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2 BPETE £ 7 VIC & B B ERIL O FRIL « A MhEE O R

LR < H Fm =T W & oET

E F

2 FER DI U o ksl 4 2 Bl - IARRERE £ 33 2 oo, PRI T To Ny FiAHRERZTV, BHKko pH, Bk
I TH B84 A4 VOB & VIBEOEENE Lz, Zo/E, wHK pH ESkIL oS, ERtt, wHBkhicEEL, Bk
pH OET & & bICBRIRERE, $h1 A4 VB, W+ VIEBENS ER L (bFEESTc IO, Sk FeDAA v ELT, 1421
Wil 1 4 v & LT Lz, Fe(DA & v Rfilg 1 4 v osHEE B L i3, 2@EoR s i LcdEEmHics LT, Eiff
BEICBT 2 —IREUBIC X » THEIT 2 T EMHO I - 7o, BFHERIOIEINE & b1, Vo L ABHIKREN—EICIE > 72 1 DD
FhoxtLTid, = okEHiiMo 1/2 #oitikd o Fe(dD 1 4 ¥ RRiEEA 4 VIBESEINT 2 C Evbh -7/, THiE, EESLNEII
B BIHOSAHEEA#ET 2 LARBLTVWS, ¢4b5, BREPHICBL TRESKIEERTD Y > OEHY, ZoRESRIBLYIE
AL COILRE VD 2 B OEHBEIC X - CTHIKSLOBAL « IARSUSHHETT 5 C EBRB SN, T TRESNIILBIRES B
£Z 10" cm?/s EVWHIBEWVETH > 722 &b 5, EERILOBAL « IS BBEEHHicRE v LR FRaN, Fi, EKIEO

RRAVNS B EEbic, pHAMERL, BRUREE, Fe(DA A4 ViR, WEEA A VIEED B L 7dd, AR B S HE IS0

SN - T,

Key words : ##k3. pyrite, AL oxidation, €TV

. & C & I

HE BE 7 M 0 A B w0 X o 1A B b Bk Bk
(pyrite, FeSy) WEF N 254, IRBETIESETCZAMN
LSS ICIBE N LD Ic8 2 &, BIURETLEELE
L TOICHEEIE D IRIL « AR 5. T80 b, HEkiLE
EUEBOBE, BLUZOF D OME LicfEOERLKIG
DSEEFTS B0, B-1 (3 T AREREE T3 BEad U CREakaids
Bt - AR 2 FFAERITOR LA bDTH S, LIS,
PEHIT 0 dRR & oEEE b RE 050w, B &
RS EE D, MBBEORBKOFRENFELLLEC
M TFEENE,. —7F, WHIT b dnc A (calcite,
CaCO)MEENB5E1E, HAo e Ic & b Bt
KOFEESEI SN S, &I, Wk HRa0aaR
Hick->TiEt/KpH BB RARE S E LM
ncTwa? Lx»L, &EHKpH ORFEI» 545 &,
I E HIRO D ZTNT N DOIRIREEEN RIS 2 LT

s JLigE R RF B T¥WI92R  Graduate School of Engi-
neering, Hokkaido University (& 8)
sk (MR BEEEETFZAT  CTI Engineering Co., Ltd.
sk ok PR T8 Faculty of Engineering, Hosei Univer-
sity

leaching model, %Iﬂﬁ& diffusion

SNBHY, HAOKEREEEHSPICT E2HEND 5.
HEPILOBRAL « R EE IR L Tl I E T < ol
MIEINTWS, fAR?E, pH2 iEoOBMMERICB T 3
Fe(lD A # ¥ 3 & OBEHEIC & 5 HEkdE OB LB R 1C B 4
LREROERAZBHE LTV, Thick s &, EHEKIOBE
{LEREEER S Fe (1D £ A VIRIE, pH, IARIRRERICE - T
FHINBZ I ENFEENTWVWS, & <12, McKIBBEN and
BARNES [336GBEE ST, Fe(lD A # v & % L I3k
FRITK B2 RIEPESILOBILFEEZ XL CTO G50 T

decay of turf
. for slope
™. protection landfill

> pyrite-bearing
=

pyrite-bearing

‘v w v i rainfall
rock VVlvV

oxidation

~ ~H—
deterioration of acid effluent
concrete lining

» yater flow

K-1 TARBEITECHESBHRILORIL - BRRICORIREAN
DE
(The effects of pyrite oxidation induced by construc-
tion works to the environment)
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NTNOEEERITD W THEM LT3, NICHOLSON
et al” 3 £ 0 MOSES and HERMAN? (& it <) 31 © o
ﬁﬂ@%k-%ﬁ%%%ﬁm T ORETER AT L T

