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A Study on Sulfuric acid leaching and Purification for
Recovery of Valuable metals from Co-Ni cake
Generated from Process of Zinc Production.

Bae, Eun Ok

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The production of zinc has been generally achieved by hydrometallurgy
process. In the process, zinc sulfides(ZnS) are roasted into zinc oxides(ZnO),
and then zinc oxide ores are leached with sulfuric acid. Impurities in leach
solution are removed during purification step, finally, zinc metal can be
electrowon. Purification step is divided into precipitation removed ferric and
ferrous ions converting hydroxide compounds and cementation removed
noble metal such as cadmium, copper, cobalt, nickel using zinc powder. the
cobalt-nickel cake used in this experiments is generated during purification
step removed cobalt and nickel by adding excess of zinc powder much
higher than the stoichiometric amount needed with copper and antimony as
activators. Thus the cobalt-nickel cake contains not only non-reacted zinc
and removed cobalt and nickel during cementation but also copper and
antimony added as activators. Therefore, it is needed to treat

pyrometallurgically and hydrometallurgically. But it is difficult to recover
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only zinc pyrometallurgically because zinc volatilizes with cadmium when
cobalt-nickle cake is roasted at high temperature. Hydrometallurgical
difficulty is that zinc is leached with impurities. It is required to remove
impurities again in another purification stage. The present study is aimed at
investigating the leaching behavior of cadmium, copper, zinc, cobalt, nickle,
lead, antimony from cobalt-nickel cake in sulfuric acid and removal of
cobalt and nickel from synthetic electrolyte included cobalt, nickel, copper

and antimony for recovery of valuable metals.

Cobalt-nickel cake sample was disintegrated and wet-sieved with 150um
sieve. Less than 150um size only used in leaching experiments. The effect
of reaction time(0-180min), temperature(30-90°C), concentration of sulfuric
acid(0.1-1.0M), agitation  speed(200-800rpm), pulp density(10-50g/L) was
investigated. Cementation experiments used 300mL of synthetic electrolyte
were conducted at 70C by adding 3g of zinc power. The effects of

concentration of copper and antimony(30-480ppm) were also investigated.

The result of leaching experiments were more than 99% of cadmium and
zinc were leached in Smin and same ratio of cobalt was leached in 30min,
more than 99% of copper, 97% of nickel, 95% of antimony and about 2%
of lead were leached in 60min at 50C with 400rpm and pulp density 10g/L
in 1.0M sulfuric acid. It is possible to remain lead as a precipitate and
recover cadmium, zinc, copper, cobalt, nickel, antimony in electrolyte. The
result of cementation experiments were 90% of copper and antimony and
30% of cobalt and nickel were removed rapidly from synthetic electrolyte
included 60ppm of cobalt, nickel, copper and antimony at 70°C with pH 4
in bmin. After all of copper and antimony were removed in the early stage
of cementation, removal efficiencies of cobalt and antimony increased to
70% and 78%, respectively, slower than before. Because dissolved zinc ions

in electrolyte prevent cobalt and nickel ions from contacting with zinc pow-

- viii -
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-der surface. The removal efficiency of cobalt has no significant effect on
concentration of copper but increased with concentration of antimony and
removal efficiency of nickel increased with concentration of copper and
antimony.

KEY WORDS: Activators &4 #; Co-Ni cake ZIE-UZA #Ho]=; Cementation A+l
gl o] d; Sulfuric acid leaching &4l <; Purification process & 34
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oldo] A FAHL A HlA(roasting), % Z(eaching), 7 A|(purification),
sz H (electro-winning)2] <=4 =2 +4H thFig. D.

_

oldd AHPo WE AotdF(sphalerite, ZnS)LE Hojlom ko] gajEr
72 AkstolA(ZnO)e 2 wEEErZ] 98] 800-975C A=A 2] (D3 #
Hhgalo] whEl wiAgioh old AR s AAdA AF FHE EeE
gk Aboll &3iE7] 4 FElE HFEH(Van der Pas, 1995).

1

S
| Y

tA

ZnS+ 1.50,— Zn0O + SO, D

g gbstold 2 FAkol A gafjEo]  &atold  Hsjdo] HW(A 2)
{1 H A I F&ES AE AAHresidue)E AT AAHE totd HE|
T EEE2 Asl AFH Al s SAANA AF BE Dhdd FFS
7N1A7] wZel EEwe AAsH] #s FHEHol PostriVan der Pas,

1995; Dreher et al., 2001; Boyanov et al., 2004).

fo

Zn0+ H,S50,—ZnS0O,+ H,O 2

Gatold Hajgeo] AHYFAHL ZHol= F @A olFdeE yFoxith A
HA A= HAWPS o] &35t A ZALo] E(jarosite), 4 (goethite) 2]
FEHE A o]2& AAZT. o] W] HPoERH &M EcEY THA w2t
ARl EA)st= T, Hl&, GEHE, AZ2vkg, Adg, 2dE, 287 5ol
Fx@HVan der Pas, 1995). F WA WA= A7 FE5XEHE
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23 AldE ol Al HE Hlud W2 2E40-70C)MAM Tt=H, T,
UAS AAstE @A A HA ARG & 2X(70C o]h)olA zsf g
784 2 £ &% HUbete] ZTESL ¢ds] AAHA

|49 T, dEHE 5
¥ UAS AAse 7 GAE JAPATh AAIZAHE AX Hf Y o2 HE
AsfzpF ol sl ot I+ F dorn IFH ofde F:=& 9
99.88-99.99% AXolti(Van der Pas, 1995; Nelson et al, 2000b;
St A G B A H] 2, 2015).

Collection @ kmou



Zinc ores

|

[ Roasting ]
!

| Leaching |
|

L S|——— Leachresidues

|
¥

Precipitation |

!

L Sl——» Fecake

]

[ 1st Cementation ]

!

L Sl — & Cd-Cucake
]

[ 2nd Cementation |

!
L 3 + Co—Nicake

Purification [

Purification
filtercake

| Electro-winning |
}

Zinc

Fig. 1 Schematic diagram of zinc production.

