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Abstract

A considerable number of kinetic studies on the leaching of ores have been made
to date. However, no detailed studies have been made on the micro-topography or the
nature of dissolution sites.

In the present report electron-microscopic observations were made on the etch figures
of pyrites in oxygen pressure leaching and also in the cathodic dissolution of the mineral
electrodes.

An unique etch pattern was observed at a {100} surface of the pyrite single crystal
subjected to pressure leaching. The etch figure resembles a mass of pyramidal hills with
four planes all indexed as {111} planes. Tow possible explanations of the formation of
the pyramidal hill figure are as follows: a) The maximum surface lattice energy of rate-
determining species is attained at the {111} planes, providing that a large difference be-
tween the dissolution rates of iron ions and sulphur ions is assumed. b) An extension
of Engell’s oxide dissolution model to pyrite taking some crystallographic aspects into
account, suggests that a change of the chemical potential of the surface ions may be
related to the change of crystallographic index of the dissolution plane. This also ex-
plains the establishment of the maximum chemical potential of a constituent of pyrite
at the {111} plane.

In the cathodic dissolution of pyrite, the well known mosaic pattern was observed.
The mosaic planes were indexed as {100} planes which were not observed in the case
of pressure leaching.

It may be concluded that the active sites in pressure leaching differ from those in
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the cathodic dissolution, since the directions of dissolution step motions differ. The dis-
solution steps travel along micro-planes differently oriented for both cases of dissolution.
In addition, it is suggested that the dissolution model in this paper was applicable

to the problems on etch pit formation and crystal growth.
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Fig. 1. Electron micrograph of etch figure of {100} oriented surface of
pyrite crystal. Etching conditions: in 1N-H,SOy solution, after
10 hr., at 175°C and under oxygen pressure of 20 atm.



3 B O KL M BB WEE 15

BT % & &, BREREOBROMBIIET % b0 i miou,

S LB OWEFEIMEBRHEIZ ST, ~ 27 v BEBOLLAMT Ao, SRR
OB b b TSR A B L T 508, — iR X 2 7o 508 & BT BEM ST o
Lk oA Figloosz—vafi, CoBFERT I, 726 2 FHRIREE 26 A Lok
BWTh, 212 e UBHhbREEE~EL X2 W ENWLrTHD, Fie, 2D
AR MEBEBHLOFBER NS0 S TR LT 54D EFEZ LR BDT, ETARE
TEHEHEORE 3 7 v S % — vl 2 B> X, Engell 0% LcBtME@oOERL
SERMERRD AL S ORISR N T, e 2 mie B BB L AR,

2. R B A&

ABHR L RS RGN, SR AL, B TFREA R L ORKE R ERREL X 9
PEHS U2coRunfk, /A, AATTHE BB/ L, & L TiRailia U
L CHv s, —HEMERH & L CERRA DU AL B A (B L7,

BHW L IN-HSO, A L h\s, 4 — b2V =72 ka bbb LnHAENBL T A=
VEEBRL, PTERECARUCBCBFELNE L CURENMEFLE b KE L, BH
B®, ek A—bsrv—7X 0L, KEL CEEFEEEERS IO TR Y 7Y #ikic X
HETHEBBE Y s Z o7,

3. R BR B E

BFEMERBHCE T, EHSBE>EORBIC L VB LERT 5,

2FeS,+0,+2H* = 2Fe?* +4S°+20H" - (1)
FeS;+3.50,+ H,0 = Fe?* +2S02- +2H* (2)
ZORUSE L BEIEOERE, ORI X IFRR I AR 2B & e, EBRIC L by fo £

OB FURNL, BUBRUI Ul {100} M TH B & i, WTFhoRc L BREseEc Y
73y BRRA%— VBB, BMLMFRERE 175°C, EE#5F 20 kg/em? ©, Fig. 1k
FOREMNRLDOTH A, BHOBRISEYVAFULV-53F v 2 A (For i hith) ¢ 0

