5520 B 12
Vol.20 No.12

TEERERFR

The Chinese Journal of Nonferrous Metals

2010 4F 12 A
Dec. 2010

XEHmS: 1004-0609(2010)12-2438-07

Te(IV)-H,SO, -H,0 f A Z B FEL LR
Te(IV) s [z zh 1=

B, FRAEA

(PR R TR, Kb 410083)
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Reaction Kinetics of Te(IV) using halogen ions as catalyst in
Te(IV)-H,SO4-H,0 system

SUN Zhao-ming, ZHENG Ya-jie

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The reaction kinetics of Te(IV) reduced via SO, were investigated with halogen ions(C1™, Br and I') as catalyst.
The results show that the reduction ratios of Te(IV) in the high concentration system of sulfuric acid are all more than
97% after Te(IV) is reduced when the reaction times of CI°, Br_ and I” are over 60, 10 and 10 min under the conditions of
¢(CI"), ¢(Br)and ¢(I) of 0.3 mol/L, SO, flow rate of 18 L/h and temperature of 90 ‘C. The reduction product of Te(IV) is
elemental tellurium using Cl or Br as catalyst, and the reduction product is Tel using I as catalyst. The reaction kinetics
of Te(IV) using CI” as catalyst indicates that the reaction rate is proportional to the concentration of Te(IV), and this
chemical reaction is in accordance with pseudo-first-order reaction. The reaction activation energy is influenced by the
concentration of chloride ion. When the concentrations of chloride ion are 0.1 and 0.3 mol/L, the activation energy are
44.871 and 36.714 kJ/mol, respectively.
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AW, SF: Te(IV)-HaSO,-H,0 1R F H Ba 338 T iEAKIE 5 Te(IV) R 5 ) 2 2439

FE TR Te(IV)M3) 1252 A B RN T il N,
TR g B BT IR FIPLEE, O T AR =g
e T I, ARSEHEZ AR E X Te(IV)-
H,S0,-H,0 HIA R Te(IV)i& JR BUR 50, FX¢ CI
AR Te(IV)B) 1 2= AT .

1.1 SEIJE#

J5 Bl & H,SO4(AR) . HNOs(AR) . i#8 4l /K .
NaCl(AR). NaBr(AR). KI(AR). SO(99.95%). fifif} o
Tk (1) 3 an 3 1 Jr 1) o

R Tk

Table 1 Contents of tellurium powder (mass fraction, %)

Te Se Cu Fe S
99.9 0.040 0.008 0.005 0.005

1.2 XBRTE

WA 1 ARy Rk, FHAMPR AL 5 I B2
TR A IR AR, VA5 /K BC K HaSO, ik
FE¥4 0 880 g/L, i Te(IV )i EAN R IV & H o SE36
I, B 400 mL % Te(IV)HBMAZ] 1 L =3k, F
PR AT R B Te(IV)HOINFA S S W Ik B IO R
PEE, SRR 01 25 25 (AR 2 RIR B 0] & Te(IV )i
H A3 S I A 2 1) [ A i Ak 42), 5k 20 min Ji5, HX
Ffo BB EAHE SR, 7E S5 Ik B e )
BALERE . 8T o

1.3 S SEm

VT Te(IV )74 8 7R FH PSRN & 55 B 1A R 5
A (ICP, Intripid 11 XSP)REATHM, F=HiAiE it
X-SHEEATHH{U(XRD, D/max-TTRIIN) 43 #7

2 GRS’

2.1 CI AEAFIRBIREE /%

VW HoSO, W% g 880 /L Te(IV) KK 5 7.0
g/L, CI'{RIE A 0.3 mol/L. 24 SO, il 18 L/h I,
ANTR)SELE R 1 I B TD 6 Te(IV )3 B e ma tn P 1
PR o

H5 S N I ] B AN Te(IV )R AR NS0 Y 3
VK Z/ S

—lnizkt (1)

Po
Xt p BT Te(IV)HREE, g/Ls po M IRUAEE IR
o Te(IV)IIRIEZ, /L k ks e N 8 50, min '
t NV ITE], mine

~In(p/po)—t MRKZRWE 2 Frax. HE 2 w40,
~In(p/po) 5 t RABUFHILIE LR, KU 124555
IR RO R

