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The Deviation from Matthiessen’s Rule during Quench-aging of Copper Added Low Carbon Steels
Kohji Takazawa, Shigeru Noro and Kohsuke Tacasuira

Synopsis : The interaction between copper atom and carbon atom in 0.03mass% carbon steels, containing from 0 to 0.55mass%

copper, has been studied by the measurement of electrical resistivity and its deviation from Matthiessen’s rule (DMR).
The electrical resistivity measured at 77K and 273K decreases during isothermal aging at 523K for all steels which were
quenched from 973K in the ferrite single phase region. Its DMR increases during aging for steels except copper-free
-steel. The increments of the DMR increases with the increase of copper content of steels. These phenomena can be
explained in terms of Cu-C pairs in the solid solution of the present steels, analogous to Mn-N pairs in Fe-Mn-N alloys.
The Cu-C pairs may be formed in as-quenched ferrite and be decomposed with the precipitation of cementite during
aging. According to the concept, the amount of carbon atoms as Cu-C pairs increases, whereas the amount of carbon
atoms as single atom in the solid solution decreases at the solution treatment temperature of 973K as the copper content
of steels increases. The formation of Cu-C pairs in the alpha irons is also suggested from the hardness comparison
between the present Fe-Cu-C steels and the decarburized Fe-Cu ones just after quenched. The binding energy of a

Cu-C pair is calculated to be approximately —5.1X10-2°],
Key words : iron-copper-carbon ; low carbon steel ; copper carbon pair ; electrical resistivity ; deviation from Matthiessen’s rule ;

binding energy : ferrite ; solute interaction.
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Table 1. Chemical composition of specimens (mass%).
Steel C Si Mn P S Al Cu
0.00Cu | 0.032 0.001 0.001 0.001 0.002 0.020 -
0.07Cu | 0.030 0.001 0.001 0.001 0.001 0.024 0.071
0.15Cu | 0.030 0.001 0.001 0.001 0.002 0.023 0.150
0.30Cu | 0.027 0.001 0.001 0.001 0.001 0.023 0.295
0.55Cu | 0.025 0.001 0.001 0.001 0.001 0.023 0.550
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Fig. 1. The change in electrical resistivity at 77K

during isothermal aging at 523K for Fe-Cu-
C e}tgd decarburized steels quenched from
973K.
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Fig. 2. The change in deviation from Matthiessen’s
rule during isothermal aging at 523K for the
steels corresponding to Fig. 1.
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Fig. 3. Relationship between copper content and
Micro Vicker’'s Hardness of Fe-Cu-C and
decarburized steels quenched from 973K. 4
Hv : difference from Fe-Cu-C and decarbur-
ized.
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Fig. 4. The variation in the calculated mole fraction
of decomposition of Al-C pair, x, for aa-c,
which is the value of the contribution of Al-
C pair to p;«, for various copper content.
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Fig. 5. Relationship between copper content and the
electrical resistivity at 77K, p;x, and the
deviation from Matthiessen’s rule (DMR), 4
p, for decarburized specimens quenched
from 973K.
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Fig. 6. The variation in the calculated carbon con-
centration contributing to the precipitation
of carbide, x+y, i.e., the sum of the amount
of decomposition Cu-C pairs, x, and single
carbon atoms in solid solution, vy, for ecu_c,
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