BT 3y FIRSE—vER VIV IDY v+ FY oA v 7 OFRK ENBER LR, RO
ik =y 7€y VOEDY TR T, ERMIRY S iy FREFEDEDY THD 2 &HH
L7z, ’

€53y FEfNT 5 4 HEAERERTHR D AL - T 30T, ARMC LS
HOFE e —FiCk 7, ZhAFIM L C=IERNAE S (universal stage) & IR 7c SOAHBH
B X b e A A R Sy, Tablel OfRA B, Thi)es sy PRI 4 EER
KFRA &b, {100} M &#53° OFE LT AENABR I TW5 2 LD, TR
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Table 1. Data for reflection angles of pyramidal planes measured
with optical microscope equipped an universal stage.

Plane 14 @
1 524 5.3
2 51.3 98.6
3 527 188.4
4 54.2 2784

s~ T {111} VL {100} & 54.73° A Tt D, A2, (100 BB L T 4 @ FRcHh
HOT, €3 1y FREEEEL (111} mThsb o L0 HEIRS,

¥1, HH2 Lol e U {111 F4 U Ll M LB Tth - T
BB OB TSR E BT LR RRO b A TENC /e 5, BEL O BRHDFE I /e b OB
WAL, ~7H Tl OBREC T CIHEL R 2B S R Th B,

4. = %=

BREE—R Lcl 2ABOEMEICOBIC I AbR L=y 7y b RS TE T
59, Ffhie Y s 3y FIRfbE (etch hill) TH B E TR D, 20 LiiaRER Sy b
EHEL TR EE2RLTWS, 2B VIMEEWCRT 2 €y PO, & 2
dislocation 7 & O RIRICIE - THE G PIEST F~ OB G HELs & R, % O i b FF 0 FE s
W BR T A EERNCID » THEMDO AT » Z0ETT 5, COAT v ZONMEFEEIERHIY
DFEMTEZL T B L LHE, ToREL T2y 7y MEREOHEBRIE(LTZ 2 &
LHIBR TV, Fh, -~ T dislocation & BURIRITO 7e 3 AEW X 0 R
BISWTEy FAHL ZEDBHAIBN T, ThbOHFILIHFR~OBEEEEOk L, FH=
FF — % /NE T DR singular surface ATRL & 5 LT ABHEI O TaE W TE y PR
ERREBHETHSH, ShErflic, =y FHERCSK L Tl CRERENFET HE A1,
Ey MBI O E—FL, BROAT Yy AL OB - CETT A 2 &t b,

KREBIC BT B 3 7 v BB ETH % 8 u R, BEOBMRCET 5 2 & hnFER
Mo B TEE s, Lo (111 HEa il T 2 EEsk v, i, EBEBRILY
THHEMPTEREEAFL, BTHAEAA VIEELEDHEMRTH DL, ThbDEEEE
LT, TRz, 2O TtBRILENCES 3 v FEROBMAYERET S,

4-1 Kessel-Stranski EF )Y (C LB EE

FEPRPE D5 i Tk NaCl B0 F o Na O G ECERF 25 L, Cl O F ikl 2 s
AR - OEREEE O (E 2 OB R FAFET L EEshTws (Fig. 2), AflE LT &R
O 2 MOWHER Tk Cl OB T S5 A4 vE L THETHEDEEL D, (S5 OIFILEE
HLWLA, RBETE A VIR LR > TW2” OBKRTIORRYbbui, 14V
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Fig. 2.
spheres) and sulphur atoms (large spheres)
(by P. P.

