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Fig. 1 Flow sheet of process of cobalt hydrometallurgy
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Table 1 Thermodynamic calculation of sulfide separation

Reaction No. Reaction equation

Nernst equation

1 CuCl,+Na,S=Cu$ | +2NaCl
2 CoCl,+Na,S=CoS | +2NaCl
3 ZnCl,+Na,S=7ZnS | +2NaCl
4 MnCl,+Na,S=Mn$ | +2NaCl
5 MeS+2H'=Me*" +H,S

6 S+2H*'+2e= H,S

7 Hbo— 1 H,
2

8 0, +4H +4e=2H,0

® =0y —0.2951lga,, ..

pH=11.5+0.51gK,, -0.51ga, ..
¢ =y ~0.0591pH +0.029511g py; ¢

@ =-0.0591pH

¢ =1.229-0.0591pH

Solubility of gas H,S in aqueous solution is about 0.1mol/L under 25 °C, so it is confirmed at [H,S]=0.1 mol/L.

CuS. CoS. ZnS Ml MnS MIEER K, 551N
6.3X107%, 4X1072', 1.6X 10 Al 2.5x10 B, 4
&R E TIRE (ame=[Me* DH 1.0 mol/L FRIEZE 107
mol/L i, £t 25 °C 24+ T~ Me-S-H,0 & [1 F A —pH
K7, WE 2,

2 Cu-Co-Zn-Mn-S-H,0 R H A7 —pH P45 &

Fig. 2 ¢—pH diagram of Cu-Co-Zn-Mn-S-H,0 system: (a)
0, line; (b) H, line (D [Cu*']=1.0 mol/L, @ [Cu*']=10"°
mol/L, ® [Zn*']=1.0 mol/L, @ [Zn*]=10"° mol/L, ® [Co*']=
1.0 mol/L, ® [Co*']=10" mol/L, @ [Mn*']=1.0 mol/L,
® [Mn*"1=10"° mol/L)

B 2 7 LVEH, #%8E Cu-Zn-Co-Mn 7, &)@
i A ) A RSP PR SBT RIS, pHL B UZ T T e, HL2
T Fh 4z SRR A A X S8E BT ), HAR R

1) MRS FIKREHE 1.0 mol/L(ZkQ)FF{E
£ 1X107° mol/L(Zk@)it, HLZH 566 mV R Hb %
K% 418 mV, pH H—6.1 #&=Z%-3.6, FTLlL, N T ik
PEPEDTUE I R, = 50 a4 ) VR A R
200~400 mV Fl pH>-3.6, N 7T J5LMikR Co A

Zn, I pH HEFEHIAE 1.0 it

2) YEHEPEETIKREH 1.0 mol/L(Z®@)FF{K
£ 1X107° mol/L(Z@)if, HALH 229 mV AN H1FF
K& 82 mV, pH H-04#&EE 2.1; LEHPEH T
WHEH 1.0 mol/L(ZE®)FEMEZE 107 mol/L(Zk @), H
frEH 128 mV AR PR KZE 20 mV, pH H 1.3 #EmE
3.8; WLAHH ZnS A1 CoS - HA: sl [X s AH H. 5 &,
UATERR AL IS FE T BE 272 ZnS FI CoS HIVR A ULIE
Y, Co Al Zn I BA S B 1 DURFE S50 R 40 1E4H
ks

3) RHEE 2 WTLAE H, TS mi i e
XA, B, Zn 1 Mn 1] DUR SERR AL DTTEVESE
BB . Mn [OPTIEERR B AT DUR BT AR 8 fa
WOUTE AR, (HA2 B AR T A B DL S R B
WRFRERATAE,  FIT LA 36 FH B R A Hh R T e 7 2 el WA
R 2 AR, Mok e rPRIDTAR 2 8 pH ARERAE
8~9 Z [a],

AL, e AT DUR A% A BB AL DT v
SEHVATR T Cu. Cos Zn 1 Mn 4 M@K 0505,
E2 BTS2 R 82550 50 0E

5 EEARKSERR

5.1 3£I§
5.1.1 &R

SEIG R R A A BR R R ST P204 113K
A HURH SRR 1) S A TRL(TRTPR P204 AR TR), T2
WEE R AR 2.
512 AR

P204 [ A2 AR BRI SR IR AE 250 mL
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Table 2 Main composition of P204 stripping solution

Element Concentration/(g-Lfl)
Cu 32.50
Co 2.50
Zn 10.00
Mn 110.00
Cl 180.00

= MABM AT . K =Mt B TR & Bk
WERAM T, IO 200 mL P204 JREEW, FHHEAL
THAT pH TF 43 B0 i AT A pH B, 285 INEA
AENEEFR VR RV pH M, RFF 78 R BRI it
BINTTIE T, 83 42 000 75 R N 22 1 B VA LA
I BB R S NI R JE A I, IR EUARL, Ul
VKBTI E. SBIIERESEBITTERE
R EEENE S, RO)HE:

