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Deviation from Matthiessen’s Rule during Quench-aging of Mo Added Low Carbon Steels
Kohji Takazawa and Kohsuke TAGASHIRA

Synopsis :

Key words:

The formation and decomposition of Mo—C dipoles during quench-aging in 0.03 mass% C steels containing from 0 to 1.01 mass% Mo is dis-
cussed. The changes in electrical resistivity and its deviation from Matthiessen’s rule (DMR) during aging at 523K were examined for the
steels just after quenching from 973 to 273K. The difference between the electrical resistivity measured at 77K and 273K was regarded as the
value of the DMR. The electrical resistivity decreases for all steels during aging. Also the DMR decreases for steels except 1.01 mass% Mo
steel. The decrease in electrical resistivity and DMR is largest in 0.25 mass% Mo steel. Increment of lattice constant of ferrite with increase
of Mo content in 0 to 0.25 mass% Mo steels aged for 10°s after quenching is less than that in 0.51 to 1.01 mass% Mo steels. These results
can be explained from the assumption that following two reactions occur during aging, 1) Mo—C dipoles existing in quenched ferrite matrix
decompose in accordance with precipitation of carbides, 2) solid solute Mo atoms in quenched ferrite matrix decrease with precipitation of
carbides containing Mo. The Mo—C dipoles may be formed at the solution treatment temperature by chemical interaction between Mo and C
atoms, similarly Mn—C(N) dipoles in Fe-Mn-C(N) alloys. The amount of Mo—C dipoles increases with increase of Mo content. The binding
energy of a Mo—C dipole is calculated to be approximately —5.7x1072°].

iron-molybdenum-—carbon; low carbon steel; molybdenum carbon dipole; electrical resistivity; deviation from Matthiessen’s rule; binding en-

ergy; quench-aging; solute interaction.
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Table 1. Chemical compositions of specimens. (mass%)

Specimen C Si Mn P S Al Mo N

0.00Mo | 0032 0001 0001 0001 0002 0020 - 0.0008

0.07Mo 0.028 0.006 0.001 0.004 0.003 0.032 0.070 (0.041mol%) 0.0005

0.12Mo | 0027 0004 0001 0001 0002 0.022 0.119(0.069mol%) 0.0009

0.25Mo 0.033 0.005 0.001 0.002 0.004 0.022 0.251 (0.146mol%) 0.0011

0.51Mo | 0035 0001 0001 0002 0003 0022 0.514(0.299mol%) 0.0012

1.01Mo 0.033 0.001 0.001 0.004 0.004 0.020 1.008 (0.588mol%) 0.0015
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Fig. 1. Change in electrical resistivity at 77K (p,¢) during
aging at 523K for Fe-Mo-C specimens quenched
from 973K.
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Fig. 2. Change in deviation from Matthiessen's rule
(DMR) during aging at 523K for the specimens
corresponding to Fig. 1.
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Fig. 3. Relationship between the content of substitutional

elements and the value of change in DMR in Fe—
Mo—C specimens which were quenched from 973K
and then aged at 523K for more than 10°s.
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Fig. 4. Relationship between [Mo/C] and [Mo/C], in Mo
added carbon steels from the data in Ref. 22).
[Mo/C]: molar ratio of Mo to C in steel, [Mo/C]:
molar ratio of Mo to C in carbide at 973K.
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Table 2. Values of [Mo/C], in specimens, that were calcu-
lated on the basis of relations of Fig. 4. ¢.: C con-
tent in specimen, c,,,: Mo content in specimen.

Specimen Ce CiMo [Mo/C] [Mo/Cl,
0.00Mo 0.149 - 0 0
0.07Mo 0.130 0.041 0.315 0.295
0.12Mo 0.125 0.069 0.552 0.516
0.25Mo 0.153 0.146 0.954 0.892
0.51Mo 0.163 0.299 1.834 1.621
1.01Mo 0.154 0.588 3.818 1.717

Table 3. Calculated partitions of C, Mo between ferrite
and carbide at 973K (mol%). ¢, solubility of C
at 973K*", cco: C concentration in carbide
(=cc—Cce)> Cpmop: MO concentration in carbide
(=cceX[Mo/Cly), Cpoq: Mo concentration in fer-
rite (=Cpo— Cnmon)-

. C Mo
Specimen T -

Cca Cceo CMoa CMos
0.00Mo 0.078 0.071 — -
0.07Mo 0.078 0.052 0.026 0.015
0.12Mo 0.078 0.047 0.045 0.024
0.25Mo 0.078 0.075 0.079 0.067
0.51Mo 0.078 0.085 0.161 0.138
1.01Mo 0.078 0.076 0.458 0.130
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Fig. 5. Relationship between Mo content and lattice con-

stant. Calculated lattice constants are on the basis
of the assumption that solid solute Mo atoms in
ferrite just after quenching are still retained during
aging. Decarburized specimens: quenched from
973K, Fe—-Mo—C specimens: quenched from 973K
and then aged at 523K for 10°s.”
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Table 4. Values of m in specimens. m: calculated molar
ratio of Mo to C in carbide precipitated during
aging at 523K after quenching from 973K.

Specimen m
0.00Mo 0
0.07Mo 0.145
0.12Mo 0.243
0.25Mo 0.515
0.51Mo 0.515
1.01Mo 0.515
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