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Table 1 Concentrations of Se, Te, Au, Pt, Pd, H'and Cl of
precipitating gold solution (g/L)

Se Te Au Pt Pd H"
0.29 3.01 3.73X1072 1.45X107°> 1.04X 1072 021 32.70

PikE, JEE T IAE R VIR, A SO, 21
A1, G0N N AR AR R B A R /K IR, B i )
BN SOy, R SO, i N 0.4 L/min, &&AY 1 hili
AN 0.5h SO, RINV—BHA]G, FhiE, JEHBT AT
R, RV TR R

1.3 SthAE

KIS FE Hd 7t 243 7114 Intrepid 11 XSP Y H1JK
Rl 2355 B TR R SR (ICP) /sl Ak 2 1 o s X
SR AL (XRE) 0 AT AR 0 23 H ACEE 2
D/max—TTR T % X SZEAT5HU(XRD) 53 B [l 444 )it
YA HASH iR 0S4 TSML6300 2 414 HL B (SEM)
LS4 = DO TS

2 HR5WR

2.1 EERRAIXT LSS
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F 2 AFLEBGXSE M S B RIS RS
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(8 SRR AR 100%, fli. WS R R g 2
Fi%l. 3 2 T4, SO, Xl 1k JR SR AL U, £ET0
T R A R K A5 R AR )30 SR R AL, B SO X1l
IR IR N 38.7%, SO, FIEENV G BN 5 & ik R /R &R
XA PRI JE AN 7.0% 0 A 7EDTA Ja P NI )
FEVBR IR AT, ARV AR BN o it AR AR R B, AR
B R B JICATS S N A BT A I R AN, ARG T A P 38 Jit
K,

FEMRIRAN . SO, FHZKA WFE ik JsU A Z 54l
Tl YA U AR JELRE 7, DAL, SI2B6 R FH 43 S0 it R
SO, FIZKA W A1 )R RIE IR PTG, FRAKIE 5
FIR G, I IEAS S SR A AR AT . RO,
ULPE Sk 85 °C, [MIEKIE SO, I, IS M A, KA Bk
FHE AN A AR R AN = N T B0, EASR
B F AR R g5 Kok 3 ik 4 Bidil.

F9T 2 W1 24 S IR R) O 1~4 by KSR 2~4
mL/L. fEVHERAHE N 15~30 g/L I, 4. 1. &
[RI JER ISR B 100%, Al i f5z i34 JEU 50 30l Ky 46%
H166.7%. HRAE IEATIRIRZ L, K AR 22 73 B s Wil
fi b Famgg, HE R 5 Mk 6 firail.

H# 5 I, WA A A AIBICT, B RN
IFIA) 4 h, FE VAR RN & 15 g/L, KA B 2 mL/L.
EZIRFE A, Rl A SR R R P2 /N )
IGEFP A U kg S5 IV B 1) 3 S0 R FH 2 7K A R 22

Table 2  Effect of different reductant on recovery rate of Se, Te, Au, Pt and Pd

Reducing rate of Reducing rate of

No. Reductant Amount of reductant

Se/% Te/%
1 Na,S,05 Na,S,05 100 g/L, 6.52 60.00
2 SO, Intermittently inletting SO, 38.70 7.00
3 N,H4.H,O N,H,13.33 mL/L 8.70 42.60
4 SO,+Na,S,05 Na,S,05 100 g/L, Intermittently inletting SO, 7.00 68.40
5 Na,S,05+N,H,.H,0 Na,S,05 50 g/L, N,H,6 mL/L 13.30 50.10
6 SO,+N,H4-H,O+ Na,S,05 Intermittently inletting SO,, Na,S,05 50 g/L, N,H, 6 mL/L 39.02 83.38

F3 LIS A R
Table 3 Factor levels of Lo(3*) orthogonal experiment

Level No. A, reaction time/h B, N,H, dosage/(mLL*l) C, Na,S,0s dosage/(g-Lfl)
1 4 2 15
2 2 3 25
3 1 4 30
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Table 4 Lo(3°) orthogonal experimental result

B, N,H, dosage/

C, Na,S,05 dosage/

Reducing rate of Reducing rate of

Test No. A, reaction time/h B B

(mL-L™") (gL™h Se/% Te/%
1 4 2 15 46.0 27.6
2 4 3 25 40.6 66.7
3 4 4 30 21.8 442
4 2 2 25 25.5 18.8
5 2 3 30 7.0 56.1
6 2 4 15 21.7 16.0
7 1 2 30 12.5 29.8
8 1 3 15 13.7 7.80
9 1 4 25 10.0 8.70

RS LR IEA ISR T 28.00%.

