus temperature of roastiug, respectively.
These figures inaicate that roastiug arouid 700—80000
is very effective ii takiug wost of the charged copper
into solution awu roastiug arow.d 700°C 1s effective

for zinc.
A— ffect of Particle Siza

Copper =2 .d zinc extracgion through leachling frou
char e prepared with nine differe.Lt size groups are
listed in Table 6, aiuG showi grophically in Tigure 9

and 1C. It is apparect that higher the size red.ction
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greater the ability of copper ahd zinc to undergo the
leaching sction hence we obtaili higher extractions at
smaller pacticle sizes. The unroasted dross was leached
three hours at room temperatufe i water coutaiuiig
105 grams sulphuric acid with & liguid to solids ratio

of 4/1.

Table 6- Effect of Particle Size oi. Copper and

4irnic Extractions

Particle Sige

. - Copper wt %,  _Zinc wt %
0.589 8.5 ‘ 60.50
0.417 9.0 88. 80
0.295 20.1 89.00
0.208 32.5 89.10
0.147 - 43.0 91,60
0.104 48.0 92.60
0:.074 49.0 93.40
0.053 © 51.0 9800
0.033 | 50.0 5. 00

5- Lffect of Roastiig Dline

One of the most important factors influenciig
the economy of this proééss‘is the reteution time.
Therefore a charge containing 100 gr. grouud dross
with a particle size of 0:%47 mm: was subjected to
roasting for differeat reaction periods at 800°C: The
dross was leached three hours a2t room temperature iii

water containiing 105 gr; of sulphuric acid with a liquid

Z 37 =



to solids of 4/1. The copper aid zinc extraction results

at the eid of these durations are listea 1. Table 7.

Table T - Zffect of Roasting Time o Copper aid

sic oxtractious

Joastiuyx Tine Jopper IExtraction sinc Extraction
(minutes) (wt 9s) (wt )
90 53 62
120 64 5
150 70 78
100 72 81
210 72 61

Pata iun Table 7 1s shown graphically iua Figures
11 aud 12. The curves exhibit two distinct portions.
There 1s dicreasiig copper extraction up to 1060 miiutes
of roasting, after which the extractioir remains more
or less coustaut at 72% for Cu woud 81% for 4n. There-
fore owie can choose the optimum roasting tire as three

hours at &OOOC.

liie data presented until here were aesigned to
determine the optimum couaultioi.s of roastiig for the
extraction, The recovery of the metal coilsists of three
steps: (a) a successful roastiiyg, (b) briiging mnetals
iuto an agueous solution, awd (c) electrolytic
deposition of materials. Two sets of expcriuents, the
data of which are presented below, were performed to

determine the workiung counditious for (b).
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6- uwffect of Leach Solution Acidity oir Extractiou

A charge contaiuning 10C grams of dross was
roasted at $00°C for three hours. Upoir coollig the
nroduct was leached in six differeirt solutious, these
were the solutions containing 105, 125, 140, 165, 130,
and 197 grams HZSO ia 400 ml solution. The leacliii:g
tenperature was 25 C, aud the leaching time was 3
hours. The particle size was 0.F47 and 0,417 mm., for

Cu extraction aid 0.¥4% for Zn extraction. The results

are tabulated in Table 8.

Table ¢ - Effect of Leach Solutiowu Acidity oil

Copper a:id ziic Extractioii

Tarticle Size (mm.)

0.147 C.417

H2S04‘ Copper Ixtraction 4iunc fxtractiow
(gr.) (vt ) (wt 5)

105 7 58 67

125 58 42 64

140 55 45 63

165 50 66 65

1380 93 . T4 T4

197 94 74 74

The data shown 1L Table 8 is plotted iun Figures
13 aid 14 shoviing copper and zinc extractious as a
furction of sulphuric aciu couteit of leach solution
respectively. These figures reveal that aun optimum of

~S0

about 100 grams H2

gives highest rcopper and zinc

4
dissolutiown.
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T~ sffect of Leachins Time
()

A charye coutailil.g 100 zrams of dross with a
particle size of C.147 mm. were roasted three hours at
800°¢C. Upoa cooliirg the product was leached at about
4OOC i1it 400 ml, solutioii which COutaiﬂS’ldC grans of
sulphuric acid for 120, 150, 140 and 210 miuutes. The

results are tabulafed oir Table 9,

Table 9 = #ffcct of Leachiiir Time on Copper and

sine sxtractions

Leachiug Time Copper Ixtraction Liie dxtraction
(minutes) o wt %) (wt %)
120 70,76 69.00
150 86,24 73.00
160 91.00 75.0C
210 91.00 75,00

