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Table 1 Composition of leaching solution (g/L)

Sb Fe As
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Leaching solution

[Solvent extraction |« Extracted
organic phase

Raffinate Loaded organic phase

Dilute H,50, [Stripping and hydrolysis]

Strip liquor Hydrolysis ~ Regenerative
containing products of  organic phase
ferric and arsenic antimony =~
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Fig.1 Flowsheet of extraction of antimony from solution
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Fig. 2 Effect of modifier volume fraction on extractions
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FeCly+iTBP = FeCl, - iTBP (10)
100 | HAsO,+iTBP = HAsO, - /TBP (11)
< gl HAsO5+iTBP = HAsO; - iTBP (12)
E ol 2.1.3  TBP & M50
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Fig. 3 Effect of leachate acidity on the extractions

M 3 BTN, BEEIR MR 3G, &5 T
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HYKEJY 3.16 mol/L I ALt 261, BERE N i
ARAFEEFN B B 1, SRR BA. BRI U 5
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Fig. 4 Effect of TBP volume fraction on extractions
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Fig.5 Effect of O/A on extractions
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Fig. 6 Relationship between extraction efficiencies of metal

ions and time
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p(Fe) in organic phase/(g-L™")

p(As) in organic phase/(g-L™")

p(Sb) in organic phase/(g-L™")
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Fig. 8 Effect of H,SO,4 concentration on stripping

T YTV IR RE Y 0.25 mol/L N, BE7ERRIRVA
W RREZEN 5.5%, KB 8h R A 7K BRDTSE ML
BEVEKIRDTRE = SR, BRI R RN
93.4%F 26.7%. A 51 R IR RN 1) 375 At 246 jE Sk el
e, AR A E T R VA VIR I Y ik Pt kb s, AN T
JE S5y BRI K P AT TG R RO AT, A
FHR=4 0 &, PIAS HAHRIBR E S %, 25K 2.
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Table 2 Composition of precipitates

c(HY/ Mass fraction/%  Sediment Leaching rate of
(mol'L™")  gp Fe As mass/g antimony/%
0.25 435 248 297 8.35 80.5
0.50 444 220 234 7.77 76.3
1.00 456 197 201 7.10 71.6
2.00 463 1.85 1.72 6.33 64.8

(b) Iron;

MR 2 RN, BEAE R MIIOR, DU IR
SRR/, 1T R R A R R . IR RN
JERER, MRS BRAEE L, R, YT
R B e A Rk . R BE 2R SV TRV . BREERLK
B YTUE F= W0 AF OGS BE R 2, (E SRR 6 1 Rl S R A
B L 6 4 5 B M 0.25 mol/L Ak S 4444«

222 AR AR 52
FHRAFME TIRZESR, ERWE 9 fiox.

100 —
2 80r
; =— Fe
15} *— As
g 60+ A— Sb
[}
£ 40t
=
2
=)
» 20+
A———"‘—" . —
0 L 1 1 1 i 1
1:1 1:2 1:3 1:4 1:5 1:6
O/A

B9 AHELX AR
Fig. 9 Effect of O/A on stripping process

9 FTLAEH, FEEAHLID, BRANERI R
IR LI, BANTE MRS YERFTE 8.6%, BRINVE
fiff 22 KT 93.4%, T A VA R 2N 18.4% EFtF
58.3%. LEGHRE, NARIE— 2 RE K R Bh R R R 4
FEEUD I R BERRRR, 2L O/A 3 121 @7 IR 8%
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B S T SN AR &S 3= P § 354
PEm AR LB 2 RIE PR S e, 24 I A7) Bk B e
B FEEER, BT AR ERTS L,
223 REIKBEF

B R E] 30 min. AHEL O/A 1:1. RZERE
5 °C. AN BHE 120 Hz. FRER 0.25
mol/L TR RV S5 A N 15 B UTIE =447 XRD 43
HrA1 SEM-EDS 43#ft, 3l UL 10 F1 11 fios.

