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Sulfurization Mechanism of Wustite

Atsushi Morivama, Kazuki Morita and Nobuo Sano

Synopsis :

In order to investigate the mechanisms of sulfurization of iron oxide such as the formation of iron sulfide dust during

smelting reduction of iron ore, wustite samples synthesized to some specific compositions as well as magnetite and
metallic iron were sulfurized mainly at 900°C in a controlled sulfur partial pressure. The degree of sulfurization reaction
was thermogravimetrically monitored for each experiment and several samples were subject to XRD, SEM and EDX
analyses. The rate controlling step of sulfurization reaction has been considered to be the diffusion of iron in the FeS
layer produced, and its diffusion coefficient at 900°C is estimated to be 4.7-7.0X10~°cm?/s.
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Fig. 1. Schematic cross section of experimental
apparatus.
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Table 1. Experimental conditions and results.

[No. t of Fe;,0 [Poy(atm) Psz(atm) Temperature(C) K(g/cm’s'™?)
Isn 0.090 117x107  [286x10° (900 4.80x10°
Isv-1 0.067 143x1077  |284x10”  [900 5.65x10°
Sv-2 0.070 458x107  |290x10° |900 5.52x10°
Sv-3 0.110 632x10™  [285x10°  [900 4.10x10°
SV-M (magnetite) {7.07x10™° [290x10”° 900

SO-1 (W—Fc) [0.090 1.01x10* |288x10° |900 5.68x10°
S0-2 (W—M) (0.090 101x107%  [284x10° 900 5.62x10°
SO-M (M—W) [(magnetite) [117x10" [286x10°  [900

SS-1 0.090 126x107*  |543x107*  [900 4.35x10°
fss-z 0.090 118x107%  [606x10° 900 4.87x10°
SS-3 0.090 126x107  |109x102  [900 5.65x10°
Ism 0.090 597x10™"  |280x10° [875 4.28x10°
lsr-z 0.090 465x107  [284x10° 925 8.40x10°
[sr—s 0.090 165x10"  [286x10° |950 1.07x10°
SF-1 (Fe—W) L17x107%  [286x10°°  [900

SF-2 (Fe—>Fe) 101x10™ ]288x10° 900

HV-1 0.054 257x107 900 9.50x10°
HV-2 0.070 257x10°  |900 8.85x10°
HV-3 0.090 2.57x10° [900 8.83x10°
HV-4 0.106 2.57x10~ 900 6.85x10°
HT-1 0.090 387x10° 925 9.25x10°
HT-2 0.090 563x107°  [950 1.30x10* _J
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Fig. 2. Change in weight of sample with time during
sulfurization. (SB)
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Fig. 3. SEM images for the cross sections of sam-

ples.
(a) : Sample A (b): Sample B (c): Sample C



SEIRIIC, EEMML AR 6 L FHALIS T L T

ZUubDLBEbis, ZOEMOEREEC IHEREY L

{, 1~4hfEETH-1, Fig. 2 BBHIZ 3 A HFHE DB
EHER # Fig. 3 (b)) 2R T, B EE 3 I3 [ DARIC
B L 7oA, Kb 6k L ICHALE L NSO RK
W4 A XA PORBICAREPAELTH Y, ZOBHPIE
LEBLTCR»D, RSB ~DRE DS L

Sy, EREBEVPIEI-LLDOEFLLNS, &1, K
DOHILEIZ b RS R BRAVBEINTCB I Lo, HE
THET AL 5, T4 2ZA MROILEREEEA 4 >~
TR BAA L THs EHIFT S 5,

SEIEIICIE, EREIEFCEIBMLLY, 20ERE
LR EIREY o 12, Iod, RETREE2MEIHL
LIz 9 R o nted’, R OER - ERFEIL100% 12
FERT, Fig. 2 WRT L3 U T RTOEABUIRETH 12,
B Caz 31 2 R OBEM R ¥ Fig. 3 (o) 12T, wifk
MR OREAIZS 6L, BN CIRRERAY S OERE
WILDFR DT Z B & iz, RIS R DU RKILE 3
ET 5 LRIBFCRSREESHE ALY, FEFCECE
BRI bDEFL LN,