Arrangement of iron atoms (small

in cubic pyrite crystal, FeS,.
Ewald and C. Hermann)
PEORIEEMREOARHZ A 2 5 b D Tk
U)o NaCl iz ds T (11L) ffitE layer
by layer i /e b, 0, TR ENDAF
VRO TS Al oe, {(111) hitkE
NENROIEEFRNOA & e %,
Wk, FeS, 0BG Y Fer DM
il VS AR ST
EOHETERAE L S v & &, ol ad
St OWMKIEN E b TR, UK

W& S OEMSOGIZING TE

C
GO e > T D EE R E 2 D,
{100} fHi-cir Fe? & S% (1 Fig.3-a o 1 5
¥V, B
W Fe BB S L, o0 SE D
VR & LT Lo Fe?™ AL <
WA Eine A (Fig. 3-b), {111} i ©iL Fe?

AL T B, HE LD,

DAY S5 -layer MM L N S5 A A v
U B o> Fer A3 L, (100) 10> & &
DL EE IR LN S 1o (Fig. 4),

{111} iiblak o3 (i,

AR L e Y ) 17

solulion

_____ interface

\L crystallatiice

Fig. 3-a. Sectional view of arrangement of
Fe?+ (small circles) and S3~ (large circles)
in {100} surface of pyrite crystal.

Fig. 3-b. Iron ions dissolve preferentially

and unstable sulphur ions remain at the

surface.

Fig. 4-a.
ions in {111} oriented surface. The {111}

Sectional view of arrangement of

surface cuts sectional plane with the angle
of 55°.

Fig. 4-b. One more Fe?:

coordinates to S§~
which is more stable than that in Fig. 3-b.
A dissolution step travels along the crystal

surface in the direction of arrow.

FORGIIRBOZ RIS LT, W4 — £ =D AT v TR
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Fig. 5. Electron micrograph showing facets developed from step motion.

T5 {111} HiEEZ D EMHKRBOT, KR 111} wA R b RE R & 7 b,

CDEHTELDE, AL OESIT (L1} HAZK SIS &, Z O IEHE 75
DEIBHEE L E D TRk <, oM P i R~ OEBEEE o -©, {111} HikEi
MeELTED LT D, bbb, A LD RAIPAFAE T 55T € S§ layer OBEMI G £
A L, Kossel OGO AT v 7% {111} i e s Fer £ S2 o —x%fo layer 1o X
WirT s s enErbnsg, Fig b il C OB A BE X el Td 50, Zhuk
{111} VSR - CEITT 28O AT v ZHEB L OB S vl facet &z b s, 1o
TRBHLA ST ds 1 % RBRA RS S P TBIC & Culif L CfEfEd % & &0k (111) mic s\ ¢ (111), (110),
1) ® 3 THR I B Ey FOBESAEZBLNE, FRTLEZABOE y 12 FEBIC
TAET B OBBE S e,

4-2 BRIEFHER

{111} AV CREIERIE A IR T 5 L 5 —o0#i & L, Engell o biyysigo
BRERVC RS AL MR 2 Dtk L Ao R Ao il e,

Engell (3L iA R 2 B RALEO ST s B IR, R OKE it %2 L7cY, FeO DERK
A R A R 5 Fe?t & OF olijA A+ YA BRI a2 0 0 B35 2 L4 5, 2
ORI L E N R O 7e O TREALFEIG & LTt s & &pntisk, o
JELLAS T E B OBEMEDE I L L TELT HETH L, 1 4 Vi DEME By 2D By 1o
bxsd, BEERCET AT =4 VvEIF4 vOIERT v v ik, BROEEIREC
BW TR ER G OB LI d & 512215, E, OEA TR oW 1 A+ v
DOALFE AT v v Lt By OBACTOERIRBIC ST AH LR > TV T, Fxbhic®Ei
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G L CRABSERIIC B 50 1 5 v OREVEE X b, Engell 13 2 oFmE&EE (LD
WEBERO—HIE LT, WOAEE A BT 5,
a) FBIZ L D ET S oo A A v vacancy pVHEIES
b) Kossel-Stranski & 7 @ kink ORIEICIE & 5 M A + vHcRich, BT HL
Mg doA A ik kink OFZERENS B LR E A LM LD L, B
B, ERERESRNCIIT A A v OEERT v e A b Lo D L B,
LLEOBALE R B 5 BRALEOMEFIL A ER ORI L A L B xR B,
FeS, DEE IR HBUS X R OIS I TE 2 5 2 L3k 5,