M XRD 43 (0L 10) R0, KM= T e B 2
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20/(°)

B 10 AKME ) XRD i
Fig. 10 XRD pattern of precipitate obtained in stripping
process

Element wi% x/%
(0] 2.86 11.76
Si 2.89 6.77
S 8.45 17.32
Cl 6.82 12.66
Sb 60.23 32.54
Fe 8.27 9.75
As 10.47 9.19
(b)

11 REEKAEF4) SEM {2 F1 EDS 4347
Fig. 11 SEM image(a) and EDS analysis(b) of precipitate

BAUTIE 0. N SEM AR 11 RT AT, DUIEF=91N
T Z FLUTHED , $L EDS 43 H7 5 ICP 2 4 WA — 24,
DUBE PN B A T SR AA o K T BRAA A T AR 3 #T
HEREIX (A% 3] 950 °C, FHEEZR 10 ‘C/min, 4H N
TR, AR IE 12,
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2O 171 5
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5t 174 &
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12 JRAEKFEE DSC-TGA £k
Fig. 12 DSC-TGA curves of precipitate
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THE R, (13 FR. DS inITHER, 24ksk sy
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FIFR S I AT R 7E 900 C LA LR, Sb,O, 2253
N Sby05, —REIE L FAE 1030 CHE5E M i N . 1
PEUTUEF=Y) DSC-TGA 73, ¥ r=47E 600 CHAF T
WhFE 8 h, SRJEHHTIAE AT, R 13,

. »— SbO,
v v— Sb,0,

1 1 1 1 1 1
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13 600 Co&MF T ALEL ™4 XRD #%
Fig. 13 XRD pattern of precipitate treated at 600 C for 8 h
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3Sb,05=Sbs0,5+0,1 (13)
Sb6013:3Sb204+0.502T (14)

B A A BRI B, AR AR R LT, Rk
b WRFIEIE R, 600 CALEES44H N SbO, Fl
Sb,0,, /> E %I . Sb,0, T LLIAAE SbyO5 Al Sb,0s
AT IR, HEAS T E KR, Ha
BRI EAE =M A T MG L. 25 Rl A, JREEIK
fif i R B K R =) A T BR N TG B TR A Sb,0s Al
Sb,05.

2.3 EKRANZEEEHBMEIAF AR
231 FEW-REENEE SR

W IR SIS AT R - IR ZENE A S S . FEHL
SEG SN T « REEE (] 30 min, AHEL 1:1, 35 25 C,
HHUAA A 50%TBP+50% i, 23 BT 2.
3. 4y 5 UAEHEEEL, BRREEEUS 4 AR IER . 2R
TR AEH 2, 52 22 IRAIE IR )5 B BUCA MU I ZE B8R,
Rk 3 pral.

®3 DUIEA R

Table 3 Extraction efficiencies after several times

Extraction Extraction efficiency/%
time Sb Fe As
88.84 99.41 31.70
2 88.70 99.51 34.34
89.71 99.61 33.21
86.23 99.41 33.58
3 86.78 99.41 27.17
85.22 99.41 24.53
85.651 99.31 29.06
4 86.35 99.31 2491
85.16 99.21 25.28
85.07 99.12 21.51
5 85.68 99.23 17.36
84.06 99.21 19.02

MEER - BEAF IR LR 45 T DA, i 2K
TEA R A, BRMAEICR AT 84%, HATELFH)
Fase k.

232 FRWORR)HIHEAHH

KRB MAERGR [ E— D g T 20, s
IS AE Rk DR IR R LR R 4 Fidl. K 4
WULE H, RIRFUGEATIR HSEae s, fEMRILas &
PR, MR&RITR IR B 5 R AR 3R R

F4 RIREA IR L 452k

Table 4 Leaching experiments with regenerative acid liquor

Stirring . o Leaching
‘Tempcerature/ speed/ Time/ L1qu1.d efficiency/%
C . h tosolid ———
(rmin ) Sb Fe As
1 85 300 5 10 904 257 225
2 85 300 5 10 922 234 244
3 85 300 5 10 909 26.0 20.7

JUFEAZEMN. B, 25 ARSI R R AE AT LA
THR R RO, BRI SEIER RV R G AR
233 ARG HE 55

W EFNREAT IR FENG IR LG o AL S0 260 T
SAEIA] 30 min, AHEE 1:1, ¥RPE 25 °C, HHU A
B J5 AN 23T 1. 24 30 40 5 kR
REFEAREE, BRRIREE G 53 ke S A B Bk
AR & EMFRRE R &, BRZIRREE
Ja RAEFI R FERR, AR 14 F1E 5 Fin.

