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The effects of ball milling and hydrochloric acid

leaching on the dissolution of copper in copper speiss

Su-Jin Chae

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime & Ocean University

Abstract

In the TSL process, which processes by-products, the difference of specific
gravities can be used to separate slag containing impurities such as iron and
speiss containing valuable metals with As and Sb. The copper speiss contains
about 65% copper, 23% antimony, 2% silver and 0.04% gold. Although precious
metals can be recovered through leaching and precious metal recovery
processes, the removal of copper is essential in the leaching process step
because copper remained in the residue could reduce the recovery and purity
of precious metals. It is known that the amount of copper in the leaching
residue should be below 2% not to affect the recovery of precious metals.
Recently, the amount of copper in the leach residue increased with increasing
the amount of antimony in Cu speiss. Therefore, the reason why the leaching
efficiency of Cu decreased should be investigated and the method that

improve the leaching efficiency should be developed in this study.

Some leaching tests of Cu speiss were carried out by adding Cu?, Cl°, Fe¥

into leach solution. When only sulfuric acid was used for Cu speiss leaching,
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the amount of copper in the residue was 31%, while the amounts of Cu in
the leach residue were 7%, 8%, and 4% with 5000 mg/L Cu?, 1000 mg/L CI,
and 300mg/L Fe*, respectively. The amount of Cu in the leach residue
decreased by improving Cu leaching from Cu speiss, but the amounts of Cu

were still higher than 2%.

SEM and EDS analyses revealed that the alloy of copper-antimony, which
could reduce the leaching rate of copper, existed as a net structure to hinder
the contact between copper and leaching solution. Therefore, two processes
were investigated; firstly, ball milling to remove the alloy physically, followed
by leaching, and secondly, hydrochloric acid leaching to remove the alloy
chemically. It was difficult to produce fine particles of Cu speiss enough to
destroy the net structure during ball mill grinding, and the leaching efficiency
of copper decreased at the same particle size after grinding When leaching
with  hydrochloric acid solution, which is mainly used in antimony
hydrometallurgy, most of copper was dissolved at 600rpm with 1000 cc/min
oxygen, and 0.31% of copper remained in the leach residue. Therefore, the
alloy of copper and antimony inhibits the leaching efficiency of copper, and
antimony is dissolved in the hydrochloric acid solution to allow more copper

leaching.

KEY WORDS: Cu speiss; Copper; Antimony; Ball mill; hydrochloric acid leaching
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Fig. 3 Process flow sheet for antimony conversion treatment (Wikedzi
et al., 2016)
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Chalcocite: (1) CuyS+ Fey (SO,);—Cu*t + SO} + CuS+2FeSO, (6)

(i) 4FeSO,+ Oy +2H,S0,—2Fe, (S0, ); +2H,0 (7

(overall) Cu,S+0.50, + H,SO,— Cu®* + SO} ™+ CuS+ H,O (8)
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o) 4FeSO,+ Oy +2H,80,—2Fe,(S0,); +2H,0 (13)
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Fig. 4 Scheme of role of silica in cleaning chalcopyrite
surface (Jafari et al. 2017)
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G2y F3EA 84S FIUEFNaSF FAHEFNaOH)S 33t
|d5 ofm &b, stibnites} W3- v NaSbhSs= & AT (16) - (18)).

Stibnite (@) Nay S+ 5by55—>2NaShS, (16)
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a2 SbCly 2
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2D
e, W35S & A3 Anderson,
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(22)
SbOCl(s)+ H,0(aq)—Sb, 05 Cly (s )+ 2HCl(aq) (23)
0] o whsl] Sb,Os(antimony pentoxide)> = SbO; &
ol HA Gl thFd

dst7] 2ol
F pHoll A &g th(Fig. 5)
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1.0 T T

