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W OE: URHR YR A TS O REL, S A ST . BRIZDTIEEE . SO, IR, 13 2IH A Ak
JER Al e T, T3 TR i R N R AN DT i I AR B S, 7R SR P I N SR A BN A VR I S A5 S s o
ZERRI: IS AAENATT DU S pH N 6+ RBLIRE 20~25 °C BRI 1 h I, SRR IS T i A
DUEER ST AL E] 99.91%F1 99.96%; PUAHHL 5 AR 2P0 IE B IR FRIZ & B 24 1F 2 3 mol/L 25N 1.5 mol/L Hifik
PRGN 2:1, HWKREE Y 3 mol/L, JRFZEFEN 50 °C, RNESIAICN 2 h, SRAIRE 10 H 2558 99.93%F1 98.21%:;
12 R IR BB SO, B JE, 24 SO, i BN 0.25 L/min. KMIEEHN 70 “C. [N E]A 50 min B,
HIIE R 284 96.59%, iR SR Ak HR g & SIS 3 79.45%, THARIEA BSR4 0.003%F1 0.067%(ii 73 40); 1L SO, ik J5
i S5 R PO N SRR TR T pH B 2, IR R 13 RIS TESES T 6 mol/L SV NANIATR, 4 &l
ELoA 3:1. OBEREEN 80 “C. B E)N 2 h i, FrfS &AL ah =4 b &AL sl 2 Bk B 93.80%.
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BZ, HHEMERE. SO, BJEZE. Plieid. ik
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1.1 KIEER

S JEUR A AR B AR e Sk 2 & 5 Bk B L S
BEIMUTHHLE W,  pHAEN 0.02, £ ICP Al H sk
SR 1 .

HH2 1 AL, PUBER SR E R e BN
fift, HA 550N 1402 mg/L, 6731 mg/L. 1588 mg/L.
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®1 U ERUTR SR
Table 1 Element components of precipitating platinum and
palladium solution (mg/L)
Ca Fe Cu Zn As Te Bi
77 984 9.29 121 1588 1402 6713
1.2 SERPE

W —E ENUTREE R E T =300+, B3t
FImE, IMAKE N 2.5 mol/L E B AL NTE Y pH,
SSIF AR 1 h, SE98 BEFAS B0 . BRI
B, NSO, A E e (mL:g)h 6:1 IIAFTTR
WRERECE $hR, EaHE, E— B RMNIEES R
ISR, SN 5 A o AR B R 1R

VAR B0 s SR B IR R BN =200/ A
JaEEE, A SO, fE—EiE TR EIEE. Bk
eI HET1F BB FOE JE A F5 V. 4 30 B = (RN
=HORA, IR N 5 mol/L A LN A Y
pH 18, 7NN 2 he JRMTERE A 50 “C 44 R
VERL S I TS B S, T B B SUE AT I
JE i uE. TR = AL

1.3 I EZRiE
MR IR SEIG IR, 2 H T2 MR WE 1 s,

14 S5

K SE [ o T K A F] 1) Intrepid 1T XSP %Y H s
FEA 5B TR R B ACP)Y I TRy, X B2k
PG AU(XRE) & P 7 & b AR R 53, B

2 GRS

DU e W [ SR 8 ok 3 ZE0TF FC fif AN B 7
BEAEIWSCR RS, B T OO S o R
=, EBERRRYISE S 20 B MHEAT 1A

2.1 pHEXRSAEEE M. . STERNFMN

200 mL PUEARESS I =30/, B Shi e
JE N 2.5 mol/L A A WA AT pH 1H,
R ER 25 °C, RMEEIY 1 h,  pH EXT T4
JEHAR T BRI R A 2 BR .

FE 2 w50, pH EM 2 $6mE 13 i, EjtiE®R
FEAANAR , pH R 2~6 I, fiyiiE K bEE pH {HM)
REhnmsg i, pH fEA 6~9 B FITTIE B pH [EH1)
BINFEARAAR, pH H >9 B FIUTIE R B pH AT
B0 AR . T KR A A AR TE s 4k
RIS EN IR, o SR A il DT R AV AR A R
Na,TeO;, KA T TR pH E N 2~9 I,
T DTVE 2B pH B G in; pH {E>9 W fif
MIUTERBEE pH A BIIGANT PR, FUTiE S
FRABL. VTR S, AR EELL As(VOINTESAEAE, LA
H;AsO, H,AsO, « HAsO4 ™ . AsO, AN,
R AR AL UTIE AL, I SR TIE AR, BT
T L PR T S SR X e 11 5 P R A B 7 A A
R, 2 pH AE KT 9 I BEE S RHA R DTIE R K
AR HAHSG RN AR

