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BE, HAiZ=99.99%(RE 7)), Mg 1 s,
e Al R AR B EE I B4R N 220 mm.

1 @A
Table 1 Composition of high purity copper (mass

fraction, %)

Si S P Fe Al (0]
0.0002 <<0.0002 0.0002 0.0001 0.0001 0.0001
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Table 2 Experimental parameters of multi-directional forging

Initial forging Forging Forging Cumulative
" temperature/'C  pass  temperature/C strain
1 850 6 120 3
2 850 6 270 3
3 850 6 380 3
4 850 6 450 3

Pl x Py 4
X
Y
Y
P P

Pass 1 Pass 2

E1 ZRBiEdrEE

Fig.1 Schematic diagram of multi-directional forging
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B2 =2 DC FEHEN 2 M2
Fig. 2 Macrostructure of DC casting ingot
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Fig. 3 Morphologies of samples after forged by 6 passes at different temperatures: (a) 450 C; (b) 270 C; (c) 380 'C; (d) 120 'C
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Fig. 4 Macrostructure of the samples with different final forging temperatures: (a) 450 ‘C; (b) 380 C; (c) 270 C; (d) 120 C
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Fig. 5 Microstructures of different samples corresponding to zones signed by dotted rectangular frame in Fig. 4: (a) 450 C;

(b) 380 °C; (¢) 270 °C; (d) 120 C
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Fig. 6 Microstructures of different samples corresponding to 5, 6, 7 and 8 zones signed by dotted box in Fig. 5: (a) 450 C;
(b) 380 'C; (c) 270 C; (d) 120 C

B 7 AFEZBIR R QBT B S A 10 20 34 4 X205 X 441
Fig. 7 Microstructures of different samples corresponding to 1, 2, 3 and 4 zones signed by dotted box in Fig. 5: (a) 450 C;
(b) 380 'C; (c) 270 C; (d) 120 C
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Fig. 8 Macro-hardness distribution along vertical midline of

different samples
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Effect of final forging temperature on microstructure and hardness of
multi-directional forged high purity copper

ZHANG Wei-hua"?, ZHU Qing-feng" %, YU Jie?, BAO Lei" % CUI Jian-zhong"?

(1. Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University,
Shenyang 110819, China;
2. College of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: The effect of final forging temperature (120450 “C) on the microstructure and hardness of high purity copper
was studied. The results show that after 6 passes of forging, an “X”-shaped fine-grained zone appears in the center of the
high-purity copper sample. When the final forging temperature are 380 ‘C and 450 ‘C, the dynamic re-crystallization
(DRX)occurs on the whole sample, the grain size gradually decreases from the edge to the center, the recrystallized grain
presents as equiaxed and composed many twins. The change of final forged temperature has little effect on the grain size
in the same position of the sample. The structure of the sample with final forging temperature of 270 “C is character as
deformed structure. The deformed structure is tapered from the edge to the center, grains in the center area are elongated
along horizontal direction, and the twins disappear. When the final forging temperature is 120 C, the deformed structure
of the part is further broken and refined. When the final forging temperature is higher than 450 °C, the final forging
temperature has little effect on the hardness, and the hardness along the vertical midline of the two specimen is between
60 HV and 70 HV. When the final forging temperature is lower than 270 ‘C, hardness distribution along the vertical
midline shows as “arch” shape, and the hardness continuously decreases from the edge to the center. When the final
forging temperature decreases from 270 ‘C to 120 ‘C, the hardness on the center area of the sample increases from 113
HV to 134 HV, and the hardness on the surface area increases from 75 HV to 102 HV.
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