SO

aff

X

g% & $® Vol 81 (1995) No.3

HRAZRRULIBTHOFERREIZKITT
BETREBRRT v IIVDEE

FHE W M KA

HeaL*e

Effects of Alloying Elements and Oxygen Potential on Equilibrium Carbon Content in Gas Carburizing
Nobuhirvo Muray, Terutaka Tsumura and Mitsuhiro Hasese

Synopsis : In order to control the surface carbon content of gas-carburized steels, the effects of alloying elements on equilibrium

carbon content of low alloy steels based on JIS SCr420 grade were investigated. 1.0mm and 0.3mm thick specimens
were carburized for 108ks or 288ks. As the carburizing time was long, the carbon content of the specimens deviated
from the equilibrium value based only on the carbon potential in the atmosphere while excluding oxygen potential. The
deviation was affected by Si, Cr, V content which are oxidized.in the surface layer.
These results show that the equilibrium carbon content in gas carburizing atmosphere is also affected by oxygen
potential in the atmosphere ; i.e. surface oxidaiton of alloying elements decrease the amount of the alloying elements
in austenite, which changes the activity coefficient of carbon. Furthermore it is indicated that the growth of oxide
results in re-carburization or decarburization. Therefore, oxygen potential in gas carburizing atmosphere is one of the
important variables affecting the surface carbon content of gas-carburized steels.

Key words : low alloy steel ; physical chemistry ; carburization ; activity ; activity coefficient ; free energy ; interacton parameter ;

surface oxidation.
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Table 1. Chemical composition of test steels. (mass%)

steel -C Si Mn P S Ni Cr Mo v Nb Ti N
Al 0.19 0.20 0.80 0.013 0.011 0.03 1.07 0.01 0.006 0.001 0.001 0.0096
A2 0.21 0.28 0.67 0.022 0.013 0.03 1.00 0.18 0.003 0.002 0.003 0.0077
B1 0.19 0.10 0.82 0.020 0.015 0.01 1.00 0.01 0.001 0.001 0.001 0.0109
B2 0.20 0.99 0.80 0.017 0.013 0.01 0.70 0.01 0.001 0.001 0.002 0.0092
B3 0.20 0.10 0.83 0.023 0.017 0.01 1.53 0.01 0.001 0.001 0.001 0.0115
B4 0.21 0.10 0.83 0.023 0.017 0.01 1.02 0.01 0.220 0.001 0.001 0.0111

Table 2. Conditions of carburizing and quenching.

Carburizing Quenchant
Temperature Holding Carbon
Time Potential
K) (ks) (mass%)
A 1203 108 0.75 Qil
B 1173 288 0.90 QOil
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Fig. 1. Linear analysis of carbon by EPMA. 1.0mm
thick specimen was carburized at 1203K for
108ks and quenched (Steel Al).
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Fig. 2. Equilibrium carbon content of 1.0mm thick
specimens carburized at 1203K for 108ks.
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Fig. 3. Equilibrium carbon content of 1.0mm thick
specimens carburized at 1173K for 288ks.
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Fig. 4. Optical microstructure on the cross section of the specimens carburized at 1173K for 288ks.
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Fig. 5. Characteristic X-ray images on the cross section of the specimen carburized at 1173K for 288ks

(Steel B4).
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(a) Steel A1(SCr420)
(b) Steel B2(0.99Si-0.70Cr)
(c) Steel B3(0.10Si-1.53Cr)
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Fig. 6. X-ray diffraction patterns on the surface of
the specimens carburized at 1173K for 288ks.
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Table 3. Chemical composition in core of 0.3mm
thick specimens carburized at 1173K for
288ks. (mass%)

Steel Si Mn Cr \Y
Al 0.18 0.72 0.89 0.006
B2 0.81 0.77 0.59 0.001
B3 0.09 0.68 0.87 0.001
B4 0.09 0.75 0.89 0.083
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Fig. 7. Extraction replicas from surface oxide layer of the specimens carburized at 1173K for 288ks.

Table 4. Missing parameters in calculating free energy of austenite.

parameter i (~J)
Lya Si-P Si-S Si-Cr Si-Mo  Si-V Mn-P  Mn-Mo Mn-V  P-S P-Cr P-v P-Nb P-Ti
. S-Ni S-Cr S-Mo S-V S-Nb S-Ti Ni-V Cr-Mo Mo-V  Mo-Nb Mo-Ti V-Nb V-Ti
Fe-P Si-P Si-S Si-Ni Si-Cr Si-Mo  Si-V Mn-P  Mn-S Mn-Ni Mn-Cr Mn-Mo Mn-V
L§ P-S P-Ni P-Cr P-Mo P-v P-Nb P-Ti S-Ni S-Cr S-Mo S-v S-Nb S-Ti
Ni-Mo Ni-V Cr-Mo Mo-Nb Mo-Ti V-Nb  V-Ti
Liva p

Va ! Vacancy
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Fig. 8. Effects of O activity on equilibria of Steel Al
under the atmosphere of condition B.
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Table 5. Effects of oxygen potential on equilibria
under the carburizing condition of B.

(mass?%;)
Steel Calculated Experimental
a, =0 a, =107
Si,Mn,Cr content in y
Ccontent C content C content
Si Mn Cr
Al 0971 0916 1.21x10~° 0.803 0.165 0.94
B2  0.817 0.905 1.21X10°% 0.806 0.165 0.83
B3 1.06 0.910 1.21x10°% 0.836 0.164 0.97

a, | activity of oxygen with respect to pure oxygen gas at 101325
Pa pressure.
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