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Fig. 1 Schematic diagram of heating-cooling combined mold horizontal continuous casting for fabricating pure copper slab:

1—Melting crucible; 2, 5, 9—Thermocouple; 3—Stopper; 4—Melted copper; 6—Holding crucible; 7—Melted metal duct;

8—Induction heating device; 10—Crystallizer; 11—Copper slab; 12—Drawing device; 13—Graphite casting mold; 14—Secondary

cooling water; | —Heating-mold section; [I—Cooling-mold section
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Table 1 Experimental processing parameters of HCCM horizontal continuous casting for fabricating pure copper slab

No. Parameter Value
Fixed Casting temperature: 1250 ‘C; Cooling water flow of crystallizer: 600 L/h; Heating-mold
1 temperature: 1150 'C
Variable Casting speed: 20 mm/min, 40 mm/min, 60 mm/min, 80 mm/min
Fixed Casting temperature: 1250 ‘C; Cooling water flow of crystallizer: 600 L/h; Heating-mold
2 temperature: 1100 ‘C
Variable Casting speed: 20 mm/min, 40 mm/min, 60 mm/min, 80 mm/min
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Fig. 2 Schematic diagram of sampling location in fabricated slabs
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Casting direction

B3 AFRER N HCCM /K2 2 A AR 1R 2 WL T 35 (45 b 4% /K it il 600L/h)
Fig. 3 Appearance of pure copper slabs fabricated by HCCM horizontal continuous casting at various casting speeds (Cooling
water flow of crystallizer: 600 L/h): (a) v=20 mm/min; (b) v=40 mm/min; (c) v=60 mm/min; (d) v=80 mm/min
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Casting direction

B 4 RFERREE SR B n) 4 A4 2R
Fig. 4 Microstructures of section of pure copper slabs in casting direction at various casting speeds (1, 2, 3 are number of profiles
shown in Fig. 2, respectively): (a) v=20 mm/min; (b) v=40 mm/min; (c) v=60 mm/min; (d) v=80 mm/min
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Fig. 5 Microstructures of cross section of pure copper slabs at various casting speeds: (a), (b) v=20 mm/min; (c), (d) v=40 mm/min;
(e), (f) v=60 mm/min; (g), (h) v=80 mm/min; (a), (c), (e), (g) Central microstuctures (profile 4 shown in Fig. 2); (b), (d), (), (h) Side

microstuctures (profile 5 shown in Fig. 2)
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Fig. 6 Appearance and microstructure of longitudinal section of pure copper slabs fabricated by HCCM horizontal continuous
casting at various heating-mold temperatures: (a), (b) 1150 ‘C; (¢), (d) 1100 °C; (b), (d) Microstructures of slabs shown in Fig. 6(a)

and (b) respectively
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Fig. 9 Effect of heating-mold temperature on tensile strength

and elongation after fracture of pure copper slabs at room
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Fig. 10 Constant ¢, profile of grain orientation ODF at different casting speeds: (a) 20 mm/min; (b) 40 mm/min; (c) 60 mm/min; (d)

80 mm/min



28 455 2 XHAE,

S5 Hl#EZHOT HCCM KT EE R AU BOR L 215 ) 24 PERE RS2 1) 221

If, VA A {hkD (OO 1)L 37 J7 42)@ Cu,  fliAtR
HAAKTT 10 2 [0017], 52 SR 24 [001177 ), B 10(a)
AL, SEREOM AT A ) AR K AR AR A, )
BETE Ny 31.48, R WIHIR G A ZUELAT AR 8 1 %l v B ) ot
o 2 R R 23 2 42 40 L 60, 80 mm/min F (43
LB 10(b) < 10(c) A1 10(d)), £H 23 B 1) 4% 42 3T
{hk1}(001), L)% B3 mlh 30.58 27.24 il 25.52,
R H A B B (LR, (R 2RI A
TR P AT Tk o 325 BCIX — 25 S 10 J5t DR DR K 7R r
NS SR RL A D, AR B R AL IR iR
b, R B SR IR R b8, S A 3 RN 4
AN B R T S, P Ry, R K
KHg, AR ZRNNEZSRIEZ, FERLT)
I 1) B AT BT R B

3 #ig

1) fE 8 W55 3% 5 1250 °C . HEY B B
1100~1150 ‘C. AEIKIE 600 L/, 5 R
20~80 mm/min £5F AT BA & SR R R FEAIG AT
YRR 5 1) SR ) ZHZORNAI B ) 2 1 B R A BRI
HPRE A 137~141 MPa, WiEKZEN 45.1%~
61.7%.

2) B P E 3 0, HCCM K- 3%55 B il 4
AU AU ST PRI N, dekr RO A8 /Ny 3B
LT T v AR PR AR it ZEL 21 S I s
A 102 1 RS2 P A T R AR B B R M L/

3) KH HCCM 7K-Fi&ER%s, fEARANEE R 1150 C
IS 351 % (1) VR AR PR R THDRDRE B2/ T 0.3 pm, TEFF E
ATBRI ] AT IR SV N L, ) R R AR R
AP TS B

REFERENCES

[1] MAHNOOSH S, MOHAMMAD R T. Nano-grained copper strip
produced by accumulative roll bonding process[J]. Materials
Science and Engineering A, 2008, 473(1/2): 28-33.

[2] UM, BRE, SRR SRR DRI S R RET].
RhEE 2012, 27(6): 14.

LIU Dong-hui, LIAO Yu-min, ZHANG Jing-en. Research status
and development of copper foil[J]. Heat Treatment, 2012, 27(6):
14.

[3] =R, ZEWERE, WifE . A S SR 2 e b AR HoR M.
Jent: g Tk kL, 2009: 1-8.

