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Mixed potential oscillation phenomena of galena
dissolution in ferric sulfate solution
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2. Graduate School, Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The kinetics of the dissolution of galena was investigated by monitoring the mixed po-
tential of galena electrode in ferric sulfate solutions. The results show that the mixed potential of
galena electrode oscillates with time regularly in 0. 10 and 0. 01 mol/L Fe, (SO, ); solutions at
35 °C. The periodic variation of the concentration of Fe®* on galena surface driven by dissolved
oxygen in an open system, the formation of sulfur and its further oxidative dissolution on the ga-
lena electrode surface, and the recurring development and decomposition of the defective layers on
reacted galena surface will affect each corresponding intermediate process. The coupling and feed-
back of all these factors can result in the oscillation of mixed potential of galena electrode in ferric
sulfate solutions.
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Fig. 1 Mixed potential versus time for galena
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solution at 35 C

ME 1T LEH, 7 35 ‘CH 0. 10 mol/L &
Fe, (SO MW T, FHEV BB MR FHAE 40
min Y M 0. 268 6 V iR 3 FEfIK ZE4%k /NME 0. 206 1 V,
FEEEIEH A, 480 min [FFE 0.2215 V, EF
76 10 min WRE K ERAE 0. 2654 V, X7E 20
min N2 EIREKESE ZMR/IME 0.2073 V, FHF
B3R IR A 8 LRSS B 2R L TE BT iE 3 W B 1) N 5 R0 T
WAL AL, B2 RN TS E 3B CH
0.01 mol/LK) Fe;(SO,); BT B FIT LKL
R, JUES, TREVEHERBESEMCANEBLERE
AMMFE. o, ERABMRERGZR, YL 150
min W —MREE/NMHB(LE 2 & b, MH
7£0.01 mol/LIEW R %21 5 0. 10 mol/L


http://www.cqvip.com

®/3W

.0 0 0 http://www.cqvip.com|

A W, % RREBETIETEROESBARGER + 581

BRI IE A AR, P IR % ALK

HAH/MEWMAE 3 Fram. WE 3 ATLAE W, 0.01.

mol/LiFe, (SO : W P H 9 IR IB A B ALk
AL IELE 0. 10 mol/LIEBPHEL, HiEY
JE S B S B AT AR R Ok K, T ZE 0. 10 mol/L
B Fe, (SO BB P MR F RN EF SZ M
R, A EREE.

0.29
> 0.25
&
& /
0
52
0.21F J
0.17 1 1 ! |
0 90 180 270 360 450
B[R] /min

@—0.01 mol/L Fe;(SOs)3; lM—0.10 mol/L Fe; (SO4);
3 35 CHARBRE Fe,(SO,): BRFPFHH
o MR A 4L 4G ML I B B 19 49 AL
Fig. 3 Variation of extremum of mixed potential
with time for galena electrode in Fe; (SO, );

solution at 35 C

FETHEINEZRESRBALYT Y, HE
Fe, (SO BHITHMEAMERRERUTERE
o i e Al S BT 1, PR AR SR A B AR S L 3k R R
ATETET R, AR— N EREE., TR
BB e T B AL LA T A AR BIR A AL T

S50 e AR R I B FHAR A R -
PbS—PL** + 5" +-2e, 1¢))
BARR A 2 RL A
Fe’t +e—>Fe’t, (2)
FETHRRAMIEEREIERESR:
Pb** 4+-S0O;~ =PbS0, ; 3

4Fe’* + 0, +4H" =4Fe** +2H,0, 4

FEA A MR Z AT WREE R G
AU 2O B ST B, BRALYIE Y EG R R O
FRHEERKER. R, YN TRAEDTORS
HARGHVEEAEE. BRESHAUKNNER
it % A 7E -9 5 T 0 B B 3 A1 BT, O 4R
TREBRMANEGLESHBERAMNRBEARX, /£

FEINHTRELE ST ERER:

a, EXKSP, F'" EH BT RERER R
Fe'* (RA(2)), MEREBEB S, Fe'* X BHEBE
4R Fet (AR, FAERM Fe*r XBEH M
AN FRAERTHEBREAHABEA, KIEK
ff Fe** /Fe** BRSNS NL, AT GE 7 459 AR R A
B Fe** WRBE R4 AL,

b, JTEH E AL AP e AR 3R T R R 0 TP B
BEE#E—BHEAERS, BRERITET SR
FETH.

c. BRBIJTHHRIE Y BREGE B E B A A
SRR, BRI iR RE KRBT, HE
Boma Lo AR

YEHE N AT 9 URE Fe'r IRE R Rk
EREENPHER. FAULEXERENBSN
R, BESBOTETEBRRERMEBOERL, A
T BB & RALE IR '

3% i

a. FEF BRI 35 CHY 0. 10 F 0. 01 mol/L
B Fe,(SO); BBTHWABMALERSBMURGHA
%, 760.01 mol/L B Fe; (SO s BB P H LT BE
B R AL IR A 0. 10 mol/L BFHFHEK,
HERGRAMMER N HTEBERBK, WA
0. 10 mol/LKj Fe,(SO,); MW IR F P LR/ R
B

b. ZBEAHMRFEMTRESABRAERTH
BEERINFTHRY T Fe IRENEABHEL. F
BT EBRRERERBAERRLE—-SNELE
. RC RN T R E MBS 2 M BB &£ B
HioMmAax.

BE UM :

[1] BEE, 4R, B2, & LA¥REFRESR
(1. dEmKE¥EME. ARPERR, 2001, 37(6); 880 -
888.
LEI Jing-lei, CAl Sheng-min, YANG Mai-zhi, et al.
Progress in study of electrochemical oscillations [J].
Acta Scientiarum Naturalium Universitatis Pekinensis,
2001, 37(6); 880 — 888.

