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&1 Cu-2.0Fe-0.03P-0.11Zn 5 & K5
Table 1 Chemical composition of Cu-2.0Fe-0.03P-0.11Zn

alloy (%, mass fraction )

%2 Cu-2.0Fe-0.03P-0.11Zn 4 1ESH%
Table 2 Thermophysical properties of Cu-2.0Fe-0.03P-
0.11Zn alloy

TCE AR Fe p Zn Cu PHIHES R 55 BE
Cu-2.0Fe-0.03P-0.11Zn  1.90~2.10  0.02~0.04 0.10~0.15 Bal [ AR IR E T, 1038 °C
W2 T, 1090 °C.
i DAL I Ly e T v .
EATT \ - , N SR A 105 W/(m-K)
- ggg = AR ¢, 0.54 J/(g-K)
- s AR 100 2R P s I g p 8.93 x 10" kg/m
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K, R AT RIS OO IR R R
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) _ > i — A7 K He LNy e fe ) 574 (~7.
i AP 3 7% , AR 45 5 5 S A5

K1 Cu-2.0Fe-0.03P-0.117n 15 4 7 P AR A

Fig. 1 Continuous casting billet model of
Cu-2.0Fe-0.03P-0.11Zn alloy
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Fig. 2 Evolution of solidification microstructure field in the cross-section of simulated continuous casting billet :

(a)3s;(b)7s;(c)4ls;(d)77s;(e)130s
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K3 JEREHRIII A ZWEIE R (a, ¢, e) HIHER(D, d, ) L

Fig. 3  Comparison between (a, ¢, e)simulated and (b, d, f) experimental results of the microstructure in the

cross-section of continuous casting billet

R3 BEHEREIRLERNERBXERSLLEITER
Table 3 Simulation and experiment results of the area
fraction of columnar grain zone (% )
eS| 2 3 4 5 S
S 89.2 88.1 87.9 88.7 89.1 88.6
AL 86.9 87.6 88.1 86.8 87.5 87.4

x4 EHEREIRERNEMBXERSLLEITER
Table4 Simulation and experiment results of the area
fraction of equiaxed grain zone (%)
e 1 2 3 4 5 ST
S 108 119 12.1 113 10.9 11.4
FELAEL 13.1 12.4 11.9 13.2 12.5 12.6

FUR, R AAEFE G 0 i AT o i, XF 54~
AP I T AT, 5 1~5 RGP AR i
T AL B 43 9 A 89.2%  88.1% ., 87.9% . 88.7% Fil
89.1% , X I A5l AR o L 43 301 0 10.8% . 11.9%
12.1% . 11.3% F110.9%. 525651145 5 BOE 1
J& , ARSI 2E S PR i A A Y - 34 R

Lt 43 501 4 88.6% Fll 11.4% ., Hi W] AT i, 40l 2%
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Fig. 4 Fe-P binary phase diagram >

AR 205 1~2 m BYBRARBT AR, 2k — 20 %%
WMAHBEATICR AT R B, A 5(b~h) Frzs, A Al

(h)

Fe Cu
Zn Zn

F5 Cu-2.0Fe-0.03P-0.11Zn &4 85 4.0 SEM JE 5 WL

X E 5 EDS /0 E : (a) SEM; (b) JLE M 5 (¢) Cu; (d) Fe;

(e)P; (£)Zn; (g)a s EDS; (h)b &S EDS
Fig. 5 SEM morphology and EDS analysis of the center of Cu-2.0Fe-0.03P-0.117n alloy billet: (a) SEM image;
(b~f) Elemental distribution; (g) EDS spectrum at point a, (h) EDS spectrum at point b
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Fig. 6 Simulation results under different nucleation undercooling: (a) 1 K; (b)2K; (¢)3 K; (d)4K; (e)5K; (f)6 K
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Fig. 8 Microstructure field of the billet under different nucleation densities: (a) 0.5 x 100m?;(b)1x10°m™;
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Simulation of Solidification Structure Evolution of Cu-2.0Fe-0.03P-0.11Zn Alloy
Continuous Casting Billets Based on CAFE Method

Dang Boyu', Wu Huiyun', Zhang Mengfei', Duan Qingyang’, Feng Zeqiang’, Zhao Geng’, Jing Jie’
(1. School of Materials Science and Engineering, North University of China, Taiyuan 030051, China; 2. Taiyuan
Jinxi Chunlei Copper Co. , Ltd., Taiyuan 030008, China)

Abstract: Cu-2.0Fe-0.03P-0.11Zn alloy is a promising candidate material for electrical connectors owing to the low cost and excellent
castability. Continuous casting serves as a key process in strip and plate production, where the solidification microstructure strongly
influences subsequent processing and final product properties. In this study, a cellular automaton-finite element (CAFE) model was
developed to simulate the solidification microstructure evolution of the Cu-2.0Fe-0.03P-0.11Zn alloy under continuous casting conditions.
Simulated fractions of columnar and equiaxed grains were 87.4% and 12.6%, respectively, which were in close agreement with those
of experimentally measured macrostructures (88.6% and 11.4%), confirming reliability and accuracy of the established model. Further
investigations were conducted on effects of nucleation undercooling and nucleation density on solidification microstructure. Results indicated
that increasing nucleation undercooling reduced the proportion of equiaxed grains: as undercooling increased from 1 K to 6 K, equiaxed
grain fraction decreased from 17.1% to 9.2%, respectively. In contrast, increasing nucleation density promoted equiaxed grain formation,
with equiaxed grain fraction increasing from 10.4% to 18.5% as the nucleation density increased from 0.5 x 10’ m™ to 40 x 10’ m~,
respectively.

Key words: CAFE method; Cu-2.0Fe-0.03P-0.11Zn alloy; continuous casting; solidification microstructure ; nucleation parameter
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