\EP\ T~
0.5 sno,‘ N ~

sb'| svo* =~
0.0 T ~._ Sby Oy 4

-1.0
SbH,

- =1.5 3 1 1 1 1 1 1
-2.0 0.0 2.0 4.0 8.0 8.0 10.0 12.0 140

pH

Fig. 5 Eh-pH diagram of the Sb-H,O system at 25C with activities of
10™M for all soluble Sb species (Lin, 2004)
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A27 o234 Hi7A

2.1 &8 A% 78 dA ==

A5 wFstr] AsiAe 4] 9 FrE 234 vE Z9o] ot
o gzke] e g 4d 2 dAte] JheiAE de FHRol wek 2Ekzl
o AAE dAste S 2 A58 A AR nERT o tejAle ddY
of o8] 3= w(Wills and Finch, 2015), 3ol oJs] Mz dro] ==

& ok @Y AR w3 = Fig. 63 o] whE(abrasion), Z7h 3 (cleavage), 3}
HshattenN & = 5 Aok vhEE YAl %‘30] 7‘”1?3‘}%] 7F AA7F fﬂriﬂﬂﬂ
A= =T AUA7 o TAs = sHo] s 22
=

ool FMA wYat =2 =8 9 % 401]/‘1 AR, 2703

Mo of

9ol 7teld o Az JAS =Z7]9f B3
d S =23 StolA BT FH= Yol 3
o a3 duAEG N BS Ffol TG F2 WME 50| FoiZ

B dAE ARHE fdAe] A= Aoz teFsttiKelly and
Spottiswood, 1982).

471 4 wiAY % el wEk 3 "(tumbling mil), XEE
(vibration mill), ¥+ (attrition milDZ YA, 71 5 FALo] 7} "*E] A&
Ha Ao A" A4y W &4 wAet ARE AAsto
Ast= A9 vl ofs] UAe] apafet RArt o] Rt EHEES
23719 A =, B4 wiAY T/, AS L B wiAe Aol s
+tHWills and Finch, 2015). &2}7]+= &4 wiAlol] o} E2(Bal mil), =2=4

ol

(Rod mil) 52 EF/FE 4 Jed, 84 727 1eta, 7P de Ak
Ha o Fig. 7€ 3dgo e &9 AFe A5 AR dA =9 AFe

=9o
MEE Zlolth, Wol AW W vRe B W FANE web AU
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Zeol ola] aaiUA WolWtkFig. Th). el HHskE SEr malw 2
UG Bol FE3 453 Faha BolAs] WEe] ARt EAH FRE
3e WA Fahu vhzel o@ vhErt YojdrhFig 7a) W Wl A &=
HomE Aol BE gy ostel Sustel QAE BAAINA Rl
24 b A9 YUkFig 70, olm NALEA Weh Bol MUY o] ¢

A4
2hElo} st ARE BHskA Xohe 58 dASEHA s, I
THE AsiA Do AL AA A 50-90%2 FEoE &FHHWills
and Finch, 2015). W&}A &g29 9o £4L 95t =
& sfj oF 3t ch(Hlungwani et al., 2003). 9A 3 Aol
(29)).

Abrasion

(Localised @

Stressing ) Abraston
@ R ’ (Coarse Product}

4
[-L11.7.T 5 ,
Cleavage
(Compression)

Shatter
(impact)

® JAY IS

Fig. 6 Representation of the mechanisms of particle fracture and

Nl

11‘,

¢

Cleavage

¥

Ouantit

Shatler

Kususju]  ABisu3z  Bujsesiou

Abrasion
{Fine Product) |Feed
|S|zs

the resulting product size distribution (Kelly and Spottiswood, 1982)
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Mill Fower Drawn Against Mill Speed
Load Volurme J = 35%
12 Bquare LMars

~&- Experimentaly b
- il

Millzoft Simuates

0 30 40 50 B0 T DO S0 100 11 120 130 140
% Critical Speed

* TG AT 10 1

Fig. 7 Movement and rotation of the balls within the ball
mill(Hlungwani et al., 2003)

i (24)
D—d
N, : 7 s[4 (pm)
DAY A m)
d: &9 AF (m)
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22. 7819 A=