85% L AL S HEST L e v DI, RIBRZE DS &
BFET 2L DDFeSHIIFHFE LICEIRI»ER-ELTws2 L
X BEEEME S H BT, RIRTIEZ OBEBOMAEE
Lol o T, BROERTIREL L THREDD
LM I TOEEBPE2ORBGTCIE T LE LT,
3:2 WILRICEEICRIZET VX514 PRERBED

& (SV,HV)

a7 OFBEFRIBEDY 4 244 b #{FB LSO, % 7213H,S%
ERELLFTABHCTEREIT-12, 3, SV —XD
FERTIIERABRT 2 OBRIBREVHERFINSG L 5 LR
S HIE LT, MEEROFEAR ¥ Fig. 4 ORT . U4
AZA POBBREEVEHL LBIE, TLhbbiki AR
FRBED & e 5138, BEERRINIL kotr, HEE
BRHEE L L TH.SEHCIZEADH S0, D D #)
1.6~1.8FTHho72, TOHHRE» T LV, H,S*H
WA, BESERHEL TR IE
WKL, e 8 F Ly R A A MEEFRBTHEITL

(x107)
10 T T

T
) _0\ny ]
r N\
4+ 4
I @ :CO-CO,-SOy-Ar b
I © :Hy-H,S-Ar

1 1 1
05 0.06 007 008 009 0.1 011
t of Fe,O

cm2sll2)

k
L) T

Fig. 4. Relationship between iron defect and rate
constant.
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Fig. 5. Change in weight of samples with time dur-
ing sulfurization. (SO)
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Fig. 9. Change in weight of samples with time dur-
ing sulfurization. (SF)
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Fig. 10. Schematic diagrams. (a): Distribution of iron activity in the sample during sulfurization. (b): Phase
relations as functions of oxygen and sulfur partial pressures. (The rate controlling steps are assumed to
be the diffusion of iron in FeS for the case I and that in wustite for the case II, respectively.)
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Table 2. DSi{[fusion coefficient estimated at 900°C.

No. t of Fe;.0 (CiupeCare)/Ciks D (cm’/s)
SV-1 0.067 7.40x1072 70x107°
SV-2 0.070 721x102 69x107°
SB 0.090 6.74x1072 55x107°
SV-3 0,110 580x1072 47%10°
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Table 3. ?iff)usion coefficient estimated at 900°C.
SS
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No. Ps. (atm) (R D (cr’/s)
ss-1 5.43x10* 544x107 56x10°°
SB 2.87x10° 674x107 55x10™°
S52 6.06x10~ 755 %107 51x107°
$8-3 1.09x10°2 806x1072 64x107°

Table 4. Diffusion coefficients estimated at various

temperatures.(ST)

No. Temperature (C) (Cire-Cure)/Cixe D (cm’/s)
ST-1 875 673x1072 44x107°
SB 900 6.74x1072 55x%107°
ST-2 925 591x1072 19x10°*
ST-3 950 538x10°2 34x107°
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66 N AHE170k]/molD# 25T H 5,

5. &8

BRMEHCTY 4 22 A4 b DBALRIGEHE »RIZE L,
LTFomRA®E1,

(1)—EOWHEFTETTIET 4 2 R4 MDA F > K
BREPNILS LB BEANELRLST 2RE), HLK
ORI RS B,

(2)ERMVHFRIOPEHFBIRBIL T2 26, &
BRI L 70 FeSE H T Dk DA A AL IS ¥
L, PR DHEBLE LT, V4224 MDA & v RIRE
FEOWAIZL YT 4 AZA D —FeSREDHDIHE BRI KL,
FeSEBHTDHBDIFEBNEIKRS kb zvtEFL NS,

(3)FeSEHTDI0Clzs i 2 SDILEUEEL4.7~7.0
X10-°cm?/s &t RF&EH & L7z,

(4)—FEDEERDE FTIIBEEDM I v, AL
FISHEEII RS b, ZHRARERROBKOITEE /NS
{2 Y, FeSEBHDERDIERIELV RS kalcvtELL
s,

(5)BALIZSO,H 2 L HLSH R #HCISEATIE, %D
FHHT 4 A XA N OFALRKISDEEEREKRT 5,21,
SO, % R % 12356 DFeSkE H D8k DL BRI DIR KT
D 6, FILEDH L= 3 v ¥ —340 60k ) /mol # #5712,
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