Table 5 Analysis of orthogonal experimental results of Se

reduction
Parameter A, reaction B, N,H, C, Na,S,05
time/h dosage/(mL-L™") dosage/(g'L™")
K1 108.4 84 814
K2 54.2 61.3 76.1
K3 36.2 53.5 413
k1 36.1 28.0 27.1
k2 18.1 20.4 25.4
k3 12.1 17.8 13.8
R 24 10.2 133

3R 6 IS J5UE AT S 4 R

Table 6 Analysis of orthogonal experimental results of Te

reduction
Parameter A, reaction B, N,H, C. Na,S,0s
time/h dosage/(mL.Lfl) dosage/(g-L’l)
Kl 138.5 75.9 514
K2 90.9 130.6 94.1
K3 46.3 68.8 130.1
k1 46.2 253 171
k2 30.3 435 314
k3 15.4 30.0 43.4
R 30.8 182 26.3

7F AIBICI &4 FHHMTIO RS, 4. B AL
RIEF] 100%, IR ERZE Ny 46.00%, T8

HI3R 6 nI A, WAL A A A1B2C3, B RV,
IR 4 h, 2P AR EREN A & 30 g/L, K& ik & 3 mL/L.
IR E A, SR FER I S5 R M FE R A E /N
IGEFP A R kg S5 IV B 1) 3 S0 R FH 2 /K A R 22
BRAE FRMTIRURRGS, 4. 1. AIggE AL R,
il 18 JFU D 70.00%, i f¥1IE SR A 37.80%.
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SR EE Y B 45, 65 75 1 85 CI, i mith
il i3k B A R AR A S an B 1 AT 2 B

H P 1 RIS 2 W, AR R, Al L R
251 S5 I IS [) PR 38 I 0, S S BERTAR i i
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— R g, Hah iR F
X=kt (FH) (1)
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Fig. 1 Effect of reaction time on reducing rate of Se
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Fig. 2 Effect of reaction time on reducing rate of Te
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Fig. 6 XRD pattern of reduction product
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Fig. 7 SEM image of reduction product
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Table 7 Chemical composition of reduction product(mass

fraction, %)

Au Se Pd Te Pt Cu Bi As
1.60 47 041 872 0.06 2.6 0.5 0.09

23 ETRBHESERERARNESR

DUE R S AT 2 8 FH A N R B 4 3 i
FE SR A1 8 J5 . AERRIEVA TR, Al i R
PL H,Se0s. HsTeOs TEAAFAE; Ml b i CI
I, W HsTeOs 16 CUZE GBI F&E W45 N
TeCle™ ™ A Sz H pH 4 0.68, CIHE 4 0.92 mol/L,
G, 4 . . . R R A 5
%4 AuCly . PtCl* . PACL* . H,SeO;. TeClg, i
G JE R RN R L A A 2 8 A i
# 8 b HIAR L, AL SR X 5 R e 2 BUE )
I A4 AuCly + PtCl* . H,SeOs. TeCl® . PdCl;
MR 512 B FUAR FRL A, LA 30 st (1) o o P e 2 ) 0 1)
Ik AuCly « HpSeOs. PtCL* . TeCl® . PdCL? .

FEVAR FRAP A P 731 ARt R U B B K T e £
BRI, AR 7 /K HSO5 111,
HSO; 7ERR (MAEH R 40 SO, ey Xt -

S,05> +H,0=2HSO;~ 4)

HSO; +H'=S0,+H,0 )

RS YLEJE W R SN K A

Table 8 Electrode reaction and electrode potential of
precipitating gold
No. Electrode reaction 1A% /A%
1 AuCly +3e= Aut+4Cl™ 1.002 0.977
2 PtCl,% +2e=Pt+4Cl- 0.758 0.694
3 H,SeO5+4H +4e=Se+3H,0 0.740 0.724
4 TeClg* +4e=Te+6CI~ 0.630 0.621
5 PdCl,* +2e=Pd+4Cl- 0.620 0.570

AR SO, A KE WA H A HaSO;, HaSO;
FEE— 2P LB HSO, M1 SOLY, RN TFER U T

SOz+H20:stO3 (6)
H,S0,=—HSO; +H" (7)
HSO; =S0;* +H" (8)

