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Carbidization Rate of Reduced Iron Ore in H,~CO-CO, Gas Mixture

Satoshi SAWAL, Yoshiaki IGucH! and Shoji HAYASHI

Synopsis : The carbidization rate of iron ore was thermogravimetrically measured and analyzed in H,-H,S-CO-CO, gas mixtures from 873K to 1073K,

after it was completely reduced in H,~H,S gas mixture. Both gases contained sulfur low enough not to form sulfide. The fractional carbidiza-
tion, f [—]1, is defined as the mass gain relative to the mass of carbon converting iron to cementite completely, 6-Fe,C. It grew along a para-
bolic curve without such a nucleation period as the carbidization CO-CO, system. Then, it grew linearly forming percarbide, y-Fe,C, after
J9=0.5. The authors considered that the nucleation resistance of cementite and percarbide was reduced by higher carbon supersaturation than
that in CO—CO, system.

It assumed that the carbidization rate was controlled by carburization of metal with CO and the reaction interface decreased linearly with
the amount of metal. Thus, the curve was analyzed using the equation of first order reaction: —In(1—f,)=Rt, where the carbidization rate, R
[s™'] is constant with time. The maximum rate was obtained at about 20 vol% H, in H,—CO system. This fact agreed with Turkdogan and his
co-workers’ previous work for carbon deposition. As the results, the author showed the adsorbed OH catalyzed carbidization in the following

reaction:

CO(g)+OH(ad)=CO,(g)+ /2 H,.

Sulfur suppressed the reaction with OH(ad) more strongly than O(ad).

Key words: carbidization; carburization; percarbide; carbon deposit; two-step reaction method; adsorbed sulfur; thermogravimetry; CO; H,; CO,; first-

order reaction; adsorbed hydroxide ion.
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hs,

2CO(g)=CO,(g)+C(in Fe) K= aC‘l:COZ .................. (1)
Pco
CO(g)+H,(g)=H,0(g)+C(in Fe) KH:Lpﬂﬂ .......... (2)
PcaPH,
3Fe(s)+C(in Fe)=Fe;,C(s) Ky= R (3)
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Fig. 1. Pressure ratio, (pustpPcos) Py, tPco) of sulfur

bearing H,—CO gas mixtures, CO, 10%H,—-, 50%
H,—CO and H, at the Fe/FeS equilibrium®" and
pore surface area of iron reduced from hematite
ore in H, gas™.
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Fig. 2. Carbidization rate of the reduced iron ore in H,—
H,S—CO gas mixture of ag=0.5 at 873K.
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Fig. 3. Carbidization rate of the reduced iron ore in H,~
H,S—CO gas mixture of ag=0.5 at 973K.
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Fig. 4. Carbidization rate of the reduced iron ore in H,—

H,S—CO gas mixture of ag=0.1 at 1073K.
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Fig. 5. First order reaction plot of reduced iron ore,

—In (1—f) [—] vs. ¢ [ks], in H,~H,S-CO gas mix-
ture of ag=0.5 at 973K.
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Fig. 6. Effect of the initial sample mass on carbidization

curve of reduced iron ore in 20%H,-H,S—CO gas
mixture of ag=0.5 at 973K.
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Fig. 7. Effect of CO, addition on the carbidization rate of
reduced iron ore in 20%H,~-H,S~CO gas mixture
of ag=0.5 at 973K.
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Fig. 8. Cross-section of the carbidized iron ore etched by
alkali solution of sodium picrate®”, in 20%H,—
H,S—CO gas mixture at a;=0.5. (a) 873K, f,=
0.50, (b) 973K, f,=0.46.
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Fig. 9. Effects of relative partial pressure of H,, p, [—]
and temperature on carbidization rate in H,~H,S-
CO gas mixture of ag=0.1. Solid line: calculated with
adsorption term'" (3), broken line: calculated with-
out 1t.
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Fig. 10. Variation of carbidization rate with relative partial
pressure of H,, p,; [—] in H,~H,S—CO gas mixture
of ag=0.5 at 873 and 973K. Solid line: calculated
with adsorption term'" (3), broken line: calculat-
ed without it.
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Fig. 11. Variation of the overall and the elementary reac-
tion rates, R, R,, R,, and R, [s'], of carbidization
in H,~H,S—-CO gas mixture of a;=0.1 at 1073K
with relative partial pressure of H,, p,, [—].
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Fig. 12. Variation of the ratio of the carbidization rate cal-
culated without adsoption term to the meassured
rate, R_,/R [—] in CO-CO,'" and 20%H,-H,S—
CO-CO, gas mixture at 873 and 973K with rela-
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ADEF— 25 WG L LT T4 v T4 v EADAIZLS
THEEAL L, Figs. 9, 10 IZEBTRT, WEHEEEL &
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Fig. 13. Arrehnius plots of the elementary reaction rate
constants, koy, kco» and ko [s7']. The constants
were calculated with adsorption term (3) at 873

and 973K, and without it at 1073K.

