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Swelling of Wustite Pellets during the Reduction with CO-CO,
Mixtures Containing Small Amounts of Sulphur

Shoji HAYASHI, Yoshiaki IcucHI and Jiro HirAO

Synopsis:

Swelling of wustite pellets during the reduction with CO-CO, mixtures containing COS at low partial
pressure was investigated in the temperature range from 800 to 1 000°C.

When the ratio Pgos/Pco in reducing gas was lower in 10-2 than the equilibrium ratio between iron and
iron sulphide, the abnormal swelling of pellets was observed as accompanied with the formation of fibrous
iron. This range of the gas ratio was seemed to be independent of the presence of CaO and K,O in wustite.

CaO and K,0O dissolved in wustite did not directly induce the abnormal swelling, but the gaseous sulphur
enhanced the abnormal swelling more greatly due to the coexistence of oxide additive in wustite.

Two reasons for the favorable formation of fibrous iron induced by the gaseous sulphur were based on
the sulphur adsorption on the solids. One is that sulphur diminishes the number of sites for the iron nu-
cleation due to its adsorption at defects on wustite surface. The other is that sulphur induces upward growth

of iron, inhibiting lateral growth of iron due to its adsorption on active iron surface.
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Fig. 1. Lattice parameter of wustite in pellets.

t 0.001%S, 0.004% (Na+K)
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0.98 Th 5.

X hFER L, Table 1, 2 » Run BERZ o FI%fHF
72) CREXODBILHVEL I, 0% hidiE@s bigh

Table 1. Experimental results at 1000°C (* : H,
M and L are indurated at 1200, 1000 and 850
°C. ¢ : Total porosity. *2: Composition of re-
ducing gas. *3 : Partial reduction degree. *4:
Common logarithm of time at half reduction
degree. ¥ and V,y, : Volume change at partial
and complete reduction.)

Run

. x2 *3 %4 V. Ve
1t *
Additive eo Poo/Pcos Peos/Poo @ ) (%) (%)
(wt%)
1 0.13 0.99/0,01 0 21 3.98 —3.1
2 H 0.10 0.99/0.01 6x10- 15 4,23 —6.9
3 0.15 0.8/0.2 2.2x10-% 4 4.83 0
4 0.37 0.8/0.2 0 4 3.20 —0.3
5 M 0.37 0.8/0.2 4.6X10-% 47 3.13 +51  +109
6° Nil 0.34 0.8/0.2 11x10° 47 3,15 +2.6
7 0.34 0.99/0.01 0 54 2,74 —16
8 0.35 0.99/0.01 1.7Xx10® 72 2,57 +67 +93
9 L 0310802 o 53 3,23 —12
10 0.34 0.8/0,2 4.6X10°° 47 3,07 445  +9
11 0.11 0.99/0.01 0 49 3.04 —6.8
12 0.15 0.99/0.01 4,0x107% 65 3.14 +14  +22
13 0.16 0.8/0.2 0 32 3.91 —0.4
14 H 0.16 0.8/0.2  3x10-7 23 3,93 —5.1
15 0.16 0.8/0,2  6x10-° 27 3,64 +29 +109
16 0.14 0.8/0.2 4,6x10-538 3,70 +40 +105
17° 0.15 0.8/0.2 1.1x10-" 3 473 —0.8
18 1.97%  0.32 0.99/0.01 O 47 2.66 —3.6
19 CaO 0.32 0.99/0.01 3.9x10-% 55 2.67 +0.8
20 0.32 0.8/0.2 0 39 3.14 +7.3 419
21 M 0.30 0.8/0.2  5x10-% 41 3.10 443  +106
22 0.31 0,8/0.2 5.9%x10-° 45 3.06 +66  -+147
23 0.30 0,8/0.2 4.3x10-*46 3.10 +13  +28
24° 0,29 0,8/0.2 2.4x10-% 43 3.32 —7,3
25 0.38 0,8/0.2 0 53 3.06 +15  +29
2 L 0.30 0.8/0.2 4.6x10-%61 3.02 +37  +60
27 0.53%  0.27 0.8/0.2 0 37 3.58 —4.0
28 Ca0 M 0,29 0.8/0.2 5.0x10-° 46 3.08 +28 461
29 0.18 0.8/0.2 0 19 3.83 +1.3
30 H 018 0.8/0.2  6x100 19 3.82 +2.4
31e 0.18 0.8/0.2 5.3x10-% weight up +0.7
32 0.47%  0.26 0.8/0.2 0 34 3.29 40.6
33 K;CO; 0.27 0.8/0.2 4.8x10-°40 3,14 +94  +234
34 M 5,26 0.8/0.2 11x10743 3,15 +30  +70
35° 0.26 0.8/0.2 2.4x10-% 41 3,35 +0,2
36 0.38 0.8/0.2 0 49 301 +12  +24
37 L 0,36 0.8/0.2 4,6x10-° 88 3.01 +87  +98
38 0,004%  0.33 0.8/0.2 0 27 3,39 —0.9
39 K;CO.M 0.30 0.8/0.2 4.6x10-° 43 3.10 +31  +72