Collection @ kmou



< A7) QA e Al dAel FdEE
drd EeEs w59 xHo] g Fasit A T vFY
| Y& WA7] W Eolnt
2 Q) A De ofdel HAHTAHAAN F& TG ofd HE9
T3+ A Q) (standard reduction potential, £°)]t}(Nelson et al., 2000b).
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L13 ZTE-YA HAol=ze A4

A= BEew 55 7IFA oletzm 97| fal AAdFAHoMes I 2
ARlEl o]l BHO R o dAdd 2H EeES AAST o uf ZF A A
AAE Ee=s T 2AYogsE FAE=E I8 F Aorn o
A HFA BE A o] A(purification filtercake)2}al ht},

Fig13 #Zo] AAFAH A= FAAFH AWEHoHdeRE  yrFojAH
ARE ol F TAZ AT, o] wf Hd AN ZE3 A FXT
T2, Hl&, dEE TY F5& FFT JAHdELS EH Aolz(Fe cake)gt A
Adgoldoez XNE o]l TA wet Jt=g-Tto
A o] Z(Cd-Cu cake)?} FLE-U#A # o] =(Co-Ni cake)i‘r gty B =FolAe
AHg ooz AyAE

otde] FAAATH F AAFHAM AREHIM PP BE T GA=
YA B AA Amd w A wAR FAAE A
oz A4ad dutt B Be wFel ojdiwe Bl Faw

=
Farold Asldel F}A NE Telsh ASFe maa A AR

olgle] AG)= ofel Bl oF AwEolHd A weom FIu
solAe W wee AEF AMd A7 JEugler Tale 1
0CoA e 1A Aueold weo] oaafolu el B8l

In+ M* "+ M (5)
In— Zn*" +2e” (6)
M +2e"—M (7
M: Co, Ni

2 24+ -2+
M*T Co*t, N
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A H o T ofdETE &alHa o]o wp IYWE, YA o2 433
AEEo AART. I8y AAE IZYE, YA AMREHlAd w2 w9
g7l "o ZEE, YA X3 AAE S8l HIVMAE vy QHEE
a8 3 78 & A (activators)E AHE-$H(Van der Pas, 1995; Nelson et al.,
2000b ; Boyanov et al., 2004; Yang et al., 2006; Krause & Sandenbergh, 2015).
gy Hl&e] Afele dEERTG ZRE, YA AAS wEA AT 1
=4 wEel AMES AAS L lom RS ofd F2 A™ FAAAAE
el el x2S ARESt QUTh o 2 AHEHolAd o=
AAR SLE-UA Aolas AAE EwES 71=F, IEE, YA B olyg}
ANMAE BJE T, FHEH vhEatA] oF2 ofd E%o] frEo Ak

Table 1 Gibbs free energy and equilibrium constant of reaction in
cementation(HSC chemistry 6.0)

. Gibbs free energy, e
Overall reaction : Equilibrium constant, K
AG7oc
Zn’ + Co*™ — Zn*" + Co° -92.4 kJ/mol 1.2x 10"
Zn’ + NiZ* — Zn* + Ni -102.0 kJ/mol 3.3x10°
- 6 -
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114 IEXE-YA Aol A&

WE-UA Aclael FHE AtEES A AT ATE BE
WE-UA AolaE 4E, ¥E IE FAEH] FES 89

GA)]
s 7]1aL A E el Ad, HA

AT HZA ZHoEZE= 2% 45T, 0.82M 34k, Fin] 250g/L,
2 39e o 17 Tl FFEE 90.3%, oFd 96.9%, U
1

=
Hoj g %—‘811/\17171 %’4%& A& FHORE 2% 25T, 1.22M %MJ, 4]
142.86g/L, 200rpmellA 1AZE & 7l=F, ofd, YA o] % S
g4 FEe A9 &EHA Fe AS FAskArTh. =3F Safazadeh et
al.2009)= ofd, 7t=H, UAY HA=dA7e =59 /MEAH 3FE 9%
g4 wHoz Adeeld < 1 ¢
98.30%, UA 97.50%7} TH &HA Awle|lo]ld WHeE 2% 25C, pH
2-25, WEFES 20rpm 2 Al 180%  F¢F ofATH100cm/L)E o] &3l
98.95%°] 7t=H<S 3t on ZtEHo] 3" &Hd A 80C, pH 3.9-4.1,
50rpm ZZo A 158 B ofd BI-g o] 83k 99.98%<] YAS 3|43kt

Safazadeh and Moradkhani(2010)2 7t=8-4#Z Aola 1lkge 100-1000C
Helol A IAZEEE wjAstal o] FXEst UAS LA Hiad
7hEE-UA Aola T ol ZnSO0A ZnOZ v o™ NiO= NiSO,Z
HAUQD FFERY A$dE COR Fxzd o2 wslrh 7] HE
THEE YATS daxd oz 83T AR 2% 800C oA wji%
L5 25C, &S 500rpm, FuHl 1/8 oA 258 ¢k FAEE YA
84% &3l sttt

Ashtari and Pourghahramani(2015)+= A H-3A 2@A A IHES] AAE

mlo -101' 2
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3l KMnOs& FYsted A== HFChot filtercake)s 7HMd4AthE
A&t o B FA FEst= wW(grinding in leach) S ARl
71Ee ¢ZdE HAEH B AES Al s WE vt BHE
ALESEA] e 7€ Y =9 Aeede otde HEEo] of 824%A o
THE AT AFole AR x4 W3l HuxHd Fd 5335 &

U7] ol &ol 0}‘1’3 AZEE°] 99.9%2 =7}3FATh
Fattahi et al.2016)-> HFC(hot filtercake) 5 o}1e] A&zl &, FALHE
ApstA = AR WUt FRES fAREH 55
A tis] dAFegd. % 60C, 3Absx 0.15M, FH] 50g/Lel A
60% & Zn 81.5%, Co 2.0%, Mn< 1.7% F=HAUT}. o]|F FALE Esld
<5 85T, FAn] 20g/L, sstFEHOo = Q3 FHT 51.2% B FY
TAES FYste] 1AZE 3 Co 96.43%, Mn 90.26%, Zn 64.12%E &35t ot
4ol JEA FFE 28l Na,S IMS Fdstel pH 2014 93.45%2] old-&
ZnSZ 3]3al pH 304 95.15%2] ZHEE CoSE 3]st om & Fo
ZHets b2 pH 8olA BF st} 3]skt
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ofdle] AN BH F RARE WSS IUE-UA Aot WA
e oldl W ool TAAE WY FPRF T 3 F5 BeEE

AAE 7t=w, ZEE, A, & §9 FEHe RSt A7 "2l

o34 7] E(hazardous waste)® o ARXTHTuran et al., 2004). @Rl oA
[e)

= £&8
sl¢aty] s ZLE-YA Aol ® oopdzt FA Hutel AAA WAHE
TAEES HASA Jded ol TEE §EE AT 299 Ul Ho
TAES A4 8§44 PHeE AT F874d0] tiFHo] sithAltundogan
et al., 1998)

HARE A WHoR ofde AW FIEF T LA S50
E3E o] ofdRtE 3t o HTh B w2 A7 dasty vk gl
AR o] HYo R HJAFAL Jf2ASA 2] Fasith v FAAdAEE

Jeiy ILE-YA Aolart wEa gA it &38| Eth= Safarzadeh et
al.(2009)¢] A7t 22 2H AFdAE B
ATFAA AHEE ZHE-YA AolaE ol ATdA AL

2 55 FFe A7 "iEd AHD A=
g g 3t}

B AFoAE ofd AE FAHA AT IYE-UA Aola F
F7hEEY IE A8 ALE-UA AlaRRE JtEF, T, ofd, ILE,
UA, e E, Fo 34 JE: AsE delstaen JEd F ILE, YA
AAE e ZLE, YAo] I EAN S A zste] AWHoOIA AES
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Al 2 A ATE-YA Aold T 7l JAE AF

