ENHE Boel 5 A v O ¥ X F Vol. 32, No. 6: 985—994
2013411 A ACTA PETROLOGICA ET MINERALOGICA Nov.» 2013

RENMET N SURNMNEYLE

& BT, et RGBSR, X4 R
(1. EHMEXE BHESHRESESEM, M 5EH 550004; 2. FER %5 BERGFEFRR,
B RMERAFEFF R LR =, #|M B 550002; 3. RMAHAER, 5 &H 550004

B E: RABEERMRNSEE, #T T REFRLM4 T NET 430 T FHEUZRA, EFE FS MO, hEHL
F, U AAEN IR 20~55C, pH=1.0~7.8-E A Fe* WA 1.0X1075~1.0x 102 mol/L, B XM & 0.5 L/
min. LA RRY, 7 FS T HEALTIN, WEET S4B EEE P RENE M BE A& . pH EMRETTH N, BE
it Zn R Cd IR BCE ZE R BUAHR], H R HIVEEES BIA Ea(Zn) 41.75 k]/mol 8% Ea(Cd) 42.51 kJ/mol, &
B IN N G R E 2 YR E R R E; T VA SEAN ST, BE pH E MRS RELN =R £
b, 7€ pH /N F 5.95 A Bl i, INEER EAL R M E pH E 3G I REK, A BEREE, FE pH ES 0, Ry
SALER M. W ERBERITIOT GBI E LT NS HEEREAR.

XA WET SR NER BERRNE: REFBLM4: 7 LIREE R

FESHES: P578.273 SCRRERINAD: A XEHS: 1000 - 6524(2013)06 - 0985 ~ 10

A simulated experimental study of oxidative reaction of sphalerite in
hypergene environment
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Abstract: The sphalerite oxidative kinetics in hypergene condition was simulated and studied by means of a
mixed flow reactor in the pH range of 1.0~7.8, dissolution temperature from 20°C to 55C, {ferric ion concen-
tration from 1.0x1073 to 1.0X 1072 mol/L, and O, flux 0.5 L/min, with ferric ion and O, as oxidants. The
results indicate that, with ferric ion as the oxidant, the oxidation rate of sphalerite increases with increasing fer-
ric ion concentration, temperature and decreasing pH value, and that, under the conditions studied, the dissolu-
tion rates of Zn and Cd are approximately similar to each other, with the activation energy being 41.75 kJ/mol
and 42.51 k]/mol, respectively, which suggests the oxidation rate of sphalerite is controlled by mineral surface
chemical reaction. However, with O, as the oxidant, the oxidation mechanism of sphalerite varies with the pH
value, and its oxidation rate decreases with increasing pH value in the pH range lower than 5.95, whereas the
increase of pH value results in a increase of the oxidation rate in the range of pH value greater than 7. The oxida-

tion rate of sphalerite based on double logarithmic dealing with data can be set up.
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scoster et al.» 2004; J5JE, 2005). 2R, 2T HAb
AL P EACB) T R AN B D . D
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[H" 18 1E t (Crundwell and Verbaan, 1987): 7EiR
& 20~90CHI 0.3 M BRER%k +0.3 M BB 0.3 M
FUHH+0.3 M BN T, N EHEEE Fe
G828 M X R (Perez and Dutrizac, 1991); 71
2242, RN 1<<pH<{7 KR &R B, A6 B
RS R B OR N AR SR, N BTV A R
K # pH {8 (Malmstrom and Collin, 2004); NS %5
FR TR P = AR AN TR IR I R T G K, MR
XM EL /D (Gokhan, 2009) -

AR, WAENBEY 8 FR T EE SR
BE—gd R, BT AR E MR B K. LR
BB BIEA B E A E S X B AL S AL
K pH 1A AL i BT 55 BB 3R R 2 i IR PR FE o
B, TS EEREA B FERKRER . AR

Perez and Dutrizac,
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Table 1 Major compositions of sphalerite in this study
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Fig. 1 Schematic representation of the mixed flow reactor
1—R N5 2—1BiR/K#;: 3—Eh ik 4—8NEB: 5—EFET
6—HESTL: 7S 8RB o—HR/FEM
1—reactor; 2—thermostatized water baths; 3—Ekh electrode; 4—in-
put solution; S—thermometer; 6—air-bleed hole; 7—gas cylinder:

