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Effect of Heat Treatment Conditions on the Microstructure and
Mechanical Properties of Asymmetrically Cold Rolled OFC Sheet
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Abstract

Heat treatment conditions of 88.5% asymmetrically cold rolled oxygen free copper (OFC) sheets have been studied to
obtain an equiaxed fine microstructure with a grain size of less than 10 um. The commercial OFC sheets with the thickness
of 10 mm were asymmetrically cold rolled by using equal speed asymmetric rolling (ESAR) processes and total rolling
reduction. The thickness of the rolled sheets were 88.5% and 1.15 mm, respectively. An equiaxed fine microstructure of
OFC sheets with a grain size of 6.0 pm were obtained when the asymmetrically cold rolled OFC sheets were heat treated at
180°C for 40 minutes. The tensile strength of the asymmetrically cold rolled specimen increased from 217.6 MPa to 396.1
MPa, while the elongation of the specimen asymmetrically cold rolled and heat treated increased from 29.0% to 66.9%

along with an 8% increase of the tensile strength.
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Fig. 2 Microstructures of (a) as-received and (b) as-
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(f) 210 °C 30min

(e) 200 °C 30min

Fig. 3 Microstructure of OFC sheets annealed at
various temperatures for 30 minuets
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Fig. 4 Grain sizes of OFC sheets according to the
annealing temperatures

Table 1 Grain size of annealed OFC sheets

Annealing Grain size (um)
Condition Linear intercept method

160°C, 30min 4.1

170°C, 30min 4.0

180°C, 30min 7.6

190°C, 30min 7.9

200°C, 30min 9.8

210°C, 30min 111
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Fig. 5 Microstructures of OFC sheets annealed at 180°C
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Fig. 6 Grain sizes of OFC sheets annealed at 180°C as a
function of annealing time.

Table 2 Grain size of OFC sheets annealed at 180°C (um)

Annealing oM EBSD
Condition Linear intercept method Area average
As-received - 41.9
180°C, 30min 7.6 8.2
180°C, 35min 7.5 7.2
180°C, 40min 6.0 6.3
180°C, 45min 6.8 -
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Fig.7 The average Vicker’s hardness of the OFC sheets

Table 3 The average Vicker’s hardness of the OFC

sheets
Hardness(Hv) Standard deviation

As-received 93.9 5.0
As-rolled 1236 13
180°C, 30min 66.5 1.1
180°C, 35min 68.3 1.2
180°C, 40min 64.3 0.6
180°C, 45min 66.2 0.5
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Fig. 8 Engineering stress-strain curves of OFC sheets

Table 4 Mechanical properties of OFC sheets

YS(MPa) UTS(MPa) Strain(%)
As-received 204.6 2176 29.0
As-rolled 375.2 396.1 13.7
180°C, 30min 845 2319 716
180°C, 35min 847 2336 64.9
180°C, 40min 89.0 236.7 72.0
180°C, 45min 82.1 2317 744
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