2.1 4301

AA w59 A 2A-F) 3 A (Gibbs free energy, A FTF=7 =AUy A
(standard gibbs free energy, A@2)2 A= 2 @) Zo] Yeldith o7|A
FEG2AFAUA = 25CoAA £F4EH S £EF Imols £F FH Y d4&=E
Fe wo] fAaAfolux WslFoz wgo] TEHAARFAUAE A ET
<

Bo| PraAfldA WatFe] 42 L 5 ATHA 9),

d

AG= AG°+ RThK, 8

A Go = Zw(products)np‘A G;i)_ 2(7’eactants)nrA G: (9)
R : 714 %<7, 8.314 J/K - mol

T:dg &

-

b

, K

Ko: B8 3
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|<=, 1 RbS=, p: A=)

%, 4 10# Z& ggRkgoA FEA A FAUAE 2 ADHA Zo] &1
Egail=

aA+bB=cC+dD (10)

AG°=cAGL+dAAGH— (aAG+bAGY) (1D

e A& g g FUE-YA Aolad iH F&o] G4 IEHE=E v
% 2 §kgel Ag'es 4 (12) - 24 (189 yEehdTHBard et al, 1985;
Stanojevi¢ et al., 2000).

Zn+ H,SO, = ZnSO, (. + H,  AG’=+201.68 kJ/mol (12)
Cd + H,80, = CdSO, () +Hy — AG"=—132.14 kJ/mol (13)
Co + HySO, = C0SO,(,p ¥ H,  AG’=—114.68 kJ/mol (14)
Ni+ H,80, = NiSO,(,y T Hy A G"==100.93 kJ/mol (15)
Cu + HySO, = CuSOy (o +Hy — AG"=11.17 kJ/mol (16)
Pb+ H,S50, = PbSO,(,, + H, A G’ =—178.84 kJ/mol an

28b+ H,SO,+ H,0= 2500, +SO; +3H, AG"=—259.65kJ/mol  (18)

(aq)

Felo) Aels A9GHA SHA THE-UA Aol2e] FHE F& F
§ FHoE FAlA §37h ofelH g FAGPh0)oE PA:
WS4 19)0] SAIE7) mEe] Bg4e] AR AAT & Aee & F Ak

+
%0

Pb+ H,SO, = PbSO, )+ H, AG’=—123.73 kJ/mol (19)
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[e=]
=]

(

o}

—

o

P
T

o] At
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o
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TdA e} 2y HxhebH

ol

4

0
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_foﬂl

&

Yo

< 1
T

D=

(20)
21)

2}
(22)

st 2

<

bof 4 (229} wy.

A9} Bl F=ol Hlg

27} S)vHLevenspiel, 1998).

i)
=

3

o}

=

3

A} o

|

]

o.
$<4 % Ab4A(reaction velocity constant) kE

aA+bB—cC+dD

rate = k[A]*[B]’

I8

g
H
T

a+BE W89 xp4(order of reaction)zhal

AEHdo] A E(products)e] & w(A—Products) 0z} ®H-E-,

|

o

o

9] (2204 9]

1

R

Table 2

o

o oo

1

0]
yil

]

(Rate law)=}

o LT
s &=

s

1

1
T

A g o
, 2002).
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o o]
o] 9] e]

second order
r = k[AF
L - (ol - s)*

1998).

ATk Y =

<
T

Aol opdm Ao £xEy}

first order
r = k[A]
2tk (Fogler,

=
=

T

) By

57}
gk 4x

1

kel
=

(Levenspiel, 1998)
zero order
. L_l . S_l

mol

o] &3t

Rate law

Table 2 The rate law and units of the rate constant in chemical reaction
Rate constant

A oo

=
T

)

Arrhenius

RCEEE

s

°

A7 27

23-24).

Al
a

3K

S

}

-

AQ

K

A
AFZ1 Inket L5290 g4 1T Alolo

s

, 2002).

<

+

(23)
(24)
=

ZAA

- E/RT -
) .

AolA e

deriE 248 ouAE Bl AT 5
_(13,]

YR T (o] &2, 1999).

=

=

9]

+Ink,

=
LN

K

_E1
RT

: Rl =l xKfrequency factor)

k e*E/RT

o

2T

. &4 3} o A (activation energy), J/mol

- 71 A4, 8.314 J/K - mol

Ink
k:
T:
k,

R

E
A= oy A

oV

W
Ao

Bl
o
Gl

e

of A

9 4

o A
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o
il
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X
i

AYAE Z

KeN
-

43 AuAEYG SAY 2

g9 @

s

o

2743

I 3,

el

o

o

J)
o

243 dyAek= WAl

Aule ol

thHAtkins &

}

k)
u

|

RS IEEY
A SEEE

his

°

NG HAE o AFNA e ¥S EApee

498
Al ol A

=7} o™ RHEE Ao
TE 5
Paula, 2002; Fogler, 1998).
Nernst&= F G ko]
5 4=2

-2}

NE AR 27

o

ol
oo
=

=]

Aol o

A

o} A <}

43

A<

(25)
(26)

bl Ha &3 Ao

(<)

5 o] v

o FEE 94
Aol ]

)

LA

ke
)dt
dG,
dy
H g3

dG,

DA

(2] 259

dt

Tholl Z9-H}
dN=—DA(

<
T
dc,

| —

A

Al ALe] ol

0]
B

A

0

B
B

27

21 (28)2 A e}
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(29), 2 B0 #Zo] YehATH(o]-g=, 1999).

)

=

2 (26)
A

=
=

o]
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dC, DA

“a v G (28)
_ DA

= 29)
_D

R =5 (30)

rir
A
_>|~_l,
N

N: HdagNogHE 33 THOZ o]=3s}

c 83 899 % mol/m?

A 1A THA cm?

Vg9 Ra), om’

D : A, cm? - 57!

o FETHlY FA=F4F T, cm

e A 299 24 (0L HEom Lnyl IdAYT w 1A 9
F4E SEEATE S7RIH 1A 2 TR AHE JHA e
o 7F FolAH wrg&E= Agrt TS & F At HE dkSo
xHe dAFA o= W o AHE AHEZ A
HhSEdel  F2e wWegtt. unkEzel JU wmEt &
HHSEEE 4 Al = e Aoz d8HA o
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22 NBEA

Agel AHeE TLHE-UA AojaE AAFHolA LA FAEE Fig 29}
2ol £BL T4 dele Golglojh ILE-YA AolaE 1504me] A=
&4 Adstel AT F -150ume] ARTS AR AgHAT. 4 o

Fig. 2 Co-Ni cake.