. HERILORRAL « IR I T DK D 1T A = ITH
ﬂ%ﬁMT% xm,JW ENDE T BEMEE L 12
St € ORIGEFET 2 30 OBREET S & bt
EThb. ThHbb, W*#I YiEE L WS T IS
DL EERILOBRAL « TAfRAE LB AT RIS, & 12,
PRI K O B L D TR I fE W 2 DR LI h O fEhs 4
KOKIGAE KT 25665 5 Lichio, #EEkdLo
%m-m%&m&mrMLf 3, SOGHEERAER WS €
FOUVITDI L YRR A TN B B ST 9 kX <
ST

ZDEA mm-mm TR B R 1 7 — v I3HUS &
NTOLAED, HELAET 9 0 I S D@ HK D FEA
ZHRIE LWL E ST 0w, 2 TR, Sk
ZECT oM HITH LT, JEHId 0 MRS A A
EREF RS oA 4 vk EEhd 2 & i & 2 HsYE
IKDFEAARGE U 1ol AL » 1AMk e 1o B4 2 IS 7 —

& NIGd 2 ooz, EPEDHEELAE W T Z Ol « 1A
iR 2 o F T K D T L 7z,

2. HMLBERABAE

2.1 =¥

AWIFE T, BN AT IR 585 L O /S AR RS &
TR D EFRPL IS J O FRRAUTLANMRTHT Sk LEE 0 A B b
RS LSRR S A2 VWi, 2o 0k 4 BE-1
R, AR L, RSN LEE SRS AR I
FCIChEMN 2m LINIcfEsnTuiciky, TDFEF
BRIt U7c, —J, BgRLPERURHE, BRRkalEE 4
7R T R OFERE WO CTRES 2 mm DL ke LakER i
L/, & 50T, HEILEOMPELEHSE 2 mn, 0.84 nm,

0.42 mm, 0.25 mm D3 5 WIZHhF, 0.84~2 mm, 0.42~0.84
mm, 0.25~0.42 mm, 0.25mm VL F DK ESHDOIEIL S 4 S|
SHEL, #hEnEEERicitL 2. uﬂb@ﬁlt*fjr@—"“‘ %
R-1ITRd. ERCIEY Y 2 A =5k 3 HEOHER
P EHRT.

K23 XBOrickvEES GG ERS. T
DEMS, FEA, B REGKILOWRL E— 7 MRS
1o 3, Uk A 1T B OB (LY T & A BiE#k (szomolno-
kite(FeSO; » H.0)) biw o, Thid, #kE A 3%
AT TIOANHEAHRAR & 72 > TOWic ke, 4 TicklE
3B BT LT bDEELON S, R-3 131k
T OERE RS, CoXh O, KN4 4+ 2 (S)
Lk Fe)THy, LEOYY H(SD)ET LI =Y A(AD,
WEOH )L (K)RH LYY L (Ca)%EA2EHET L &
Nbhnsd, Fi, MR ESG THNIEFet SEDEL
biz1:2&7aa0, ZEACRZO,M: 1.72, &k
BTIi31:181 &1 o7z, &<, HE A TZOOHE
MREL, Mo rEf T TV,

2.2 ALREBAE

Ny F BRI, BiA A 7K % 30 min Pl EERES L C
VRS U 7o BB E FH W TiT - 72, §7b b, I

x-1 BAHEBRICER L rokB sk ansle

(Crushed pyrite samples used for leaching experi-

ments)
sample mine particle size(mm) specific weight
A Furikusa <2 mm 5.05
B Nitto <2 mm 5.46
G Nitto 0.84~2 mm -
D Nitto 0.42~0.84 mm =
E Nitto 0.25~0.42 mm =
F Nitto < 0.25 mm =