B _ BiCl;+3NaOH=Bi(OH); | +3NaCl 1
AR D/max-TTR 1A X T2 ATHHL(XRD)5 47 [ ’ (Ofhd W
R, EAR TR S ISM-6300 Bafin  HaTeClgt6NaOH=Te(OH), +6NaCl+2H,0 @)
Bi(SEM) ML 14 = Mo 5 . Te(OH);+2NaOH=Na,TeO;+3H,0 3)
Prglcz:tri)rlltlellrtrllng —> Precipitation Pro;zisj of Reduction process of SO,
Tellurium ——»{ Precipition Remove ——» Bi,O
» reduction liquid chlorine 2

Tellurim

»

1 DUBARE R WA I 20 5 45 Il 2 AR

»  powder

Fig. 1 Separation and recovery process of tellurium and bismuth flow diagram from precipitating platinum and palladium solution
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Bi*'+ AsO;” =BiAsO,| (4)

& pH {HN 6~9 I, il F14K P TE R A8 IA 2
99.10%, As JTIEZHM 33.53% N3] 53.21%. HL5 L
DUV G OREAT OR SE56:,  pH B JUEAER Ja i R A
fifi v BBYTIE 2 MR W 3 B

100

80

60 -

40

Precipitation rate/%

B2 pHEXIA. G BUTE R

Fig. 2 Effects of pH value on precipitation rate of As, Te and
Bi
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pH
B3 RS pH EX . Bl BRITIE R IR
Fig. 3 Effects of amplification experiment pH value on
precipitation rate of As, Te and Bi

B 3 w50, 24 pH AEM 6 $8mE) 7 i, fdisE
F M 99.08%IE N E] 99.91%, HRITIHER I 99.92%38 fii
F11 99.96%, FHYTIE M 39.99%H inF| 48.63%. pH {H
AREBINET, FEFRIERIDIIE RAE, ST R4k 8t
n, RORSEER A IR 5N A R — 8. SEEE pH
EN 7 MIPTEEZT 60°CHA T4, XRD SZiish f
W 4 Frs, YIHEB RS Wk 2 Frdl.

HI & 4 BT%N, 25 60 °C 325 ) fa e i ik DA
FALEBAFAE . R 2 ATA, DUEER EES G .
TR .

0 20 40 60 80
20/(°)

E 4 pH=7 B PIIEEN XRD
Fig. 4 XRD patterns of precipitate at pH=7

x2 VUEBHERD(REDE, %)
Table 2 Chemical components of precipitate (mass fraction, %)
Bi Te As Zn Fe
36.02 7.84 6.14 1.29 0.72

22 SUEBRRAMETHNES
2.2.1  ERERIR SR BRIA AR [ 52

B PR YTEE 100 g, #E H(mL:g) v 6:1 I
#HE 600 mL, JEENHRE, MR 60 T R
I E) A 0.5 h B, SRR R P Xof Bl B HH 6 1) 2 i ]
5 Fizso

100+
80+

=

2

S 60

en

g

S 40t "— As

o °—¥i

a—

20t ¢

10 15 20 25 30 35 40
Concentration of hydrochloric acid/(mol-L™)
B 5 HEREEXNTUEE AL, . S8R H AR
Fig. 5 Effect of concentration of hydrochloric acid on

leaching rates of As, Te and Bi in precipitate

FHE S AT, U R ARFIIIR R
ERERIR FE I NG N, MERERIKEE A 3 mol/L i,
B IR R0 1N 98.43%. 99.35%, HHIR HYRAUA
66.32%, = HH VB P A  BAFDRHTRIIR BE 43 50 12.05 g/Ls
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56.33 g/L. 6.341 g/L, S5UUHMEHRAHLES, . B
RIERET 8.59 i F 8.39 fif. {HAZ, MERFRIK T4k S:
N, ERERIIE RV I, SEEERELE,
O B AR H B AN K, BRI H R R 1) s Bz
T

Bi,0;+6HCI=2BiCl;+3H,0 5)
TeO,+4HCI=TeCl,+2H,0 (6)

K SRR R, HOUREE S, REAENR 2R
o AR 5E AR T, ERERVRE N 3 mol/L, 4
WE LN 6:1 B, HUREENE HEASIIS &R 2.25
s
222 ANERFL LG PTRERXHR H 2R 520

B DA B SRERw %N, {8 SRR e, HIEHE
1 HH & ovIZ AR B &1 2.25 5. /£ HT A=
AR FAETT, E 3 mol/L ERERAN 1.5 mol/L HIHI L
TEARFARRE FHHMTIR . SR NERE N 50°C,
tb(mL:g) N 6:1, MK [A]DY 2 h B, JRFERIR H 45 5 a0
% 3 frdil.