Above data is plotted in Figures 15 acd 16
where copper aiid ziiic dissolution is showa as a
fuiiction of leachi..g tite respectively. These figures
show that at the eid of three hours of leachiug,
Virtually all copper goces iito leach solutiow, and at

the same time 75.00% zii.c goes into le=ch solubtioir.
8~ Bffect of Liguid to Solids Ratio
A charge coutaining 100 grams of dross with a

particle size of 0.147? mm. were roacted three hours at

O - : - ‘
Q0 C, Upon cooliiis the product were leached at about

- 24 -
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0, . , . . .
45°C in a solution that coutaiis 180 gr. sulphuric
acida for thiree hours. The results are tabulated in

Tzble 1C.

Taile 10 -~ &ffect of TLijuld to Solius datio ou

Copwer aand 4inc Lxtraction

Copper Lxtractiou Jinc Lxtraction
Liguida/Solids (wt %) (wt %)
1/2 40,00 25.00
2/1 60.00 55.00
4/1 36.00 75.00
5/1 98.00 77,70
8/1 93,10 77.80

The data shown in Tavle 10 1s plotted iLu
Figures 17 aid 1l¢ where copper & ziwnc dissolutiols 1s
shown as a fuwiction of liguid to solids ratio
respectively. These figures shov thiat with a liguid
to solids ratio of 6 virtually all copper goes iilto
leach solutioi., and with the same ratio arouid T7.70%

ziliic coes into leach solution.
g- &ffect of Leach Tewperature

A charge coutailuiug 100 grams of dross with a
particle size of 0.295 mm., were roasted three hours at
about 800°C. Upo. cooliig the product was leached for
three hours iua 400 ml. solution that contaius 180 grams
sulphuric acid 1 it. The leaching teuperatures were
25, 40, 50, 60 a.d 65°C. The results are tabulated on

Table 11.
- 47 -
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Table 11 -~ &ffect of Leach Temperature on Copper

anc Zinc bExtractions

Leaching Tenperature Cu Extractiou 4 sxtraction
) L (wt ge) (wt %)
25 72.90 72.05
40 87.85 75.55
50 95.0C 76,70
6C 97.85 78.9¢C
65 97.90 78495

The data sho u ia Table 11 is plotted in
figures 19 awnd 20 wheie copper a.d zinc extractionr is
showil as a fuuaction of leaching temperature
respectively. These figures show that at a tewperature
of 6OOC most oi tiie copper present goes into leach
solutiow, ai.G about 78.9Ck zinc (oes iuto leach

solutiot..
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CHAPTER IV
DISCUSSION AND CONCLUSIOWN

With the rising price of copper and zikc and
iucreasing demand of these metals, new processes or
combinations of known methods was established to
recover copper and zinc from waste products such as
slags aud dross. It is important to have anr idea about
the proper working conditions for the extraction and
1t was our aim to determine them. In the determination
of these variables, they were examined independently
from each other, that is, one coudition was changed
and remaining variables were kept constant, and the
optimum condition found is applicable uwuder the
conditions at that stage. In fact the variables are
dependent on each other and any change in one of them
effects the optimum condjtion. For instance it is
possible to obtain a different optimum condition for
particle size 1if we increase the leaching temperature
from 25°C to higher degrees or if we increase the
leaching time. To determine the propér‘wbrking
conditions dependeinitly on each other ﬁééES“a’Very long
time, therefore I limited the experiments and determine

them as mentioned.

Jith the kiowledge obtailLed in expériments and
values given in Tables 1-11 and Figures’7420'optimum
conditions‘for copper extractiown can be listed as
followss -

- 53 -



1- Roasting Temperature: 800°C (from Pige )

2- Particle Size : 0,147 mm, (f;ém Fig.'9)

3~ Roasting Time : 180 minutes (from Fig. 11)
4~ Acid Concentration : 180 grams of sulphuric
acid per 100 gréms of
dross (from Fig. 13).