Table 3 Metal contents in Co-Ni cake

Elements Cd Cu 7n Pb Co Ni Sb
Content(wt%) | 36.2 13.7 11.8 4.2 14 0.7 0.4

_16_
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23 49 ® E44H

JEHe WETol 200mLe] FAbgde Wi H3E 2E7HA =24 H
NBRE FUT §F dAANRG At diF e A4
ICP-OES(Inductively Coupled Plasma-Optical Emission Spectrometer; Optima
8300, Perkin elmen® =% & EA439H A& & nIdEHE AA

© g2 &AA H O IA W FRE s5sEE E4sd.
dAHY EAE=E Fig 4o HeElAT. F5Y HA=ELS A=A U=
AE28 5 55 A5 o FFd AA 552 Uro] #HESE

TR 4 559 MAEE2 ARY 4 G 2ow 43 =71 Table 49

> 100(% ) (3D

M, 0 ZLE-UA Aolgd dHH 2 F59 AA 5=

i o ZLE-YA Aol=zo] i =%3F(Cd, Zn, Co, Ni, Cu, Sb, Pb)
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Fig. 3 Schematic diagram of leaching experimental equipment.
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Co-Ni cake

[ Wet screening ]

+150pm -150um

|

Comminution ]

+150um -150um

>

v
Samples
in experiment

¥

[ Leaching in H,SO, ]—) S L ——> Leachate

Leach residue

Fig. 4 The schematic diagram of leaching experimental procedure.

Table 4 The parameter and range of parameter in leaching experiments

Parameter Range of parameter
Time(min) 0 - 180
Agitation speed(rpm) 200 - 800
Temperature(C) 30 - 90
Concentration of sulfuric acid(M) 0.1 -10
Pulp density(g/L) 10 - 50

Particle size of sample( zm) -150
- 19 -
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24 49 A5 2 13
2.41 Nztel e f7kE&e JEAF

Fig. 5& 50C, IM 3%} 400rpm, 10g/Le] FA == 5

w59 FAEFES ek ITizZolnt. Azt wel g&9] HEELS FUHEHH
\=]

;_E
ftlo
R
>,
o~
K-
R
|t

W IREE 0B F 9% ol YEHUT. T, UA, JEBE 77t 608 F
o

99%, 97%, 95% HEHA o F oF 2%7tF IE=H<e &

100

80
=
>~ B0 -a-Cd
&)
E ——Zn
]
T 40 —B—CF’
(1w} —a— i
‘é -a-5b
5 20 ——CU
é —+—Pb
0 + }
a0 120 150 180

TIME/MIN

Fig. 5 The leaching efficiencies of metals from Co-Ni cake with time in 1.0M

sulfuric acid at 50C and 400rpm with 10g/L pulp density.
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242 IREEA B2 F1FEY A& AS

Fig. 6 50C, IM &4}, 10g/Le] FAs=d
A Zrel| e F£9 %
of wls w=A &3

& Z47F 99%, 97%, 93%, T-El= 3AE ¥ 88%, e °F 2%t A
=99t wer&E =7 200rpmeY w(Fig. 6)+ 400rpm¥ wh(Fig. 5o wls] 4
o] k3] HEH = Aee Aol SIS FlstAt

in
2
=
=2
S
N
o
)
o
i)
i
i
32
°
]
i
m
v
i
2

gH =] =g =g 4 9]
AEES Fig 7ol YERIAT Tk QB RS D e FLe| AEELS
wHkEE Wste] WE HJEE WIF AT FEot AEEY AEES wis
=7} 200rpmoll A 400rpme.& =7}k wel F71sk o 400rpm o] ol A=

UYL st

LEACHING EFFICIENCY (%}

0 30 60 90 120 150 180

TIME/MIN

Fig. 6 The leaching efficiencies of metals from Co-Ni cake with time in 1.0M
sulfuric acid at 50C and 200rpm with 10g/L pulp density.
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100 = --r”i —p— =
e

80

=

-

2 60 -8-Cd

5 ——7n

E —-o—Co

o 40 ;

= —a—Ni

z -a-5b

é 20 —e—Cu
——Pb

n t T i
200 400 600 800

AGITATION SPEED (RPM)

Fig. 7 The leaching efficiencies of metals with agitation speed in 1.0M sulfuric
acid at 50°C with 10g/L for 3hours.
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243 2= W& frlesd A€ AS
5 =z A 1AZHFig. 8), 3AZHEFig. 9) %
. E7F 30=0A4 ==

IM &4k 400rpm, 10g/Le] <4

4
250 AEEL AP vasin

SE

o) A28

Z7hgol Wk Frhs Qe R FE 257 ZF) meh gadte
o wHoFig 8 AEANL NNCE Z7M7Y L& W] mE

E W3yt vvlstohFig. 9).

80/

60

40

LEACHING EFFICIENCY (%}

20

-8-Cd
——7n
-—Co
—a—RNi

—a-5h
——Cu

——Pb

30 50

TEMPERATURE (°C)

90

Fig. 8 The leaching efficiencies of metals from Co-Ni cake with temperature

in 1.0M sulfuric acid and 400rpm with 10g/L pulp density for lhour.
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100 @
———2 = ;
Sb
80
£
> -8-Cd
S 60
L ——7n
9
T —-=Co
(1N )
(] 40 —a—[Mi
=
T —=-Sb
Q
é 20 ——Cu
——Pb
0+ :
30 50 70 a0

TEMPERATURE ("C)

Fig. 9 The leaching efficiencies of metals from Co-Ni cake with temperature
in 1.0M sulfuric acid and 400rpm with 10g/L pulp density for 3hours.
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Fig. 10 The leaching efficiencies of metals from Co-Ni cake with time in 1.0M

sulfuric acid at 50°C and 400rpm with 10g/L
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—— 2

80
g
> —-=-Cd
Q 60
i ——Zn
W]
T —-o-Co
(FN ]
) 40 —a— i
=
5 —a-5b
@ 20 —x—Cu
——Pb
0+ t +
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

COMNCENTRATIONOF SULFURIC ACID (M)

Fig. 11 The leaching efficiencies of metals with concentration of sulfuric acid
at 50C and 400rpm with 10g/L pulp density for 3hours.
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245 FdF=d W FIrrE45Y HE A%
Fig. 12 50, 1M 34}, 400rpm, 50g/Le] FNs = 2| Ao A7te] we
249 AL Uehd Juizolth ASEH opde SR WA g5
ES Holn IIES UAL 2AZF & 99%0)d HEFH
CHEJ & 50g/Le] Fde" ZHoA+= AL F Z
91.5%, 90.5% AEEL ATt Fig 13 Bdsx

1 =
zAdste] 7 240 YEEL v Ao

LEACHING EFFICIENCY (%)

0 30 60 90 120 150 180

TIME/MIN

Fig. 12 The leaching efficiencies of metals from purification cake with time at
50C in 1.0M sulfuric acid and 400rpm with 50g/L pulp density.
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100§ 5
R—_—:‘—Cu
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8 80
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w —-Ba-cd
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4]
QE-'?' —-a-Co
5 i —a—Ni
é —-a-Sh
20 ——Cu
——Pb
ot t } +
10 20 30 40 50

PULP DENSITY (G/L)

Fig. 13 The leaching efficiencies of metals with pulp density in 1.0M sulfuric
acid ‘at 50C and 400rpm for 3hours.
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A 3R ZLE, YA AAE A% AlHE A

3.1 43l
3.11 Adle o] do X BAdA 9 &

A 1L13AAA AW ke go] FABHNN A=EH Tl Aol
Aol ola 474 AAHAT e YA BAA Telet E|Ee] H7}
Qo= 2 AAHA @] fEe mutEsk UAe] Aubol ol HE e

AL olshsts Zlo] FLIh

r&'ﬂ

Mol dolgt & A3k F<(less noble metal)ﬂr A3k FEo]2(noble metal
ion) Atele] 7]}t xdHE Zlol&
A wgoltg F HE2d F52 s UH G A | %—i"é‘}i, HE o)

8 B4 EUA olesstel o)l

2] (32) - 2] (342 oAy ZHE, YA xEFsHY 7 H(standard reduction
potentiaDE ERH Z o]tHChang, 2008).