Table 1. Elementary reaction rate and the equilibrium con-
stants, koy, Keos ko Ko [s7'], and K, [—] in the pre-
vious'" and this work. The constants in the previ-

ous work'? were calculated from data at ag =0.1

and 0.5.
Constants obtained in this work.
dg ko koo k2o
A s 68.5| 457 3.62
01— ia/mel] 714] 816 57.0
A[s"] 14.4] 2.00] 20.1
O3 I lkimet] 774 83| 767
av. E [kJ/mol} 74.4] 70.0] 66.8
Constants obtained in the previous work'".
k ko
415" 1.1X10° 134
E [K/mol] 5.7 88.0
K,
AH[KJ/mol] 44.5
AS[I/(mol-K)] 35.4

RACHESE E B keor ko kuo [—]1 DT L= 270y t &
Fig.1312/R§ . y-Fe IR 1073K 13 CO DR & TR K,
AkpohTnsn') OT, WEHAZREL LVRILE
BERETR L, &ERIEFigs. 9~11 TERLALELSIZ,
FTARCEBIFEKRE L, Table 1127 T & 512873, 973K [
OWEMAL T 3L F — 13 55~81 ki/mol TIXIXRI LIk - 72,
ZOBIZERIE " RREN a-FelF AT ORI D L
xOFEMALT 3L E -2 23w, 72, 873, 973K T
HET VY vy L Ha=015560512HMT 5L, HEIR
K & 7 % 20vol% H,fHEDERE THEEAES 50, Fig10
T CO H Z A 5 30vol%H,—CO D IR{LEEZAL H FHH I &
5120 TDED, koPBEIZIZEAEENLLENEDOD,
ki o<koy PNEIZKE B L, koy DI koo DIEIZHS &
5770 AT VEESKEVHEA A VI UTAGLE (hol-
low site) 12Uk L C, M TFRIMEIZ H 2FROWE T A b
ASHXSH, G ULrEDBE I EMNTEFIZH “[RE"
NHEDT, BRPBEORTUHELEDORIDIIHLI S &
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FEAohD, —FH. BEAA LV EERNTERERA &V EF
MRENEZELLSNLKEILMA A Y OH IZHESA A
ERARIZSIEARNBER X 7 v 7 (step) IZRETBEEZH
N, MEICLS> THEMERAEDNSDOT, OHERHT S
POSH Rl T h- L e Eh b, 873~973K D iE M
fEZ AL F—FHRERT VL v MITIFEAEIRIEL 50 >
72D THERE DR ISBERIFENE N EELI bR
5o F72, H0 & CO,DERMEE DR, /R, 12 KM 7T %
¥ 7 PRIDODFEER K /K2 F UL, 1073K Tid 1123
Vo ko B IOFRMFTRNELS, BETXZDT, K, &
kopPIEIZIZITHE LS Aot ELON B,

&

2

5.

873~1073K THE#E AR 7 > & v L Mag=0.1, 0.5 H,-H,S
RAEHNZAZMOTERICETL 2887 %, H,-H,S-CO-
CORABHATIRILL ., ZOEE 4+ RFETHIEMBIT L, X
D &G 7=,

(1) HyCOIZkBRILTITREILHD KILEMm TDIRIR
OB IRACRIE # BE U, RIS A R gk 8 IS Hefsil§
& LTHITL, RIBEEREZHTL 2.

(2) KRALFO0SLLETIRMRILE, y-Fe,C, B AEKT 5,

(3) CODMRHEIZ X DWEBRELH,EDNKIBIZL 5T
AL 72 OH DR TCHERIE S EEBERE TH 5 & L TR(L
LD H, RIERIFE D SHA T & 72,

(4) BEIZOHDEILHMAMERICA FL <IHET 5.
(5) RAEDPSE T U228k, BE@ERFMBHERI 0T
W,

RILICFERR BT I HTEC =PRI (B, EAT
#OBR)) ISR L 9, Mossbaver T A< 575 %
ZITED, £7, WULKBSE A T &> 24T KOFRE
BhEURICRREH L £ 9,

i 5

ac L IRFWE[]

ag ! Fe/FeSHEMEDMMEIE R £ 723/ ZADHER TV ¥ v L[]

E L RISOFEMEL T 3L £ — [k)/mol]

fo P KTEOBEERMA 6 KD 7= 9-Fe,C HHED RALE [

kIR EE [s7"]

K, RSO ER [

n D Avrami B[]

T e R KUE (=101325 Pa)

p, CERERRE P &ML T 5 i O TE [—], RETE
L2 & IR L,

R I EBHES O OBRIERIEE s

R EBEBES - OORMGRKIGHE [s7)

T IR [K]

t LRERE [s] (F 7213 [ks])
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DERAL KD NEALM: (x=Fe/C) [-—]
RIBO L 2L ¥ —%AE [kI/mol]
RO b a ¥ —%1E [ki(mol - K)]
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