—: not measured

(a) = LI L P B I

(b) H B LIPE B8k

BHE-1 AEHBRICH U 7-FE 8 (Pyrite samples used for leaching experiments)
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#£-2 X BEFSHFER (Xray diffraction analyses of samples)

sample| pyrite marcasite  szomolnokite quartz mica calcite
A +4++ + + + + -
B 4+ - - + - +

Xray peak: +++ strong, + weak, —: non

x-3 HEDOILFEHERK
(Chemical compositions of samples)
Sample A B
Fe 48.7 485
S 48.2 50.4
Sio, 1.69 0.89
Al,O, 0.76 0.13
K,0 0.15 0.02
CaO 0.11 0.01
unit: wtl
v <[ L
crushed pyrite | = = “—probes pH DO
samples
e | [
Eh EC
magnetic stirrer

-2 /Ny FAHSEERK (Batch leaching experiments)

FEZERAFIIK 1 0 1< S5k Okl 10 g (Bl 10 g/ £),
H 5\ 013 50 g (gt 50 g/ L) %A, <7 % F v 7 X8 —
7 T#J 300 rpm DHEE THIFE L, BB ZIT - 7. &
HEIRIRIER-2 IR 4 L 512, BWKkDOKE, pH, BRIz

HEE(EC), MbstEN (Eh), AGEHBZIEE (DO)%E
HARICHIE Lz, 72720, EC I3 25°C #afli& L1z, &

SIT, REO—IAFEL, AR045um A v T LY 7 4
Wy TAHBE, RO L. SHRE LictHiE
WhPL AR T B Fe, SDEH», Hvw L (Ca), =7
* vy aMg), FrIYvala), AV aE), T3
= A(ADTH 5. HITICBELTIE, 75 AR
#HEACP-AES) # Wz, F7, IBH L7 Fe D{bFEREL
BIBT 2701, 1,10-7 =+ v ho ) viFEicL D FedD
4%/&Rﬂm4t/&%E LToatr LY. FEifkic,

IRt LT oL REAIEIE S 5 1o ic, ICP-AES T &
5%4ﬁ¢®ﬁﬁ&4¢77D?bﬁ%7ﬂ®ﬁ&5m
FBREA 4 v (SO DO K 21T - 1=.

Tk, ABIER Lo Eskmpatshicd Lcid, aHE
ERERTOBEE 21T » TV, kL oA I B VLT
13, ATLEE & L OB oo Bl SIER STV 3

x4 Ny FREEBE—E
(A list of batch experiments)

case | sample w (g/L) ty (day)
1 A 10 7
2 50 7
3 B 10 7
4 B 50 7
5 C 50 7
6 D 50 7
7 E 50 7
8 F 50 7
9 B 10 42
10 B 50 42

w :solid-liquid ratio

ty: mixing period

29, EEOTHFORNEAEZET 5L, WHEEORIEE
WEEch 2z EHMrans, z2oky, KARicBLWTiR
BERILRL TR I B O 2RI 2 ST RO L CiE T
ERA1T- 1.

K412, Ny FERERRy —20—EART. A
W4 7T HE LTwieds, #E B Tl 7 HEBRIC
b ESRIEDERAL « IART B C LA S N, I
% 42 HiE TR L 7cilB b17- 72

A E] D —E D &%%LLT JKiE1E 22~25°C, Eh 13
+500~600 mV, DO 3R IFfaflEE Tch 1. THbb,
uﬂmﬂ’ﬂfa*#’cﬁ - 7.