Zn*" +2e —>In E'=—0.761V (32
Co*" +2¢ —Co E'=—0277TV (33
Ni?T +2e > Ni E'=—0.250V (34)

ol YA xEdAALE ZLRES] TEFAAAEY A7) wiol o]
oz FTES} YA AA= AHA Rtk T2y A= AddelAd wh
o] WP= = T ofAELY FHAA = oA ztslsta 47t
5o At oA EHe| pHZF FUleAl A pHYE bt
ool o] ofdETol T st ZIES] ALPE =3 & 5 AdkXu

et al., 2000). =3+ &8 F o}Ad o]2o] &A3H = Co-Zn ¥=

o
oflt
ol
ol
ol
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of &S ot BEH} HA{AAIE FobA ILE AAE AT 954 T5H
(thermodynamic driving force)o] #r4&th(Van der Pas, 1995). o] wjZo] AA
2 o} o]2o] <F 140-160g/L 71 EAst= Y FolA GHAE H7lst
2 @3 FLES} UAS ofd EUTOZE A ASE A2

_CIL
Nelson(20002)& AlAElol el A BYA S JT2 Fels S04 HAs)
of LT WAL F/HA/L JE RS HEY AR

= o
= [ee] v 1=
b dustn v pelves IwEe PHe IR FHAL F 3oy <
gl o] ow =tz Hm AulHo| Ao A ofdE T ol HAHE el A
7ol FZ9] T25 WA Fd| Zn¥ o] o) %a% o} Cot'7b F2d 4

-
Pas(1995) =gk AlmlE|o]d = Co-Zn @%O] '%“é% o QFE|o] EAEH

Co-Zn @Ze Edo] relEo] FAste] ALEE AgFos TWES F

Tozawa et al.(1992)= <tE]EZ2 AWl oA TANA ZAE ST YAy}
Co-Sb &=, Ni-Sb =< IdFgo=N FHES YA AAE X3 o
TS T S Jua AdFsE e Xu et al.(2006) E=3F Co-Sb-H,OA |4 Co2t

<t SEE S AnlH oA YT F5EE F
Aot FEle MdE oA 27|GA A FEE A

AAZITka &) Cu-Sb 3t
72 A5t ZLEE HE A2 F Ae MATTV Ho ILES FH T
1 4 A 9tHVan der Pas, 1995)

AEstd Mgl Ao A FEE HAE 0%‘%2 st el ek Qb o] Zol
= o Tl Qg Ro] AAZFoEN ILES UASL AASE aHS
st & 4 Ak =3 FElgldd g EEe IHE, YA FFS ¥
st ILES} YAS AAY F UTh

AElEZe] 9E2 Eh-pH tholojmigioz HuE 4 vt Co-Hx0 AlelA 9]

Eh-pH tholoj1#(Fig. 1504 ZIES IAYPAL= HAoz TP 49
gAdANETG wrh. ol AdHoHoE  AEdH  FLEE A &3
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(re-dissolution) 2 <= Yot olwo|t}y 13} mheko] olE]Zo] AH7H
o

o
Co-Sb-H,071¢] Eh-pH tholo] 1#l(Fig. 16)o14 & 4= 9%o] ZHEZ CoSh,

CoSby, CoShy 59 ZFE-QIEE FFo2 428 & Ak TE=-UA §2

2 FH3s BAANTE Fho BUAARY Fobxy] wWEolth UM B

MR R ohElRo] EASA ¢g Wel UAel s pHel whet e

Fe Mo} Nisb Feje] UA-GE|® FFOoE NEFHE BYANL £

| A9IRT 7] WEelFig. 17 - Fig. 19 SElEo] =A% W o 47 4
&

dgozre AA @ + ek

2

b

|

ook

ﬂl-{}l' [‘ﬂ o,

5!
= o

Fig. 14 Schematic diagram of the activation role of antimony in cobalt
cementation(Nelson, 2000a).

_3']_

Collection @ kmou



Eh (Volts) Co - H20 - System at 70.00 C
2.0 T T —Co(OH)3 ™

1.5

1.0

0.5

Co

H20 Limits

-2.0 - -
0 2 4 6 8 10 12 14

C:\HSC6\EpH\Co070.iep pH

Fig. 15 Eh-pH diagram of Co-H,O system at 70°C.(HSC Chemistry 6.0)

Eh (Volts) Co - Sb - H20 - System at 70.00 C
2.0 T T T — Co(OH)3 '
1.5
1.0
0.5
0.0
-0.5
-1.0 | -]
-1.5 CoSb3 N
H20 Limits
_2.0 L L L L L L
0 2 4 6 8 10 12 14
C:\HSC6\EpH\SbCo070.iep pH
Fig. 16 Eh-pH diagram of Co-Sb-H,O system at 70C.(HSC Chemistry
6.0)
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Eh (Volts) Ni - H20O - System at 70.00 C
20 S ‘ T NIOOH

1.5 |

1.0 |

0.5 |

00 |--

-5 NiHO0.68 h

H20 Limits

_2.0 L L L L L
0 2 4 6 8 10 12 14

C:\HSC6\EpH\Ni70.iep pH

Fig. 17 Eh-pH diagram of Ni-H,O at 70°C.(HSC Chemistry 6.0)

Eh (Volts) Ni - Sb - H20O - System at 70.00 C
2.0 T T NiO“OH T

1.5 | N

1.0

0.5

0.0

NiHO. H20 Limits

0 2 4 6 8 10 12 14

C:\HSC6\EpH\CEpHSD1.EPT pH
Flg. 18 Eh-pH diagram of Ni-Sb-H,O system at 70C.(HSC Chemistry
6.0)
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312 ZHES} YAl AusolM
Aol de ddez oz A5y Y3 AGe AG S Ao AZ AY F

W oEE AT A9 p 2 UeE ged 2 A 359 A 367 2
AG=TnlE (35)

AG°=—nFE° (36)