Run 4 5 6 7 8 9 10

%S 0,00t 0.009 0.216 0.002 0.013 0.001 0,009

o: Liquid formation
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Table 2. Experimental results at 800°C.
(Marks are referred to Table 1.)

Table 3. The values of Pgos/Pco in the equili-
brium of the reactions.

R *2

o Poo/ ~ Pcos/ *3 *a V. Vie
Additive * gy

Pcos Pco %) () (%) (%)

(wt%)
40 H 0.12 0.99/0.01 0 1 5,48 —-2.0
41 0.10 0.99/0.01 5x10% 1 576 0

Nil

42 M 0.32 0.8/0.2 1] 26 3.8 +0.1
43 0.33 0.8/0.2 1.2x107% 34 3.67 +4.5 +13
44 0.12 0.99/0.01 © 7 4.76 —1L5
45 0.12 0.99/0,01 6x107 25 420 +14 +58

46 H 0.12 0.85/0,15 0 3 4,97 -1.2
47 1.97% 0.15 0.85/0.15 3x10% 28 4,18 +21 +74

48 CaO 0.16 0.85/0.15 6.3x107® 14 4,12 +23 +160
49° 0.17 0.85/0.15 3.2x10"* weight up +0.9
50 M 0.28 0.8/0.2 1] 39 3.32 +1.2
51 0.29 0.8/0,2 1.2x10°% 50 2,98 +24 +48
52 0.14 0.99/0.01 O 16 4.32 +1.2
53 H 0.11 0.99/0.01 3x10-% 31 3.67 +2.4
54° 0. 47% 0,15 0.99/0.01 4,0x10"® 2 4,87 +0.7
K3CO;
55 M 0.25 0.8/0.2 0 36 3.64 —-1.0
56 0.25 0.8/0.2 1.2x10°® 47 3,20 +21 +4

o : Sulphide formation
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Fig. 2. Swelling of pellets during the reduction.
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A: FeS+CO=Fe+COS,
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Fig. 3. Temperature dependence of Vi values
in maximum swelling during the reduction of wus-
tite containing 1.97%,CaO with CO-CO, mixtures
bearing sulphur.
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(a) Run 13,

Photo. 1.

wustite pellets containing 1.9794,CaO.
Table 1, 2, W : wustite.)

(b) Indurated at 1200°C, reduced at 1000°C, Pgo/Pgos=0.77/0.23,
Poos/Pco=3.9X10-5, V=449, Vi00=+230, (c¢) Run 20, (d) Run 22, (e) Run 47.

Iron morphology observed under SEM after the reduction of

(The conditions are shown in

(a) Run 32, (b) Run 33,
Photo. 2. Iron morphology observed under SEM after the reduction of wustite pellets

containing 0.479,K,CO;. (W : wustite)
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Fig. 4. Effects of gaseous sulphur and indurating
condition on swelling during the reduction of wus-
tite containing 1.979,CaO.
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Fig. 5. Effects of gaseous sulphur and indurating

condition on swelling during the reduction of wus-

tite containing 0.479,K,CO;.
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(2) Pgos/Poo=1.2%x10-5, Vipo=+513
(b) Peos/Peo=1.1X10"3, Vige=+113

Photo. 3. Iron whiskers observed under SEM
after the reduction of green wustite pellets
containing 1.979,Ca0O with 809,CO-209%,
CO, mixtures bearing sulphur at 900°C.