Fert — Fel+ (3)
S 2,994 2e (4)
O,+2H* +4e —20H~ (5)

TEHRAL B OMOUWRTE LIk, 2 1B oRELRT, @ ORISEHE LT, ik @)
DEEREE A 4 v E TOMILRIESEZ 5 & SR T050, AREOHERBLCORIG (2) % &
H EFCLRBRELL DT, @REL > THREIR TR, 36K, @) ORIETER
Lic SYERHECME L TRIEAIEL T3 2 & bFL2b h 55, & EE L UL F
EZETLES LW XS5 LR, BB T, LrbtOBERRENLLoLELD
NBDOT, FE LI LT LT,

LESHERIEOH T 6) Rk Y ~ FRIETH B, OH Y — FRIDCHG S GETT
57— FRIGE @ Rchh, BEEHREBCKVTL @) & 6) ORISHEE BN P44
Lo TRIEEBOMELER T, TOKRESEE Uthaduinbicw, e, EWRECK
WTHE (3) DL & (4) DR & DRSS OMLEL (7o & 21 FeSig) 12t U e (bR
FEORINBETH D,

KEBROBETEA & vOILBERT v v Al TRIEALFEA B) 3 LU (4) oG
AT S &, WRIGDOEEEMRO ML B ML T T, EWRBC I Tl h i
R BWA 4 vOREL SE/Fe B L OVREINRSL Z LS, o€ {111} Eic
LYV EREIRER SR TS WO ERBFREICL EOEFEELEDLLROTEL THDH, F
HWIRFEC B\ T E B REFW A 4 VOREN L b RE SR T2 & @B bz
i SE A Y OREMEEERS Fe¥ A 4 vOERCENRTELDTIIWEERHITED,)
FEREEC BT BT A A4 v OREL S5 /Fe? WERIQT 5 2 EATHE R 52, 2Rl
SR BAEERE & LTk, layer by layer fiEcdh b, 2o, Sb A 4 vORERHE TLH S
{111} @A TS T 2 L E 2 bR ADT, ZOEEHB L, I 7 e EiEe LC {11 H
DFEHAT D A REE AR S e,

CO%E, BRATy TERLRo%E LR, (111 JICH - T—xt o layer o X

Fi+aLELD L (Fig.4-b), kink /W A5 1 4 v ORI S5 /Fe?+ (LRFHPFEAC {45
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K&iebh, Engell ®b) 0FE L &8T5,

Ll B ~7e & 91 Engell O3 0% A5 v o v v O BAL O WA E R & 5L S
73 7 nEREEROBIL L BRL, —HOSHEKIErBETH S SRET S &, KEROMH
LRI E L FHB N5,

PUE2EEOFHMIZR T, €3 3y FARECHTHE 2 LIl filihicr - 7chs, 2 O/
B ey FPOBED L 51T, dislocation THMT 2 FTiT v ainyy, EROVGTROEZ T
FoTh, €53y FOREMLEEDLD TARLERRETLIED S5 4+ VIFEET S Z &1
s TLES DT, ZOMTIALrORESENZFE Uit ulilebigl, Thivemicd
WEHOLOEBAED & ZARYTH B2, €T 3y FOSMEIEREE BHEE, B%ES
I, B E) o0& 0BT o UL IhT, U LARBCEBORERXRTZ &
25, FEERGM XSS O R R A BN O A R L BArbEZBNLERNELDOTH
5y, BADRRNRELLNBD, TLE2EEBRPCEFINTVWHEEBOTMHN I O
G BARELEL DN D,

