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Formation Behavior of Iron Carbide Pellet with H,~CO Gas Mixture Including Small Amounts of H,S Gas

Shoji HAYASHL, Osamichi Asal, Satoshi SAWAI and Yoshiaki IGUCHI

Synopsis : Using a thermobalance, a hematite pellet was reacted with H,—CO mixtures at 973~1073K to produce an iron carbide pellet. H,S of low

pressures unable to form FeS was added to the mixtures. First, reduction of iron oxides proceeded and then carbidization of metallic iron oc-

curred. Small amounts of H,S in gas led to iron carbides (Fe,C, Orthorhombic) with complete conversion rather than free carbon or metallic

iron as final products. In later stage of carbidization, higher iron carbide (Fe, ;C, Monoclinic) appeared partially in lower temperatures. The

conditions of higher temperature and low sulfur pressure provided high quality iron carbides having nearly less than 0.03 mass% S. The tests

without H,S provided lower iron carbide contents with much free carbon or metallic iron. Carbidization rates of a reduced iron pellet were

analysed by an unreacted core model to investigate this process. The carbidization proceeded more rapidly in lower temperatures.

Key words: alternative iron source; iron carbide pellet; iron ore pellet; high temperature reaction; reduction and carbidization; H,~CO gas mixture;

gaseous sulfur; reaction rate; reaction model.
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Fig. 1. Equilibrium phase diagram for Fe-O-C-H system at
1073K.
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Fig. 2. An example of diffraction pattern detected for the condition shown in the figure. (Product contents: Metallic iron; 3.3
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Fig. 3. Variation of product contents with reaction time at

1073K, (a): with H,S, (b): without H,S.
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Table 2. Several parameters for carbidization rate analysis and the parameters D, and k, derived from the unreacted core model
along with the parameters D,’ and k' derived from reduction rates by the same model. (The two staged process as shown

in Fig. 14)
Carbidization process Reduction process

T‘(,{Sp' Drz-co \ Hom 14 ot | xo® l 00 | e ; ot | K ke D, T‘ ke D, k' ‘[ 5 |
(107" m?/s) (107Pa-s) (10°ke/m) "0 | Tee e eor w01 T g7 il 10Hm/8) | (107 m/s)| (10" m?/8) | (107m/9), ;

RN S — H. S S (O S U | N —
! 1973” 220 l!13E:O4 1.70E-04 0.509 0.444 »0;4784 ”0,(7)31 9031 91744 3559 . 2979 ) | 707.511 0,?437 | 141.'35 L01021
1023 | 660 | 401E-04 | 1.79E-04 0500 | 0389 0476 | 0061 0056 0305 & 885 || 0520 | 0534 | 0713 _1285 0084
{7?73 18 602 l[ 3;8?E,:°4, LSBE—047170.75007 ,0‘307,_L,0;‘161 0,7106 10‘0987\ 0.695! | 78.41" 0250 | 0.679 779,5557777»; 75;347 i 0.077 i

x7 Equrirlibriur;n mole fraction of'gas spec;ie; i calculated from Goto method ),

" K : Equilibrium constant of reaction (4),

Empirical equations for De and ke : log ke = 1301/T - 1518, log De = -6195/T + 5.767 ,

Empirical equations for De’ and k¢’ : log ke' = -4606/T + 5511,
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0 1000 2000

Carbidization time (s)

3000 4000

Fig. 14. Comparison of measured with results calculated
from an unreacted core model. (Carbidization
process of a reduced iron pellet in the two staged
process)
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Fig. 15 Temperature dependence of D,, k., and & values
derived from carbidization rate analysis and mea-
sured specific surface areas S in the two staged
process.
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Table 3. Comparison of this work with previous works for
the carbidization process of samples by reaction
gas having traces of sulfur.

I
Time needed |
Tem Type and Fl::v.;it:nof to reach
: (K)p. Reactor \ Reaction gas weight of s complete Ref.
| sample gas carbidization
I (NI/min) :
! (min)
1 - |
1073 Small static ! 5OKH,~50%CO { iron ore fine, 040 35-40 &)
0.8 gram |
1173 Small static ‘ 50%H,~50%CH, Iro(;leore fine, 040 2 7
gram S
1073 | Flidized bed | 508y~ 50%CO | [ronorefine, |00y 8)
20 gram i
Thermobalance . Pellet, : .
1073 (Single pellet) S0KH,-50%C0 2.5 gram 100 80 Thie work
Thermobalance| 50¥H,;-50XGO | Pellet, | )
1073 (Single pellet) N 25 gram } 1.00 70 This work

*: Two staged process.
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