HZ(eaching)e E4 FES 4 == &2 59 ful(solvent)oll &3l A 7]
T G S AR GA BEste 3AE st 2o FEolgn &
7‘]\1}‘: ﬁ%% %E*JEH o gt & vE S5V @A, BE A S

Rk A3 o] ko] i ZAA wZol T FEA
2 gakgdo] AgHEHT. o8 om Fakg oA o A2 dojuA &

= Ak 24 stoll A HEo] Jhesith whE FAbE oA
T8 FAE2 4kskA] glo] HEo] Thsstth(4 (25) - 4 (26)).

Cu+0.50,+ H,SO,—Cu** + SO}~ + H,0 (25)

Cu+ HCl—Cu** + SO}~ + H,0 (26)

2 AFAEL chalcopyritedl A4 &l 2]
2(Cu™), 27} A ol&(Fe®), d3UVEF

= olv] A&EH T Tolxe] AZAE AAET
F JdthE Aol Urk. FAg M4 Cu* 2 chalcopyrite9t ¥Hgol Al Cu'S A
HaTh Cus Cu¥el ms) BobgsiAu Cre] =4 A Cu's 2A4F + 9
Cue 4ol Hkgate] oA Cu™E AASH] wEel TFele A& A=
243 4= Qo] (27) - 4 (28). o]ell wla] FatgAo A FEE Cu* 7t A

| WEol FagAA ] Ty Aol F FElo] ASAZ AR
g 4 dEAdd g AFE WYt thFig. 9.

O

C[\‘>

it

[

1

24

ft

>

OFO

I et
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Cu® CuFeS, +30u* " —40u™ + Fe* " +25° @7
20u" + Oy >20u*" (28)
g | o 3
CuSOsq | £ | 2 e a
7 % T Sy
& 8 AN\ S,
- sy i E f‘ldq
= - ;
g — Tenorite a 8.
— E (0]
¥ o T
W ol O [
u I
E (1]
o [
E 1]
-5k 8&'._'
E QD
1 1 1 1 1 1 ﬁ lﬁ.
0 2 4 6 8 10 12 14
pH

Fig. 8 Eh-pH diagram for Cu-SOs-H20 system (¥+&3} 2016)

37} A o] FElg} HkEsle FEE AMSAI )= Uil 27 d o] =2
AT, 2 292} 4 30)ed 3l g fHo A AHATE E2AE w oA 37}
H o]2oZ JhslEo] d&EH oz FEE HET F A Fo. ugA 371 A
o] 22 g o]z HESARE ALY F US AR FATHEH
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Fe AFe*T +AH + O,—>4Fe*t +2H,0 (29)

Ou+2F > ou’T +2Fe" (30)

g
o
(o]

|20l &A1& u chalcopyriteoll A ThdFgt Gt ES A&52 o
2 PAdrh d3tES Cu(l) o5& 3} 9 MASIAA T &lEE &
7FA1Z1tH(Herreros and Vifals, 2007). @3t+ElslgEe AHS 4 3D - GO
ZtHWang et al., 2016). Fig. 9& 25C2 1M d4-gdo|x T8¢ Eh-pH
diagram< YERAT

Cu+ Cu** + 20 —>20uCl (3D

Cu+ Cu** +4C1 —20uCly (32)

Cu+ Cu’* +6CI—>20uCl;~ (33)