43 T)—FBEREMHSEHYV-FEBREHEALCONT

Biiuk O 7 H IS OREEM O BAOER L L THELT5 %2, ZOBRIZE LT
{111} AESR IR A 2 23 L, ChIEEBEM D EESO S REnBE Fra
(step motion D)) #HE LI LA BT D, K, oL 5B ELLEEAOEE
DOPRICDNTIE, 13 EAETIR IR Cwicw, AEBRORECHLEBTIL Y ¥ — FHEIT

DIRALREZFAE L CERT50 €, HBEERBA/TREINCL H25°C TH Y — FER
L, ME0BE* kI ko1,

BPRIL S Y — PO X 0 ROBITHE RIS CHET 5,

Fe?t — ,Fe?* (3)
1S2+2,H" +2e—2,HS™ ‘ (6)

CDEEDE y FoAx — VIRHFCUIRS AR D REEA LT L O LR X T
WBLDT, BEHEE LD, FA—#EATL zone Io X b o8 x — R T 25 RE O
WEDN R D ENGARY WL W EIRTV5, AERTL - OME L ELOER LB,
Tichb, MU SET7 R ARG & D /M BERci {100} i 4 F (k& 3 2 e BAREE order
KEEYVA 2RA%— BRI, HHRATCEHEO 2~ v BE I hi, SR
{100} i Dz {210}, {111} 7x K oA LT 528, KEBRTLE« OBEBE S BZE SN
foe TOX BTS2 — VIE—FE TR VO T, B EEERESET L oicy, —38
e BIRIITFE Licvy, LW, (B¥ERTF vy v d B2 5001E, » Y — FVEBOGA I
MR IG OEEFERC R EIEN e, LIch > T 3 7 v EHRHE LB T L > TlE—1
HEIE i, BIfEOEE (o & 2 3 AERAE TR S o REE, i) o5
&) WL EFEWO R - e BmMENTRE G 2 LTt b,
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R TH Y — FERCE U ORI B LACRIBERL, fo & 20085 ks v T {100}
EFA PR ENICEEDAT vy TOBBHHEICOWTTH L, 2 DEE, AT » Fire¥Aq
7 DRI > TETT 2 X HIZ R 20T, & 0#s ik (100} A - e F [ A7
y ZOBENBEZ > T b i h, Hindo {111} H@ich -7 AT v 7OBH OB D kink
LRI o e E O kink 2 2 Aol UE e b i,

KREBRD Y — FEMET 7 — VIR @EFEMERBET 7 — VBEREEZ LR L S,) ©
FERBALMEOMIC, FRIRE, LERIERCERDY, T, —HRBECIAEMTtH o0
XL TR BRENC L 20BTH A5 E EOMERD Y, LrbBofs LTED
HiF e {100} &4 A 7 LS RIS T FLE LSS D TH D08, R TULE—55 5 O F—
WATHOIes D, ok CHDOWEORKT A (Ficik kink) 2, ThZhhv—-rE7/ —
RO EE L TREERA S CCER LRV, Tibb, Hiia:zR4 L, (100} Emie
BT kink Dz A Y — FiEEBSETH B, TOMDOTRCOERT T/ — FiEEETH D,
Sz (111 i s T, F0E LD kink %A 7 s — FERETH LSO LT, FOM
OFTRCO&HEH Y — FIGEACID 552 Lieh, EEEAOMERSELLE V2 &5,

pESk, TG B X 8 CIEE S OMEA I > o b o & LT, Jenkins B9 D RFgEA
BHhH, CHITMBLROT 7 — FHEBOPE T, 5Bl EEIR L7, & DEBRCIE LT,
B e il F— 0P RECKETENHREESE L TRIGT 2 ExBE L, b, o
DR DT COE X OHIL, 1:3:5 1<, Kossel-Stranski & 7 1 o JLIIY 7 A1 6
THRMBOLRLFBUHETH D 2 EHBNTD, Lavl, KERORRC, EHEEOM%E
PR B 2 EidTe o T,

