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Fundamental Properties of Cementite and Their Present Understanding

Minoru UMEMOTO and Koichi TSUCHIYA

Synopsis : The fundamental properties of cementite (Fe,C) in the literatures have been reviewed. The nonisotropic crystal structure of cementite and its

effect on the mechanical and physical properties were presented. The effect of annealing temperature and alloying content on the lattice para-

meters has been summarized. The thermodynamics of cementite such as specific heat, formation free energy were discussed to show the

metastability of cementite. The engineering importance and thermodynamical stability of alloyed cementite was discussed. Finally the me-

chanical properties (elastic constants, hardness and strength), thermal properties (thermal expansion) and electrical and magnetic properties

(electrical resistivity and saturation magnetization) of cementite have been presented.
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Fig. 2. Local structure of cementite around carbon atom,
consisting of a trigonal prism composed of six Fe
atoms and one carbon atom. Fe; denotes Fe atom
at general site and Feg denotes the one at special
site.

Fig. 3. (001), view of the arrangement of the trigonal
prisms in cementite.
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Fig. 4. Neighbours of Fe atoms. a) general site and b) spe-
cial site.
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Fig. 5. (100), view of cementite crystal showing Fe—C
bonds. Notice that only Fe-Fe bonds exist across
(001), plane.

Fig. 6. Regularly pleated layers of the cementite structuer
proposed by Fasiska and Jeffrey'?.
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Table 1. Fundamental properties of cementite.

Charactaristics Values References
Crystal structure Orthohonbic, Space group : Pbnm 9-12
Lattice constant a=4525A,b=509A,c=6743A 13
Unit cell Volume 155.3A3 Fe 12, C 4 atoms 13
Weight 179.56 g/mol (= 55.85X3+12.01)

44.89 g/g-atom
Mollar Volume 234 cc/ma (20T)
Density 7.68 giem3 (20T)
Melting point 1252 TC 3
Formation energy AG=19.97 kJ/mol, AH = 25.04 k¥mol 28

3Fe(a)+C(gaph)~F3C [ AS =105 J/mol- deg

Specific heat Cp=90.17 + 63.01 X 10-3T J/mol (273463K) 29

Cp=113.0+61.1 X10-3T J/mol (463K-1473K)

Volume change +13.8% (20C) , +12.8% (1000T)
(7.09X3+5.30—23.4) /23.4 (20T)

(7.30X3+5.40—24.2) / 242 (1000C)

due to decom position

Young’s modulus 140 ~300GPa 30-35
(polycrystal) 180~ 190 GPa 13
Hardness 10~13GPa 22, 34, 36,63
Thermal expansion | 16~17X10-6 (300~ 500C) 24,35,37
coefficient
Electrical resistivity { 100 Q -cm (20T) 38, 39,65
Curie point 220T (600 Cannealed) 13
Saturation magnitization | 15~16T (20C) 40, 41
200 T
» :
= 150} ) Fe3C (Ref.35)
_\E FeJC .
< (Ref.44) Fe,CiRef.43)
= , 0.2Mn
© ool f : (Ref.35)
§ MZCr
- - ' (Ref.35)
3 :
= / I
§‘ 50+ E
7] '
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Fig. 7. Specific hear of Fe,C, (Fe,4Cr,,),C and
(FegsMn, ,), 354349,
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Table 2. Formation free energy of cementite at
208 K28'29"44—40).

r Persons AH, ASyy r AGyy| Suv
(kIfmol) | (mol-deg) | (kIfmol) | (fmol-deg)
Kelly (1933)29) 23.01 12.5 19.29 99.6
Watase (1937) 45) 24.08 15.4 19.50 —
Seltz et al (1940)44) | 24.27 15.6 19.66 103
Darken et al (1951)46) 25.02| 17.2 19.92 104.3
Chipman (1972) 28) 25.04 17.0 19.97 105
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C,=21.554+15.06X107*T (cal/mol)

=90.17+63.01X107>7  (J/mol) (273-463K) -+« (1)
C,=27.01+1.46X107°T (cal/mol)
=113.0+6.11X107 T (J/mol) (463-1473K) «++++-- (2)
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7B = S DKM & % Table 22824402 & L @ TR
T R U2 lARE S hTnb, kA 44 Mg
FEMIZENWT, Mgk 277 7 4 ML T 20K/ mol 5
BEHHIALF—DOERIEBIZS 3, £ AV 24 DR
HHT R L¥ - DRERGTEIZOVTE S OHES S
B9, T2 54 MEEROEREBET R LE—|Zo0
T Chipman®® 3 % & @ 7~ C, H, S, GDE % Table 31277,
% 7z Browning 53 RRXA 52T 5,

AG(0+gr—0)=4G“"—(3GZ+G¥)
=6380—5.92T (cal/mol)
=26690—24.87 (J/mMOl)+--+rreeererrrenne. (3)
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Table 3. Thermodynamic properties of cementite”.

3Fe(o) + C(gr) = Fe,C
T.K C, H:-H,,| S-S so
' J/K -mol| kJ/mol | J/mol-K|J/mol-K| AG®; | AHO; | AS®;
kJ/mol | kJ/mol |J/mol-K
298.15 106.2 0 0 104.5 | 19.74 | 25.02 | 17.01
400 116.7 11.33 | 32.60 | 137.10| 17.87 | 27.31 | 23.62
450 125.3 17.31 | 46.86 | 151.36| 16.51 | 28.43 | 26.50
480 128.4 21.12 | 55.05 | 159.55
500 110.8 23.51 [ 5994 | 164.44]|15.12 | 29.61 28.97
600 113.7 34.73 | 80.38 | 184.88|12.19 | 30.00 | 29.68
700 116.6 | 46.25 | 98.15 |202.65| 9.25 | 29.77 | 29.30
800 1195 58.06 {113.91 | 21841 6.37 | 28.81 | 28.05
850 121.0 | 64.07 |121.18 | 225.68| 4.98 | 27.97 | 27.04
900 122.5 | 70.16 |128.12 | 232.62| 3.70 | 26.80 | 25.67
950 1239 | 76.32 |135.18 | 239.26( 2.45 | 25.16 | 23.91
1000 1254 82.55 | 141.20 | 245.70| 1.25 | 22.78 | 21.52

Chipman®®!Z

AG(y+gr—0)=2685-2.625T (cal/mol)
=11230—10.98T (J/mol)

Ohtani 5*® 1%
AG(y+gr—6)=—8900+14.1T—1899TIn T (J/mol)++(6)
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Fig. 8. Formation free energy of cementite from graphite
and Fe in equilibrium with graphaite.
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Fig. 9. Formation free energy of alloyed cementite from
graphite and o-Fe, g?MO_O5 solid solution in equilib-
rium with graphite®”,
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Fig. 10. Temperature dependence of Young’s modulus of
Fe—C alloys: 1. Armco iron, 2. Fe-1.2wt%C, 3.
Fe-2.7wt%C and, 4. cementite (estimated)?.
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Fig. 11. Young’s modulus vs. melting temperature for vari-
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load=0.98N

Fig. 14. SEM micrograph of a typlcal indentation mark
on bulk cementite sample of (Fe, 6§Mn0 »);C with
load 0.98 N and hardness 13.3 GPa®>
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