25 CHF, H,SO5 [ & 71 3 %K =1.30 X
107, K,=6.30 X 10, T AT 3R [ pH R S(IV))
3 MR AT R B 8 Fin. BB 8 nlj, fE5
R, S(IV)FEZELL HySOs AF1E, FES9 IR K 5516,
o, EHILL HSO; TEASAALE, (R, F2ELh
SO> EAAFAE « 214 pH=0.68 I}, [H,SOs] 15 94%, [HSO5 ]
i 6%, DAL, SO, ik Ji 32225 DL HaSO5 M J5 571 1)
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Fig. 8 Distribution of S(IV) as a function of pH
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Table 9 Electrode reaction and standard electrode potential of

reducing agent

No. Electrode reaction &SIV
1 Np+5H " +4e=N,H;" —0.23
2 280,27 +6H"+4e=S,05> +3H,0 0.03
3 SO,* +4H"+2e=HSO; +H,0 0.10
4 SO,% +4H"+4e=80,+2H,0 0.14
5 SO,* +4H"+2e=H,S0,+H,0 0.20

HH3 9 nl %N, JKA W HO AR Fa A Bk —0.23V,
TR A WEIE B ey dmeit, LKCH S,05°+ HSO54
SO, « H,80;. HiF 8 FIFK 9 [LERAIHN, & JEFAIMIAF
TEIESHIWE U m . iy &, 81, 2l
W HL A, DRI, SR AR AR R A &2 50 ST 4 e
EHRT2E BT,

3 it

1) FEARERE . SO MUK A W & i J i 4 J5 W,
TEAT SIS A5 ST i I8 JER 24 1 /NI A YA S
IEIFR] . KA R AR R A L. Al ) R s
9040 SOV TE] 4 h, AEERRERENH = 15 g/L, K&
JFF R 2 mL/L s T AR AR S0 45 A0 24 S NI [] 4 b
FEV AR R AN T & 30 g/L, K& W& 3 mL/L.

2) VIR A B A AR PRI B 43 0 A
3.73X107%, 1.45X 107, 1.04X 1072, 1.04X 1072 0.29
F13.01 g/Lo A SO, BHUFIE, M/KE MR N 1.5
mL/L, VAR A 30 g/L, SO, ¥iH N 0.4 L/min,
BN Th A 0.5 h SO,, NV IFAIA 9 h B, 4. 41,
HILIR) 3 J RIS 3K B 100% , il AR (1) 345 J5 2693 531
71.50%F1 90.3%. 3 Ji s 3= FEWIAH Aoy g B ik,
TES R RS S Ak

3) AR RN B A3 SR A 11 SO I R
PRS2, R RE A Ese=52.533
kJ/mol, Er=70.828 kJ/mol, fifi. fifridJfiid 2@ T4k 2%
FaNEZE TR

4) AT R, YIE G 4 AL L i
oy Wk AuCly . PtCL* . PACL* . HySeO;. TeCls®
JERAEAE, FEHRIRN. SO, EH L H,S0; IR ALELE,
7J<A:|'ﬂ#u N2H5+ﬁ2%§7ﬁ‘7£o
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Thermodynamic and dynamic characteristics analysis of
reducing Se, Te, Au, Pd and Pt of precipitated gold solution by
Na,S,05 compound

WANG Xin-xin'""?, ZHENG Ya-jie?, JIN Li-¢!, ZHANG Fu-yuan?

(1. College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Selenium and tellurium were recovered from precipitated gold solution by the compound of Na,S,0s. At the
same time, gold, platinum and palladium were also captured. In order to determine the optimum process parameters, three
main effect factors were investigated by an orthogonal experiment. The thermodynamic and dynamic characteristics of
reducing precipitated gold solution by Na,S,0s, SO, and N,H,; compound were analyzed. The study shows that: the
influence factors on reduction rate of Se and Te decrease in such an order: reaction time, the amount of Na,S,0s, the
amount of N,Hy. When SO, is bubbled to saturation , the amount of Na,S,0s5 is 30 g/L, the amount of N,H, is 1.5 mL/L,
reaction temperature is 85 ‘C, SO, is passed into solution intermittently, the time for SO, passing into solution is 0.5h
after one hour per reaction, the flow rate of SO, is 0.4 L/min, reaction time is 9 h, the reduction rates of Au, Pt, Pd are
100%, the reduction rates of Se and Te are 71.50% and 90.30%, respectively. The reaction of Na,S,0s5 compound
reducing Se and Te follows First-order kinetics. The apparent activation energy of reducing Se and Te which is controlled
by chemical reaction is determined to be Eg.=52.533 kJ/mol and E1.=70.828 kJ/mol. The analysis of thermodynamic
characteristics shows that, Se, Te, Au, Pd and Pt exit in the form of AuCl, , PtCl427, PdCl427, H,SeO; and TeCl(,ZZ
respectively. Sodium metabisulfite and SO, exit mainly in the form of H,SOs, hydrazine hydrate exits in the form of
N,H;".
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