—F, A VEEGR OB, BRI 5 AT HORMES S v, RIS EBERL
CHHIL TREET 5 & Sikskiow sy, flix OBBkH 2 5 R & S %, Gilman 5%
t3 NaCl T LiF HigEf o (100} Hicsy 2PaA1 Y P OEIN, BRIK “W” Tix
100> FHETH B DK L TR “A” Tk 10) FRThHo, “W itk b=z vy F vy ML
BEdlith o dislocation CTIEAREMHLERV-Ey PTHDHTH LT, “A7 L3y MIFCHL
7 b 0T, BEMUIBEMHECE Ui LR TV B,

G T — AT B LR TC R, TG — IR E ol a DT, IR UL &
BHE G, AREOBR LRI T, BRAT y TOMTHEE W L “A” T hE
h {100}, {111} S EAT7a i & #E 2 5 b, “EEEDHEOZL” NEMWEALEZ 52 LT X
Dild-7 2 & fe b, Gilman OBETIE AT v 7OV THTERBEY A WO T, = O
s LiF @20 T A £ 5 » B 25, — e NaCl s S s T, — DK
AR E B L Tes s sk, ) TR Ehb =y FYy MK
ZEuRIEHEEL 9,

DOEW, KREDEFOL 5> — oD OAEREM L LT, MAEROIMENETLNR S,
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A A VEEGHEE A EUHGEOERCK VT, FIHZHEIIGE, MR LICHEHT
kA,
AT AT
B~— B~
IS DS ETIG A ARG O ES HRIE & R, T RS O EERE R O (R AL
WA TE Y, ERREBCE G CXSRRIC BT 2 A 4 v ORE L BT/AY (XEM
THESNDEEZ L LKL S, - T, ARBBCRT 2ERHAMOHEIIL
ERDBMNEBEEINLRETHY, BESIOERAEREE L, 4ABRHCERT LD FLE
ﬁ_uiuawmnm%@xﬁ FCEATEETH B, K MFCKEREELL L
WEINTODEERNF LB LTS &, BRI R LI BB LameaHEmN LN,
SO L, AREOBASDEBERARHS C L OFEEAY LD LTWELEELLR A,

5 % i

1. WS OBEMEEHIC S TR etch hill AEEXRE, TOES Iy P
— ik (111} i L o AR T A EXHB LD T, Zo0BBYRAL, Tihbb

a) PEMBEOBRMEEERCKE nEw HE LcHa, BREMCHEET 2R T
DT T A=AV F ~ 2 RRCTHEL, (1L ETHH, I OHLFE
KEDORFOFEREETLD 5,

b) BMEHERCK T 5 BEIACFMF AL SR FINCBRL ¢, REICK T 201 4 v~
DIRELL S5 /Fe* OZEALDWBINER A, AEROB &L, BRGNS 5H
DEIRREEEZ D E, —FDA A+ vOEE»RACT 5E L (111} T@Th 5,

2. AV~ VBB X 0IERENBMET A5A, HiRsbEE {100y mix ke 52
1 7 REREPBEI NI, ZOBE, » Y~ FEMIEESL 7/ —~ FEBEESE T AT
y TOBBHECTHL TR Tk b, BMEEFCE U TN OBESY b - 7o S EME & /s
BT EHHE X e,

o, —MICTE 2 DA A VEEAT AEROy F Y P OAREEL I ORBERC
BT 5 REOFRERBC AR LSO FHA x5 ATREE 2B L7,

3. €53y FREOTOTESOME RIS TV AERTIRWEL A TRV, fEhEEHT
AU TORE-ECBRT S 2 LRk,

# 5

ARaat# HiIC Gy, PWREBES W CHPHREECHELET 2, X, KIIEOREHRD
TRACEBIB B L, #AAE R IR & 3 A B PR SR I B AR B A e IR B B
I OV R D FA A N 0 & BUNC TR fo BRI E S R A R R = BRI
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O ARG R OB 2R T 5,

(RWFIER D — I ST BB B WIS X - 72,)
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