: Gaseous Wustite containing Wustite containing
Specimens sul phur 1.97%Ca0 Pure wustite 0.47%K2c03 Remarks
porous
porous porous
absent iron LA ;ron or, LA_ iron Macroscopic
Pellets of D 1ense — reduction
o i \l, SA ron \I/SA patterns
porosity * ) SR or LR of pellets
whisker W fos, (3
present €— jense .,,
iron
&7 o
q enclosed
Pellets of absent iron R 5 A by iron Reduction
high l sA l patterns',
poresty - ” rtieress
present ;;ggker\m iron iron /@
whisker whisker

% : Indurated at 1200°C, %% : Indurated at 1000 and 850°C, or Green wustite pellets reduced at 900°C. W : wustite
Acceleration of reduction evaluated by the time at half reduction : large, small; LA, SA.
Retardation of reduction : large, small; LR, SR,
Fig. 6. Effects of foreigen oxides, indurating condition and gaseous sulphur on the typical
cross sections of partially reduced wustite pellets and the relative reduction rates at 1000°C.
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2T v AEERICEE (mol/cm?.s), Dp - 223l
IBPREL (cm?/s),  ACH: BZAER O RZ2708 f fn
B (=), d: SEHE#E (cm), Vy: v Az tDEL
#HHE, 12.5cm¥/mol. ZDRIHF ALV AR A+ LDOK
JIGHR &L v A2 4 PREBRAZELVWELAELDOTH
5. SEXVBHERSIERT B AL ORITW
lLym THYZHh LD MR O Hoinkh KCHHDT
(NROEAD 2% 1 L L. v & d RIZERER Do
it CaO &R HIMMEL 529 & & 5 {8
AV, ThbBOXEIZIEIE L\ RIGHEE © 373 7T fE
75 o DR 1.97%Ca0 E£FRK 0 BLcHAL,
ACH ER RBEL > THhtz. Zhw Table 4 i3, S
InCix 1000, 800°C K+ 3 No. 2 %R\ T 4Ch=
0.0064~0.0084 #:f8 ki, —7F S &N T3 4Cq=
0.001~0.0015 L igh SEHIMOBEDMEL b Ha378 0 /)

Table 4. Distances among iron whiskers or iron
particles formed on dense wustite pellets containing
1.979, CaO.

Red. Gas R  4Co d Vi

No. temp. composition v (%) (=) (am) (%)
(*C) PcofPcos  Peos/Peo
1 1000 0.99/0.01 0 4.2x10°% 49 0,0015 1 Sh
2 1000 0,99/0.01 4.0X10°% 4.6x10-® 65 0,0034 1 422
3 1000 0.9/0.1 0 1.7x107¢ 53 0.0012 2 Sh
4 1000 0,9/0.1 4.2x10°* 2.9x10-%® 39 0.0065 3 +34
5 1000 0.8/0.2 0 9.4x10°7 32 0.0010 2.5 Sh
6 1000 0.8/0.2 6X107% 1.5x10°% 27 0, 0064 6 +109
7 800 0.850.15 0 5.5x10"8 3 dense iron Sh
8 800 0.85/0.15 6.3x107% 4,4x10-7 14 0.0084 7 +160