3. AHEEER

31 HPoBELIERLOFE

F-4thor —2 1~41cB1F 5% pH OFHELEE-3 I
EC oRREHE AR 1o d. 9, Kducid 7 B (168h)
RoEEHIRE b pH % EC %E L1 - 7okl B ioxd
LT, LoEMEOEREZT-7r—29, 10 DFER bR
4. K-35, Bk AR L CREHEEIC 2 b5
B HACIE U 7131 E—E D pH 2R3 45, REBicxL
TEHAHRIRE & bIci 4 1c pH AME N4 A E[IAED 5
h3, i, EkboREVr — 2 Tldiatk pH BET
5 &, EHEES T BREEDAN T NITEIRICE S
FTRE B otk pH £ 0 &30 A OEHIK pH AMEW
TEbEvOoND. K40 513, FE AL TR
KKBWTECHEML, £0R—EDEETRT I ENDM
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6
O case 1 (sample A)
O case 1 (sample A) A case 2 (sample A)
A case 2 (sample A) ® case 3,9 (sample B)
5+ ® case 3,9 (sample B) 1000 | A case 4,10 (sample B)
A case 4,10 (sample B)
T ® o o e SiMulated
[} [ ] °
Ta aa aa S e ] S © o
fagl E 100 7
O o 0 O O O @) [®) A \q)/ g e AA
Sfra AA An A A A w , A A A
A/‘H‘*——A" - )
o
e
2 1 L s 1 1 L ; o
0.1 1 10 100 1000 105 :
time (h) o e 5 —
B3 &tk pH it 0 ! 10 100 1000
time (h)

(Measured pH of leachate versus time)

1000
[ AL A A A A
[ A
’\g‘ 100 o0 0O O 0 O a
%) Eo A A
E a A A A A A 4
~ I A °
1S) | A
w s [ J
10 e ©
F o P ) [ ] O case 1 (sample A)
A case 2 (sample A)
® case 3,9 (sample B)
A case 4,10 (sample B)
1 I 1 el al PR 1 I
0.1 1 10 100 1000
time (h)

K-4 BHkD EC &t
(Measured electric conductivity of leachate versus
time)

5. —7, BB BTk L TRV LR —ED EC &
ZRT D, 3~T H(12~168h) kb5 FRMER &5, L
L, EB550EBHIH LTS, ¥ EC#EASZ %D
ECItREKEELTVE, F1, BEREOoKETVTr -2
T3 EC A in4 5 2 &, pHOEWEE A ® EC 04
DEVEZERT T EBDbD B,

BERIL D BRI - IR E DI O E RS & 755 Fe &
SO DBEZEER-5, 6icRd. Rfo7oy g, &
HiEREAS 1h, 1 H(24h), 7H168h), 14 H(336h), 28
H(672h), 42 H(1,008h)® & %1%, EEizZEO—B%
BHLAT LIcficd b, Zh A OBEBIIR©RERER
=2 LTEC & FelBEH %03 SO, EBEEN LWL
FHBIBRICH -1 &5, EClEr OB L iEEAE 7
Ty bLcbDTHSE, HEATE, FeBLUFSO &b
PO 1 h F2EE T Fe B & U SO, IEEMEEML, Z 0%
BRIF—EDRE L - 7. HE B T3 EC &k & [EH
BHHEHFED o1, FIEIOHIE%RE Z 0% 3 H (72 )M
FRIE—EDBELZRT N, 3~T7 HLIBGR 2 1 E2EH
F L., TOZ &I, 3~T H(72~168 h) it D 7 H 1
2B B EIKILDIRIL « IAREE) & 2 LI O 2 E) & i

K5 AHKD Fe BEXLICEIT 2RAELBITHRREL OLLE
(¢=0.17, 0.5, 3,6, 72 h @ Fe EF 3 EC » & OHEE)
(Measured and simulated Fe concentrations of leachate
versus time)

O case 1 (sample A)
A case 2 (sample A)
[ ]
A

| case 3,9 (sample B)
case 4,10 (sample B)
1000 _ AAAAAAAAAAAAAAAAAA simulated
g A > —o—O0—0—0
pe
ob
E I W At
- A A
D 100 aa A A A A4 .
[ L
o
8 K J
o o 9 -
10 L 1 1 n 1 1
0.1 1 10 100 1000
time (h)

-6 AHKDSOEERLICETIRAELRITHER L QLR
(=0.17, 0.5, 3, 6, 72 h ® SO, EE 1Z EC > 5 OHRE(E)
(Measured and simulated SO, concentrations of
leachate versus time)

