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FeS, [BET H % M & 040+0.060m’g™ ' (£10,
n=12)] 200g Z&HML, FBETA v X5 —[BEEEZ
600 rpm TH XREED S 72 BEIBRERZIT-12.

Table 1 Chemical compositions of the solutions for
pyrite dissolution experiments

Solution composition/mM pH
No.  pe(1Il) Fe(Il) C©1I”  Initial  Final
1 0 — 200 206  2.04
2 5 — 25 206  1.92
3 5 — 95 200 191
4 5 — 95 204 191
5 5 — 55 206  1.92
6 5 — 100 201 1.92
7 5 — 160  2.06  1.92
8 5 — 200 205  1.92
9 5 200 203 191
10 5 0.5 95 202  1.92
i 5 5 25 207 195
12 5 208 95 217 212
13 15 — 55 196 173
14 15 — 160 201 174
15 15 — 200 199 174
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Fig. 1 The XP-spectra of (A) S 2p and (B) Fe 2p for pyrite

(a), cleaved surface; (b), after grinding; (c), pretreated by method 1; and (d), pretre-
ated by method 2. Arrows show oxidized species. Vertical bars indicate 500 cps in
(A) and 1000 cps in (B).
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Fig. 2 Results of the dissolution experiment No. 7
(A) and No. 14 (B)

The curves were fitted to the equation [2] in the
text. See Table 1 for experimental numbers.
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Fig. 2(a) RO (b) &, BKRHP DAL Fe &, Fe(ll) B
BUOA2 S BOREEEILZ, Fe(lll) 4 4 TR [Fe
(IID]e #° 5 mM BT 15 mM DA IZD & —f 4 o)
UItbDTH 5. BHEE x BB OB EEREY

A, B, ¥ BIEEKIC B 5 EBREL O BALIAR OARTE otk 913

ROTRUTHY, RABHEFRUC L 2ABEL2ERBLT
WMIELTHAB. 5, [Fe(lll)]l;=0mM & U 7z %HBE
Bt (No. 1) T, /AR 72 B < XFe=XFe(I11) =
0.06, xs=0.03mmolm 2 THY, FEXNAA O, IZ &
HRALOFE L, UTOERICIYEEZSX R VEET
BB, x CIBRREE ¢ COMICK(2)D &5 2BRER
EL, ERERZIFGREBN_FEEHNA—T 74 v
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Fig. 2 6 FNEEBRBREZ L<ELTWB Z 0500
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HENB x ORMNEEREE, WInhd +6% DHNTH
St Ny FZEOH YT v IREER—ICETE R
PotzdT, UTOHRTIIIDERR, HEETEX
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T, xpeun(0) W& Fe(IIl) 4 & v OB NE,
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ML, nops(£) & npeo(t) EHET B &I kD, BH
DAELEZREAT T 5 &N TE 5. Fig. 3(A) RO
(B) &, € #h Fig. 2(A) BT (B) IR U 12 LBk
RIZBT B, npeolt) & nope(t) EEPFHTRUIZH D
THD. VTND ngs(t) 1 npeo(t) EVBNXL, ¢
WRELZDIONTHEDOENKEL 20, S{b2¥iE
DERDPBELULTWVWSEIENRBIN S, [Fe
(IIN)]o=5mM DHA {Fig. 3(A)}, t<15h OHET
Nobs (1) & Neneo(t) EDZEIZ 0.01 BETHBDITHU,
[Fe(IID]o,=15mM D4 [Fig. 3(B)} T, t=10h
KBOTBIICHEDZI 004 BEALUTWVS. n Off
DREREAL D & s BLFIBERTEE 2R 2 &k
Table 1 IZ/RT I NXNTCOERTHBLUTED b T2
Fig. 4 ITRT LI CLAA VBREDRL B 7 — 7 H
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WIhd, HEITHC /4 VEBEICBEEAEEEY
RFTOBENI ENBSD 5.

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

914 BUNSEKI KAGAKU Vol. 43 (1994)

0.30 , — 0.30 . l .
0.25)- (&) 1 0.25

£ 0200 : £ 020

= [e)

5 0.15 5 015}

£ 010 Z 0.10145
0.05 0.05f
0.0

0.30 , : .