Yol F A3 2 (99 AG= AG° + RTInKS o) &aA t&3 o] 2

@N, = =< + At

—nFE= —nFE°+ RTInK (37
p=p - 2L 0k (38)
nk

R : 714144, 8.314 J/K - mol

Ll
o

tidsted 4 @9<f 2

e
S5 WEIE A ] WEC A (0 Lol F& Bee] wENSe] H9)S
epdth

RT  [Me] RT  [Me*™]

E=E"———ln ] = B+ o (39)
E=Eo+ﬂ€n[M62+] (40)
nk

ARl Ao AR WS A @DT el UEnE ol whgo] wAss A
ASE A ) A of 9 2

toe3zbe] Aol ola) 4 U9k 2ol fE B 5 AUk

2
M
=%

o
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Me*" + Zn = Me + Zn*" 4D

Ecell = Ecathode - Eanode (42)

T3 FFH 579 AAbe 9= A=Y H2AlUA Ak 2
A= (437 Zo] 28 5 AtH(Van der Pas, 1995).
A Gccll =A GZnH — A GM%H (43)

Table 5+ Van der Pas(1995)¢} Krause & Sandenbergh(2015)& Z+ars}oq
e YAl AHHo]ld HkgoA ZF3 7 $l(standard potential, E9)<}t
49 3 W& g A9 &, A H(half cell potential, E)E YEFH S

&ote] F=olA ofd EEo] AFEM F=olM 5% EEEciy
=

lo
B 2 ool R

4

=99 Ael2 EwE]] 5 ol vt Sdsh] A €9
7 %2 (thermodynamic driving force)S UeldT. FESH YAl AwlH)
AolA 27 A& F T, SEE, YA, ILES FEE 27 60ppme
2 31 2= 70T, pHE 42 §X39<S u B4Eo] AAHY 93 998}
A 7%

) v = 171
He 78, GEE, 4, U, TLE $og Tk

Table 5 Electrochemical half cell potential and cell potential with zinc
of half cell reaction on cobalt and nickel cementation. Condition : 70°C,
[Cul=[Sb]=[Ni]=[Co]=60ppm, pH=4

Electrochemical reaction E° (V) E (V) Ecen (V)
Cu*t 42 = Cu 0.340 0.234 0.998
bt +3e” =5 0.152 0.125 0.838
2H +2¢” = H, 0 -0.136 0.625
Ni*t +2¢” = Ni -0.250 -0.332 0.409
Co*" +2¢~ = Co -0.277 -0.381 0.382
Zn*" +2e =2n -0.760 -0.760 -
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313 MyPAT
e EEe] AAd =¥ g

IRES} YA Mol de] gk A+

FaL A= Zo] tiEEolth

rr

Tozawa et al. (1992)= T2, UEE, BIAE SAAZE ALt o O =%
< Hl&, EE, FE-HlA, FE-EHE F U JHAR st 2L E AWlE o]
A mAUEES Hasdth WA SAAE HEEH BlAE A4 Hore AF
FLE AL dFS 7IAA FRon GEEE ALE AAE
s sttt =3 FE-Hl4, FE-AdEE T 23 BT QHE
= < 77t ARSI S wEY ZHE A AL IS FRlsde
o FE-dEE 2FEG FE-HA 2EES ARSI E W ST o At
1 &tk X-Ray oA £4 A Fg-Hl4 23e ARG S W ZLE
+ CoAs FE|E FAst FE-AEHE 2T AEAS e SHAZ A
g 4bsletE] o] vhe S = wEol X-ray ©|u]AZ CoSb &HEf7} A=A
gtoy ILEYL Cu-Sh IAE FZd e AOoZ Hol CoShzZ Hx=E
A ot

Krause and Sandenbergh(2015)= AN¥E24 =
SLE AuHoA 38 498 £4 8 593 £4L& Tt &
AARE FE9 HAE AMEstd o HATE EXAE o IEEE CoAs FH
2 At ZLE AdHolHo] FXEHe= AS st Ty HlAes
FHEETD O & A4S A 7] wWiEel AAl A= ARSIV ol E
#1(Boyanov et al, 2004) thF-Eo] AAATE= T2t AEHES SHAE ALE
3hal Atk

Van der Pas(1995)-2 &<} QHEJ =S SAAAZE Agste] ZEE AWl o]
Aol Al FEjet HEEe 98-S Adetdth vtk BElgA FEHIoF F9
Cominco Ltd.ollA A4ke ofdA-S 155g/L /3 Aafjdol ZLE 30ppm, T8
30ppm, <FElE 1L5ppms FH7bste] AAFAHo| BAHE EAAS AxdHS

m Ade W& E 830rpm, 2% 73+1C, pH 404 24175 Wastgch

[o

o o o
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2A35 Telgh AElRS ArNEA oW FLE AAEL 10% wweln 3
= ITE AALo] ¢ 81%= 7S FRlstdon T}t Qe
Hlo]Ade %7 GAA WA A ZBEJ HAAS] 4 713
|

SIE AAZ

o
o
o
w
=g
2
L)
l
ot
oX
okt
-
i)
o
O
o
o
rid
o
ﬂ
2
Al
i,
o
92

Nelson et al(2000b)= ZELE ¥ oly} 7= ]2(Cd™), dshe](C) 52
o0& ol2Eo] HMald o AT uf I AEES tilstd & 50
AHgE F JAEAE 2ASYT ofd 150g/L, LLE 30ppm7t FiE BASY
S Azsta T8 30ppm, QFEIE 2ppmS FH7iste] wubEE 1000rpm, %
95+0.5C, pH 4olA oF 2417+ 5<¢F AFS 3 Axp A& ko] Cd¥, Cl'7t A
A Yo EAstH &A5tA] 2L uw B FZRE AAL] © FoH 2ppme)
FE =S tiAlste 30ppme] F4o] ALRE F Ue AS F 8

Dreher et al.(2001) =AFH 2 A HAFH ZTHENA Fgdd W)
T 7HACA oAy JHA =2 55S GAAE FHUlstd ZRLE F
0.1ppmo]s}7FA] A AsFA T oFd 145g/L, ZXWE 30ppm o=
T wWRFESE 1000rpm, <5 85°C, pH 40 A 24175k %‘éﬁ?
T EF G, TFRFZIEE/TEE, FAAEEFY 23S AHESHE
ZHNA IAREE 7E 5 oA AAD + Ao AAFHE Z;E

e A doll A ABES AAst= d-folle= 78, 7H=H, 9, UEE
AAZ golFojoitt ALEE 7|F§E ol3HA AAY + Aes

elstdeh. o @ golE 49 w=x Tl 15ppm, 7=F 10ppm, FElE
] =
W

iU
gk

).