8—stirred pump; 9—output solution and sample collection
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Fig. 2 Effect of Fe** concentration on oxidation rate of sphalerite
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Fig. 3 Correlation plot between sphalerite oxidation rate and pH value
FI5E M b= Ap~E/RT

ME 4 ATLUE H, BE pH BT, NS £ 4L
BERTRE, T2 pHEA 7.8 WINET MEIEE KR
MAE LA, XE5HAMAGREEL—H(Feng et
al.» 1993; Yu et al.s 2007). RHFRBx, FEEM
TEE M (pHE N 2.0~6.0 Z 8D, INEFF E AR IK
Cd B# L Zn K, R Cd b Zn A pH EFE WAL
K IEBRYEAN U Cd e Zn BA S W INEET BRI
Hk. BT pHEERHBE, B pH A 78 Bl A p it
pH EX A E N ST [ A0 R AL 22 4L, pH
R N R S8 A 3 22 R S D e B AR 8 B R
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Fig. 4 Effect of pH value on oxidation rate of sphalerite

2.3 BE
L FE XS IR S AR N 5% R SE 56 43 3 7E 20°C
33T 41.5C55C WFEE FiAT.

15 P S S AN 2R ) T ] DU I Ak 2 B ) T
EEBAXIIT R SRR RR(FEL
%,1994):

HA p AEEER T 2HEHE(K), R 254 % K
(kJ*mol " '*K 1), Ea A RMNIEHRE(K] . mol 1), ¥8
AT A REEELRIEL, A5 £ HE.

WR 2 BEEMANET EARNEEAX R=
kLRSS Ime[H I H B BIAFRE N £ H.

B R EHH k X ET1 000/ TER, 47 7113
# 1gk2,-1 000/ T X 1gkcy—1 000/ TR RECE 5, AT
PLSKAR REER A R L TR BE 43 B A 41.75 K]/
mol Al 45.03 kJ/mol, #§ A7 Bl F & 101663 0
10701580 RNERRRE T INAE BB Zn A Cd 1Y
AR L R AL, SR AL REARIE, B N A
e Zn 1 Cd HIHRRAT A KBUAHE .

WEZEW S EEXN NET S E LR
We), B3 R AR AE — S 43 B TE AL BB AR R KVE AR
o AERREIEEE D A 41.75 K]/ mol B 45.03
kJ/mol, 5 K % #5545 B AT (Weisener et al . »
2004; Aydogan et al.,» 2005; Aydogan, 2006;
Dutrizacs 20060, T Rimstidt % (1994 ). Acero %
(2007)~Souza (2007 B 2K Ea BIK(14.3~
27.5 kJ/mol), Hiroshi % (1981 R HI AL REHI =
i% 83.4 kJ/mol.

