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The effect of solution treatment temperature (Ts) before cold-work on the annealing behavior
such as softening temperature (TA), changes in electrical resistivity and grain growth of com-
mercial pure copper (OFC, ETPC, PDC and 0.32wt. %Sn-ETPC) were investigated by means of
tensile test, electrical resistivity measurement and metallographic observation, respectively. The
commercial pure copper rods, innitially cold-drawn to 7.4mm dia., were solution treated at 400° ~
950°C for 1hr and quenched into ice water, successively cold-drawn to 1mm dia. wires by 99.2%
reduction of area. These specimens were annealed isochronally at 100° ~ 800°C for 30 min.

The values of TA increased with increasing Ts in all commercial pure copper wires used here.

Grain growth rate in OFC, PDC and 0.32wt. %Sn-ETPC were almost independent of Ts, but
in the case of ETPC, growth rate increased with increasing Ts.

In PDC and 0.32wt. %Sn-ETPC, the Ts had a marked influence on the values of specific
resistivity during isochronal annealig: the values of specific resistivity increased with increasing
Ts in both specimens, and such phenomenon was scarcely observed in OFC and ETPC.

When Ts was constant, the TA values of OFC were higher than ETPC. The reason for the
delay of recrystallization in OFC could be considered that OFC had the higher solute impurity
concentration than ETPC, in addition, the preferencial recrystallization just near Cu,O particles

were occured in ETPC.
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Tablel Chemical composition of specimens (wt.
ppm).
OFC ETPC PDC 0.325n
0 6 315 38 272
S 5 4 7 4
A9_ 6 9 3 8
Fe 3 3 i7 8
Ni 2 2 1 )
1Sn \ ] 4 032%
1Zn L (i 1 1
Pb_ | < 05 < 05 5 4
cd |_< 1 <1 <_1 2
Bi | < 01} < 0.1 <1 1
As | 0.2 0.7 - -
Sb 0.1 2 - -
In | <1 <1 - -
Se | 05 < 0.5 - -
Te 0.6 0.1 R -
P: 240 ppm

Table 2 Working process of specimens.

Cold-drawing : 99.44R.A. 1%
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-0.32wt*4Sn 7.5 -800°C, 1 hr, WQ.

-ETPC +950°C, 1 hr, WQ.
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Tensile strength vs. annealing temperature
curves of OFC specimens. The specimens
were cold-drawn after solution treatments at
various temperatures and then hold at each
annealing temperature for 30 min.
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Fig. 2

Tensile strength vs. annealing temperature
curves of ETPC specimens. The specimens
were cold-drawn after solution treatments at
various temperatures and then hold at each
annealing temperature for 30 min.
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Fig. 3 Tensile strength vs. annealing temperature

curves of PDC specimens. The specimens
were cold-drawn after solution treatments at
various temperatures and then hold at each
annealing temperature for 30 min.
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Fig. 4 Tensile strength vs. annealing temperature
curves of 0.32wt.%-Sn-ETPC specimens.
The specimens were cold-drawn after solu-
tion treatments at various temperatures and
then hold at each annealing temperature for
30 min.
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Fig. 5 Dependences of 1/2-softening temperature
on solution treatment temperature in OFC,

ETPC, PDC and 0.32wt.%Sn-ETPC.
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Fig. 6 Tensile strength, fracture strain, grain size

vs. annealing temperature curves of OFC
specimens. The specimens were cold-drawn
after solution treatments at 600°, 800°,
950°C and then hold at each annealing
temperature for 30 min.
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Fig. 7 Tensile strength, fracture strain, grain size
vs. annealing temperature curves of ETPC
specimens. The specimens were cold-
drawn after solution treatments at 600°,
800°, 950°C and then hold at each anneal-
ing temperature for 30 min.
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Fig. 8 Tensile strength, fracture strain, grain size
vs. annealing temperature curves of PDC
specimens. The specimens were cold-drawn
after solution treatments at 600°, 800°,
950°C and then hold at each annealing
temperature for 30 min.
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Fig. 9 Tensile strength, fracture strain, grain size
vs. annealing temperature curves of
0.32wt.%Sn-ETPC specimens. The speci-
mens were cold-drawn after solution treat-
ments at 600°, 800°, 950°C and then hoid
at each annealing temperature for 30 min,
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Fig. 10  Specific resistivity vs. annealing tempera-
ture curves of OFC specimens, measured
at —196°C. The specimens were cold-
drawn after solution treatments at 600°,
800°, 950°C and then hold at each anneal-
ing temperature for 30 min.
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Fig. 11  Specific resistivity vs. annealing tempera-
ture curves of ETPC specimens, measured
at -196°C. The specimens were cold-
drawn after solution treatments at 600°,
800°, 950°C and then hold at each anneal-
ing temperature for 30 min.
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Specific resistivity vs. annealing tempera-
ture curves of PDC specimens, measured
at -196°C. The specimens were cold-
drawn after solution treatments at 600°,
800°, 950°C and then hold at each anneal-
ing temperature for 30 min.
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Fig. 13  Specific resistivity vs. annealing tempera-

ture curves of 0.32wt%Sn-ETPC speci-
mens, measured at —196°C. The speci-
mens were cold-drawn after solution treat-
ments at 600°, 800°, 950°C and then hold
at each annealing temperature for 30 min.
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Fig. 14  Resistivity ratio (p0°C/p -1 96°C) vs.

annealing temperature curves of OFC and
ETPC, respectively. The specimens were
cold-drawn after solution treatment at
800°C and then hold at each annealing
temperature for 30 min.

Photo. 1

Optical micrograph of ETPC specimen.
The specimen was cold-drawn after
solution treatment at 950°C and then
annealed at 175°C for 30 min.
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Recrystallization Temp.(°C)
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Fig. 15 Relation between Apg/Apw and re-

crystallization temperature in OFC, ETPC,
PDC and 0.32wt%Sn-ETPC.
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