2ppm, 541 30ppmo.Z A xH T EA}QEOH Hlsl A AAFAH Ay

At a7 EwEo] ZTE AAd IFS 713 F Ave= A U

Boyanov et al(2004)= o}do] 145-169g/L, & 0.117-0.600ppm, 7+=F
4-24ppm, ZLE 2.6-10ppm, YZ 0.60-1.4ppme] TFH HAAFA HdYgo=z
FH IYE YA AAE AdF38tALeH 80T oA 758 o] IFES} YA
o] BF AMEFHIA 75 olF IZYEVL A&l =HIJo =3k AU T8 F
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S7F 150-200ppm, <$HEIES] TR IWE FE9 <oF 0.54], 2ujo]H
(Gsp:Geo=0.5:1 F2 2:D) FFFEHOZ AL o oF 1500%2] otd &g
EQatgle W SRE, UA AAN A 249L HAstach

ek 2ol tREe] AFATE ot AR A=dolA ZTEY

e}
Astr] % AT A U okl FEsk wor mwE, Ul FrE
MaE Utk 53 A 43 dos 4FF FPlt = ya

o] %7} 10ppmelstE Fom HARHO Ao & &
Aol Zof AFstATE. T2yt B AFollA ALEH i%ﬁi—‘%% Alol=9 ¢
ol HAEF ¥ Y W ofd TEE Blud Lom(ef 3g/l) ILE
(120ppm), YA (60ppm)e] FE&=
& 7AAES 7HAH A9
T Q7] W&l JEAEs 7S
Aol BE ZoeE A4EY. 2 dFAE

FE =S FUHE &9S Axst T E, YA AdlHoH AsS FolEY%

.
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32 49 R E44H

HodATA AAFAH Hdafde] mAdS wEr] fdl AHEE AR
CuSOy - 5H,0(99.0%, JUNSEI CHEMICAL Co., Ltd), NiSO4 - 6H,O(YAKURI PURE
CHEMICALS Co., Ltd. CgH/K:015Sb, - xH,O(EFZ2EFEAFDFQFE =, =99%,
ALDRICH), CoSOy -+ 7TH20(98%, SHINYO PURE CHEMCALS Co., Ltd)o]l™ A=l
old Aol ALgH ofARTO F7] 45,umolH =85% =X Alek(Junsei

Chemical Co., Ltd.)& A}&3F¥Th.

=
(water jacketed reactonE X3ty % FAE 93
circulator)E AF&3tATH HE-S-F9| ARl SRS U] A% S57], £ A

BE AIUER AFHs] Sk AdA, 25719 pHYIHE

% ICP-OES(nductively Coupled Plasma-Optical Emission Spectrometer;
Optima 8300, Perkin elmenzZ &s=& B3t F%59 AALE ALSAHh
59 AAEL ARHA WMEoE AA" &Y W = (concentration
of metal in solution, [M], )& AFE |99 =x7] F<% FZ(nitial
concentration of metal in solution, [Mlinitia)Z Ui #HSZ YERNH(Z] 44)

olddo] faf&S galH ofdd e ¥ %(concentration of zinc in solution, [Znl,,,.)

ok

4
off
b

E FY$ ofde] FX(nitial concentration of zinc in solution, [Zn];, .= Y
e MEEE UERATHZ] 45).

Mr

[M} total
[M]initial

(44)

Removalrate =
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Dissolutionef ficiency = [[ZTL]MX 100(%) (45)

initial

o, @ oIZAAUSZ

@ 8571

| @ pH meter

@ 2=

® N7tA 3

- Jo ® HuA

. A

Fig. 19 Schematic diagram of cementation experiments.
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Table 6 Parameter and range of parameter in cementation experiments

Parameter Range of Parameter
Co 60
Initial concentration of metals Ni 60
(ppm) Cu 30 - 480
Sb 30 - 480
Zinc powder (g/300mL) 3
Temperature (C) 70+1
Time (hours) 2
- 41 -
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331 ZLES YA S i3 JAE ZAYY AHE oA

FHE} Yol T gfH s, IRET FHE A, YyAv
Az Yol thaf AAE o] d WHE o] &3t HE BAY F ZLES} YA
25 849 A5 AA
< S 5ETo) 90% 8= AA
Qom FILES} UAL ¢k 30%AE AAHJTH 158 o] Fao} QQER S
A3 AAHANLH o]F ILES YA AAEL T8t 24 & 3w
oF 70%, UAL ¢ 78%7} AADS g3kt

rlr

Van der Pas(1995)+ T2/} QtE|=o] WA ofd &2 HHo| AEHa o
= Zn-Cu, Zn-Sb 5 otdx FaS THEY ofd B S HA 3to =
LES X8 HEH7] 4* duHE eEra Adsin ok AAE ofd B
S Tt ofdo] 4stEHHA F4AE SAATE WG]

A Fae A 55 Walste ord el &5 Aol WSk FE
I &g A5 Fig. 203 o] AmEeld =

FogR Fa BAS FaAZ 2 9on Nelson(20002)o] =
&g npe} o] &aE ofd o] o] & F IUES YA o] FAE W

e YA AAZ F7MA 7= 7]dEe Ao A

gL_t‘
ol
rlr
P
filo
=)
O
)
HJ

Flg. 212 &9 5 ZTES YAo] EAet F4A= T8¢ dEEs A7t
Blo]d Aztel wet &afH o TEE YEI Ao
d 5wkl 8fFe) ofd F=rh 300ppmeg FA3¥ Frltete A&
al. (1992 &9 Zo old 2Tr} Zrl852 e A
AE&e 7233 39 °om Van der Pas(1995) =3 8 Fof ofdo] 1g/Lyk
TSR ILESY HE AAL] 43 4Tl Busdth o] o

| F ol = IR & ZLE AA £& faidd YFe v A

N
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Fig. 20 Cobalt and nickel removal rate in the presence of copper and
antimony as additives on cementation by zinc. Initial condition : [Col=60ppm,
[Nil=60ppm, [Cul=60ppm, [Sbl=60ppm, pH=4, Temp.=70°C, zinc dust 3g/300mL.
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Fig. 21 Dissolution efficiency and concentration of zinc on cementation by
zinc. Initial condition : [Co]=60ppm, [Nil=60ppm, [Cul=60ppm, [Sb]=60ppm, pH=4,
Temp.=70C, zinc dust 3g/300mL.
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::4

Fig. 229} Fig. 23& Z}z mZRIET] EAsles IE ZAHY 7
ste S EARYl g A9 % =4O
E=AE wj o] BAHo|A IUREE 70%, UA LS 78%7F AAHAJE 23 (Fig. 18)
ot g IYEN dxo g ZAdtes BARA S AdH ol AiolA ZLE
o AAELE F7Fst 85%7H A AAHA M (Fig. 22) YA EAst= RAY
AN UA AAEL oF 78% AEES HYokFig 23). ZLEY AAE s
Z IWE 9o & BEo] AT wl ¢ ofgu= Van der Pas(1995)¢] 4

A =g FLRES YAo] EAjste BEARA S A
Ext EAgte BAY A ZEES] AALe] ¥ A Y

&
]