[2] 3k3E4E, Borcsik M, Crerar D. [E-#EH K 1K E CaF,-
HCI-H.O R ¥ imFH R ML B 2dEd, 1991,
36(23): 1836 —1837.


http://www.cqvip.com

* 582 -

PEAKEZERERBER

.0 0 0 http://www.cqvip.com|

BB

[3]

[4]

£s]

L6]

7]

(8]

L9l

(10]

(11]

(12]

(13]

[14]

ZHANG Rong-hua, Borcsik M, Crerar D. The
discovery of chemical oscillation in solid-liquid reaction
system CaF,-HCI-H,0 [J]. Chinese Science Bulletin,
1991, 36(23). 1836 - 1837.
Sui C C, Brienne S H R, Rao S R, et al. Metal ion
production and transfer between sulphide minerals [J].
Minerals Engineering, 1995, 8(12): 1523 - 1539.
Madhuchhanda M, Devi N B, Rao K S, et al. Galvanic
interaction between sulfide minerals and pyrolusite [J].
Journal of Solid State Electrochemistry, 2000, 4(4),
189 -198.
Salomons W. Environmental impact of metals derived
from mining activities: Processes, predictions, preven-
tion [J]. Journal of Geochemical Exploration, 1995,
52, 5-23. .
Banks D, Younger P L, Arnesen R T, et al. Mine-
water chemistry: the good, the bad and the ugly [J].
Environmental Geology, 1997, 32: 157 - 174.
Edwards K J, Bond P L, Druschel G K, et al. Geo-
chemical and biological aspects of sulfide mineral disso-
lution: lessons form Iron Mountain, California [J].
Chemical Geology, 2000, 169: 383 - 397.
Naicker N, Cukrowska E, Mccarthy T S. Acid mine
drainage arising from gold mining activity in Johannes-
burg, South Africa and environs [J]. Environmental
Pollution, 2003, 122: 29 - 40.

Chen A A, Dreisinger D B. The ferric fluosilicate
leaching of lead concentrates: Part I. Kinetic studies
[J]. Metallurgical Transactions B, 1994, 25B; 473 -
480.

Baldz P. Influence of solid state properties on ferric
chloride leaching of mechanically activated galena [J].
Hydrometallurgy, 1996, 40: 359 — 368.

Iliana H, Zoumpoulakis L, Christodoulou E. Lead

sulphide leaching kinetics in nitric acid solution [J].

Erzmetall, 2002, 55; 166 — 175.

Zhang S, Li J P, Wang Y R, et al. Dissolution

kinetics of galena in acid NaCl solutions at 25 - 75 °C

[J]. Applied Geochemistry, 2004, 19, 835 - 841,

da Silva G, Lastra M R, Budden ] R. Electrochemical
passivation of sphalerite during bacterial oxidation in
the presence of galena [J]. Minerals Engineering,
2003, 16: 199 - 203.

da Silva G. Kinetics and mechanism of the bacterial

(15]

(16]

(17]

(18]

(19]

(20]

21]

[22]

(23]

[24]

and ferric sulphate oxidation of galena [J]. Hydro-
metallurgy, 2004, 75;: 99 -110.

Wei D, Osseo-Asare K. Semiconductor electro-chemistry
of particulate pyrite: dissolution via hole and electron
pathways [J]. Journal of the Electrochemical Society,
1996, 143: 3192 - 3198.

ZHFP. KRAFREmBREE[D]. KY: Pl
KRR, 1995.

LI He-ping. Natural primary cells geochemistry [D].
Changsha: Department of Geology, Central South
University of Technology, 1995.

Li J, Zhong T K, Wadsworth M E. Application of
mixed potential theory in hydrometallurgy [J]. Hy-
drometallurgy, 1992, 29, 47 - 60.

Holmes P R, Crundwell F K. The kinetics of the oxi-
dation of pyrite by ferric ions and dissolved oxygen:
An electrochemical study [J]. Geochimica et Cosmo-
chimica Acta, 2000, 64; 263 — 274,

Shelp G S, Chesworth W, Spiers G. The amelioration
of acid mine drainage by an in situ electrochemical
method- I . Employing scrap iron as the sacrificial an-
ode [J]. Applied Geochemistry, 1995, 10: 705 - 713.
Gorshteyn A E, Robbat A. Control of the ore enrich-
ment and zinc oxide dissolution processes by potentio-
metric monitoring [J]. Industrial & Engineering
Chemistry Research, 2000, 39, 2006 - 2009.

Nicol M J, Ldzaro I. The role of Eyx measurements in
the interpretation of the kinetics and mechanisms of
the oxidation and leaching of sulphide minerals [J].
Hydrometallurgy, 2002, 63, 15 - 22.

Fowler T A, Holmes P R, Crundwell F K. On the ki-
netics and mechanism of the dissolution of pyrite in the
presence of thiobacillus ferrooxidants [J]. Hydro-
metallurgy, 2001, 59: 257 - 270.

de Giudici G, Zuddas P. In situ investigation of galena
dissolution in oxygen saturated solution: Evolution of
surface features and kinetic rate [J]. Geochimica et
Cosmochimica Acta, 2001, 65; 1381 - 1389,

Mikhlin Y L, Tomashevich Y V, Asanov I P, et al.
Effect of surface non-stoichiometry on the dissolution
of metal sulfides [C]//Woods R, Doyle F M. Electro-
chemistry in Mineral and Metal Processing V. Pen-
nington: The Electrochemical Society, 2000. 282 -
293.


http://www.cqvip.com