3 WA, e IR M, B, f. fif
IR H R 5308 99.38%- 98.43%- 67.21%; 5S¢4 i A
TRERVEARIT B0 . BHIR MR BIECN 33.62%.
33.57%- 51.09%; HEERSRERIAFEL /A 2:1 F
1:2 B, il SRR ZE 55008 99.93%. 98.21%.
65.99%F1 89%. 81.78%- 30.77%. SZUG45H R B4R,
fif e )V HH R R FH B G N FRAIS, 4 2RI
MR AR LL A 2:1 B, R 5 i H R
HACRAR Y, IR 53 70 12.01 g/L. 56.46 g/L.
AR T UEE R R AIR H, X2l TR H
I 5 58 T T DUB R & BICIC ™ (x 9 1~6), fi
HEBE T LKA TeClZ™ 40,

T3 AFEARFRLCAVRER T R R BRI R
Table 3 Effect of different volume ratio of mixed acid on

leaching rate of As, Te and Bi in precipitate

oot s MO ATy
acid/mL mL ? ¢ ’
300 0 99.38 98.43 67.21
200 100 99.93 98.21 65.99
100 200 89.09 81.78 30.77
0 300 33.62 33.57 51.09

23 SO, RFEH7 BRI
¥ FIRRRIR IR E, FIEWE IR 4 Byl %

F 4 BHEMAMR B PR, . SR
Table 4 Concentration of As, Te and Bi in solution of

enriching Bi and Te (g/L)

As Te Bi

6.341 12.05 56.33

WAFEA CU, KA SO, I JEA R Fhif A5 B,
231 RMIRFEXSHE. B AHOE E T R R

SEESHCR R 300 mL, JEAEAN 0.25L/min [¥]
SO,, NI A 0.5 h B, i B i J5R I e
BPTIE 2 s an & 6 B

100
D\o /‘_’——————‘—_‘
o 80
]
g
g 60f =—As
= e — Bi
§ A—Te
5 40r
=
§=
S 20f
ks
[P
~ I
O hd 1 hd 1 1 1

50 55 60 65 70 75 80
Reaction temperature/C

6 SRR, Rl BRIE JEITTE 2 50

Fig. 6 Effect of on reduction precipitation rate of As, Bi and

Te

B 6 RTAT, ilds EYTE 2e bE A sN ILFE FA n
TGN, 24 50°CHENE] 70°C Wik BR ITIE 2 M
86.66%I INF] 96.56%, 4k LL 14 N 5 S B i i SR T
KAV RN, Fik, &R NMEEN 70C,
232 JSIEEIRHA. R BBIE R TTEE R AR

PRI SR BN 70 °C, HABSLIG KA, RN
I (DR iy B I JEUTUE 2 IS W 7 s o

B 7 FTN, 24 REEF[R]A 2 50 min J&, L
JRGUHE LA 96.59%, 4k SL1E N s S 8] i PR 3 SR T3
FRAFIIN . SEGHL SO, ViiE N 0.25 L/miny R
JEN 70°C. [N TEA 50 min 26 4F 132108 R
AT S HET XRD Al SEM 5256, SZE64E RanE 8 Al
9 Fi7R.

] 8 WI A1, SR SO, 18 [543 21| 1) F= 400 A Fp i i 5
HE 9 Al EERFEYINA N AR . 2 SO, RN
0.25 L/min. [MNIEEHRN 70 C. B A]A 50 min (£
SIS ST N AR R MIE SR Y R, R AR
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Fig. 7 Effect of reaction time on reduction precipitation rate

of As, Te and Bi

*—Te

260/(°)
B8 EJRPER M XRD
Fig. 8 XRD pattern of reduction precipitate

&9
Fig. 9 SEM image of reduction precipitate

79.95%, ELFIERE SN 0.067%F1 0.003%. £t
VE, SR, R RER 96.44%.

PUHAR SR A B AT ERIR 515 3 & 4
TRARIIR R, 1R R AR R BB ZE DL H3As04.

