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Synthesis of Super Iron Carbide from Hematite Fines with CO-H, Gas Mixture
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Abstract

To investigate the characteristics of phases formed in iron carbides, super iron carbide was synthesized from hematite fines
with CO-H, gas mixture after reduction under H, gas at 600°C. Before carburization, the surface of iron powder reduced was
pre-treated in the atmosphere of 0.05 vol% NH;-Ar. The synthesized iron carbides were comprehensively explored by C/S ana-
lyzer(Low C/S determinator), Mdssbauer spectroscopy, X-ray diffraction patterns(XRD), scanning electron microscopy(SEM),
transmission electron microscopy(TEM), and Raman spectroscopy at various reaction time of 5, 10, 15, 20, 25, 30, and 35 min,
respectively. By adding a small amount of NH; gas, the super iron carbides containing 10 wt% carbon were synthesized, and
its addition stabilized iron carbides. [t was found that the NH; treatment played a major role in the formation of iron carbide
without decomposition(Fe;C — 3Fe + C) of iron carbides and precipitation of free carbon. It also succeed to synthesize super iron
carbide, FesC,, as a stable single phase without involving Fe and Fe;C phases.
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Table 1. Compositions of gas media used for reduction and
carburization.

Cleaning N,
Gas compositions| Reduction Hy
(vol. %) Pre-treatment 0.05NH;—99.95H,
Carburization 25CO - 75H,

Table 2. Experimental conditions for reduction and carburiza-

tion.
Variables Conditions
Particle size S pum
Temperature 600°C

Reduction : 15 min, H,, 2 /min

Reaction time and Pre-treatment : 2 min, NH;

flow rate Carburization : 535 min
(CO: 0.5 l/min, H,: 1.5 {/min)
Sample weight 2 g
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Fig. 1. SEM morphologies of reduced iron before (a) and after (b) pre-treatment.

Table 3. Mass change of total carbon content in a sample with various synthesis time after reduction.

Sample no. 1 2 3 4 5 6 7
Time (min) 5 10 15 20 25 30 35
wt%, C 4.4 6.4 7.6 8.1 8.6 10.0 10.0
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Fig. 2. X-ray diffraction patterns of iron carbides synthesized
at 600°C with various reaction time.

%9 Ferl ¥ Fe,C2 WHElsl] Fe ¥ FeyC Ao
EAstdom, ISRAIE3) Fod= Fe Aol AF
Fe,C Aol AT TG 7He] 75 Fe,C A
2t o e E EAlEkA] ko, 20~30%(~
B4 Foll= FeyC 4 UH7T FesC, o2 WSy
ISEAET) Folls Fe 22 Co RVl Loy
T MR FeC, A9 eElE IO AEES
= 9iel. ojeigh XRD B4 AMEFE dnkdom
AdEl| EFe,CRIM B ¢ AU dFe)d @2OE
Walsle Ade 2l Qe FesC, Aol o] Ao,
ol ¢Ri]o} 7ol o3 Felde] Fhd PO
2 Rozic)

e}

e §e M

3.4. Bj2HpR0] EHEMO) ft EtSiE AHE}

B 2uh9-0] B384 7] (Mossbauer spectroscopy)E

AHgstel SAAZE Aol e EsEe] sl o
sl EAE AAE Fig 0] YERRAT). ATl 1

v upet o] HIAIRE 10871 deldel Jert
(Feytk APIERO]E (FeyC) ol EAlstam, A7kl 7
Aol w2t Fe,C Fol Ak S7kste 158 Fofle A

J. of Korean Inst. Resources Recycling Vol 13, No. 5. 2004

X

i

calculated

carbon (wi%} 3.82 5.82

400 Fooe
80
60 L.

40

Fe, Fe;C, FesC; in carbides (wt%)

Synthesis time (min)

Fig. 3. Change of Fe, Fe;C, and Fe;C, contents in carbides

with synthesis time.
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Fig. 4. TEM morphology of a sample 7.
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Fig. 5. Diffreaction pattern of the particle shown in Fig. 4.
with zone axis [110].

Fig. 6. Diffraction pattern of the particle shown in Fig. 4.
with zone axiz [-131].
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