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Fig.2 Microstructures of semi-solid copper alloy at different isothermal time: (a) 1 min, (b) 3 min, (¢) 5 min, (d) 8 min, (¢) 10 min, and
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Fig.3 Average grain size and shape factor of semi-solid copper alloy
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Fig.5 Schematic diagrams of microstructure evolution of semi-solid copper alloy slurry by SPD-SIMA method
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Fig.8 SEM images and EDS line scaning results of SPD-SIMA semi-solid copper alloy at different isothermal time: (a) 1 min, (b) 3 min,

(¢) 5 min, (d) 8 min, and (¢) 10 min
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Table 1 Element content of each point at different isothermal time (wt%)

Point 1 Point 2 Point 3
Isothermal time/min
Cu Sn P Cu Sn P Cu Sn P

1 72.44 27.06 0.5 81.62 17.63 0.75 97.63 1.64 0.73

3 76.19 23.11 0.7 83.49 15.87 0.64 97.86 1.57 0.57

5 76.73 22.26 1.01 83.72 15.63 0.65 97.78 1.92 0.3

8 76.47 22.59 0.94 84.03 14.99 0.98 97.69 2.03 0.28

10 78.02 21.07 0.91 83.85 15.54 0.61 97.14 2.18 0.68
& Br—eoo : 23 2 TR B 55 26 1 76900 “C %54 5 min y SPD-SIMA i1l %
g 27F G 122 .2 FE G SRR T2
2E 12053 4 % i
2z P li9& 8 i SR
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§ 23t 11789 AP B M AR . B SR AL PR A) ZE K, 4
7 22t ) - B & P38 RRLR ST IR TN, B 1 min B9 21,1 pm 380
Z g1 A — Y Y 25 10 min I 11 68.8 um; IR BRI T 56 18 i J5 A, S d 1

0 2 4 6 8 10
Isothermal Time/min

P10 B3 70 B ARV  dfohr Hh 0o ) B 5 A5 N 1] 7D 9% 3R
Fig.10 Relationship between Sn content in liquid film, grain center

and isothermal time
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Microstructure Evolution and Element Segregation of Semi-Solid Copper Alloy Slurry
Prepared by Severe Plastic Deformation and Isothermal Treatment

Zhang Qingbiao, Chen Lei, Sun Zhen, Tao Yang, Chen Hao, Xiao Han
(Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The microstructure evolution and element segregation of semi-solid ZCuSnl0P1 copper alloy slurry prepared by large plastic
deformation strain-induced melting activation method were studied, and the influence of isothermal treatment time on slurry characteristics was
analyzed. The results show that the average grain size increases from 21.1 pm at 1 min to 68.8 um at 10 min with the increase in isothermal
treatment time at 900 °C. The shape factor firstly increases and then decreases, from 0.31 at 1 min to 0.76 at 5 min, and then decreases to 0.56 at
10 min. The liquid phase ratio increases from 3.1% at 1 min to 9.3% at 5 min and remains stable. The diffusion layer thickness of Tin increases
from 0.422 pum at 1 min to 1.704 um at 10 min, and the content of Tin in liquid film and grain core is exponentially related to the isothermal time.
The optimum isothermal treatment condition is 900 °C for 5 min. At this time, the average grain size, shape factor and liquid island size of the
semi-solid copper alloy are 29.6 um, 0.76 and 3.1 um respectively. The average grain size and shape factor of the semi-solid copper alloy prepared
by conventional strain-induced melting activation method are reduced by 58.9% and increased by 28.8%, respectively. The liquid island size is
reduced by 31.1%, and the segregation of tin element is weakened.

Key words: copper alloy; semi-solid; severe plastic deformation; isothermal time; microstructure; element segregation
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