V.
RMe — (1 _ Vremoval X Premoval \JX 100% (9)

material < Pmaterial
KF: Rue NEBIER (%) Vinsterial T Viemoval 77 A
JERFR BR S AR (L) Pmaterial T Premoval 77 3N
JEORE A B3 5 v b < JR IR (g/L)
5.1.3 ikl 5 R4k
W &R ATV & 8 & B (DL RIS
i ) 1 VA V)R ) TCP-AES 3 Al 5 (35 [ 4 H 2y
] IRIS Interprid I11 XRS 7 H JEHE & 55 58 PR R 51
TEAX) o FEAKE i P AH K XRD TSGR il (H A2
/) TTRAX-3 A1, AN BN K 40 kv, Wil
HIRA 250 mA, #4410 (°)/min).
TR R T AL TR I, DAMERR D A B A2 P 1
MT320-SpH i1 AR DL WRIE T/EEHK, H
KERAES L, WK &8 S FRE BALR BIR
HA 5 H IR AR AL 2 AL, AR R(10) 15

Pr = Pp T Pr (10)

e op NIEWEEBRENL; o) NRALTHEIR AL o
AN DI RE T H ok FELAR R R

52 #R5TR
5.2.1 AL

A BRI P204 REE BN E AL
VAR AN IR VAR pH (AR A B T AL, #H15%
2 AW 200 mL. 255 pH=1.0- & £ A7 330 mV.

W JE 50 CHINSE] 1 h, B4R 5 ORI TE P 1) 35 22 Y,
IR 3.

T3 BRI E Y

Table 3 Main composition of Cu-precipitates

Element Precipitate/ Cu-remove(} Precipitation
% solution/(g'L™") rate/%
Cu 62.69 0.028 99.91
Co 0.28 2.38 4.80
Zn 0.11 9.94 0.60
Mn 0.32 109.85 0.14
S 32.51 - -
Cl 2.10 176.97 -

B 3 FTLAE HY, B i v oA FE PR 2 0.028
g/L, XL 2 vlhn, W EL . B SR E IR
JE BEARMR LRI, B DTIE 225 2] 99.91%. HUTIEY)
HHAR AR & 40 BN 62.69% A1 32.51%, Tk %%
G4 R & A4 AN 0.28%. 0.11%F1 0.28%, 1t B
TEARUTIE D) HoAh 4 )& Je A8 b o 5 REHH Cu
Al Co MBS TFIREELL AN 13.0 MHEL, #UliEy+
m(Cu)/m(Co)#& = Fik F 224,

TR XRD B ULE 3, ATUAE H, HUTEY
H = FE DL CuS PIAEAZAE, VTP T AE A T A va
WRIERIE R . 25 BRI AT, I NERAL AT I iE
VAT AT LLSZIR P204 S T AR A A B I DTTE

e— CuS

0 10 20 30 40 50 60 70 80 90
20/(°)
B3 HUTEn XRD i

Fig. 3 XRD pattern of Cu-precipitate

522 IHABALTUE:

2 AL AL AR AL 2 ) R s 23 N SR A B
FERAL BN 2 4% 7 pH (AR A5 T HAL. 7EY)
GoAF: BRI G 200 mL. £ A pH=2.0. £ S
80 mV. IEE 50 CHINFE] 1 h, EEUTRMIMNEZR
W 4,
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Table 4 Main composition of Co-precipitates in sulfide
precipitation
Element Co-precipitate/%

Cu 0.13

Co 3.94

Zn 21.79

Mn 14.46

S 18.73

MEETTE) R R E LR S B VAW, JUEY
BRI S B AR T 21.79%F1 14.46%, 1L
TEVE R 3.94%. W e R E RS, BT
TEFRN 66.91%, FUTERNNY 78.98%. 4G UllEY)
J o3 AN SR UTUE e 7 06, Ul BB R A
SCHLE M R IR R RS B, AN RESCIAN CEDTIEY)
HEEMHET.

EROTTEYIM) XRD 1E WLEE 4, v LLE BT =)
IR RO B A, B R AR AL T AP AE, H
o NES I Z A R RO B AR S8 LA AL A
ML RAEAE . RV E %, A& mA,
ToF A A, B EER E SR RHEI . e AT
WO IE R R E, B DU VE AR A REi 2 %
VAR R, RIS PR T I 9L

*— S

* — MnS
o— ZnS
a— CoS
v— C03S4

30 40 S0 60 70 80 90
260/(°)
B4 BALITET YK XRD i

Fig.4 XRD pattern of Co-precipitate in sulfide precipitation

0o 10 20

523 PEEAE A RES

P 4% FL A B ARG R 45 ST DU Y, VA B
TAEMEETRAZEBENE /B . TEE R BERRAE A 7 —
FE HUER ALY - 2 B8N 3 2450T LS Co AT Zn A2 AUTTE
Co(C,HsOCSS), 1 Zn(C,HsOCSS), KA FER 7 5l A

