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Carbidization Behavior of Reduced Limonite Iron Ore with CO-H,-H,S Mixtures in Fluidized Bed:
Influence of Reduction Temperature and Carbidization Temperature

Yoshiaki IcucHI1, Koji MATSUBARA and Shoji HAYASHI

Abstract : Iron ore particles of a limonite were completely reduced w

ith H, at temperatures from 973 to 1273K in a laboratory scale fluidized bed.

Then, at temperatures from 873 to 1073K, mainly at 973K, the reduced iron was exposed to H,—H,S mixtures (sulfur activity, a;=0.5 or 0.1)

for 3.6ks and carbidized with 80%CO-H,-H,S mixtures at

the atmospheric pressure. The integrated rate equation for first-order reaction,

—In(1—fg)=g(p;, Dt; can be fitted very well to the carbidization curves. It is found that the carburization rate per reduced iron unit surface
area g(p,,T)/ag slightly increases with increasing the reduction temperature. The value of g(p,, T)/ag decreases with increasing the specific sur-
face area of reduced iron, ag, which increases with decreasing the reduction temperature, and increases with increasing the carbidization tem-

perature. The specific surface area and sulfur content of the r
both of them start simultaneously to increase just after free c.
973K. The best temperatures for producing iron carbide are
bidizing the reduced iron.

educed iron does not largely change during most period of the carbidization, but
arbon deposition starts at the latest stage for the carbidization of reduced iron at
concluded to be 1123-1173K for reducing limonite iron ore and 973K for car-

Key words: iron carbides; carburization; reduced iron; CO-H,-H,S mixtures; adsorbed sulfur; sulfur inhibition; reduction temperature; carbidization

temperature; specific surface area; fluidized bed; limonite.

WE

MRBHID R SRRGHEEES, HRRAD I = I L #H
EEKE Nucortt 12 &k - T 199428 E 572", L~ L,
FOREET 72 L OBEIZ199F B IEIL S his,
I A - BRI, REBIC 51 3 KI5 2
DT UISAFHENMET EZZ L THHAHD, EHL
i, CO-H,iRA T A D—REHRALSAERIIE H 212 Hs%
FM@¥&%E@%EEE#M~Mta%&§ &7

“$h,ﬁzﬂm$%3%ui~%ﬁféé_&%
ﬁ&bto%ﬁw%wﬁgaﬁﬁu,mﬁﬁﬁmﬁwﬁﬁ
EHHIL, REOHHAEILETSZ 64T 5,

KIFETIE, BEIEA S, KRPICBEVBTREEDEW
HAL#k A BOHE TEUET 2 20 ICRE s & AR ET B
ZEAHMELT, ENEE ERILBEIZK > GEILHD
RACEF N ED K S 12BN T B0 EHF T,

2. EBRFE

FRYLER T 2T - RILT 2 72 DRELEL, EFRD
Tut Z LR CHEEE L, AE23mmDEEEMRED K

JBEs AR L7z, REHZBZ 23K T A7 4 v F Vv o L
WA — 2 b7 ) TEREEILID 0.15~021 mm DK T %
L7 S8 DM % Table 112, EILE RILIZHERAL 7=
B E RIS EE DB % Fig. 11T d . HlEHRENIT
EFE6mmD T I HREFICANT, REPRIFIZFE
B L7, BRSO %E, P 973, 1073, 1123,
1173, 1223 & %\ 213 1273K 12 351 T 80%H,—20%N, 1R&

ZIZEDRBRETERIRITT L2, Z20%, BEEZ0D
BILFH A TOMBKETRT X2, D&IZ, EXHKE
Fe/FeS ‘- UED i G B a=0.5 » 51113 0.1 D H,-H,S IR
EH A (HSHEEN TN 47X1073, 9.4X107%) 123.6ks
MERETE 5§ LIZ& - T, ELBORSLERmICHE
ERE S, ZTHIZEEHENVT, BILH A 973K T
80%CO-H,~H,SIR& # 212 K D WERE TRIL L 7=, KA
EERETHENICLIRBRETERETTHAIL 2, &
TC - WA, WRENE, RILDZhZFhOMEETOFR®AH 2
dvA27u—aryru—5—-CHERBEL -8RI T2 %

Table 1. Chemical composition of a limonite iron ore used
in this study.
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Fig. 1. A schematic diagram of the fluidized bed used in this study.
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Fig. 2. Variation in the composition during the carbidiza-
tion at 973K for the reduced iron particles at 973K.
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Fig. 3. Variation in the composition during the carbidiza-
tion at 973K for the reduced iron particles at 1073K.
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Fig. 4. Variation in the composition during the carbidiza-
tion at 973K for the reduced iron particles at 1123K.
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Fig. 5. Variation in the composition during the carbidiza-
tion at 973K for the reduced iron particles at 1173K.
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Fig. 6. Variation in the composition during the carbidiza-
tion at 973K for the reduced iron particles at 1223K.

Reduction temperature; 1273K
100

0 1.8 36 54 72 9 10.8
Time (ks)

Fig. 7. Variation in the composition during the carbidiza-
tion at 973K for the reduced iron particles at 1273K.
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Fig. 8. Carbidization curves at 973K for the reduced iron
at temperatures from 973 to 1273K.
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Fig. 9. Carbidization curves at temperatures from 873 to
1073K for the reduced iron at 1173K.
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Fig. 10 Variation in the sulfur content during the car-
bidization at 973K for reduced iron at 973-1273K.
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Fig. 11. Analysis of the carbidization rate at 973K by the
integrated rate equation for first-order reaction,
—In(1—fp)=kt, for reduced iron at temperatures
from 973 to 1273K.
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Fig. 12. Variation in the carburization rate at 973K for re-
duced iron, g(p,, T), with the reduction tempera-
ture.
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Fig. 13. Variation in the specific surface area during car-
bidization at 973K for reduced iron at tempera-
tures from 973 to 1273K.
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Fig. 14. Variation in the carburization rate per reduced

iron unit surface area at 973K, g(p,, T)/ay, with
the reduction temperatures.
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Fig. 15. Microphotograph of a cross section of an iron
ore particle reduced at 1273K and carbidized at
973K. The white parts are metallic iron, the grey
parts are iron carbide and the black parts are
pores.
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