MHTEERET S, £7, Fe BLU SO, DEEZELIL,
Bkl oEnE Ebliczh 2 oEEREmNL, 5B
&0 bk A D Fe, SO, BENEVIEGHLLTDH .
B Uc Fe oL EREICBEL T}, 1,10-7 =+ v b o
VD oiEick B Fe(DBE, 1,10-7 24> ba Y vikie s
WTFeDdXTEEILLTHOIWL 2 Fe B,
ICP-AES Itk 22 Fe BELINVBELAE—H LI
WHPOEEFe ld FedD A 4 v OEEEA BT B E W B,
T, SOFBREICEL TR, ICITL 3 SO-S EE &
ICP-AES T L 2L SEEENMFE—HLLI ELD, K
HhOBEES 1Z SOFBEE > TWA &SN G, 2D
to, K6 Tkt SO, B & KDL .
HAERH7ZDD Fe® S OEHEN OEBHET L E, R
BEA oW TiE#R I 220 59 Fe T 19~22 mg/g,
ST10~14mg/g &7 -7z, BRI BicoWTHEHIC
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b o EHEEAS 7T HLIN Tl Fe T 06~09 mg/g,
S T0.6~1mg/g &1 -7, FHEIMED 42 HicswTid
Fe T 17~22mg/g, S T19~25mg/g &4 -7. UL
OFERM» S, BNERD 2D OEHERERILICIEEL
WZ &, Fedk SOBEHEOHEIZHLCHUEEZR
T ENLMLSE, BKH LK Fed S EDENAFEST S
&, ABLATIH1:093~12, B BTId1:18~23 &
ot XBEHTofERICBVT, HE A o AR
BREOONILEREFASLE, Fe: SOEMFRKE
Bk O A DBEEEZRET A EHAM A TIE 11T, #HEk
SLDAHDENERET 2L BTIR1I2E05TEMN
FHaNEH, ZOTHEERRAEHABMERE BT T 5
ZEDbnE. THbLE, BB A T FeSO, & LTOE
A3, KB B TId FeS, & LTOBEHMBEICEI >TW3
LYW n 5,

Fe, SUADTRICBEL T, BAEPM7THEIBT
23K A Tl Can7~30mg/ ¢, Mg hi3~14mg/ 4,
Na2#1mg/ 4, KB 4dmg/ ¢ Th-1z. —F, &k
BTl Cab1~3mg/ ¢, Mg 01~04mg/ ¢, Nan
#13mg/ ¢, K»¥3mg/d Th-7. 758, pHEICL -
T3 Al b Eh, BEHIR 7T HE TR 04~Tmg/ ¢ %=

126D THBN, FepS LHKRT 2 EEEETH - /-,
DT Eid, AEHRBRTRIEELTIEYD S OEH LR
Do B0, EHELD 5\ IIHHERE D O DA HES TR T
HBHEVWZB,

32 HNEORE
HEBARRICX - THELALHARC, D, E, Fiokt
TAARHRBERAR-T, 8 1o 7. HEKD»IcikE B
OFER DL, TNSDOKN S, KBNS EEED
KEE/AKpHIME TR L, ECREMNTsIExbnrs. &
iz, RIEMN0255m AT ER R FICBWTEHEELS
3, TOT &, KEWNSL LD, T15bb RmEEN
BN s EEbic, BHA A VBEENRSLKELDTH S
LEZoNhB, i, HE BOBHEE, KX 0.25~042

m OREE LRI TEI bbb, D&
i, BB LEKE OREAHRRELEH, TNSOM

TABRBBOR—HT B Ea2RETE. BB, KEC
& % pH % EC OFERZ(LD Ny — v iZIEEAEED LI
oz,

R DOMEE I & 5 IEHKE D Fe 3 & U SO, DEEZEAL
#K-9, 10 ic/89. THS5DOKR» 5 b Fe ® SO, DREER

1000
b case 4 (<2 mm)

case 5 (0.84~2 mm)

case 6 (0.42~0.84 mm)

case 7 (0.25~0.42 mm)

Fe (mg/L)