40u+ Oy +4H —4Cu*" +2H,0 (34)
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12 —~TT To. Tz 3T % 16 1<
-~ N('z‘)_ \\\ cu203 hydf
CuCl* ~ T
0 | el 1 ..""-...._
8 CuCly+*3Cu[OH),)] T~~_ | TeA
T-...__ “rx-
: ""--...“\-8 :-4
--..-..d—ﬂ— --------- - - \ l
0.4 -~ \ \\CuO N e
E‘ CuCl ., HCuO; (o2
) |
6 0 == _ CuCl 2 N -
A—-.,___ : |
2 T =0,
w R | ~
"'l-..- ~
-.0.4 — "-‘.‘\\ \‘\—
-0.8 Cu (a‘;-""'q
1.2 ] 1 | | | |
0 2 4 6 8 10 12 14

pH

Fig. 9 Potential-pH diagram for copper in 1M HCI at 25 (Atomic Energy
of Canada Ltd, 1995)
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e

A3 A E HIMEE #Fat A

3.1 A3 3
e o] FFE Cu™, CI, Fe¥ol el 4tste] & mAEA 213}
A3 Al o]eS Ty ~Auto] 29}l A EQste] =S MIPEHT

B Aol ARgE e 2dtolzas I AldidA FEEE ALeE, TSL=
ANA o2 34 FA=ES Adsts FAAA ALHJT. XA FFE47I(XRE,
MESA-50, Horiba)2 #2433 Al59] 242 Table 23 2t}

Table 1 Composition of Cu speiss

Composition Cu Sb As Pb Sn Fe
Mass(%) 64.74 22.71 3.87 3.11 1.79 1.40

EQEE Cue F& AAE ©vA ge =
o2 19(5000mg/L) 2 2ui(10000mg/L)E =& on, CI, Fe3*f4 Fo AEA
5 ¥A &2 2doA 22 I= A Fe 7IEe®E 191(300mg/L) 2 3ul
(1000mg/L) 43t B AFo= Fig. 103 22 A& AXE o] &3t A
e MYP3ATE ¥ 87+ 579 pyrex WHE-7](reacton)o] &% FHo| 7Hs
3k 3] 8 Wl E(heating mantle)oll & =7l(temperature sensonN@ Ad =5 AA
skl FAS AT FAo| wrke fste] A (mpellenE Adste] AT &
T2 3@dA7 3, 899 TS 9] 98 §57](condenser)E o] &3t Tk
AZte] & HAEd T 559 w55 £4387] #si Bz Alrtek 3mle

< SA] Cue 2% HNOsZ, Sb= 2.5M HCIZ 34 3l%
%291 TEe F:EEAY ZS%=vr E33E47)(0CP-0ES,  Optima-8300,
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(» Agitation motor

@ Condenser

@ Sampler

@ Temperature sensor
® Impeller

® Heating mantle

Fig. 10 Schematic diagram of leaching apparatus

A2 S92 oA AR AXE T2 H2dd S ASEHE FabEdolA
o]

st ddstd. A= ARE3E FeySOqs - nH:0, CuSO, NaOH

25 Junsei chemical®] AlFgF Ak AFEst9 Ttk AE =714 Table 33

=
T

Table 2 Experimental conditions in sulfuric acid leaching with oxidant

Parameter Experimental conditions
Introduced gas O
Air flow rate 1000cc/min
Concentration of H,SO4 2M
Agitation speed 400rpm
Temperature 90C
Pulp density 10g/L

Tee AEage AFH 7Y FES I

e
it
-
AC)
1o
off
b
o
Iﬂ"
e
L
_);
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o] AEF Felo] B GO pro] MBEE ERATHY (I).
[Ou]solution %100 (%) (35)

Leachi iciency =
caching Effzczency [Cu]solution + [Cu]residue

|do FFH 89 +% (mg/l)

[Cu]salution .=

ZAtel g8 TFEle % (mg/l)

[Cu]residue B

72 2vjo) 2o AE A
7] ozl ?aq Apae

558 a7 d
F= ool Bt AE WA & T e Aol de T RAE

2ake] BAR Lol MEg R LR LTHA (36).