M 14 F0% 5 AL AR Bh L PR T
FEE R P55 I A S A U 384 n i AN B, 886 1 i
FRAWEAE R ZE R TR N . XER T AT

Concentration/(g-L™")

Times
B 14 SRR AT R
Fig. 14 Effect of stripping times on stripping agent

E SN ERIIRR /Bt - Wiy L e

Table 5 Composition of precipitates

c(HY Mass fraction/% gediment Leaching
Sb Fe As g antimony/%
1 0.25 435 2.48 2.97 8.35 80.5
2 0.37 453 2.15 2.23 7.61 76.3
3 0.44 457 1.82 1.95 6.93 70.1
4 0.56 474 1.68 1.68 6.08 63.8
5 0.64 47.8 142 1.31 5.01 52.9




2529 B 6 W HIKE, % mRE

AT BRI B A R T 1275

IREEKIE, AR A DRI, RN R the
AN T AT &iF&Vﬁ%“m &S
FES N T RE U s -

2SbCl, - iTBP +3H,0=Sb,05+6HCI+2 ;TBP (15)

2SbCly - iTBP +5H,0=Sb,05+10HCI+2/TBP  (16)

FeCl, - iTBP =Fe**+3CI +/TBP (17)
FeCl, - iTBP =F¢*"+2CI +/TBP (18)
HAsO, - iTBP =AsO, +H'+/TBP (19)
HAsO, - iTBP =AsO; +H'+/TBP (20)

SbCl, - iTBP +SbCl; - iTBP +4H,0—
Sb,0,+8HCI+2 iTBP Q1)

JRAE G R P 3G N2 5 BUR R A R R B
Tl 5 22 DR B AE VR, T U 1 10 9 ) AR R B
TR RO AE S8 BRI AR R, PRARER IR K il 2%
TS BRI [ . 4eid 3 KRG G, BhIEIL
HALT 70%, AT EFAT ST, BT KA
ERER A R, T LR A28 R 45 Sl kPO Kb B 5 ki Je &K
O A FES L A I N U=R S UR AW 52 DTRS
YT LN
234 FEWURFKfEERE T TTEAT A

H TR BB R, B TE S FRAAER,

Leaching solution

| Solvent extraction

DA e 0 1 Rk B 1 U AL & 0 T AP HE TR TR
W, ATCUEE RS . SRATE N AR, 2L
SFULBRFI S AR S AEBGR R A RBE,  E T B A
HUA WU SR BGIE N AT HUAH o 17 Al 2 A0 S e R 7 A 2R o
FEAE— AN FEUBS A48T, - e R R e R R (ST e 2 A0 .
FRAR) 2 [ PR Zh A i 4, TR AN AR Ay b It B [, W]
LGN R AAE - ENA AR, B2 SElif o R 78
TN AU 2 18] (1) 43 e P

TERZESFEF, FECE U RSB AR R
FRIEW, DAERES TR AL T e it
WE, BT ERE R > &S FERA, &b
BARCAT I P M AT, R AR AK AR ATE FH A S ] 4k 7=
Y, MR 58 . AEEUE LA A R R A A R 2
SR R VR A T IR H B P, T S BIAE Y VR
A HURH 22 18] A F5 43 i

ERAET, @RS, BHBEF 90.8%
BEHENZERCAE NI, BRIIAHLER 99% LA |, hAEEL
FH 26.8%. LIS RFKMEIG, B —H 7 g A
R, BRIIEIRZFN 93.4%, THITAEREN 18.4%,
BRI R AE AR R LA R E A =4, R 80.5%
s e =T K. & Era, ABUZE—%
FHL. M O/A N 1:1. AHAARSN 50%TBP+50%
A kAT, ZEHUE R R FE 0.25 mol/L AR
WA, RFEEHE O/A N 1:1, ZHEh TR K
WA EanE 15 Fios.