v: Reduction rate at R, (mol/cm?-s). R: partial reduction degree.
4Cq: Calculated super saturation degree. d: Observed distance
among iron particles. Vyg0: Volume change at complete reduction
calculated by (2) eq. Sh: Shrinkage of pellet.
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CETHRE LERH=AAF—HETLTLE 578 d4C
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kb, dfEZADLHEML 5.
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DORE RO E 72214 F RE=2AF¥F -2 FhZh
1700, 650 erg/cm? L& L. HEDOFHHUEED 129
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MRHERERAE RME M L B DOBRTH 5. i » Ak
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FIAF-NOREOBE LD S ELEPAT B Z &03F
H3h, EBRLAEEAROSOREZNH I h, BE
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WBRHERSRC e D LHEINh S, L LE RS EOR
L LTES.
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B COS &4 CO-CO, BEGHACLDY AL A b
<Ly P OB S KEEEY 800 55 1000°C o
BEGATAEL, ROBREEL.
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X B,
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(3) »ARBEC X 5 BHERGAER D DD JKE
FHEIhD. Sy A& A VREOKRMECHEEL, &%
BoBxdisdT5. SHEHLEBHEMCKREL,
Y RET B DBEOUE T ROREAME L,

BEAGRORK %R T.

X )

1) H. de Haas, K. GREBE and F. OETERs:
Arch. Eisenhiittenwes., 51 (1980), p. 167

2) R. NicoLrLe, M. ScHNEIDER and F. TEMOIN:
Ironmaking Steelmaking, 39 (1980), p. 153

3) R. L. BLewuss: Trans. SME/AIME, 247
(1970), p. 225

4) H. vom Enpe, K. GrReBE and S. THOMALLA:
Stahl Eisen, 91 (1971), p. 815

5) W-K. Lu: Scand. J. Metallurgy, 3 (1974),
p- 49

6) T. El KasaBoy and W-K. Lu: Metall. Trans.,
118 (1980), p. 409

7) C. E. SeaTton, J. S. Foster and J. VELAsSCO:
Trans. ISIJ, 23 (1983), p. 497

8) H. vom Enpe, K. GreBe and S. THOMALLA:
Stahl Eisen, 90 (1970), p. 667

9) FRiR#EkR, ke Ki, FEE B OIEE— #l&
#%, 58 (1972), p. 1039

10) W-K. Lu: Scand. J. Metallurgy, 2 (1973),
p- 65

1) wEHiE, Elrs, &I SARM, FHE
BR—EF: 248, 68 (1984), p. 2046

12) R. NicorLe and 4. Ris: Metall. Trans.,, 0B
(1979), p. 429

13) WAIEKE, HKES: & #, 51 (1965), p.
583

14) BXEH, HEK—: % &M, 54 (1968), p. 277

15) T. Fuwa and §. Ban-va: Trans. ISIJ, 9
(1969), p. 137

16) ¥ M=, #oHHE TFRKE: BFXS&B¥ R
gk, 48 (1984), p. 383

17) O. KusascHEwsk1 and C. B. Arcock: Metall.
Thermochem. (1979), p. 378 [Pergamon Press]

18) H. RauscH, A. Saarci, W. THuMM and F.
Okrters: Arch. Eisenhiittenwes., 46 (1975), p.
623

19) % MW=, #o&HE, FREE: &K@ 7
(1985), p. 672

20) H. J. GrABKE, W. PAULITSCHKE, G. TAUBER
and H. VieraAus: Surface Science, 63(1977),
p- 377

21) S. E. KHALAFALLA and P. L. WESTON, Jr:
Trans. Metall. Soc. AIME, 239 (1967), p.
1494

22) S. HavasHi, Y. IcucHiand J. Hirao: Trans.
IS1J, contributed

23) E. Riecke, K. BounNENkaMP and H. .
EnceLL: Arch. Eisenhiittenwes., 38 (1967),
p- 249

24) B. ILscHNER: Z. Metallkd., 55 (1964), p. 153

25) L. HiMMEL, R. F. MEHL and C. E. BIRCHENALL:
Trans. AIME, 197 (1953), p. 827

26) E. D. Honpbros: Acta Metall.,, 16 (1968), p.
1377

27) % BB, #DHBE, FRKE: REEX

28) W-K. Lu: Scand. J. Metallurgy, 2 (1973),
p- 169

29) t#LgE, BRas, HEENE:
(1972), p. 240

gk -8, 58

— 50 —



