TEREEEFR

The Chinese Journal of Nonferrous Metals

2017 4E 11 J
November 2017

27 B 11 W)
Volume 27 Number 11

DOI: 10.19476/j.ysxb.1004.0609.2017.11.24

H,0,/SO, 1L 18 [ 75 49 il A2 Al B2 iR
T R HI 38

S, HEE, B, & &

(PR WREEHEGE, Kb 410083)

O UHCRHEUKME BRI S5 S O SR A 5 SO I8 vk o T k6 AL I Js T R A s R .
TR PSR b A I 9T, 8 7 AR A SR T R P B P TR A B LB, 4 R o7 S IR
T 60 CHIMIE JFURTTIAE] 98% LA L, /S ad Jsl =4 o0 Jo b L B 5T ROV =T 60 “C I Id Jsi =4 ok

7 An LI A, MR SRR NI RE A SeO B SR AL, LLANIE Uk AR RE Rl Se” I T, Se”
F I A ) SeOs” K AR A Hh S N g 246 A AR iR 1 LA PR o

FEHER: NI AR IR A XK
XEHS: 1004-0609(2017)-11-2370-09 HE

RS MR ERD: A

e TAR R m TR, RISk, Ol
VA P (R NI A NID | L K RN o
AU 2 N, e A O A R A Rt T,
IR E A LA R i PR L S Hi, [
PR S R B e 5% U B R IR o
90% LA L1 [ml iR A S R A AL 5 40 5 4 SR A 4y
R ORI DA 5 ) A LA P o e S A il
G 2010, R el e sl JU A AR A
(S 7 1 R v A A By 4 SR Ak RN A ROl AL B
U, K AL A A AR KR AR T I (B
DU B itk g A0 HEH 50) T 2 Al R

RSB XS A RIS B AR F A 25 A8 e 0)
S T, kg e i L BRI S
B BE )RR E BRIV R A AR R R
TERER S FARA G R, TALA AT PR 3
B, T AT AT RN A RSO E T AT R

Bt AR (0 ve Mk B TT R 8T
AR e el B H 23 5P AR R R AR &
AR LT G i 2, FESR eI R, RN
RRARRA 2, A B v g S Ay 75
Hho TSR £ A AR P LR 7K Ak BB R

AT 7S A K A BB AR AT 43 85127280, 3y
VMBI, BRADKAE R BB kst 2

RIS o A AL B2 A il Ji B 3028 fH 1
1o PR IR L5 A P AR A7 R B 53 4 aX — JC VAR B (1 4 A e
PR A S P B SRR, A R 7 A A
P IRDAL I A R T b AR 7 v i AR A FR) 5 A M R 2
TERRYEAS T, AR 25— 30 i Ay G o g o)
SN (D FTRIT:
Se0,* +8H +6e=Se+3H,0, ¢°=0.9 V (1)
TE R VA VR PP s AR T A A A 3 i S B g
AR Q) B!
SO, +4H +(n—2)H,0+2e=S0,-nH,0, ¢°=02 V (2)
HE(DFIQ) TS, YRGB A IR R SeO,”
M, R Y H A £© =0.9-0.2=0.7 V, T4
ARBRA 17 TKF SeO4 38 5 Ay BRI o 5BV sk 5 R %
FndE 5 A 0 ) E BB
Se04* +2H,0+3S0,=3S0,> +4H+Se 3)
AG®=—417.228 kJ/mol
IR TR, W AR B
P I A AT B R IR 0 o A BT I B R IR SR VR A
P AR VIR A R 2, AR s T
130 CHIZMT, GRS TT LK R I A

EETH: EXARFIEIEEEBINE (51234009); 5 E prARHE &1 L 5550 H (2014DFA90520)

ks BHA: 2017-02-21; f&iTHHE: 2017-07-02

BEMES: 2 M, URE, s Bi%: 0731-88876089; E-mail: yejin013_18@163.com



o527 & 11 0 B a8, S HyOo/SO, EALIE I3/ il Kl 5 50 L BE 2371

U] 7

ASCAEH B e R IE T AR AL A AR
b2y A R TR 5T 5 NS K i R AT s W S e = W E R
2N SV R TIPS s B B O LR I L A (R TS
AL T PP R ST VE . RN, TRR T VIR
WRIRIE SN KIS N I ) 45 DR 30 AR S
ANV TUNIE =2 P 5 B Ul s 2 A2 7 U I (VA o AR 1]
RS R P AR AR AL, VB AIE T SRk i R i P
RV . 3& 4 ik, A ROIARART 6 T XK AL
A ABRIE SR Se(VT) i ik Rt Al BT A AL 1)
SR .

