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Carbidization Rate of Reduced Iron with CO—-CO, Gas Mixture

Satoshi SAwWAL, Yoshiaki IGucH! and Shoji HAYASHI

Synopsis

: The carbidization rate of iron ore was thermo-gravimetrically measured and analyzed with CO-CO, gas mixtures from 873K to 1073K, after

it was completely reduced with H, gas containing sulfur low enough not to form sulfide. The fractional carbidization is defined as the mass
gain relative to the mass of carbon required converting whole of iron to cementite, 8-Fe,C. The reaction was composed of three stages: (1)
Carbon was supersaturated in o-iron. (2) The fractional carbidization increased linearly after the nucleation of cementite, until it was saturat-
ed. The sulfur, which was adsorbed on the pore surface in iron ore, stabilized cementite and prevented free carbon from deposition. (3) How-
ever, at 873K and 1073K, free carbon deposited and mass gain was accelerated at a certain fractional carbidization. This phenomenon is a
kind of percarbidization of cementite without formation of percarbide, ¥-FesC,. Carbide was decomposed into free carbon and metal and
then iron ore was broken to powder, that is so-called ‘metal dusting’.

The authors considered that the slope of straight line portion during the growth of carbide is the carbidization rate from 873K to 1023K,
which contained no error of mass changes due to reduction and carbon deposition. The carbidization rate was formulated as a function of rel-

ative partial pressure of CO and CO,, pco, Peo, [—] and temperature, which is controlled by the following elementary reactions,

CO+0=C+0 (ad)

CO+0 (ad)=CO0,.

Key word : iron carbide; CO; CO,; two-step method; carburization; carbidization; metal dusting; kinetics; percarbidization; thermogravimetry: adsorbed

sulfur.
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Table 1. Chemical compositions [mass%] and apparent
density of packed iron ore.

Chemical composition [mass%] Apparent density
TFe | FeO | ALO, | SiO, | S | CW |[kg/m’] |[kmol-Fe/m’

68.08 1 0.44 | 0.56 | 0.80 | 0.003 | 1.43 | 2270 27.7
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Fig. 2. Pressure ratio, (pystpcos)/(Pu.tpco) of sulfur
bearing H,—CO gas mixture at the Fe/FeS equilibri-
um?" and pore surface area of iron reduced from
hematite ore in H, gas®.

1.4 F 100%CO,50mg A
1.2 g

1
2208
0.6
0.4
0.2

0 4 8 12
t [ks]

Fig. 3. Effect of sulfur activity, ag [—] and temperature, T
[K] on the carbidization curve in CO gas. The cir-
cled numbers denote the three period: U carbur-
ization and nucleation period, (2) carbidization peri-
od, and (3 “percarbidization” period, i.e. the depo-
sition of free carbon.
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Fig. 4. Carbidization rate of reduced iron ore, in CO-CO,
gas mixture and ag=0.5 at 873K.
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Fig. 5. Carbidization rate of reduced iron ore, in CO-CO,
gas mixture and ag=0.5 at 973K.
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Fig. 6. Comparison between the fractional carbidization

obtained gravimetrically, f, [—] and that analyzed
by X-ray diffraction®”, £;* [—].
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Fig. 9. Effect of the initial sample mass on the Carbidiza-
tion rate of the reduced iron ore, in CO-CO, gas
mixture and ag=0.5 at 973K.
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Fig. 10. Effect of relative partial pressure of CO, pco [—]
and sulfur potential on the adsorption term, Eq.
( 6)at 973K and 1023K.
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Fig. 11. Effect of relative partial pressure of CO, pco [—]
and sulfur potential on the adsorption term, Eq.
(6)at873K.
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Fig. 12. Arrehnius plots of rate constants kcq. & [s™'] and
the equilibrium constant of the dissociation ad-
sorption of CO, K, [—].

Table 2. Rate constants, k, [(s-m?)”'], and the equilibri-
um constant, K, [—].

kf(s*m?)’] Ki[-] Carbon solution
Reference A AE AH ‘ AS AH° AS
{(s*m"] | [id/mol] | (K¥mol} {3/ (mol-K)]| fit/mol] | [1/(mol-K)}
. 0.13 42.1 i
D] L — . - { 24) 24)
Xinghe et al. g a1ee | 1688 | 1392 | 397 51.2
Ye et al.? 169.1 -125.6 42,32
Grabke et al > 1854 | -140.4*
This work LIX10%* 57% | 445 354 106.3% 47.7°
464 |

*: reverse reaction, **: [s']