SO, BEANF WG R A WTR RNV :
SOQ+HQO:stO3
2H,S0;+TeCl;+2H,0—=2H,SO,+4HCl+Te|

RPN N RN, 3 U S IX P 5
Wi, 2 e N Ty RE 53 93 A

p(Te(IV))/(g-L™")
=N

b2

1 1 1 1
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1 AN[FNEBE TR S M TR Te(TV))¥ BE 1) s i)
Fig.1 Effect of reaction time on concentration of Te(IV) at

different reaction temperatures
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Fig.2 Relationship between —In(p/p;) and reaction time at

different reaction temperatures
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dprea, HE 6 /4, Ink 5 UT &M LR, MAEEHLN
Tel n n n \ 2ED S PN
@ +PH50, PTeav)Pito ~K-Piiso, P B H-5 397, BI-E/R=-5 397, KI1FIEILHE N 44.871
de SO n n, n
dzt - = k., pso, Pr o = k-Pr so,

A puysogs preavy ~ ooor NS RN FA) TR
e, EAR mis myn oo OISO REL, ks ke
399 hy T T PR TR A o ST S I g0 Prgysog s
por FEARANAR, RNV FEH HoSO; W BETE 2, PR s &
JIRER] IR A 2
—@: PTeav) (2)
H R VR T FE(D)AIQ) AT A, ny 2T 1, %
S Ji F1E— 2 [ ¥ (Pseudo-first order reaction)!'”,
R 2 TP HAREAR, KA FRR N R S
HWAREE kH, W3R 2 s,

%2 CUWKEER 0.3 mol/L AN RIS M 4 40 &
Table 2 Reaction rate constant £ under different temperatures

at Cl concentration of 0.3 mol/L

Reaction temperature/K Reaction rate constant, &/min "'

315.15 0.010 6
323.15 0.0129
343.15 0.028 8
353.15 0.0419
363.15 0.067 8

WRIEER 2 BEEH Ink 5 UT WXRE, WK 3
FioR . B 3 A AR -4 416, HI-E,/R=—4 416,
kA3 BE E,=36.714 kJ/mol(<<40 kJ/mol), i1 SO,
IR Te(IV) 524 gz il .

BRIBIR EARAS, A8 Te(IV)FI CI WK AT S5
WLy A H,SO, 880 g/L, Te(IV) 3.96 g/L. CI” 0.1
mol/L,

2 CURE K 0.1 mol/L B, AN[A] s Wi T, Te(IV)
TR PR s N B R PR AR ) 4 s . E I 4 R 1 ap
A1, BIME CIUVRBERN Te(IV )R AN, AEAAREIL AR S 8 i
B3

W S HHEARN — R N TR TTRE, —In(p/po)—t
o A& WA 5 Fis. HE S w740, CIkE N 0.1 mol/L
IF, ~In(p/po) 5 t FFE HLK T o AR N [V I %
WALk Wk 3 Al

3 s, 1F Ink—UT &, 45 51a1E 6 fis.

Ink

2.7 2.8 29 3.0 3.1 3.2

T'/1073K!
3 CIREEN 0.3 mol/L I Ink 55 1/T IR
Fig.3 Relationship between Ink and 1/T at Cl concentration
of 0.3 mol/L
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Fig.4 Effect of reaction time on Te(IV) concentration at CI-

concentration of 0.1 mol/L
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Fig.5 Relationship between —In(p/pg) and reaction time
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IV, 4 Te(IV)-HoSO4-HoO 44 i 38 T HEALIE )5t Te(IV) N 5l ) 2% 2441

F 3 CIVKEEA 0.1 mol/L I AN[FIUGLE T S 4 7 4L ke
Table 3 Reaction rate constant k£ at different temperatures

under Cl concentration of 0.1 mol/L

Reaction temperature/K  Reaction rate constant, /min "

315.15 0.009 1

335.15 0.023 0
348.15 0.038 8

368.15 0.076 0

R=0.99

Ink

=5.0 1 1 1 1 1 I
2.7 2.8 29 3.0 3.1 3.2

77/1073K™!
B 6 Ink flx N ERR

Fig.6 Relationship between Ink and reaction temperature

kJ/mol(>40 kJ/mol), SN 524k 2% [ Wi dE il o
WFFTE W, CUIRIE N 0.3 mol/L B HISEALAEEL CI
WEER 0.1 mol/L IR/, BEHE iy CL R FE T AR
ST ALBE o
CI % SO, 38 Jit Te(IV)fEAAEHIZE T 0% T Te(IV)

R AR . (RN CUR, AR Te(lV)
AT R A UL N 224k
I
Cl
/Te\ or
(0] Tl) O———Cl—Te—Cl
\lﬁ/ Cl
(0]

Te(IV)EARISZEBIN T Te=0 R I
BEA% T SO~ MIBHASAE R, MR A T-34 J i N f F
1To M Te(IV)5E 435 CIUIERE TeCly I, ik JiE v i
THEH HaSO5 2 o PRIIE, 24 CUIKEER 0.3 mol/L
I, RNEZY RS, R R, BT R Y
Te(IV)ANRESES S CUE R TeCly I, N 524k 2 v
i, HimaEm, RV,