W~ . ;
Amount of Cuin residue = w (36)
residue
VV;‘esidue: @% %—]-_/\]-9] J—:l"ﬂ] (g)
A% DA FHE Fed FA @

I Cu in residue * H
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3.2. A7+ 234 42 1F
3.2.1. Cu*e ¥

T AES F/MIY] s AAAZ CE A AEL AYstg

o} A2A o] 22 HiAA AFF 4 29 - B0lA YERA A} o] Fakg
Mo A AAE 2= A A Cus Tl AslAe dde & 5= gt

Fdshs Cu™e e FEl 2vpolx ) Tl e welstel 5000mg/L
o4 10000mg/Le2 WIHAA HES AP FE 2de FAdFE
10g/L, &%= 90C, ¥ &%+ 400rpm, &4F w55 2M, 4H4: F94L&

=
[}

1000cc/min® AN A 6A17H=¢E A=S 233y}

49 A% AFEse 7Y oo He =A% ¥A ge =24 BF
96%= 2 Aozt UTHFig 1D, U BE WAL F Felo Fe ARAE
9 e A 30%A T-8%7kA ZaHTHFig 12). o= Tel ko] e
2 A 7 oleo] MBAR At Felo FEBEEO FkAIL WA & T
9o Fg AL 5 ok 5000mgll ool Fel oo TS o3
8o ) ol FEE Z7NA AFERY 27477 olele Ao wud
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¥ Without Cu* ™ WithCQu?* 5000 mg/L B WithCu?+ 10000 mg/L -

— 100
=
=
) 98
[
o]
£ 96
c
2
= 94
<]
of
o)
= 092 A
]
s
C,)
3
90 -

Fig. 11 Leaching efficiency of Cu with variation of Cu*

concentration

" Without Cuzt ™ WithCL?* 5000 mg/L B \With QL2+ 10000 mg/l -

35
=
. 30 1
2
5
|53
fe
£ 204
’3
U 15
1=
= 10
3
£ 5
<

0 -

Fig. 12 Amount of Cu in residue with variation of Cu?" concentration
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32.2. CI'Y) 9%

FEe AES TEL FMNAY) A e AHEI
A2 ol2d MANA AFF 4 (33) - 34 P Fig. 1314 JEPA A
Felo e dstreol e Pt Fu
= ok 300mg/Lell A 1000mg/Lo = w5k
B5 10gL, £EE= 90T, wu

A= 3
400rpm, 4 T 2M, 4t F94L 1000cc/minZ 2 A A 6A17HE

o
n
filo
™
O:Oé",
ob
2
0

m
o

_Az_ﬂ
N o

[J-lg -IH'
et
O

Ay 23 CIe) FA=FES 300mg/Lell Al 1000mg/Le S7HZe W AEE&
< 96%°l1A 99%, 99.5%= F7tATHFig. 14). HAZE A T T8 F2 A=A
E BA B2 A5 0% Fdst= CIe S7tol mheh 18%olA 8%7HA &
A oHFig. 15). webA 8] 2dpolzo] e A |EkyE] o2 o= &3
58 VA TE Y JAEEE0] FUleA AL & FE e AanE g

Aoz Ao,

506 ... CuCl' .

0.01 0.1 [l / mol L 1 10

Fig. 13 Fractional distribution of Cu(IDCl complexes as a function of
log([Cl 1y +), the chloride activity, at 90°C (American Chemical Society,
2015)
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© Without Cl- ™ WithCl 300 mg/L = With CI- 1000 mg/L

=
S o8
[
o
Z 96
c
@
5
B 94
=
=10
=
= 92 A
=
—

a0 -
Fig. 14 Leaching efficiency of Cu with variation of CI° concentration

© Without CI- ® WithCF300 mg/L = With CH 1000 mg/L

35
S
. 30 A
5
=
o]
—_
£ 20 A
’:S
“oos
'
210 4
=
£ 5
<

0 -

Fig. 15 Amount of Cu in residue with variation of CI” concentration
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3.2.3. Fe*el 93

TEo 2L B82S FAAYY 98 ASAR FetE gl AES A

ATk A2 o2 A WA AFF 4 GDoIA e A3 o] Fe¥':