545107 F1 4.9 X 10714, F] FH v 55 AR 22 57 AT DASE 3
BRI 4 S
2 AT B8 2GR S A [ B i S R Sl N SR R
I 2] 5 PRI pH EFNREA & HA,
i Co LA Co(C,HsOCSS), | T ADTHE, HAk 22 [ B
A(11):
CoCl,+2C,Hs0CSSNa=Co(C,H;0CSS), ¢ +2NaCl
(1)
VIR BRAJG T 200 mL. 2845 pH=2.0.
2 S AL 180 mV . ¥R E 50 CAIRTE] 1 h, Bk )5 HoR
BTN F S WA 5.

RS HARREMIK R

Table 5 Main composition of Co-precipitates in xanthate

precipitation
Element Preciopitate/ Co-.remove(il1 Precipitation
% solution/(g:'L ) rate/%
Cu 0.21 0.001 96.43
Co 23.81 0.001 99.96
Zn 0.84 9.85 0.91
Mn 3.36 108.68 1.07
S 58.44 - -
Cl 0.79 175.32 -

B 5 WTLLE W, BREE IR ERIKE
0.001g/L, HifPTIEZiE ] 99.9%, [FNF, BRél 5
HAIR PEFEAIR A 0.001g/L, 15 B 5 i v A e A 1) e
SEATYUIE, RN J5 0 R RV 1 VR 5 L o ) v e
ARG BHUTIEY 3 20 = B A 1) &= 5 R
23.81%71 58.44%, HhUTIEYI I . BEAIER 1) & &
SN 0.21%. 0.84%F1 3.36%; AHLHLIRIE T m(Co)/
m(Zn)=1/4, EPUIEYIH m(Co)/m(Zn)=28.0, Ri{= AL
IEFRIEDTE SRR S T I A 1A R B TR

BRPTUEY) B XRD 1% WL S, nTRAE H, BhUTEE ™
W B DL O TR R R B AR AL R N IA AR A, U
HHLE 4% FELAL B 2 PR Al I AR PR A 1l £ B B R R B DTE
oy CEANE DG R A G AR R T AR UTE, R
PN (12):
2CoCl,+C,Hs;OCSSNa+2H,0=

2CoS |} +C,H;OH+2CO, | +NaCI+3HCI (12)

2 FAT I BV B 2 DT U 1A A B Ak UL PR L A
L, RSB RS, KRR TETEM &5
B, A REE R
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524 PEHEAITRAGEREE
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& HAI—200 mV. SR 50 CHINE 1 h, BREEE R
FVEETTIEY ) £ 2o WK 6.

* — Co(C,H;0CSS),
= — CoS

26/(°)
Bl5 ZAUIE Y XRD

Fig. 5 XRD pattern of Co-precipitate in xanthate precipitation

®O  BREETIIN A E Y

Table 6 Main composition of Zn-precipitates

Element Preciupitate/ Zn-.removesll Precipitation
% solution/(g'L ) rate/%
Cu 0.001 0.001 -
Co 0.001 0.001 -
Zn 36.63 0.001 99.99
Mn 26.05 100.82 7.23
S 33.83 - -
Cl 0.91 174.02 -

H2 6 W LAE Y, BREE 5 I BRR B FEKE 0.001
g/L, BEIIVTIERIES] 99.9%LL |, BREEE s s 1
W E PRARIR P OR s BFDUE YR R B R e AR
& BN 36.63% 26.05%F1 33.83%, i BH%
PR R AR 25 B0 4 I A DUTEHE N BT
IR A m(Zn)/m(Mn)2l 0.09 FHECER, BEITEDH
m(Zn)/m(Mn)$2 = 8 1.41. KRk, @Atk breed
FESEIL T SHEL A 8 B

BESTIEYIR) XRD # WL 6, 7T LUE R+
BEE T UMACEE R B LRI E, B 1 BoR
ZnS F1 MnS [#14E B X3 ZE T 8K, H2 BT 3 1K
FEZMBR, SECRS S B FTIE.