0.25) | ]
0.20} |
0.15
0.10
6.05— ® o ‘ -

0.0 10 20 30 40

Time, t/h

Fig. 3 Theoretical (solid lines) and observed ratio
(symbols, O), n =xXs/Xpe
(A) No. 7; (B) No.

perimental numbers.
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[=xpern () —xpein (35)], Fig. 2(A) (No. 7) » 5
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Fig. 4 Time variation of n=xs/xp. as a function
of [C17]

The initial concentrations of Fe(III) ions are (A) 5
and (B) 15mM. See Table 1 for experimental

numbers.

Fe(Ill) 4 # 12 k% FeS, OEE{LIAMERE 1 Fe(Il) 4
T VBEILLGEKTFETAEOVIREIE, FEASKET
LEVELTWEHEDYIE NG S, 22T, REHSR
HIZBWT Fe(ll) A A Y ORGTHRERE LIzE C
%, Fig. 6 1T T £ DIT, BANICHMT % Fe(ll) 4 4
VORBEDEKIZHES> T Avpean () [Sxrean () —
xpe(i(0)] WE/NE < g5 /2. Fig. 5 @ No. 12 14, Fig.
2(B) (No. 14) IZBF 5% t=35h D& ZIZHET 5 Fe
(II) AAVEEEERBEICES LS IKIBEHZED
TT->126DTHB. Fig. 5265905 I, No. 12
EHANT No. 14 KB W B Axpeqn WEEBASL, FHH
RS - IR ERL TS, D&M S, FeS,
DOEMmNGELEROETICHEY, RILEER O ER
R E ZRLEDHDONERBFIICELL TWVE T &M
Rahs.
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Fig. 5 Time variation of Axp.qr,

See Table 1 for experimental numbers.

Moses 522 X VIRIBXI N TV 5B LEMEIC L g,
Fe(III) 4 % ¥ 5 FeS, D S-site ZWET 52 &2 LD
BEALIIRE 5. IS TFHERNSEIC L > THLE
ENTVE™, BIZ Moses 5213, O, IT & 5 B L#
BIZ DT, FeSy @ S-site ~NE U 72 37F Fe(1I) 4 #
VS FeS, & O, EOBTORZEHENT B EE X,
ZDEEWHIE, Fe(ll) 4 & VA5 Fe(lll) 4 + > &1
HEFMIZ FeSy D S-site NRET A & 2w LT
p, FIIRL I Fig. 6 ORERE N2 FTHH0
EWad, Fbb, Fe(ll) /4 ¥ H5 Fe(Ill) 4 & >
FOLBEBENIIRET S0, BILRIGIKES Y 5
FeSy M S-site ZW H L, FeSy & Fe(lll) / Vv DK
SEIFILTWAEEZ SN S,

33 BRROLYORESIC & 3 RELLMOFME
Fig. 7 RO Table 2 IZ7RT & 512, IAMKEE 72h %
OEBREHIDNTD S2p BT AT bVIZEdH 5
USHIRIMUTZ Fe(lIl) 4 4 VIBENEL 25138, &
FEETANE — IS OEBIRB DL O FA DR
HN10 Fe(lll) 4 A ¥ WEEL 2 WVIBEITIE, FeS,
DD S Lz A LR snis» -1z {Fig. 7A
(a)l. [Fe(III)]y=5mM DBPEITIE, FeS, DFEY —7
DAz e R E YT 5 — 7 BSTEEL, ThHiES
2p AN PUVAREOBEIIXL T 1431£29% %55
fz {Fig. 7A(b), Table 2}. [Fe(III)],=15mM DB A
121X, FeSy DFE Y — 7 DIAMIIEHRETE RO sulfite 1ZFH0
LT HE-IPHEEL, INHIES2Pp AT bVRIK
DBREIZHUTENEFN 253+1.7% R 7.0+11.4% %
¥ 72 {Fig. 7A(c), Table 2}. X, S {LEBDET L

Fig. 6 Effect of the initial Fe(II) ion concentration
on AxFe(II)