TeClZ . BiCI" 3™ 2 R e 2, S0, ik 5tk &
t, FHRE T RS bR A AL N2 5 BTl

TS RIS B e il L 3 Y

Table 5 Related electrode reaction and standard electrode

potential

No. Electrode reaction A%
1 H;TeO; +3H +4e=Te+3H,0 0.5587
2 TeCl;™ +4e=Te+6Cl- 0.630
3 SO~ +4H+2e=S0,+2H,0 0.158
4 BiCl, +3e=—Bi+4Cl” 0.199
5 Bi*'+3e—=Bi 0.317
6 H;As04+2H'+2e—HAs0,+2H,0 0.56
7 HAsO,+2H +2e=As+2H,0 0.24

H1 5 AT, TeClZ AL R B, Sk SO,
SR 1M BIC1Y ) (AL HLAL 5 SO, 38 JF LA AT 2R
Ko PRI BICIY ™)™ AN Ji B A 74 SE LA P 43
5, H;AsO, AL Az LE SO, KIIEJEIE, H3;AsO, 5
IR JF N HASO,. SO, 3B R S AR

2SO2+4H20+H2TCC16:TCl+6HC1+2H2SO4 (7)
H3ASO4+SOZZHASOZ+H2SO4 (8)

24 RETHERPRERSEW

23k SO, L5, W AVERTT B B, 34 A S R
LLBIC1Y ™ A7 AL o S S AN pH YT
JERBIE AR, R ST B AR, SEE
B >
2.4.1 pH {EXTBHITTHE 2 KI5

SO IR I JFR S W TR AR 300 mL,
fily . BRIREE >IN 5.778 /L 0.3955 g/L. 52.336
g/L, BINZFUEA, TN S mol/L FIE AN IA W
TR pH A, MRBHRER 50 C, MBS
1.0h i, pHEXTER. B SRUTIE RIS E 10 B
TNo

EHE 10 T, B, fi BRI REEE pH E KT
A, 2 pH (H =5 W, BRRITTHERIE 99.98%,
Tl FIUTIE % =99.94%; pH EM 1 303 7, BiiE
M 6.15%38E T E] 63.28% o i Ji ik f ¥ 11 i 32 2 DA As(TIT)
1P1E, pH [EFMEHT As(IID)FZ L AsO Al HAsO, LA
1P1E, W& pH R E, EE As(I#LR AsO,
R, AsO, SAHIEE: 8 B T B A R dh vt

N T BRI EE IR, B S L ad SR S AT
KL AN pHAE AN 2, ISR E N 50 °C,
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SBEE] 0.5 h JE i PEAR BITIE . 250 120 CHET A
HEAT XRF Fl XRD 43 #7, HS2osgh -5k 6 Fian
1L s, . i BRUTTE AR Bk =k 7

CIVIE
110
90
o =— As
S LS
s 70r +—Bi
=}
2
s 50t
k=3
]
& 30F
10- 1 1 1 L 1 1 1
1 2 3 4 5 6 7

pH
B 10 pH (B0, Fil. BHUTIE R MIREA
Fig. 10 Effect of pH value on precipitation rate of As, Te and
Bi

20 40 60 80
26/(°)

& 11

Fig. 11

VUEE T XRD 3
XRD pattern of precipitate

*6  AEMMUTTEYMLF M (TR EL %)
Table 6 Chemical components of bismuth chloride (mass

fraction, %)

Bi Cl O Na S As
69.17 10.13

13.04 2.94 2.02 1.42

2% 7 "5, pH EA 2 IHARTTE FRiEF] 99.93%.
B 11 AT, 7E pH EN 2 BRI S 2= N
S, HAURA RS RIS AT B )5 NaOH
VLIE S R — 8>,

& 6 /AN, PUE Y. B A&
N 13.04%- 10.13%- 69.17%. FEAFAEA, NARA A

[ESC% R 93.41%.

SR A E AN AT ISR B, M AR
FEJ9 6 mol/L VRIE LA 3:1. NI A 80 ‘C M
WAy 2 h jEid g, Pedk, M. XRD. SEM A
XRF A48 5o mlnEl 12, & 13 F15E 8 A

T OBORSEIRAN. . BRUTIE R A PR R IR
Table 7 Precipitation rates of As, Te and Bi and residual

concentration in filtrate

Precipitation Residual
Element . -1
rate/% concentration/(mg-L )
Bi 99.93 3.24
Te 53.92 145.80
As 5.59 3952

F8 MABNERITETE %)
Table 8 Chemical components of dechlorination precipitate

(mass fraction, %)

Bi Cl (6] Na S As
74.60 0.11

16.37 6.38 1.31 0.99

. ¢ — Bi,0,

10 20 30 40 50 60 70 80
20/(°)