1 CIUIKIE R 0.3 mol/L B, SO, ik =¥ XRD

WM E 7 v By, Ho SEM B 8 Bis. HE 7
AEL fEEIRERIRR R N, CLUM AL, SO,
R Te(IV) =40 0 BT . HHIE 8 Ml 401, ik J ] 44
PR ST AR

* +—Te
+—Tel
) .
1 | i PO
(b) .
i J L s 4
l .
(C) 1 :I 1 |l |: X L I"
10 20 30 40 50 60 70 80

20/(°)

B 7 ARMELFIERT SO, &5 ¥ XRD i
Fig.7 XRD patterns of products reduced by SO, with
different catalysts: (a) Cl ; (b) Br; (c) I

b ATRLEN -_-_-‘-.
B8 CIIKEEN 0.3 mol/L N SO, &5 #)f) SEM 4
Fig8 SEM image of product reduced by SO, at Cl”

concentration of 0.3 mol/L

22 Br AEAFIFRBIRNE A FE

FHHAH PR E AR J5 INANBR BRI, IR LA
%, BCHIRCE Te(IV) BB . RN 400 mL %
W=, JFETEEARS L. ER. s
I KBr #5820 min, 48 )5 LA 18 L/h 3t ) %
AN SO,, EJH,

2 Br Al Te(IV)IKJE 53114 0.3 mol/L F1 6.65 g/L
I, SOV TE Te(IV)IREERImWE 9 FiR. Br
WEE A 75 mmol/L. Te(IV) ¥RSEHN 5.01 g/L I, Jhv
I TRDG Te(IV)H BE RS2 an 8] 10 B o
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tHIE 9 WI %, 7F NaBr # 28 0.3 mol/L I, Te(IV)
I D5 T 82 B S I JEE TR T i R o 2 S I TR AN G
T 10 min B, Te(IV)#& BE R S W TR) R E K S AR T
B, Te(IV)HHIL i s 24 S IR A AR T 15 min I,
A WAL T, SN S

=—35C
*—55C
~ +=70C
2 v—90 C
z
]
0 10 20 30 40 50

Reaction time/min

9 KBriEZN 0.3 mol/L I S NN TRLR Te(IV )i B I 52
Fig.9 Effect of reaction time on Te(IV) concentration at KBr

concentration of 0.3 mol/L

5
T4r
—
o
= =—35C
= *—557C
£ 3t +—75°C
*—90 C
2 L 1 1 L 1
0 10 20 30 40 50 60

Reaction time/min

B 10 KBr K% 75 mmol/L I NI [aI%H Te(IV )ik 5 (1)
e
Fig.10 Effect of reaction time on Te(IV) concentration at KBr

concentration of 75 mmol/L

H & 10 AT %, 4 NaBr #5224 75 mmol/L i, Te(IV)
I Jir T2 B IS I JEE TR T e T o 2 SN I TR AN
T 5 min W], Te(IV)RPEE T BN 4 e I [R]ANEG T
10 min B, Te(IV)9< F Bl B 3 s T] R K T AL

T3 HNO; M HALGWIM ], il N Br
Uy VA Bro BrkJEEAL, 405 R
VEFI IR Br R A, 6 Te(IV )i J5 3 J5E 1 s i K,
FEURNH NG KRR MR, RNV ETHA AL

%@Brzﬁ/};o
Br fHEAGIE SR, AELEUTT SOV

2NaBr+H,SO,~—Na,SO,+2HBr
4HBI‘+T€OSO4:TCBI'4+H2SO4+H20
TeBr,+2H,SO;+2H,0=Te+2H,SO,+4HBr

Y Br W ¥4 0.3 mol/L. SO, &N 18 L/h I,
WS IE I XRD #EAnE 7(b)Fas. HE 7(b)
AL, H NaBr A, B BRF=000h TR, 5
NaCl A AL =2 A .

23 T AEUFIRBIRREHZE

W%y : HaSO, 880 /L. Te(IV)HKEE 7.18 g/L.
400 mL ¥ T =80, B TEEKE & A
JFIE, N KT B4, HiRE 20 min J5BORE 7 BT v
e Te(IV), RJGMIEERTEA 18 Lh SO, 5. T
WIUEWE 735904 0.3 A1 0.1 mol/L i, A KI 20 min
Jei s MR Te(IV)IRSE IR 4 Fi41).