1 525§

1.1 SKIJE#

S AR R A v A — S AL Gl e 2 4 2 ) 2B
99.85% )L, 481 Jr ik PR BRE 25 15 1 i (SORT I
WA 2.5 /L, BC S BT A E VR A LI
AR AN RS T, AR ER A, Ak 4k
KAL(ZOOMWO, ZWL-HLPA1-60)i#14, HiPH# 18
MQ-cm, ZHTAEREIK . WHIR . S AR FE 2y
M.

12 KWHZE

S AEDY COR PR T, AR SR RS
FE RO G T 60 °C)SR VA EEE ALK
AT RAMCHASE A 2K . A A5
AN FORAAEATEPER 1) U BUE 2, 8 SR 4%
AR E R

SIS 2 TR E I N 2.5 g/, RUEIK N &
H AR 10%. 1R 55T S G rh s il S Vet
K25 Cy W JE-IREE S AT IE Tk ] 200 mL X
N, TAAACEEEAE N 0.3 L/min, 5256 A 5 4%
SOV, Hof 0 CRUOKE: TS AT S
TR TR PR 2 mol/Ly [ J3; [y i S 6: 3 P i
WIEN 1.25 gL, “AAMFEEAEN 1 Limin, S8 1
WEEA 6 mol/L, MR AEEA 60 C, JeWid Fi b piid
IFE 3 mL, S 98 SR I il 2 B, AU
A3 SO R TR AR R ) R AR A DL, SR IR AH 1]
PISEEG 45, ROV FE I 10 mL i, I ok ] 44
T 5% XRD 5 SEM Kl .

it 25— 82 A I PR 5 55 B AR R I AN
(ICP-OES, SPECTRO, SPECTROBLUE FMX26)kill,
[ e R L R R P B U U A RN 7 X ( (O

METROHM, 861 Advanced Compact IC)fill, Xt Ltz
HEZS U v (PR 25 B2 1A1) 45t 45 A, [ ™= 4 1)
MR 413 85 (SEM,  FEI ESEM, Quanta 200)fit
& X AT (XRD, Rigaku, TTRAX-3)XKAH5E M,
P A VAR P PR P82 R PN L S PR A, e ik
TP R A O BAT X 38 2 S B CHI-604D HiAL 2= T
VES, SRR R R IR oK AR (B RE), T AE AR
A A (FE L) o

2 ZFERE5iHe

2.1 EREFRERM

ARSI TR S T SR IE XS Se (VD)L
IR JE RN, VIR T AT JE o 3R 1 g 5K
I aE TR, IR R AL SRS M AN, Al iR
KA 99.79%.

R AR AL R

Table 1 Selenium reduction ratio in solutions with different

acid
Reaction No. [H] Reduction ratio/%
1 1.0 99.91
2 2.0 99.84
3 3.0 99.79
4 4.0 99.86
5 5.0 99.97
6 6.0 99.85
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Table 2  Selenium reduction ratio and morphology of

reduction products in different temperatures

No. 0/C scei):giru(:ri Crystal form Rre:t;loc/t;: "
1 20 Red Amorphous 98.34
2 30 Red Amorphous 97.94
3 40 Red Amorphous 98.56
4 50 Deep red Amorphous 98.82
5 60 Black Crystal 98.79
6 70 Black Crystal 98.96
7 80 Black Crystal 98.96
8 90 Black Crystal 99.93
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Fig. 1 Potential change curves of solutions with various H" concentrations at different reaction temperatures: (a) 0 ‘C; (b) 25°C;

(c) 60 C; (d)90 C
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Fig. 2 Solution potential and Se concentration change during

the reaction
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4 NI SRR BERE A 1) SEM &
Fig. 4 SEM images of reduction products:
(a) 902 s; (b) 925 s; (c) 933 s; (d) 945 s;
(e) 971 s; () 1024 s; (g) 1558 s
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Fig. 5 XRD patterns of reduction products
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Fig. 6 Schematic diagram of catalytic reduction mechanism
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Hydrogen peroxide catalytic reduction of selenate by
sulfur dioxide and formation mechanism of selenium

GUO Xue-yi, XU Run-ze, TIAN Qin-hua, LI Dong

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

Abstract: In the present paper, the hydrogen peroxide catalytic reduction of selenate by sulfur dioxide was reported for
the first time, by which the reduction rates of selenate reached 99.8%, proving a new way to recycle Se®’. A series of
experiments were carried out by monitoring the change of solution potential, selenium concentration, the change of
morphology and crystal. In addition, intermittent sampling during the reaction process was carried out to analyze the
morphology transformation mechanism of catalytic reduction process. It was found that selenate could be directly
catalytic reduced into red selenium below 60 ‘C. The trigonal crystal selenium was formed by reaction between Se* and
Se*" when reaction temperature was above 60 ‘C, where the Se*” was produced by further reduction of red selenium.

Key words: hexavalent selenium; catalyze reduction; sulfur dioxide; hydrogen peroxide
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