12 JR&UE XRD i
Fig. 12 XRD pattern of dechlorination precipitate

13 Jhi5H SEM &
Fig. 13 SEM image of dechlorination precipitate
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H# 8 I, ASAANIE A SUS , SR
TEN 74.60%, HAEEMN0.11%, LI R AN
BNRERS A M2 BiOCI & B 12 mrs, dRECH
B o-Bi, 0,29, MK 13 W40, M8 3L B
FUNEFYEIR . N R ER R

2BiOCI+2NaOH=—Bi,03+2NaCl+H,0 )

W JE R Sk Bk, 7F 298.15 K T Bi-CI-H,0 %
FRRH W 5 A B RE AR 9 TS,

F 9 298.15 K It Bi-CI-H,O F HAH 4 5T iAot 75 A i
12

Table 9 G® values of the relaitive substances in Bi-Cl-H,O
system at 298.15 K29

Substance G® /(kI-mol ™)
BiCls -315.1
BiOCl —322.2
Bi,0; —493.7
NaOH —419.2
NaCl —384.1
H,0 —237.14

RAEE 9 tHE, MREANTTIE 5 I S
KN H HBEL T :
BiCl;+2NaOH=BiOCl|+2NaCl+H,O0
AGP =—174.04 kJ/mol (10)

2BiOCIH+2NaOH=Bi,05+2NaCl+H,0
AG? =-16.24 kJ/mol 11)

ERPIA LT AG BN F 0, RIE R R
th BiCly Fe Al v S B AN SR A O A AL B A E A
¥ ERWATH .

3 Zhip

1) FH NaOH ¥ T DT EE 5 M) pH B ITTE o
B, 4 pH ME M 2 303 13 BRI RAAR, WAkt
PUVEE B pH A 6~9, FEAMEMITIIERE T
99.10%, HEEBVTIEE Al . B RN 7.84%-
36.02%.

2) K HH Eh TR Bl R AN R R VR A VRO tH R B T
VEH, Y HYKREAN 3 mol/L, KMIRE N 50 C, KN
BN 2 h B, fil AERIR H 2R 4 ik B 98.43% A1l
99.35%, ¥ ¥ R FIBRIR B 43 12.05 g/l A

56.33 g/L, SUTHVELG W P IEERIR B LA, BTV
W EE T 8.59 £ 8.39 fiF.

3) KH SO, i Ji & SRR IR H R I, 4R
RREA 70 °C [N 50 min J5 i 1S IR AL R
Tl JE W, il S ST RN 96.59%, I8 SR =) R i
ILF] 79.45%, HAf, BEEUN 0.003%F1 0.067%.
SRYIE, WIRSIEIE, R EICR N 96.44%.

4) SN WO TR R S W pH 1H, 4
pH=5 I, SRITIE R KT 99.94%, /KAEr=4)N BiOCl.
7EFTE BiOCI A 6 mol/L IS EALBNIAW, T
Eboh 3:1, JROMNIRE N 80 CHE, &2 h faidig. #t
TR A A, EAE S EIL R 74.60%, 20N
93.80%, FEANAZERIE IR R 93.41%.
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Separation and recovery process of tellurium and bismuth from
precipitating platinum and palladium solution

ZHANG Lin-bao, ZHENG Ya-jie, AN Xiao-kai

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

Abstract: Tellurium powder and tellurium reduction liquid were obtained through a sets of steps including precipitation
process of NaOH, HCl leaching process of slag producing in the previous process, and the reduction process of SO,. The
BiOCI was obtained after reduction tellurium liquid was precipitated using sodium hydroxide and then the slurry was
filtered. The Bi,0O; was obtained by using NaOH to remove chlorine from BiOCI. The results show that the precipitation
rates of Te and Bi are 99.91% and 99.96%, respectively, using NaOH as pH regulator, when the pH value is 6,
temperature is 20—25 C and the reaction time is 1 h. The leaching rates of Te and Bi are 98.21% and 99.93%,
respectively, when the volume ratio of 3 mol/L HCI to 1.5 mol/L H,SO, is 2:1, the concentration of H"is 3 mol/L, the
reaction temperature is 50 ‘C and the reaction time is 2 h. The reduction rate of Te is 96.59%, and the contents of Te, As
and Bi in the tellurium powder are 79.45%, 0.003% and 0.067% (mass fraction), respectively. The BiOCl is obtained by
filtering when the pH of Te reduction solution is 2. Finally, the Bismuth content reaches 93.80% after adding 6 mol/L
NaOH to the BiOCI when the ratio of liquid to solid is 3:1, the reaction temperature is 80 “C and the reaction time is 2 h.

Key words: tellurium; bismuth; precipitation; acid dissolution; reduction
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