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Phase Equilibria of Iron Carbide in CH,~H,~H,O and CO-CO, Gas Mixtures

Hiroshi NAKAGAWA, Takeaki MURAYAMA, Yoichi ONO and Takashi MATSUNAGA

Synopsis : Phase diagrams of Fe, FeO, Fe,0,, Fe,C and Fe,C in CH,-H,- H,0 and CO-CO, gas mixtures were made by using thermodynamic data at

every 50°C in the temperature range from 550 to 850°C. On the basis of these diagrams, experimental conditions were determined. The reac-

tion experiments were carried out by using fluidized bed or fixed bed reactor with the sample of two kinds of ore (dense and porous, 0.4-0.5

mm in diameter). The thermodynamic date used can be recommended because the experimental results under some conditions near the main

phase boundary agreed well with the estimated one. It was confirmed that Fe,C was produced via Fe;0, in CO-CO, gas mixtures at 550°C.

However, the reaction rete was very slow. This Fe,C hardly decomposed to Fe and C. When the steam of 5 vol % or more was included in the

CH,~H,~H,0 gas mixtures, Fe;C was not generated in 0.1 MPa at all,

Key words: iron carbide; cementite; phase diagram; CH,—H,~H,0 mixture; CO-CO, mixture.
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Table 1. Standard free energy of reaction.®™'?
4G’= a + bT +cT?
Components|ax10%| b cx107? ::rr]rge(:?)ture
Hz 0.47524 | -137.89 | -1.2943 | 298-2500
02 0.49075 | -211.85 | -1.4617 | 298-2500
H20 -23.687 [ -194.38 | -1.7962 | 298-2500
CcO -10.578 | -204.36 | -1.3974 | 298-2500
CO2 -38.724 | -220.62 | -2.2759 | 298-2500
CHa4 -7.1269 | -183.01 | -3.1201 298-2500
Fe 0.24545 | -26.278 | -1.9193 | 298-1809
Clgraphite) | 0.13611 | -5.4274 | -0.90166| 298-2500
FeO -26.713 | -62.580 | -3.0474 298-2500
Fe3O4 -110.64 | -137.03 | -11.767 | 298-1800
Fe203 -81.824 | -74.358 | -8.3157 | 298-1700
FeaC 3.9037 |-118.35 | -5.9554 298-2000
Fe2C 2.6779 |-67.726 |-4.7712 | 298-2000
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(a) Fe,04/Fe;0,: 3Fe,0,(s)+H,(g)=2Fe;0,(s)+H,0(g)

(b) Fe,O,/FeO: Fe,0,(s)+H,(g)=3FeO(s)+H,0(g)

(c) FeO/Fe: FeO(s)+H,(g)=Fe(s)+H,0(g)

(d) Fe/Fe,C: 3Fe(s)+CH,(g)=Fe;C(s)+2H,(g)

(e) FeO/Fe,C: 3FeO(s)+H,(g)+CH,(g)
=Fe,C(s)+3H,0(g)

(f) Fe,0,/Fe;C: Fe;0,(s)+2H,(g)+CH,(g)

=Fe,C(s)+4H,0(g)
(g) FeyC/Fe,C: 2Fe;C(s)+CH,(g)
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CH,~H,~H,0 % £ U'CO-CO, RIZHBT BT 4 7 ¥ H—7s54 FOHTFE

=3Fe,C(s)+2H,(g)

(h) FeO/Fe,C: 2FeO(s)+CH,(g)=Fe,C(s)+2H,0(g)
(i) Fe,0,/Fe,C: 2Fe;0,(s)+2H,(g)+3CH,(g)
=3Fe,C(s)+8H,0(g)
Fe,0,(s)+H,(g)+CH,(g)
=Fe,C(s)+3H,0(g)
(k) Fe;O,/Fe: Fe,04(s)+4H,(g)=3Fe(s)+4H,0(g)

(570°CLLIT)
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Table 2. Value “m” in equilibrium reaction equation.
log = PHz0 _ m x log PCH, +n
P H2 p?H2
relation of equilibrium m
e FeO /FesC 1/3
t Feq04 / FesC 1/4
h FeO /Fe,C 172
i Feg0,4/ Feo,C 3/8
i Fe,O3/FeoC 1/3
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Fig. 1. Equilibrium diagram for Fe-C-O-H system at
650°C.
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Fig. 2. Equilibrium diagram for Fe-C-0O-H system at
650°C.
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Fig. 3. Equilibrium diagram for Fe-C-O-H system at
850°C.
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Fig. 4. Equilibrium diagram for Fe-C—Q system at 550°C.

Fig. 5. Equilibrium diagram for Fe-C—0 system at 700°C.
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Fig. 6. Example of X-ray diffraction pattern.
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- =

ﬁﬁ%ﬁ%ﬁotoL#L,E@%ﬁ%f%iﬁ%ﬁ&o
thx@&T%otoit,gﬁ@ﬁxmﬁfﬁmﬁ%
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%@@muﬁmﬁz¢®ﬁp%§ﬁm&mu%wtw.
Cmﬁﬁﬂ+%éwtbﬂwbef,mz%?ﬁ&t%ﬁ
u;bc@ﬁ&ﬁﬂ%éhét@&p@i&?%t#o
rLELOND

5. ¥&&
ﬂni?#aﬁewﬁbtcmmfmoﬁx%t

cocqﬁz%@ﬁ%ﬂ%ﬁatiﬁ%ﬁéﬁib.%ﬁ
&@Eﬁ%%ﬁﬁbfﬂ%@mﬁﬁ%@ﬂbtoit$§
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B 6 Fe,COEBF IOV THRLUTOHNR %
B7=,

(1) CHH,~H,0# 2%, CO-CO,H 2R & LR L 7=
RER GO RERDOFEIRIIEB/BRE L<HBLTH
D, FEHLAXRBESHEETZST-8Th 5,

(2) CO-CO, (550°C) # Z T Pey+Pco =0.05MPalZ fg
%, CO/CO, Mt % Fe,0,/Fe,C I FABITIT A & A7 h
BITH > TEL X B 72FEERT, Fe,CldFe 2 RHETIZHK
Lk (Fe,0) 2 G EBEKT H I L AEZEL . LA L,
Z OERGER IZIEFITELS , RICHE ORI T ¢ Fe,CDAE
REIIHTI 10mass % BB ThH > 72, Fh, ZDKD LEMHF
THERL 2 Fe,CORMRIIBO O NG/, 51T,
Fe,C AR 5 TSRO FEE R T & Fe,C DERUIBIEE &
nkh»r-7-,

(3) CH,H,-H,0 (650°C) # Z % Tl Fe,0,, FeO» 5D
Fe,C DERBIERTE &2 > 72, CH-H,H,0# AR TIE
S5vol% A EDOH,0M&EEh 5 &, REOHHAH & h
Fe,C MK T Fe,CldF > =< EL &h o7z,

19

2)
3)
4)
5)
6)
7)

8)
9)

10)
11)
12)

13)

CH, Hy H,0 5 K U'CO-CO, RIZHB T BT A7V H—rs34 FOMEFH
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