52.5 HRIPTER

BRI E B R PR B R RS R IR N I N, i
MnCl, F1 Na,COs A= ik BRERDTIE » 2 I B = (13):
MnCl,+Na,CO;=MnCO; | +2NaCl (13)

TEVIRE AT BRI 200 mL. 2845 pH=9.0.
IRJE 90 CHINSIE] 1 h, BREGJS MORNAR DTIE I 32 B Rk
W T,

® — 7nS-MnS

A

0 10 20 30 40 50 60 70 80 90
20/(°)

6 FEUIVEVIH XRD i
Fig. 6 XRD pattern of Zn-precipitate
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Table 7 Main composition of Mn-precipitates

Element Preciopitate/ Mnjremovefi1 Precipitation
% solution/(g:'L ) rate/%
Cu 0.001 0.001 -
Co 0.001 0.001 -
Zn 0.001 0.001 -
Mn 42.82 0.001 100.00
S 0.12 -
Cl 0.99 -

M%7 TEH, BREERTESRS TN
0.001g/L, 4JEUTIERIILF] 99.9%LL I, FITiE?)+
FETLEESEN 42.82%, HEASRESEH/NT
0.001%. fHUTIEYIN XRD & WL 7, ATLLE HEEE
DA IR AR T NAFEAE, 2 m] F T ISR B 2R
TR = i B
52,6 HARLSETE

BT FART AR, R P204 AR HALE
PR BIAB TS, TERELE 8, Bl
TG AL A 85, 2, 3640 34 24 RTRR Bl 2 591 42 1) AV 1) el o
1 pH {H, I P204 AR AR B BEAERSSH N
SIEII N BUTNE . VOE= A, BRRRES . Bk
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e — MnCO;

0O 10 20 30 40 50 60 70 80 90
260/(°)

E7 ERHEH XRD i
Fig. 7 XRD pattern of Mn-precipitate

P204 stripping solution

Cu sulfide precipitation under
controlling potential
I

CusS concentration (sale) Cu-removal solution

Co xanthateprecipitation under
controlling potential

Co-removal solution  Co riched precipitates (sale)

Zn sulfide precipitation under
controlling potential
[

ZnS concentration (sale) Zn-removal soltution

| Mn carbonate precipitation |

¥
Mn-removal solution MnCO; (sale)

| Extra purification |

Environment-friendly effluent

8 PEHALIEFEIES B L 2R

Fig. 8 Flow sheet of selective separation under potential

controlling

BEANBRER SR T 20 A E A tih & EORHR BRI AT, AMY
M2 T ARG BT A AE N e ki S, T
Hit e 7 AN EmEIRY, ZBAR AR KE R
A <)@ 70 20 0 B B [l AL SR (4t — Al 1 R

6 FHiLS5RE

1) £FX P204 A K R A%, MELLAr 5 RUCH
W48 BRs 55, T E AN SRR T2

S ER A DGR SCHR, B R AL B B A I 4
JE B

2) DL Er BN, 4t T MeS-S-H20
A1 o—pH Bl /rWrgs R, FIREH EA A pH
T LASEILVAWCH Cus Co. Zn A Mn 4 Fhé: )@ 7
WorE . WL RR A EH AR A BRI R T
TEZILF] 99.9%, HAVTE T m(Cu)/m(Co)ikF| 224,
A B DABRACHR T AP s AT T R To2 S I A
()56 A UTE SR BRI 0 85 R AL S 2 BR A I AR
B UTIEZRIAE] 99.9%, EiiTiEH m(Co)/m(Zn)ik F)
28.0, = FELL £ T i TR B AR A N AR A7 AE 5
FERALBL RS AR, BEMIDIIERIEE] 99.9%, 4
DU m(Zn)/m(Mn)FE =3 1.41, B FRELIGLEE
YIARAZALE ;s RIS AR, ERUTE 4515 2] 99.9%,
B UTVE ) o 3 DU R B T AR LE

3) AL ZEMHERIRS: &8 v SRS it ik £
PSS Ve SRS, FE R SRTTE
R, RBIEFEN DUE 0 E NG a4 )5
BHR BRI, AL T 4 G B 5 AP AR =5
e, i Lk T A SRR . SRR AR
PEAK T AN 48 0 J B S i — i i) SR
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Society of China,

Valuable metals sulfide separation under potential controlling from
P204 stripping solutionin in cobalt extraction system

LIU Wei-feng, SUN Bai-qi, ZHANG Du-chao, CHEN Lin, YANG Tian-zu

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The production of P204 stripping solution was introduced and the common treatments of P204 stripping

solution were summarized. The value metals selective separation under potential controlling from P204 stripping solution

was proposed. And then, the p—pH diagram of Me-S-H,O system was plotted based on thermodynamic calculation.

Finally, both the selective separation under controlling potential of Cu, Co and Zn and Mn carbonate precipitation were

studied, respectively. The precipitation rates of Cu®’, Co?", Zn?*, and Mn?" were as high as 99%. The precipitates, CuS,

Co(C,H50CSS),, ZnS and MnSQO,, can be reused as raw materials in metallurgy. The effluent is eco-friendly to discharge.

Therefore, the goal of valuable metal selective precipitation and the less-hazardous handling of P204 stripping solution

were achieved.

Key words: cobalt; P204 stripping solution; separation under potential controlling; sulfide precipitation
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