F 1 ac 1

,i:—(ac-}—KlpCO):—-*——prO ....................... (6)
R keo ko ks

Fig.10, 11 OEME > % (6) 12 & DRI L TR0 72 K ER
K )k keo s TH2T7 L= 270y b T Figl2 577,
1073K TIIBEER FOM AL <, 2, KB (1) DF
15 CO, MMHE A < TRMIFOBELEL <, RILRET — ¥
MEEAEWMNGEN S5O THENTEL» 572, 973KT
AR R SOmgDEEDIENIZ, ArE7ZIEN, H A M
U, ABE20mgDBEERBFIZODVTORRET Ty P L
Fro BT LIEET — 2 B D B0 60K, RE
NERBEEERLEERELS LT

K, [V TRIEARI O E D o - 72D TEE
BT — A E, koo by [sT'NE W TE 9T3KIZPR o TRARHE
0mgDF — & AHWT, BEROHER T &Gt x
LE¥E— ITVALE—4&KDE. ZTOKRE y-FeDIRR
DF — 212 L b T Table 212RF . k,DWEMELT XL
F— F [k/mol]i3 & X TRt REKEIZ L > TRE -
T\ 5. Fig. 2 127K L 72 Turkdogan & 2 D& ITERD ki
FOMHEIZTTORILRRE L LA A EIZE D KREL<ED
B, AU L 5> T b, RIIR TR LD
L 3L % — 138 5kI/mol T/NE 2o 7243, RO
LA EET 5 L 46kl/mol &2, BREDIEY 1238 &
572, CODMRERAE T Y 2L E—2id, Fily-Fe&xt
Iz L TWAIE»OLE? TIEIEN LU AH=-140=

11 .
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20kl/mol TH 5. Lo U RIEEE &2 H/ S A% T
445klmol & 5, 8, it e KL< Bk, Thid
/O EARE L CTH O, Table 2{RT & S ITRFD FERE
BT AN —-FD, y-Fek aFeTFhZEh, ¥
40kJ/mol** &4 110ki/mol¥ TR > T B0 & # 2
bNnB, 72, WMEUED TEIRIEE CODIREERZE H 3 A
RPN EERLTHD, Conejo & Martins'® 28 & 0 {8
D 823~923K CCODMEFEEEFEE L 22 LIZIFEL T 3,
W FADRELL W S DI MRIZARERTH ., RACHEIE
EFEICIZ Y 74 FIZh > T30 THRA R - R E#E O
EMEEDREVPDBETHAS

Table 2D E K A 5 K& 7= AL I # % Fig. 3~512R" %,
873~1023KIZH W THEBRIB T DIEE AN L < —FK L 7= 28,
COIREDFHVRETE ML 0, 572, COBE,HE
&3 EWEHERFEOHMBRGESENSDT, BEET V>
T PIRE OB E I RITTRHESI0 L EZ2 5h 3, 0/
TR TIXREN A T A5 T &1 &k B8R OO
WEELHDILEZILNS,

ﬁ%Eém%«mKT%ﬁf%yv&»ﬁ%wmos
@m+mﬁA ZIZ& > TREIZEITTL 2%, CO-CO,

BA ZIZK B IRACERE % BORFECRIEMAT L, RO
’Zr{%'ﬂf:o

(1) MEOREA#MEFIE-ELHAEAVEI LT,
IRACIREIZ RS A G L 2 < C BT R I & B

HEA{LOBEO L VRILEE 2 HEEHICK > THlE TR
VR

(2) CO-CO,iRA H A TIZEIRANIZRALEARML 7-
EARER 7 O = 2 RICEE L & LTI L, Esk
@nﬂ%ﬁ?@ér&m# LRIG % fERd % & U O
NEPTL 7,

(3) CODMRHEIZE > TRE L -BEROPBERIGA
HEERETH B E LTHIATE -,

(4) BEILHOWERT V¥ v Lida=0.1L 050/ T
RIGEEIZH Z OB L5 2 50h, BEORIEAET L
7ok, EITRFEOWE R 7 ¥ 2 v L AMIE & HREE R T 1
FEZ D30,

(5) 973~1023K TCO-CO,iRA A A #Huiut, Rk
BERETIEETESL LOFEM FIERICEERNR A
57,

iC 5
ac DIRFEIG R [—)
ag ! Fe/FeS RO EFE T -3 HADHHEET Vv v L
]
D, EBEES R OWEEREK, 223, JIRATZROS
TR [m¥s)
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fo PRI OEERMA & KD 72 0-Fe,C D LK [—

i DXHREMTE — 2 5 NESFEHETL 'S TR 72 6-Fe,C St
DiRILE [

3 L RORDEE R [s7']

K N UNORE: vt g .

pe D EEHERSRE (=101325 Pa)

P CEEEARSKUE PO A RIEL T B i RO ANE ], RIT
THELUAEFELEIZZ LW,

R DRRHERALERE [s7!)

R, D RALEEE [s7]

s DERICERO S E TR [mP/kg]

T LR (K]

t D HR] [s] (% 7213 [ks))

F) ¥y XF

AH PRED T 4L =%t [k)/mol]

AS RO T Y P u ¥ =%t [k/(mol - K)]
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