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Thermodynamics and application of selenium reduction from
leaching solution of smelting dust of Ni-Mo ore
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Abstract: The chemistry of sulphur dioxide in solution and the thermodynamics of selenium reduction using sodium
sulphite from acidic solution were analyzed. The experiment results demonstrate the thermodynamic analysis. The
optimum technological parameters were determined for reducing selenium by sodium sulfite. The reduction of selenium
reaches 99.18%, and the grade of selenium powder reaches up 99.684% under the optimum conditions of acidity of 3.5
mol/L with stirring speed of 400 r/min at the reductive temperature of 80 ‘C for 120 min and the coefficient £ (the mass
ratio of sodium sulphite to selenium) of 10. The XRD and SEM-EDS analysis results show that the microcosmic

morphology of powdered-selenium is complex, only the characteristic spectrum of elemental selenium is observed, which

proves that the product of selenium powder is very pure.

Key words: selenium; sodium sulfite; reduction; thermodynamics; application

B IRARIE S IR PR i g, BRRTAH 11 1 45
AWK, FEOE . HNTREZEER M. Mk
SRR BEETIRIR A, B RE . BRI — Rl e
T HNZEEEED, T om TIRER DM,
WG BT TS X U i T R R A
FEE . HE BB & WND): 0.7%~7.7%: w(Mo):
2%~11%), M5 1 B P Shve 4 TAEE 1R e B DG

HEEWH: B BRI E TR B H (2007AA06Z129)
Igis B#A: 2009-12-17; 1&iTHHE: 2010-03-11

PEAL ST, BUAHD &4 5 220 Jits B4 SIS Tt &
510t 43 10800 t. 4 480 t. Fifs %)@ 501 1, (A,
TERFOF AT R BRI .

BRI A 7 T2 R R KRG & 5idah 4
MG, MNPEREIRIE N ITHE . Ak had R,
TR Y S0 R A RN R SR Ak, TSR
FERENIHA . fEg e R, 4 o> — 4k

BIEEE: HiEd, #9%; Bif: 13975894859; E-mail: xIs1211@sina.com



2432 FP A (<R AR

2010 4% 12 H

{UE 2 s S 1 R AR e N W b S (PN TR S
HRIRA R, BUERR AN ORI SR 5%,
A F IO R T 18%. KWILK, X4 5k
ZHBAE PR IR T2, RO A
ZAEHER, HAELS R, XA AT 10
AN AT, BGSEEN HE, RIAE
PERR I G TR, A CERIR R K, RAERS
Bgra R .

il i N AN S A0 A i sl 6 A0 P e e 2R,
B Z o FBE RO (T B RN 2 7 A
g0 TRk, TV BRI R N B AR A B
WA, BRI F I BEIRA R IAET I K, TR
BRI MR A P R PR T EEE

FUR, SRR 1) = S JURE N FU R R . B,
(FIRH AR e, BRIRANARHE A b = AR I IR Y 55 S ket A%
TR SEER A oy 1) 1Y S UL T ey
il BRI S RO P I IR A B A . AR
FUH, BRI A R A, A ERIRABTIR M R A
e, AR BRI 5 IR A
PET S SR EBR R APRE S VR PR R A i A <2
ke FHT, oA WA R YR MR A b S IRCAT () T
SANIE B A SR, SRATERR IR N I S5, wT
LICRE B YR R AR B (Rl B O Ak,
SRR 2 A R TR T IR,
[ISCEREED YR AR 2 R BT, T BRI A (1 B A i
XA Fy g e, AT HE A 2 R M2 B AL i o

1 BAOZESH

11 KBRS SO, FERIES
FERRPEAGHH » K Na,SO; i NaHSOs 11348 Ji
A AERRIIAEHT T 20 fi = SO,z

Na,S0O5;+2HCI=2NaCl+H,0+S0,1 (D)
NaHSO;+HCI=NaCl+H,0+S0O,1 2)

PR, JTT Nap,SO; 58 NaHS O /348 J5 7)1 38 J5i i i
ST T AR i SR

AR SO, WIRT /K, 1 B4 HyS0s,
H,SO; #t—L Bl HSO; #1 SO5*, RN TFER
R,

SO,(g)+H,0=H,S0s(aq) 3)
H,S05(aq)=HSO; +H" 4)
HSO; =S0,* +H" )

WH T SO, 415 IR IE[SOL

[SO:]1r=[H,SO;+[HSO5 +[SO5” ] (6)

7 SO, 43 p(S0,)=10° Pa, K5k p®=10° Pa [f]
ZAE N, RIS HHET, d X G)~6) 7
25 “CH1 75 CHI T SO, #2470k E S pH KR,
A R 1 PR

100 -

80 f, :
/HSO0; HSO; \ &
60 :
—25C
40

Mass fraction of SO,/%

20

pH

1 WBh %49 SO, MK pH 55 &

Fig.1 Relationships between SO, concentration and pH
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Table 1 Main composition of solution (mol/L)

Se As Al Fe Ni
0.086 8 0.254 0.141 0.0687  0.0125
K Ca P SO H'
0.0374  0.0295  0.0411 3.0 35

ESRRIRFE A 3.5 mol/L (R H I Na,SO;,
eI R A (D RV, A2p SO, Sk, SO, 2
TK, AR, 1 LK a4y 40 L ¥ SO,. 71
IR, SO, (RIE SR RN S i A th+4 W THe
E4+6 1y, BEAL K SO Hr AR S .
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Table 2 Standard and actual electrode potential for major

jon in solution¥

No Electrode reaction (0]\9,,,,+ m'Y Py !V
1 SO +4H+2e=H,SO;+H,0  0.20 0.246
2 H,SeO;+4H'+4e=Se+3H,0  0.740 0.760
3 HAsO,+#3H"+3e=As+2H,0  0.248 0.272
4 AP +3e=Al -1.67 -1.690
5 Fe*'+2e=Fe —0.441 —0.482
6 Ni**+2e=Ni —0.250 -0.317
7 K'+e=K -2.924 -3.024
8 Ca*+2e=Ca -2.87 -2.924
9  H;POs+3H'+3e=P+3H,0 —0.49 —0.484
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Fig.2 Effect of reaction temperature on reduction rate of Se
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Fig.3 Effect of § on reduction rate of Se
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Fig.4 Effect of reaction time on reduction rate of Se
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Fig.5 Effect of stirring speed on reduction rate of Se
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Fig.6 Effect of acid concentration on reduction rate of Se

IS SRR, A A R A 3 SR PR LA 2% A
J& BN 10, IBJEIEEE 80 °C, I JRIRE 3.5 mol/L, FiE
PEHE 400 r/min, JEJEA] 120 min. {EULAAE T,
I SR TSR A2 A a2 3 B Al
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Table 3 Chemical composition of reducing selenium powder

under general conditions(mass fraction, %)

Se P S Cl As Ca Si

99.684 0.007 0.071 0.023 0.010 0.029 0.175

M3 HTLAEH, 77l il R 99.684%,
iLF] GB1477—79 " Se—3 HIbsHE. Wik S47 1) Si
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Fig.7 XRD pattern of reduced powder
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Fig.8 SEM image of reduced powder (a) and EDX pattern of

selected zone (b)
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