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Synthesis of Iron Carbide from Hematite Pellets with H,~CH, Gas Mixture
Makoto EGASHIRA, Takayuki MAEDA, Kouki NISHIOKA and Hiroshi NAKAGAWA

Synopsis : The purpose of this investigation is to examine the effect of properties (porosity, specific surface area, particle size distribution and impuri-

ties) of hematite pellets on the synthesis of Fe,C pellets. The experiments were carried out by using six kinds of reagent hematite pellets with
H,-CH, (70:30) gas mixture at 750°C. The synthesis of Fe,C pellets were confirmed all kinds of hematite pellets except two kinds of ones.
One of the most suitable pellets for the synthesis of Fe,C was converted to high purity Fe,C (on XRD level) within about 110 min and the
phase was stable at least for 3h, even though excessive carbon deposited at the surface of pellets. Excessive carbon deposition could be

stopped with lowering CH, concentration to an equilibrium gas composition for Fe;C generation reaction.
Two kinds of pellets contained relatively low impurities did not form Fe,C. Such high purity pellets tended to shrink due to sintering dur-
ing reduction stage, and the structure of reduced iron had much less micro pores. This phenomenon might cause decrease of adsorption sites

for CH, molecule and therefore the enough carbon deposition necessary for Fe,C formation hardly could occur.
The correlation between other properties (porosity, particle size distribution) and Fe,C formation was not confirmed in detail.

Keywords : iron carbide; cementite; hematite pellet; H,—CH, mixture.
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Fig. 1. Particle size distributions of used reagents.
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Table 1. Properties of prepared pellets.

pellets  weight (g} diameter (mm) porosity (%) Fe203(mass%) S (mass%)
A 3 11 7 98.5 0.0087
A’ 31 12 25 (98.5)
B 3 11 25 99 0.0051
C 3 11 25 - 0.0061
D 34 12 25 98 -
E 2.8 11 5 99.99 0.0023
E’ 2.5 11.5 35 (99.99) -
F 34 11 15 - -
burnt-in O2 3 11 7 (98.5) 0.0076
pre-A 3.2 12 30 (98.5) 0.0039
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Fig. 2. XRD patterns for A, B, C, E pellets obtained by re-
acting with H,—CH, at 750°C.
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Fig. 3. Difference of reaction among different pellets.
(a) Typical weight change (b) Reduction curve
(c) Ratio of formed Fe,C
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Table 2. Experimental results for different pellets.

pellets FesC __ shrinkage (%) _specific surface area (x10'm’/kg)
A O -9 1.81
A O - -
B X 49 0.82
C O (-25) 1.86
D O (-10) 1.77
E X 6 -
E X
F O -
burnt-in-0z O -9
pre-A O - -
O:formed, X:not formed, () :approximate value, -:unknown
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Fig. 4. Microstructure of reduced iron layer.
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Fig. 5. XRD patterns for pellet A obtained by changing
time reacted with H,—CH, at 750°C.

Fe FesC
FeO, V Fe203

Fe30a

Fig. 6. Cross sections of pellet A. a) 40% reduction, b)
stagnation, c) reacted for 180 min.
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Fig. 7. Experimetal result using pellet A reacted with H,—

30%CH,—H,~7.7%CH, at 750°C.
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Fig. 8. Effect of reaction temperature using pellet A.
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Fig. 9. XRD patterns for A pellet obtained by reaction
with H,—~CH, at 900°C.
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A Fe,0, 2> AR L 72X L » b &FVWTH,~CH, # Z1Z
& % Fe,CHEMER 21TV, LTORIRE/7:,

(1) 6FEHEDORENRL v bDS3 5, 4FBHEONRL v + 2
5 Fe;,CHERL 7, & RETXREMAHFL XL TEH
M D Fe,CHAER L 7ZANRL v M, KIGER 110 min fE
TFe,CIZHRiR L, ZDRCOMMAENED & DD SKBIKIG
BE KD D Fe,CHREIAHFILEL 72, & 72 Fe,CEEBFK D

18

MR COMHIT, CH,IRE % Fe,CAEBRIGOD Y- 4 2 A
FTPBZETFR,CARELZ E THHITE 2=,

(2) BRIRETCEHMELF,CHBONZARL Yy FOD
R R, D Fe,CAER L 72C, D,FRXL v b &
HB L THBRR FRERIAESRENEVI ETHh 72,

(3) Fe;,CHAERL =XV vy MIERSEAMMTILAEE
TOMBTDH 7288, Fe,CHER L EH» 72 v bid
BTSSRI E R LEWHBTH > 72, K-> TEITH
DERFO BRI K D HREHA WA L T CH, O 57 7
MR 2 D COMH A PIF] X 7= Z & A Fe,CHER L
S WERD—DTHhBEEIEND,

(4) Fe,COEBBELEM2S4FD, BLE LU
Fe;,CERBIT bRy IHNITHEITT S5, F/Fe,CHERL
72XVL oy PEDFe,COER B XU CHHIEEDE W&,
TALE - ERREROREE - BB T ORI 530 D BN i3 FARE
BIRFHZED o 5 12,

KN ESLODIIH=D, ARG IEEE - THES
W72 &, 19994 4 HIC B & AT IERIB LN K28R
L, BELIHMBERLET,
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