R4 A KDIREE R R Te(IV ) BR300
Table 4 Effect of temperature on Te(IV) concentration under

different KI concentrations

Reaction p(Te(IV)/(gL™")
temperature/ ‘C 0.3 mol/L 0.1 mol/L
35 6.05 6.12
60 3.36 6.13
75 2.50 6.65
90 1.50 7.13

3 4 140, Te(IV)#k KI b 5. ek T1E
T, Te(IV )t i 38 5 Bl B i TH i ke, Te(IV)ids Jt
K 15.7%5E 3] 791%; R TERT, Hix
I35 B P TR T R g o FH T S T T4
b, BT VR SR R ) TR, 76T
IR AR, Te(IV )i Ji 2R Bt 3 55 T 11 FAARG 5
T HIRIRBERR iy, 1T B AH N 52 A8 A0V E B2 /s,
FHER BN T Te(IV)Id JsUH R, 34 i A4 B 5 (1) 7
RPN

5 KI W 20 min Ji5, 38 SO, i85, M)}
Te(IV )R BE 52w w11 F1 12 B

HPE 11 W%, 24 DikEEm I, A SO, 10 min
Ji > WU Te(IV )G T B, Te(IV) S0E SR 2 I8 F 97%,
FEUALAT LU Te(IV) R J5 o Ak 34 i T B 52 o
WL RS I, BE T s R

AP 12 AT, Te(IV)ids J5 R B e B 1] 1) ZE KT
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FVAB, % Te(IV)-HoSOs-H,O PR FH i 35 25 T AL St Te(IV) R N3] J) 2 2443

6
=—357C

Sr *—60 C
= +—75°C
T, 4r *—90 C
2
f 3
% A
£ 2}
Q Y

I_
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Reaction time/min
11 KIWREEHR 0.3 mol/L i B I ()56 Te(IV )ik B (145
Fig.11 Effect of reaction time on Te(IV) concentration at KI

concentration of 0.3 mol/L

8
7 =—35

k=
slelele]

Lad

p(Te(IV))(g-L™")
- wh

0 10 20 30 40 50 60
Reaction time/min

B 12 KIHKE A 0.1 mol/L I s W i[RI Te(IV )i 5 FrI 32 1A

Fig.12 Effect of reaction time on Te(IV) concentration at KI

concentration of 0.1 mol/L

W, 24 KW R 0.1 mol/L B, Tiids 5Tt Ji Bt i s
T, 5 TR N A

$t SO, AN KI5, A LA R W A7 AE -
SO, +2H,0+1,=H,SO,+2HI
SHI+2Te0SO,—2Tel+31,+2H,S0,+2H,0

BN AEfR HE PR Te(IV)IE A Te( 1 ).
M KIWEEN 0.1 mol/L I, 75 T HIEHTR, SO, k)i
PP AEAE Telo

I A2 FHE A 55%5p°, Te(IV) feshZHL T
Ay 5%5p° BT T4k, WAREH T, T
EF] Te(IV)IN, T p #id B2 RBFAEHE] Te(IV)
75 p BUIE, T HRACKH T L, Te(IV)EA A bz
THAT N 58°5p” 1) Te*s p iR FRE R RAE
Te'S5 I 45iE, BT @ik EMBRERT Tel. T

A S W I R Hh S ke 14 33 H 7 R CE R AR I

3 it

1) i CUALZ L5 T SO, i 5 Te(IV)fH)
HEEA RIS, 8 5=k . M CLMREE N 0.3
mol/L, —ALBRRE N 18 L/h, KNVIEJE A 90 C,
SN IHTE] R 60 min B, Te(IV)iEJRZE N 97%. LA CI0
AT, 38 ST FE ST Te(IV)IRBE I LE,
2 S N R AE— RN . 24 CLHE S 0.1 mol/L i,
SN fE K 44.871 kJ/mol; 24 CUHE 4 0.3 mol/L
N, RNTEILEE N 36.714 kI/mol, W CIWk)E
AT AR SN T A BE o

2) P Br WEHFIREESE S T SO b Te(IV)IH
TEEA R, B )k R . M Br R EESy 0.3
mol/L, —AALBRRE N 18 L/h, KNVIEJE A 90 C,
SN E] R 10 min B, Te(IV)iE RN 97%.

3) AT R EAGSRINT, T o] HRGL A Te(1V),
) Telo M TIREEN 0.3 mol/L I, % Wil &
2990 °C, JIA KI20 min Ji7, Te(IV)ikJRZA 2] 79%.
5 KI ¥ 20 min J&5, A SO, 4 SO, Hifis N 18
L/hy ISR 10 min B, Te(IV)EE RN 97%.
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