180 minutes (from Fié, 15)

%)

5~ Leaching Time
6- Liguid to Solids H

Ratio : 6/1 (from Fig. 17)
7- Leaching Temperature: 60°C (from Fig. 19)

Similarly optimum conditions for zinc extraction

can be listed as follows:

1- Roastiiig Temperature: 25°¢ (from Fig. 10)
2— Particle Size : 0.058 mm. (from Fig, 10)
3~ Roasting Time : 180 minutes (from Fig. 12)

4- Acid Concentration 180 grams of sulphuric

oo

acid per 100 grams of
dross (from Fig. 14)
180 minutes (from Fig. 16)

5- Leaching Time

6~ Ligquid to Solids’
Ratio : 6/1 (from Fig. .18)

7- Leaching Temperature: 60°C (from Fig. 20)

The first two optimum conditious, namely roasting
temperature and particle size, of copper and ziuec
extractions are different from each other and others
are same, Therefore to select the proper working
conditions for the extraction of copper and zinc
together, the above conditions must be cousidered to

determine the most economical ones.
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A simplified flow-sheet showing the proposed
method of extraction is developed by counsidering bove

factors, and it is given in Figure 21.

Figure 10 shows that it is possible to extract
zinc up to 98% when no roasting takes place. In this
condition about 50% of the copper was also extracted.

To obtain better reéulﬁs for copper extraction the

dross was roasted but 1n that cage the amount of zinc
extracted were decreased %o lower values., At low
temperatures the rate of zine¢ ferrite formation is
insignificant, but it rapidly increases at above 650°0.
But the formation of zinc ferrite (ZnO.FeZOB) which is
insoluble iu the leach solution depends on the following

factors:

a) Irou conteunt of the dross;

b) The form of copper and zinc in the matrix;
c) Roastiug method;

d) Roasting temperatufg;

e) Roasting time.

Since our dross contains a very small amount of
Fezo3 (about 0,70%) the zinc ferrlte formation was
1n31gniflcant, and an increase in zinc extraction was
obtained as the roastiing temperature was iiicreased as

shown in Figure 8.
Figures 9 and 10 show an increase in the per

cent extraction of two metals as the particle size

decreases. This was expected since the particle size
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decreases, the surface area of golids per unit weight
increases, aud the rate of solution is directly

proportional to the surface area of the particles.

In Figures 11 and 12 au increase increase in the
extraction of copper and zinc was showin as roastiug
time increases, because metals found more tewdency to
convert thewselves iuto a more suitable form for the

leaching.

Jhei the extraction of copper and ziic as a
function of leach solutioun acidity was cousiderea, it
was seen from Figures 13 anc 14 that, the perceut
extractionn for cepper and zinc were decreased as the
amount of sulphuric acid used was increased from 105 to
160 grams for 100 grams of dross, theu the values
obtained was increased as the concentration of the
solution iumcreasew upite 180 grams of HQSO4 for the
same amount of dross. Actually I expected an increase
in the copper and zinc extraction as the lex2h solution
acidity increases but the experiments gave different
results for both particle sizes. In order to have an
exact idea for the extraction values as a function of
leach solution acidity, the experiments wére made three
tines on each size group and in all cases the same

results with an error of +2% were obtaiued.

Figures 15 and 16 show an iuncrease in the per
ceunt extraction of copper aind zinc as the leaching
time increases. This is expected because the time of

coittact of metals with the leach solutioil increases.
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Pigures 17 and 18 show the extraction of copper
and zinc as a fuuction of liguid to solids ratio. ‘hen
this ratio is small the particles have a tendency to
stick together oun each other and the per cent extraction
obtained was very low, since the exposed surface area
of the particles was thus decreased. As the ratio was
increased the dross was effected with the solution more

ebgily and better results were obtained,

Figures 19 and 20 show an increase in the amount
of copper and zinc extraction as the leaching temperature
was increased. This was again expected since an increase
in the leaching temperature increases the rate of
diffusion and the rate of chemical reactions between

the dross auad leaching solution,

In 21l leaching cxperiments the tailings obtained
at the end of filtering process contain sowe amouit of
zi.c that is insoluble in the leaching period if zinec
ferrite formation occurs. A lot of time was spent to
find a process to recover ziic from zinc ferrite, and
some methods were foulid but majority of them were
uneconomical. when the tailings that contain zinc
ferrite were roasted at about 500-550?0 in the atmosphere
of 802 gas, most of the zinc ferrite was coiverted iuto

(17)

ZuS0, that is soluble in water . As the temperature

4
. . 0 .
was lncreased up to 600 C, the iron was also converted

to iroin sulphate.

With considering the proposed method of
extractior which is given in Figure 21, and the optimum
L
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working conditions fouud, copper was extracted up to
98.10% whereas zinc was recovered up to 78.95%. These
values are applicable uader our conditions, and they
are possibly suspectable to changes when the proper

working coundition were determined by cousidering éll

the effects of variables on each others.
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