SHELRERNERILE R 2, ¥ E)
R TR, SR N FEBERES N B Fe B &
H 38 0 T B ( Kametani and Kobayashi, 1988; Xiong
et al.> 1989; Perez and Dutrizac, 1991). 7EREEHH#Y
g, ARPENF SN RE RN, BT
RISV, RV ECRE R LR FTEE R
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Fig. 5 Effect of temperature on oxidation rate of sphalerite
BHRFTHBNET S RNELRES SR 070 16
41.75 kJ/mol Bk 45.03 kJ/mol, EHINEFF &Ik 060k {14
RNERERZTYRAANFRNES, ZEERE _ osof T T 12_
Rk, RELGRMREME MEF AAREE  Zool 25 ° 00 4 000000l ®?
R, FEAL R L FE R Lonf mo '3
2.4 WERELERER Zn.Cd MMRLETHE  onf & 2 °
it 0.10 épo 2
e S Ak 5 R & A8 28R, Zn. Cd BB 0.00 . : . s : s 0
0 500 1000 1500 2000 2500 3000 3500
ZNRET RE N BB, EA X LR pH EIEH KW B F/min
W,ZnCd ZEA L M ESHFE T KEB T, BHIHR B 6 NEF S22y E
VE R PR R AHE WP B Zn A Cd R BERIN 52 R BER Fig. 6 Oxidation-kinetics curves of sphalerites derived
FEAE R, RN RBELEARNBRBEBRF Zn A from experimental data
Cd WRERFITNEEF EALTFE S Zn T Cd NNEE
VRO B AR KR IR EIT A . #3 Zn¥icd BHUERR L
MRET S SERBPBE B ZIn.CAREEZLR Table 3 Comparison of releasing rate between Zn and Cd
B8] 24k 2R Ry AR dh 2 8, WL 6) FT LAE H, K TR B LW Cp/ Co Rz/Ra
ZHEW Zn 1 Cd FBE ML IEE AL, X4 T Sp07 104.94 0.67
Zn 1 CAd HAHIE BRI AT H, EER Zn.Cd [ 2;‘;2 ;‘1‘2 ggz
ARNERMRPE _BIKETE, BT Z LR ER Sp010 84.78 0.72
A FE M, Cd B BbIRAG AT A FEBEE Zn. Spill 94.51 0.88
S P B 19 Zn/Cd S (R BER™ o Zn 55 o oo 15 pps
Cd RES L ED N 107.30, M EALBEBIEF R Spl4 87.43 0.77
TESUESNEAATE NET LK (Sp20. :ﬁ: zigg g;g
SpD 4h, HALSER WY Cp/Coy KE PN TF Sp17 79.65 0.82
107.30, EEEE Ry /Ry T 1.0(K 3), R Spl8 36.45 0.34
BI7E pH<5.95 &4 T, NEF SRR Zn B o2 - -
HEEW Cd /D, 7 pH==5.95 FREWMME A A &4 sp21 256.03 2.38
T Zn MIBEBUER AL Cd K, X THES Zn.Cd HI4L s P by
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fERMEAE TIHRE —ERBEMEE, T Cd FHERR
W& R, FEm it & T R ZE R ZRR
KFEERIFR S,
2.5 AETSEERAR

TEANFFAE A A0 TR BRAMHI ), Bz B -4 1 4%
T, INEH BB EZE RN A (Lasaga, 1981):

R, = AeRr[Fe* JplH* I (6

Hf RGZANET KENER (mol*m™ 2571,k A
BERER, Ea BRRWEWEE(K]/mol), R AR B
B, T AAEXBREK, (FS*T ], AHIHEWRE, [H ]
JHY VIR, 388 m~n BB AR NIERAN T
BWRPLRST IFIHY IR 28

SE NG EHERSHMAEGR 4, TUBEN
BN AN ERARA:
RZ'l: 101.1663[Fe3+ ]8.154.[H+ ]0.2659.6—41.75/RT (7)

ﬁ RCd: 101.7292[Fe3+ :B 170.[H+ }).2637,6*42.51/RT (8)

R4 AT ELEFSHE

Table 4 Parameters for sphalerite oxidation rate

R m n A Ea/k] .mol™!
Ry, 0.154 0.2659 1011663 ~41.75
Ra 0.170 0.2637 10172 -42.51

2.6 NETSURNHNERENFEREX
2.6.1 WEFEHEEF CERREMLE

R NG FEAEZE T DL B AE— 2 R
BN —E A EA TN EUBER Zn.CdZESE
JBICE AR, NPT RS R B K
o — BB IREALTT RN K P IR TS
5 1073~10"* mol/L, pH & 2.0~4.0, FE L AT #3 4%
e E W B AR N 720 LR &HT
— R AFATRER Zn MCdBE. 5 H24
/B INEER B IS RN IR Zn B Cd R

=N
EHo

FS5 INETEML 24 MEEEM Zn 71 Cd B EGRBREIESLTD
Table 5 Zn and Cd extractions after 24 h oxidation for sphalerite (with ferric sulphate as oxidant)