100

O<<d 4>

case 8 (<0.25 mm)

O

o =]

&

O

&
\4

v

4
v

AU, T OmBRIIHESILEHEFET 290 oA L
6
A case 4(<2mm)
¥ case 5 (0.84~2 mm)
5F ¥ case 6 (0.42~0.84 mm)
- VvV case 7 (0.25~0.42 mm)
a O case 8 (<0.25 mm)
it m
Tz T2 g
¥ oz
o 8 u o o
3t °oooo
2 1 1 1
0.1 1 10 100

time (h)
K-7 Bk pH CRIZFTESKILOKBRDOEE
(The effect of pyrite particle diameter on leachate pH)

1000

case 4 (<2 mm)

case 5 (0.84~2 mm)
case 6 (0.42~0.84 mm)
case 7 (0.25~0.42 mm)
case 8 (<0.25 mm)

EC (mS/m)
od< <>

m}
o
[m]

100

10

10

<»

0.1

&
vy ¥
1

time (h)

100

K9 AHKFe REICRIZTEKILONEOLE
(The effect of pyrite particle diameter on Fe concentra-
tion of leachate)

1000

SO, (mg/L)

100

10

<>
<>

0d<4»

case 4 (<2 mm)

case 5 (0.84~2 mm)
case 6 (0.42~0.84 mm)
case 7 (0.25~0.42 mm)
case 8 (<0.25 mm)

<«

L N |

o o 0
v

v v

0.1

10
time (h)

100

0.1

_

time (h)
B1-8 AHIKEC ICRIFTEZIMLORIEDOLE
(The effect of pyrite particle diameter on leachate EC)

B-10

BHK SOREICRIZTEBKILOREDORE

(The effect of pyrite particle diameter on SO, concen-

tration of leachate)
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{tiZ EC OZALE BIERRES /Ny — v AR LT, $18bb,
KRNI B EEDIT, BHAKPFOD Fe 2 SO, DEE
DEENNG B2 Ebhd, UL, rAHEE IS

EPRD LD 1,
4. Bt BBOEFIVIE

IBHEBROBRICES X, BUIKOKY THS Fe & S
DEHBEE € 7T 5. B 3~T BT THE,
X-5 6 56 o DOILRIAEEVEICEBICEEY LA
L, Z0®%—EREBICHEST 2. 2072, UTokH7i
T HERE HSEFRBRE I 4 2 & v o, EREE B 5
IREOGET B2 EFVEBERAT S, §HbLE,

0Q,

5 —kQ, (1)
ZCT, QAR OREMEBE, kI3AEHKS OEN
HEER, t itz EXE2t=00L% Q, = Q.
ELTENT R E, READEBLN B,

Q. = Q.exp(—kt) (2)
Ny FIEHEHBRICB I 2 HBKIL 1 g b OKROEEEV,
WHHEEA CET 5 &,

Q.= Q.+CV (3)
THHDT, IhERLITRATSEE,
_ Qe _
C= v {1— exp(—kt)} (4)
E185,

—%, bdoEFVCcREHRTEL W 3~T HLUBEOR
Hic> W Tid, WHBE & AN & oBf%R 3SR
1/20BEMERDBI LMD, MWHERTIMMicE s LEX
bhd. THbDL, Fe® SOBILARYH 3\ IZERILH
& 15 B BRFR D ESRIL R BRI LY E %8 L T OILEA BRI
OL « BERIGEEELTWEEEZ ONE, I TR,
TRCOWESILNER L 12 EREL L& ZOWHBETH
AR HBE IR 2ERTE S N HIEE 0 & 0FE
WINS W En S, FHE 1 IRTOFEREERICB 1T 31k
AR ESE, UFoXA@HT 299,

c:2q<§> LA (5)
%4 Vs

TIT, G l3REIMEE, SIukiioXRERE, Vik
BEPRILDIATE, D IIHEBRILN OILERE, mI3ERTH 5.
Ak A LN 2 EH L, 58 B L T
HEAR2S 3 B &t %, ZnlEEIRE)E2EHT % &,
X-5, 6 HoifRE 5, 1B, Koz @RGISH L TH
st gx RiAA ZR(6) 2 @A L 7.
C=myt +n (6)

ZIT, ndIEKTDH 3.