Fe2 $U5 3, 2ad o8] oA AusEE A% W
=)

[e]
2M, AFA F94L 1000cc/min® LA A A 64 7HEQ

A8 A Fere EQS HEE888 99%=2 =713 1(Fig. 16), A& 2+
A F FHY Fe 4% A A uHFig. 17). wEbA el 23ko] 29 HE A
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" \WithoutFe®* ™ With Fe* 300 mg/L

— 100
=
o 98
i
<
% 96 o
f
=
)
B 94
[
cﬂ
=
= 92 -
f}
=31
]
=3
90 -

Fig. 16 Leaching efficiency of Cu with variation of Fe¥

concentration

“ WithoutFe>* ™ WithFe®* 300 mg/L

35
=
o 30 1
o
—E;
.E 25 -
o]
P
E 20
=
S 15 A
15
210 A
2
£ 54
<

0 .

Fig. 17 Amount of Cu in residue with variation of Fe® concentration
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Fig. 19¢ SEM £4& 53] A&8x 2 T 2vtolx dde e
Aol £4 A3 78 svolat 27 AF HAM A% H4 T Rpow
e geB, A% A48 Felsl gel 6% o4 Feeln, A A4

o st o 54%, QLElEo] o 4% FAE FFo

1

o]29] AE A BHEE Ul 2R AF A Aol EAAA F4 P
Foz Pzol WYY Wl Yo EAe] Pt PFo| 4P WA, T4 ¥
Boli obx JEA wgehA R@ RRo| Folgith Fig 20& YA 7H3
Ae R EDS BA A% FEs dEEe FErEE 1BTEE I4%
I gow, o Telo] v & JEHA @t 1BTEI T FEAe
A& PasE Ao BUHT, AAS AL A Fig 18O 3
Ag A

8314 9T 2T 2AFi 18@)l ¥ § Be Tt 1%
W oo aBTEZ dollh webd 4SS Agsel 3E A
& ZAbeAR O Be T AEs
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SEMHV:20.0kV | WD:12.68 mm A MIRA3 TESCAN  SEM HV: 20.0 KV WD: 12.01 mm
SEM MAG: 72 x Det: SE KMU SEM MAG: 462 x Det: SE

WD: 15.48 mm [ T MIRA3 TESC#N’.
mo

SEM MAG: 875 x Det: SE 100 pm KMU

Fig. 18 SEM images of leach residue (a)without oxidant, (b)with oxidant
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Fig. 20 EDS image of leach residue with oxidant
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Ag 22 EHE T8 79 =5

41 A3 BH
411 =9 &4

TE g AE R FFOE o]FoIR F2E FIAsta FEHE =EAT] 9
d =2 ZHE FdskAT B ol&d =29 =A== Fig 218 2nh
o] 1lcm, ¥eol7k 13.5cmel A-rlel AFo] 15cmsl & FYsAth &
o] A= A9y 3 =9 2718 sk 4 24 w2} 137rpme.
2 A=A AA A oF 60-85%7F HAz2AQ] RS wF st AA 3
Aee 70% F2 97rpmol A 3AZERE 42 FHsY. B ANEs
A st A A el AHERE Ao Abe]== 75um, 106um, 150um, 212um,
425um, 650um, 850umE AHESFRom, Zp 7oA FHE AR F& A3
of 738 FAE FAs vE .