BE/CT pH1{E [Fe** Iy/M Rz/molem ™ 2es7! Re/mol*m™2.s7!  Zn RE/pged '*m 2 Cd B&/pged '*m?
15 2.0 1073 3.90x1078 9.38x10"8 2.17x10° 8.38x10°
15 2.0 1074 2.74%x1078 6.34x1078 1.53x10° 5.66x10°
15 3.0 1073 2.11x1078 5.11x10°8 1.18x10° 4.57x 10
15 3.0 1074 1.48x10°8 3.46x10°8 8.26x 10* 3.09x 10
30 2.0 1073 9.25x10°8 2.26x1077 5.17x 10 2.02x10*
30 2.0 10°* 6.49x10°8 1.53%x1077 3.63x10° 1.37x10*
30 3.0 1073 5.02%x10°8 1.23x1077 2.81%10° 1.10x10*
30 3.0 1074 3.52x10°8 8.33x1078 1.97x10° 7.44 % 10°
45 2.0 1073 2.02x1077 5.06x1077 1.13x10° 4.52x10*
45 2.0 1074 1.42%x1077 3.39x1077 7.92%10° 3.03x 10*
45 3.0 1073 1.10x1077 2.73x1077 6.14x10° 2.44x 10*
45 3.0 10~* 7.69x1078 1.85%1077 4.29x10° 1.65%10*

R 6 AMRYEASCE B AALE R A N BT R
WHRENINRH) Zn F1 Cd BB, N 24 /DA TR B
VEAME Zn 1 Cd KRB EWT LLE B, NET 45
WHANFIER Zn.Cd FEER TENEBIEF A
M. [RIES, FEAREET SRUALMIT IR, BR T INEED 4,

BAFEERY 7 S AR, 7T e 2 % TN B
VR (AR . BN BT R AL R s 1 R
B ESREH FY TN X R E R R,
2.6.2 HHEEDT L ERRTG YR A R il A Y

R AL E R A Fe’ R 1 I« pHAE R

FT o WNETENL24 /I ZnFcdWBHREEESASLTD
Table 6 Zn and Cd overall content after 24 h sphalerite oxidation (with O, as oxidant)

ASHE/Lomin ! BE/T pH Rz, Ra Zn/pgrd'om™2 Cd/pged ' om™2
0.5 33 2.04 2.86x107° 4,26x107° 1.60x 10* 3.81x10*
0.5 33 3.75 5.85x1071° 1.72%x107° 3.26x10° 1.54x10°
0.5 33 5.95 2.15x10°1° 9.02x10" 1 1.20x10° 8.06 % 10?
0.5 33 7.80 2.56x1071 2.35%x10710 1.43%x103 2.10 % 103
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AL FE T e T 38 K, DR ok T SR B e P AR L 3 K
VRSB WNEAL, 5 X B HEPIA G K
B A B AR IR 5 pH B, £ BHME LB iR %Y
LR BRAC T P 5 RS EACT B, MR
RN SEHAL YT W EAGE R, 15 3 16 B a5
G LIRS R .

3 ik

(1) 7E Fey (SO, )3 AEATIET, INEFT S A% 2
BEE Fed* ¥R B MG I IR FH s pH B B T 388 I,
HNET RS REF Zn. Cd BB HOEZE KB .
RN HITEEE T AN Ea(Zn) 41.75 kJ/mols Ea
(Cd) 42.51 kJ/mol, RAWEY EALEEZHT YR
Tl P45 il o

(2) FSAEREAFET, BEE pH BRI AN
FEANERET T4, &€ pHEDNT 5.95 EEN,
e S AL E R FEE pH {H B8N B, BB
YO Bl G, BEE pH 30, INEED S &R S T3 0.

(3) RZHLWE Zn. Cd VA #F i 2 36 F AL,
FHAGBEAHIT, R e A BRI 24T A .
R E N BESRET Zn . Cd WEHGERFAE
FLOAEBRMEAN AT, Zn BBOERL Cd 18, T
YRR A R F, Zn FIBEBGE L Cd th, X
Zn.Cd TERAE LM T R B ERW AT A E AR, X
5 Zn 1 Cd Ffb %R ERH K.

(D WEFRALE, NEFT HEAEE AKX
RINNA:

Ry, = 1011663[ Fd* 10154 o[ [+ ]0.2659+ , ~41.75/RT
B Ry = 101792 Fe3* 101704 [ |+ J0-26370 , ~42.5U/RT

(5) FIH N FAEE A XX LIRS &4
T KB A, INEET A AL R o AR BE
InCd S BHAT &, 78 WL IR E R kAT
=P AR ik MR

Bt ARBRATRARKERRT R AARE 4R

HREARBHREARESE, BINF2 7 HEH)P
HHE S 38, FE BB A B S 8 AR
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