X5, 6 oK T oy b &EITENER & O iHh 5, ()
DD A —5Q, BLUEk, RB)DHFOD/ Y5 % —yDiT

DWVTIIRERER S TSR E BT 2L DI T+ v T«
YLD, EOr—2icBVTHERE FRERIGERE L
IELEBHLTVWAZ b3, TbE, HHKILOR
b« WS, AR En@LEZET)»5
D Fe S OFEFEE 1T A L 7 E TOBRHES TR T
H BN, TOREKILAT» O RERIEYELE L TOk
BSEEIC b E¥anG, 2L, B ATIEFe®
S OYIAAHEELSRE B LT A -5 LEE,-
foio%, AR O 1/2 FICHH L THEINT 3 BHEES
REBDONLE L -TEEZONS,

KRBT, 74974 VI THONNNTA—FD—
BARY, BB, EhcREI TRLAEERQICXYT
3Q., Db RT. DOEMBICHIZ-TIE, F1DOHEL
5V, I3DEEENS Co TNk, 1, K9,
102550 B LK E EBEBRGSEH 2RT L0 D,
2K E O % (=0.335 m) A S FHEESEHEE L -
TOENID, PHOEHICh»O 2EMHEEILERE L
OHBETHBE, HE A D Fe T42~43%, S T 24~28
%, &K B D Fe T 0.12~0.15%, S T 0.13~0.14% & 73
D, FEEINSBHETH B bbb, —F, B
EEHIZ, #FB A T16~67h", BB T12~17Th" &
5o to. FEERSLNIROILHUREDICBAL T, 107 cm?/s
HIROEERL, ERXDIRE SN TV 2 ESILOBRAL -
BRI i B 138, ST ORREOIHREY ", &
AT O A A FEOEIRE, LA DOKDILEL
BECEHRT 2 E, WADIEWEE S > TV, il
KB T OBESILOBMILYEIc B VTS 3X10™ em®/s
Tho"?”, LERABOELHFEEZZEEL TH5EORERITH
F—FEnL0 HEVEEE -TEY, &BMEhOiE

R-5 BEEFIINSA—9—F
(A list of fitted leaching parameters)

case | parameters Fe S
1 Q,, (mg/g) 20.6 11.6
k (h™) 6.69 3.66
Q../Q, 0.042 0.024
2 Q,, (mg/g) 20.8 13.7
k (h™) 2.75 1.58
Q,,/Q, 0.043 0.028
3 Q,, (mg/g) 0.602 0.675
k(h™ 16.5 13.2
Q,,/Q, 0.0012 0.0013
4 Q,, (mg/g) 0.709 0.718
k (h™) 12.7 12.0
Q,./Q, 0.0015 0.0014
9 D (cm?/s) 1.3x107"  1.4x107
10 D (cm%/s) 54x10"7  50x107"
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case 1 (sample A)
case 2 (sample A)
case 3,9 (sample B)
case 4,10 (sample B)

pH
[ ]
me PO

10 100 1000
SO, (mg/L)

K-11 A7k pH & SO, BE & DRF
(Relation between pH and SO. concentration of
leachate)

RBUCILiT 2 bDTH 5%, 5%, HEREBORIE,
BHEEOAE, IR OKBERNORANKET
» 53, i#@#%ﬁ%&ﬁﬁ?é&ﬁﬁﬁ@k%%%@
LTCOWMEIRRIIEFEITEN EBHESHEK - 12,
FEtomiE FVICE 5 T Fe S Ol - iR % £
T30, EBEEFOMEE L TEH/KD pH 2304 5
WD 5, pH L, BHKPFOFEELEA 4+ v BLURE
14 v OREE, CESIITHEGICE S EBIHTE 575,
ZOGETFEAA VETXTHNTE I EBNELL S,
BI-11 i i3kt SO, B & pH & OBk %R 25,
AE O & EE s b i SOEED S pH 225G T
XBHTEBDPAE, Lich->T, SOJBE L pH & D%
THWAZENEYTHEEEZALNS.