Sb 100%
Fe 100%
As 100%

Sb 9.2%

Sb 90.8%

Raffinate { Fe 0.6%
As 73.2%

Loaded organic phase { Fe 99.4%

As 26.8%

Stripping and hydrolysis |

Strip liquor containing Hydrolysis products of Regenerative organic
ferric and arsenic antimony phase
— — —
Sb 5.0% Sb 80.5% Sb 5.3%
Fe 92.5% Fe 2.3% Fe 4.9%
As 4.9% As 17.4% As 4.5%

B 15 JuEiiA Ko ik

Fig. 15 Elements flow in process
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1) JEI R R A SEE, BiE T AR B
TR REMSEA . AHI pH W57 HHL
FHZHL R 50%TBP+50% ALt . AHEL O/A A 1:1,
EeAEIREE 25 °C . REHUIIE] 30 miny FE AR 120 Hz.
PRAER M TZRMT, BRENEN 99.4%.
MZEHEN 90.8%, TMAIIZERA N 26.8%. [HIRT,
R AL AR, 3215, A R E A
I (1 B

2) K HH U A VR T AR RN A LR 4k
N 50%TBP+50% it A4 4 1 44 F (10 2% B S50 2% J FL s
PriAAE. HPermmasE RN 48 gL, ZriEm
BEIN 225 g/L, TMREIHEAMZEEN 0.42 g/L.

3) R LT, #1477 AEAE WA A
A ANER B T B R ZE RIS 9T, A5 B S50 2 i
T: BRFEAN 025 mol/L MFIRIRIAW, J[ZEN[A] 30
min, FHEE O/A Ay 1:1. 255K, TERAILIG K1
MR, BRI R N 93.4%, HEMAERN 18.4%,
BRI R A KA S LAY A [ AR A T 43 B, IR
t 80.5%IBh S SR T B KM o RN, RAEEUES
W FPRGE, 73 JZ B

4) B AR AE LRI EE L, &1 5
UG, BEIIRERR KT 84%, BRI BE KT 99%.
TR ZERUER BB T A R AR B 505, 451
FIARALSLIE &1 FERIIR H R KT 90%.
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Recover process of antimony from antimony-bearing complex
solution with high acidity by extraction

TIAN Qing-hual’ 23 HONG Jian-bangl, XIN Yun-tao!, WANG Hao!

(1. School of Metallurgy and Environment, Central South University, Changsha 410083;
2. Hunan Key Laboratory of Nonferrous Metal Resources Recycling, Changsha 410083;
3. Hunan Engineering Research Center of Nonferrous Metal Resources Recycling, Changsha 410083)

Abstract: In order to solve the problem of antimony recovery in acid multimetallic leachate, the extraction-stripping
hydrolysis was proposed to recover the antimony in the leachate, and antimony hydrolysates were obtained efficiently.
The effects of organic phase composition, volume ratio between liquor and origanic phase, extraction time and the
concentration of stripping solution on extraction and stripping process were explored. The results show that the optimum
extraction conditions are as follows: the organic phase consists of 50% TBP+50% sulfonated kerosene (volume fraction),
the operating temperature of 25 “C, O/A of 1:1 the extraction time of 30 min, the oscillation frequency of 120 Hz and
single stage extraction. The conditions of dilute sulfuric acid solution is 0.25 mol/L, stripping time is 30 min, O/Ais 1:1.
After treatment under this condition, 80.5% of the antimony in the leachate is enriched in antimony hydrolysates. The
solid product is heat-treated at 600 °C to obtain antimony oxide with SbO, and Sb,0, phases.

Key words: antimony-bearing complex solution with high acidity; solvent extraction; tributyl phosphate; antimony oxide
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