Fig. 21 Diagram of ball mill grinding
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Table 3 Experimental conditions in sulfuric acid leaching

Parameter Experimental conditions
Introduced gas O
Air flow rate 1000cc/min
Concentration of H,SO4 2M
Agitation speed 400rpm
Temperature 90C
Pulp density 10g/L.
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42. 94 A3 4 37

A A3 THFIg. 22). B 24 3 850um o] YEE =
A

=
A2 wEE ZIE Y

A =
25 &3] EHer]de AV AJn

100
/\:?“\- 90
& 30
&
= 70
B
‘?& 60
© 50
L 40
=
o 30
el
% 20 —— Before grinding
o 10 —&— After grinding

0
0.01 0.1 1 10

Particle size(mm)

Fig. 22 Size distribution of Cu speiss with ball mill grinding

wae] de Bl falx ANES} B F 850m olskel Tl U=
FE HoR FUS 2 2L AWHAT. AF A% B4 A 2
Fo| ARolA Y57t AdFE TP AFEE PastE AS FASHAY
JAe AR YEIt ALSEE §U3 HESHE GBH o] Fopxs] wral
Aox FEdth 2y 7Y PEL e 79 dEEe] FFTEE ¥
A3t sl BAYA, £ F o3y FAF Y=E vuYe 0 T
AZ oo B ATHFig 23). W oje AE A & TelE B4 Fo
NEolA o Be oo wEaw UTkFig 20, ol BYW B4 A B3} e
MEE Qlstel EWE WAV FEF do] WP + gorPavly,
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2017), mebd Fe) Zvtels mHe] Asttol Fyso] AFEE Fad A
oE AZET. wed ¥W PAE B BIHOR TG GEEY FIT
| o AolNE A2 B Sy AAR

22 s AL oW WE

Ch=
7o FEEE&S STV AT A

Be ABSHA
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= 100 m/& < d
< 9 == =
< 80
C 1
& 70
2 60
2 50
£ 40
= 30
R=
5 20 —&— Before grinding
;3 10 =B After grinding
— .
50 250 450 650 850

Partticle size(mm)

Fig. 23 Leaching efficiency compared to the results before and

after ball mill grinding

100
—_ 90 —&—Before grinding
ég/ 20 —B— After grinding
:-;f} 70
£ 60
E 50
5 40 1
2 30
E 20
g 10 >
< 0
50 250 450 650 850

Particle size(mm)

Fig. 24 Amount of Cu in residue compared to the results before

and after ball mill grinding
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Table 4 Experimental conditions in hydrochloric acid leaching
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52. 4+ 234 2 31&F
52.1. G4k & AL Ao QGEE] HE AT

e FEe FAsel Telo FES YIS Qo= AL
QPEIEY A Y-S A del ol gHn, Fagods Tl
423 0 o we AR JEI Zol 711—41549;1r:}. Fig 25%
GG Fe] zsto] 28 3
Jelth RG] e 9E 2o GE ol felsis
G oglom, o)z lsl Felo AE Fol =gl @ oz )
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AHg A A T 2dpolzo] HES WP
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[ 1o e
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Fig. 25 Concentration of Sb with H,SO, and HCI solution
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E AAst 89 Abolo] FEFHZE EAstEE, wue 3 W YAE 2
I RFAA S5 A e BARE FAF FAS B2 HRo
A WY S8 7] AT AP APstg AE =de B

wHE £57F SUMESE S AR EE SIS 6A12F & 600rpmell A
98.5%, 800rpmell A 100%2] HEF &S oA
olxE HEFIV] A= TS N £57F desiteE S e

#H 600rpm % 800rpmol A T2l HE ASF
o]

24w o2 2 Hle) § w2 UEE
Hadte BAEFe BATKFE 27). =8 it £ S71EsE JE A
TEe 1=

A &°] 800rpmell A 0.3%2] F-2]7} =3 eHFig. 28). ©
& $52 895 A 9 &9 Fol 37 FAHEE AF 22 23Ut

Fel AF L A wE dERe FAol JFE FEA A 93
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100 Z p i1

Leaching efficiency of Cu (%)

0 60 120 180 240 300 360
Time(min}

Fig. 26 Effect of agitation speed on the leaching of Cu from Cu

speiss
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Fig. 27 Effect of agitation speed on the concentration of Sb from

Cu speiss
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Fig. 28 Amount of Cu in residue with agitation speed
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