A0 HERER OEIFH T 1L, A BRI O ILECEL I
& BERAL « IBRR X D SIEHEBRFBTIH oML « KO
EhEKE P T, —7, %@@ﬁmfb@j*ﬁmf
MR KRS W o d, NI o Bk 72 H o R RE
DHEDOW L H &L ﬁm&m@ﬁé®ﬁﬁ%%ﬁié
WERHBEEZ NS, Fi, SREIIHBILEZEET 3
T LTk - THRAL « ARSI % 504f L 7228, ERERH
I TRAERE S BRSO RBIT L kR L 7REED S 887D
_Lmﬁ EE TOKDEOEHMBES NS 120, BRI -
IR IC I TR BORELTMM T 2 EWEETH S
t%zbma

5. #& EC

2TEHOEMRIL A O 2Ny FIEHRBREIT - 1R,
IFDZ EMIHSMITE - 1.
(1@EHKDKE G, pHMMETFT 5 & EC, Fe(DEE,
SO BEM EFT 5. £, BHEWEO pH, EC, Fe(D
2 SO, EEIL, ZOBOZNSDHEICHES S.
(Wi 2 &R A Tid, 1h#EE < pH, EC,
Fe(ID#ERE, SO, BEMS—EMICHIL, ZDHRDOEIE

FEALERW, —7F, HE B crEHHM oM &

T pH F#HA K RT %, £72, 3HLUANTIREC, %am
SO, BEREEAEZ/LLIEVWD, 3~THLUKICK -T
ThoM ERT 2. CoBBEL,»S, A Bt T
AR E 2 OB TIERBEHRL I ENEZS
na.
w)L%@%%ﬁé,ﬁﬁ##emFe£;US@ﬁmm,
G EHEBEE I T 2 EETEH L, T0%AE B
@&ﬂau%fﬁbﬂéxjh,E%ﬂiﬁ%k%%%
WL COILBIC L » TAHEENFERIN S,
(4)EPRSLORIE ORI L » T, KERHI/NS 5D 3
RSN 2 &, AHEESEEINGT 245, BmHEEO E
SRR IREED SR,

Ak, EEILESOEBRAGRE LB 3 H,
FEEE DS AT RIS A R L k& oR B 2T
W, BENBRBERNCOESILOMAL - IBEE % S
TEMBENRHDLEEZELZOND,

BE AWEOEMIcHY, X HEE )BT
RPFEFAILNEIL LSRR, AR, ) v — -
T =k e 2 20 BEFEKIC WOV RV, i
L TG 2IRETH 5.
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Evaluation of Pyrite Dissolution Rates by Two-step Leaching Model

Toshifumi IGARASHI, Takafumi IZUTSU and Yasumichi OKA

Abstract

Batch leaching experiments in aerated conditions for two different types of crushed pyrite were carried out by meas-
uring changes in pH and concentrations of Fe and SO, for leachate. The results showed that leachate pH depended on the
solid-liquid ratio and leaching period as well as the pyrite used, and that the electric conductivities and the concentra-
tions of Fe and SO, increased with the decrease in leachate pH. The chemical forms of iron and sulfur in the leachate were
identified as ferrous ions and sulfate ions, respectively. The concentration changes observed illustrated that the initial
leaching rates of ferrous and sulfate ions from both pyrite samples were demonstrated by a first-order reaction with re-
spect to the solid-phase concentration. This indicates that the initial dissolution process was governed by a surface reac-
tion. On the other hand, the subsequent dissolution of one of the samples was expressed by a function of the square root
of the leaching period, suggesting that the rate-determining process was diffusion in the crushed pyrite sample. These
two different mechanisms were found to affect the dissolution rate of pyrite. Therefore, the initial leaching may be ex-
pected to be more critical to the chemical properties of leachate than the following leaching, due to the estimated diffu-
sion coefficient within the pyrite being as low as 10™° cm®/s. In addition, the diameter of the crushed pyrite affected the
chemical properties of the leachate, but not the leaching rate.
Key words : pyrite, diffusion

oxidation, leaching model,