The initial Fe(IIT) ion concentration was 5 mM and
[C17]=25mM

WBBRFICHEFL TV CL 4 & VBEICH U TR
FHEERI S5 . [Fe(II)]o=15mM DHEESD Fe
2p AT MVIZIE, FeS, DEY — 7 DIAMT Fe(I1) 12
HETHLEEXLNDLHOE— 2 B 51 {Fig. 7B
(), Zhid sulfite DA 4> & LTHEERLTL
B Fe(ll) &EEXHNE. ZDEH 2EICRBI NS
TORE RN 12356, HESEOREMARL r=[Fels/
[Sls tX Table 2 D EHICFHEINE. WThDHEED
050 IFTHY, SHEEBEICEBBLTVWAI &N
awd. X, BBIZHEELUR Fe(lll) 4 4+ v O9)EE
BREVIZE rid/h<, U SIEEELEIZED
HICHERMEAY O FEOE A AL TS T &5
»aH. BIERIRESEVEE, Fe ITBENZBERDOR
EHMEELTWEZ L, #0FEAE S LHEOBE
DEHTH B ENREIHP» HERT O NE, Zhb
i, AIEIORREBEE L CARERNGREZRLTBD,
TERIME SN TN D FeS, DOUIREER % BIZ Hols 4
HIENBMEES DB EERET S, T b, s
EHEULTRDIDICE > THERDPR L B 2 & %2k
95,

CO LD BHIMORELNEHEZ, BEH 5V IEH
I D53 S BT 2 HIFHNEIZ»ITH H 5. Buckley
SO A DRRALEICO WV TS (pH 4.6) 1218
LIt D X BB TF AN MVERIEL, S2p ARY
M IVIZIZTEORMEMBRID ¥ — 7 DIE»IZ, TTERR DR
ALIANKE—HIENLDHBET L EAHEEL T
5. BOWE, COEBMEY 7OAFHVIBL, FO
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Fig. 7 The XP-spectra of S 2p (A) and Fe 2p (B) for the pyrite after 72 h dissolution

(a), No. 1; (b), No. 8; and (c), No. 15. Vertical bars indicate 500 cps in (A) and
1000 cps in (B). See Table 1 for experimental numbers.

Table 2 Mole ratio of sulfur to iron on the surface of pyrite after 72 h dissolution, calculated on the XP-spectra

data
Components in S 2p spectra
No.* (1) (2) (3) Mole ratio
Eg”/eV 19, % Eg/eV 1, % Eg/eV 1, % rd)
1 162.2 100 — — — — 0.44
2 162.2 89 164.7 11 — — 0.40
5 162.2 88 164.3 12 — — 0.44
7 162.2 84 164.4 16 — — 0.40
8 162.2 82 164.4 18 — — 0.40
13 162.2 65 164.2 26 166.2 9 0.34
14 162.2 71 164.2 23 166.0 6 0.31
15 162.2 67 164.2 27 166.4 6 0.33
Ave. 162.20 164.34 166.20

a) See Table 1 for experimental details. b) binding energy of S 2ps/, electrons. c) relative intensity. d) r= [Fel
s/ [Sls excluding the oxidized components, calculated by the method in ref. 9).

BBOEEARY PVRONRETARY buvn b, ERK
YIITTERET IR L, 2BREREOFLYDETH S
LRSI TVAS., AR O pH £ I3 5> D&M &
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Nonstoichiometry in the oxidative dissolution of pyrite in acid solutions. Keiko
Sasakl, Masami TsUNEKAwWA and Hidetaka Konno (Faculty of Engineering, Hokkaido
University, Kita 13, Nishi 8, Kita-ku, Sapporo-shi, Hokkaido 060)

The oxidative dissolution of pyrite, FeSy, by Fe(I1I) ions in hydrochloric acid solutions
at around pH 2 was investigated by spectrophotometry, ICP-AES and X-ray photoelec-
tron spectroscopy (XPS). All the experimental results showed that the preferential dis-
solution of iron in pyrite took place resulting in the formation of a surface layer enriched
with sulfur. The preferential dissolution was enhanced by increasing the initial concen-
tration of Fe(III) ions. Accordingly, a classical stoichiometric dissolution ([Fe]/[S] =
0.5) mechanism can not explain the present results. The dissolution rate was indepen-
dent of Cl ion concentration, but dependent on Fe(II) ion concentration. The oxida-
tive dissolution of pyrite was suppressed by increasing the concentration of Fe(II) ions.
The present results suggest that the kinetic equations should be formulated, considering
both dissolved iron and sulfur species.

(Received June 6, 1994)
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