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Iron Carbide Formation with CO Gas and CO-H, Gas Mixture under Low Sulfur Potential Using the
Two-step Process of Metallization and Carbidization

Satoshi SAWAI, Yoshiaki IGUCHI and Shoji HAYASHI

Synopsis

: Iron carbide is a good alternative of iron resource, but it tends to be decomposed into iron and carbon. In the previous works, iron oxide was
reduced and converted to carbide in one step. The authors showed that carbon deposition was suppressed by adding slight sulfur to the reac-
tion gas, and that the reduced iron was carbidized completely. At the temperature lower than 930K or with CO and a small amount of H, gas
mixture, the sulfur potential in gas had to be high enough to form sulfide. However, the sulfur content of product was relatively high.

Thus, two-step process was introduced in this work; Iron ore was reduced to metal and it adsorbed sulfur at 873K and 973K with hydrogen
gas mixture containing smaller amount of H,S than sulfide is formed. Then, it was carbidized with CO gas or 10 vol% H,-H,S-CO gas mix-
ture at the same temperature. Sulfur was saturated on the pore surface of reduced iron in the reduction step. It stabilized carbide and prevent-
ed carbon deposition with carbidization gas mixtures containing little amount of sulfur. The conversion to carbide reached about 80% before
8ks. The sulfur content of product was less than 0.05 mass%, which is low enough for steelmaking. The catastrophic carbon deposition and
pulverization of iron ore, i.e. ‘metal dusting’, happened in H,—CO gas mixture after 16 ks, although carbon deposition would be controlled up
to the complete conversion to carbide.

Using the two-step process, the authors will measure the rate of carbide formation by a thrmobalance without the disturbance of reduction
and carbon deposition.

Key words: iron carbide formation; two-step process; CO gas; CO-H,—H,S gas mixture; adsorbed sulfur; carbon deposition; metal dusting.
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Table 1. Chemical composition of iron ore. (mass%)

T.Fe | FeO | ALO, | Si0, S CW
68.0810.44 | 0.56 { 0.80 {0.003 | 1.43

4. Silica tube
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Fig. 1. Reaction apparatus.
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Fig. 2. XRD patterns of the sample after metal dusting; (a)
the metallic part after removed the carbonaceous
deposit, (b) the carbonaceous deposit. Circled plots
indicate peaks listed in Table 2. The initials denote
phases of following products. M: Magnetite, W:
Waustite, o: o-Fe, 8: 6-Fe,C, x: x-Fe.C,, Q:
Quartz, Gr.: Graphite.

Table 2. Relative intensity, «,=([/I)/(w/wy) (—) for

peaks of phases.
Phase Graphite C | o -Fe| 6 -Fe,C | x -Fe;C,] FeO | Fe,O,
i Gr o 4] X W M
JCPDS No. | 25-284 |6-696| 35-772 |36-1248| 6-615 [19-629
Faceindex | 002 | 101 ;11%(1) 221 | 200 | 311
d(10'nm) 3.35 1.17 | 2.38 1.92 2.15 | 2.53
20 ) Co 31 998 | 442 55.5 49.1 | 414

Cu 26.6 824 378 473 42 35.5
o 27.44 1.9731 1 0.6244 | 4.514 |5.7322
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Fig. 3. Carbide formation curve of reduced iron ore with
CO-H, gas mixture at ag=0.5. The asterisks indi-
cate the specimen on which soot deposited. The
percents indicate conversion of y-Fe;C, when it
was formed.
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Fig. 4. Carbide formation curve of reduced iron ore with
CO-H, gas mixture at ag=0.1.
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Fig. 5. Sulfur content during reaction of reduced iron ore
with CO-H, gas mixture at ag=0.5. The error bars
indicate the analytical uncertainties.
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Fig. 6. Sulfur content during reaction of reduced iron ore
with CO-H, gas mixture at a;=0.1.
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Fig. 7. Potential diagram of the C-H—O-Fe system at
973K''*». Two arrows represent the reaction path
with rate-limitations, (a) pore diffusion and (b)
chemical reaction.
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EDHHAEZ S L, WMEIIHL# L E DORETRAL
W3, MERE EREDZHE, RILGKOEREYIT L
50T, RALSAREN T E OIS ERREERE 4 5Tk
FRENH—IZHB X B 0B D B, T KD BER %R
{ERIGE I B AT 5O TR AL, PAREITTKIEHIC
BALT, MBBRBEOSB AR STk eFELLND,
7L, D0 BE SR OB A SRR,
OO WEIFRE T I8N E H D, TO KD KIHBAEIC
BHIZERE L, dFDEE LAV THA I,

873~973K T # e L 7@ LA A b L, kD
Rham A1 72,

(1) HSEILKADBREFEMUZH,HATEILT S I &I
K0, BILSRT £ TISEITEHICRE AR L, Eosk
RRALERIZIRE U 2 O TIRALERD g = I & | ifF
MERBONH ARSI LN TE S,

(2) BEICHA CO % 7213 H-H,S—CORA H A TRIL L
7ot BRE L ISR AL PR LT B0, Z0RIZ
FHIZE L Z AOEEICEN,

(3) H,-H,S-CORA I A2 TRILT 2 &Rk ER
U, BRALSET#h & IR A 2 & B S gl RILeR I3 —5 %
i U ClEER B a9 5,

(4) CO-CO,IRAH/H A TRILT % & 6-Fe,C DA TR
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& 5T, 973KHETCO-CO,RAH A EHCTRILT S
kD RECRNMSABETE 2 HFEL L TERLTY
%o

Pllkko, Zo2BREIC &3 RIESOERERIZ LN
X, MEARE SRS ERLTSILICLD, BT
IGRBEHER KON D EAE R T RV RILRE S, HE
B EICIDHE LB TR ZLAREE NS,

i 5
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ag (—) | RS (Fe/FeS g Lile )
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AG® (kJ/mol) © Gibbs DFEHREE HH T F L ¥ —
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P(i) (MPa)
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p@) (
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al(
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CoN]EZQ

12)
13)
14)

15)
16)
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28)
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30)

(k)/mol) : [EHETY L —
" DO X AR IO B s
DH R IDBE
T EHE ST (0.101325 MPa)
DI R D 5 BEHER S T - 2o O
(p=P/P°
D RIS
L iIMHOBE
) LMD R (o =(I/1)/(wiwe))
k7

AR kU
G, TITT AR
I Fe,0,, ¥ A &4 b
I FeOQ, 7 2 & A4 b
D o-Fe, TR Bk
. x-FesC,, BRALER, iron percarbide
D @Fe,C, XAV A4 b
L o-Si0,, 19, Quartz
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