=
B

——Co
0.8 ——5b
=
= —B-Cu
= 06
=
™
=)
= 04
=
0.2
0 = = —F]
8] 30 60 a0 120

Time/min

Fig. 22 Cobalt removal rate without nickel in synthetic electrolyte on
cementation by zinc. Initial condition : [Col=60ppm, [Cul=60ppm, [Sb]=60ppm,
pH=4, Temp.=70C, zinc dust 3g/300mL.
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Fig. 23 Nickel removal rate without cobalt in synthetic electrolyte on
cementation by zinc. Initial condition : [Nil=60ppm, [Cul=60ppm, [Sb]=60ppm,
pH=4, Temp.=70C, zinc dust 3g/300mL.
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333 7 F=o g ILE, YA AddolA

o) ¢2(1985) AulH ol Mol A Fatoled Qa9 F TeolLo] EA|SH of
Az} 7} Cu-Zn ol Hol TRAXNE PAd e AA AL &
AAZGT ST,

2 ATGAE FHAR FYshs Tl FEE 30ppmel A 480ppm7bA] =
At Felo] H% Wae] w2 =weEs Ude A4S Lohugith Fig.
U= 78] B Zvld] BE TLEY AALS »}Em Holw| Fig. 25% T
BE Z7bo] mE UAde AAEL YE Aol TLEE T % Z7l
me Wl A9 ulman of 10%HE AA" AL ch?% S 9t 1y
UAe TYEst S/ ge AA&e] AXNE AL FA & 5 AU
30ppmel T E WSR-S wis YAo] of 84%7} AAE YO} 480ppme] T
9% Ar1erae W Ude] 929 A% A7 UL

rr

—e— [Cu]=30ppm
—a- [Cu]=60ppm

=
oo

g —— [Cu]=240ppm
E s —e— [Cu]=480ppm
T
204
=)
=2
0.2
0
] 30 60 90 120

Time/min

Fig. 24 The effect of initial concentration of copper in synthetic electrolyte
on removal cobalt. Initial condition : [Col=60ppm, [Ni]=60ppm, [Cul=30-480ppm,
[Sbl=60ppm, pH=4, Temp.=70C, zinc dust 3g/300mL.
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Fig. 25 The effect of initial concentration of copper in synthetic electrolyte
on removal nickel. Initial condition : [Co]=60ppm, [Ni]=60ppm, [Cul=30-480ppm,
[Sb]=60ppm, pH=4, Temp.=70C, zinc dust  3g/300mL.
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334 AdEE T=o W& FITE, UA AdE A

ArE o] del A gatotd Al F FElEo] o] At ZTES YA
T ARt F& A olA Co-Sb &2 Ni-Sb Fao] o R o]
of EASHA &= W Hop g4 ILES} YAe AAL Aok & ATl
= ZAAR FYste <EEY w=E 30ppmoll A 480ppm7hA] Z2H ko] <LE

vol 3% Wsje] WE =WES UM LS olngt). Fig. 268 Sl
£ 55 sl mE UES] AALL YEd Zoly Fig 27 AHE FE
Watel WE Yo AAEL dehd Zlojth QEES FE Fbe] weh

2e

Eot UA BT AAEo] FUHtE S AT 5 Ak 30ppme] HE
71etne W ALES AAELS oF 2% YA AAEL 83%A
Bl F=7} 480ppmeE FUtetH ZHEE °F 80%, YA oF 90%7F AAH

rfl

Van der Pas(1995)= TEl& 712 = ARRslS Wit e s 7|EE A
23S W AAE ZEES] FEE 10871 s=oha dFstgen 2 AT
A =g E] TEE T/HAAE W ZERES AAL W/ vu P A
Hl3) QMEE FEE S7RA7IE ZLES AAEC] FUHES AT F UM

.
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Fig. 26 The effect of initial concentration of antimony in synthetic electrolyte
on removal cobalt. Initial condition : [Co] = 60ppm, [Ni] = 60ppm, [Cul =
60ppm, [Sb] = 30-480ppm, pH = 4, Temp. = 70C, zinc dust = 3g/300mL.
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¥
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Fig. 27 The effect of initial concentration of antimony in synthetic electrolyte
on removal nickel. Initial condition : [Co] = 60ppm, [Nil = 60ppm, [Cu] =
60ppm, [Sb] = 30-480ppm, pH = 4, Temp. = 70°C, zinc dust = 3g/300mL.
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B AT ohdde] A4 FHNA WAFE RAE RE-UA Aola2y
H 368 #7124 A58 9% 3402 2 AN AL o] 87 Hel A
of thsl ATt

2. FPE-UA Aolae HFAFE A} Jt=EH, ofd, ILE

D k&R 200-800rpm, €= 50T, IM 24, FAEE 10g/l 27l A
N = FE9 dEHES AT E S5 uRkER 9% HAEE
H3l= wrslR o FElet e ES HEFELS wREEE7E 200rpmel| A
400rpmo.2 F7Fetl= W F7istH I o)A e Wslyh mv|sk T

2 EE 2344 ¢ 2%71 A=H Ak

2) WHFEE 400rpm, 2% 30-90C, IM 34k, FAET 10g/L 7oA
N & YA HAEES 25 FUt we Srkstdon EE
T 25 7 e ZFaste BAEFS BAd 284 JE AEE
N R & Agde Fe 2%NA4 o 4% AEE JEEl TV
a9 352 2xd e 559 JAEE Wit sy
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15 0.1-1.0M, F95E  10g/L

27004 AEAT 3N T TREUA Ao|a F JEEe] AEEL
Fasmel W e A%L Hgon I 9o F&EEBL
Fase he Y& Wt vvsidc

4) HtEE 400rpm, &% 50C, &4bs= 0.1-1.0M, FYs= 10-50g/L
olZ T TE¢ UEEY HEES

5) ZAE-UA AoARRE RE F&He §FAY] AW AH zde
WHFES 400rpm, 2% 50C, IM 34h FdFs= 10g/L =dolm 1Az
% AlEE, ofdl, TAE, Teo AZFELS 99% o4, UAF e e
AEELS 44 97%, 95%, G2 <F 2% A=)

3. AEY F =pE, uAd RURAS A% =EE A F4d
) FHAL TSt AEES Hbstel AuH oA
4Pe AW RS W I At oL Lok

+
2

p Mo
2

BN

r

ol

D 2% 70CoA ZEELL YAo] Z+2zk 60ppm ¥ =AY 300mLell
FAAZ GFEER T2 44 60ppm HUEEAS W 3go| ofdEde
H7reted Mg ol Rt Az 158 o|F T} OHfA%% IS
AAE R IHES} YA AALLE F7ste 2/ & ILEE
70%, AL °F 78% 7}k A A= AT

©

2) FAAR Hrtste FeEle FEE 30ppmelA 480ppmeE FIIAIA S o
FHES AAE WHIE musgoen UAL g % 30ppm¥ o
84%7}, 480ppme] T E A }sbE <k 92%7} AAR S Fels o).

3 BAAR ArlsE dERS FErt 30ppmY FPolE TTES} YAl
ANALol 2+ 2%, 83%RoU 480ppmeE FIIAAS w FZHEC]
ANALL 80%, UA] AALL 0%7tA ZF7+sk4i e
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