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Production of Fe~C Alloys through Reduction and Sintering of Cementite Powders in Hydrogen Gas Atmosphere

Koichi NAKASHIMA, Nobuaki QucHIDA, Makoto EGASHIRA, Toshihiro TSUCHIYAMA and Setstio TAKAKI

Synopsis

: In recent years, it has become important to reduce emission of CO, from the iron and steel making process in terms of preserving ecological

environment. Cementite is recognized as a new iron resource because there is no CO, emission on the reduction of cementite to iron. In this

study, a new steel making process through reduction and sintering treatment of cementite powder was proposed, and microstructure of the

material obtained by this process was examined by scanning electron microscopy and EBSP analysis. The cementite powder obtained by me-

chanical alloying technique was compacted and then subjected to the reduction and sintering treatment in H, gas atmosphere at 1073~1273K

in order to obtain bulky steel materials. The relative density of sintered material became 95% or more when the sintering was performed at

1173K. The sintered material has ferrite-pearlite structure of the grain size of around 5 ym. This result demonstrates that the reduction and

sintering of cementite is one of useful methods to fabricate fine-grained steel without CO, emission.
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Table 1. Compacting pressure and conditions for reduction
and sintering treatment of cementite compacts.

Compacting pressure [MPa] 250, 500, 1000

Reduction
and
Sintering

temperature [K] | 1073, 1173, 1273

time [ks] 1.2~25
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Fig. 1. X-ray diffraction patterns of powders; as-mixed (a),
720 ks MA-treated (b) and annealed at 773K for
3.6 ks after the MA treatment (c). The data of ce-
mentite powder obtained by reduction and car-
bonization of Fe,O, in H,~CH, gas atmosphere is
also shown for reference (d).'”

Fig. 2. SEM images of cementite powders obtained by
720ks MA treatment (a) and reduction and car-
bonlig)ation of Fe,O; in H,-CH, gas atmosphere
(b).
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Fig. 3. Relation between relative density and compacting
pressure for the cementite powders of Fig. 2(a).
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Fig. 4. Changes in carbon content (a) and reduction ratio
(b) of cementite compacts with holding at 1073—
1273K in H, gas atmosphere. The cementite com-
pacts were prepared by the compaction of cemen-
tite powder at 250 MPa.
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Fig. 5. X-ray diffraction patterns of specimens sintered at
1073K (a), 1173K (b) and 1273K (c) for 10.8 ks in
H, gas atmosphere.
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Fig. 6. Changes in relative density of cementite compacts
as a function of sintering time at 1073-1273K in
H, gas atmosphere. The cementite compacts were
prepared by different compacting pressure; 250—
1000 MPa.
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Fig. 7. Schematic illustration showing the microstructure
change that proceeds during reduction and sinter-
ing of cementite compacts.
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Fig. 8. SEM images of sintered materials. The cementite
compacts were prepared by the compacting pres-
sure at 1000 MPa, and then reduced and sintered at
1173K (a) and 1273K (b) for 18ks in H, gas at-
mosphere.

Fig. 9. OIM images for the sintered materials of Fig. 8. The conditions for reduction and sintering treatment are 1173K (a) and

1273K (b) for 18ks.
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