LAN Li-ya, LI Yao-qun, YANG Hai-yun. Production technology

of precision copper and copper alloy strip[M]. Beijing:

(4]

[3]

(6]

(7]

(8]

]

[10]

(1]

[12]

[13]

[14]

Metallurgical Industry Press, 2009: 1-8.

Jo IR IC BRI G G T K MESE RAPRL]. T 5 E ke,
2003, 3(5): 33-37.

LONG Le. Copper alloy lead frame and its material used for
packaging[J]. Electronics & Packaging, 2003, 3(5): 33—37.
XUEEDE, UM, RIBEHE. A GBI T T 2 M. dbst:
2 Tolk R, 2009: 155-158.

LIU Pei-xing, LIU Hua-ding, LIU Xiao-tang. Processing
technology of copper alloy plate and strip[M]. Beijing: Chemical
Industry Press, 2009: 155—158.

EWRH, FRNE P EACT I AT IR 2 Hr 0],
BT, 2012(6): 33-37.

WANG Tong-tong, YUAN Fu-sheng. Market analysis on copper
plate and strip processing industry in China[J]. Aluminum
Fabrication, 2012(6): 33—37.

RRURR. e 4 9 (R R SR IR S R a3 ()], il (o
J&, 2012, 33(2): 96-99.

ZHAO Jing-song. Development status and trends of rolled
copper foil[J]. Shanghai Nonferrous Metals, 2012, 33(2): 96—99.
WK, B EI, EEE, Pk, e, ME
Cu-1.0Cr AAER SRR ER TR A LI]. Fefh e
JAT ta 4, 2005, 25(9): 562-566.

LEI Peng-fei, HU Rui, WANG Yi-chuan, KOU Hong-chao, YIN
Yun-fei, LI Jin-shan, FU Heng-zhi. Horizontal continuous
casting process and structure of Cu-1.0Cr in-situ composite[J].
Special Casting & Nonferrous Alloys, 2005, 25(9): 562—566.
A, WK, BB, FEWEAR, ARl KFC & &l
M T ZH]. BA 48, 2005, 29(2): 228-231.
HUANG Guo-jie, XIE Shui-sheng, CHENG Zhen-kang, RUN
Xiao-dong, TU Si-jing. Study on fabrication process of KFC
copper alloy strip[J]. Chinese Journal of Rare Metals, 2005,
29(2): 228-231.

W N, AR, fLarkk, HREL 51LHER Cu-Fe-P &%
PN T 2B, AU T, 2005, 34(1): 23-26.

YANG Hou-chuan, WANG Dong-feng, KONG Li-du, XIAO
Qi-min. Study on processing technology of Cu-Fe-P alloy used
for lead frame[J]. Hot Working Technology, 2005, 34(1): 23-26.
LU De-ping, WANG Jun, ZENG Wei-jun, LIU Yong, LU Lei,
SUN Bao-de. Study on high-strength and high-conductivity
Cu-Fe-P alloys[J]. Mater Sci Eng A, 2006, 421: 254-259.

CAO H, MINJ Y, WU S D, XIAN A P, SHANG J K. Pinning of
grain boundaries by second phase particles in equal-channel
angularly pressed Cu-Fe-P alloy[J]. Mater Sci Eng A, 2006, 431:
86-91.

RN, W ARG ST MR R A R A E ). b
A 428, 1998, 19(2): 49-52.

GONG Shou-peng. Production, development and domestication
of copper alloys materials used for lead frame[J]. Shanghai
Nonferrous Metals, 1998, 19(2): 49—52.

WEHT, MEMR, XBrte, XU —Fh R A A A
KVEH T 25 %4 FIE, ZL201010501407[P]. 2010—4.
XIE Jian-xin, MEI Jun, LIU Xin-hua, LIU Xue-feng. A

horizontal continuous casting technology and equipment for



222 v A 4 2 AR 2018 42 A

fabrication of cupronickel tube: China patent, [18] MEI J, JIANG Y B, LIU X H, XIE J X. Liquid-solid interface
Z1.201010501407[P]. 2010—4. control of BFel0-1-1 cupronickel alloy tubes during HCCM
[15] MEI J, LIU X H, XIE J X. Microstructure and mechanical horizontal continuous casting and its effect on the microstructure
properties of BFelO cupronickel alloy tubes fabricated by a and properties[J]. International Journal of Minerals Metallurgy
horizontal continuous casting with heating-cooling combined and Materials, 2012, 20(8): 748—758.
mold technology[J]. International Journal of Minerals [19] MEI J, LIU X H, XIE J X. Microstructure and mechanical
Metallurgy and Materials, 2012, 19(4): 339-347. properties of BFelO cupronickel alloy tubes fabricated by a
[16] # 1R, XUHrtE, WHESE. BFel0 [ M HOA A &85 1K horizontal continuous casting with heating-cooling combined
5 B AR TS S AU [0]. T AT (B 4 R AE R, 2012, 22(5): mold technology[J]. International Journal of Minerals
1430—-1439. Metallurgy and Materials, 2012, 19(4): 339-347.
MEI Jun, LIU Xin-hua, XIE Jian-xin. Solidification temperature [20] XIE J X, MEI J, JIANG Y B, LIU X H. Heating-cooling
field simulation of BFelO cupronickel tube during combined mold horizontal continuous casting of BFel0-1-1
heating-cooling combined mold continuous casting[J]. The alloy tube and its cold formation[C]// The 12th IUMRS
Chinese Journal of Nonferrous Metals, 2012, 22(5): 1430—1439. International Conference in Asia, Bussan, Korea, 2012.
[17] #§ R, xIFrHe, LEk, W i asl BFelo-1-1 [21] ZF06, FIok, 2E2, KIS, KEMN, &R B
B EUN TR P AR, SIS PR AR]. TP EA 0 o KAV R A A A T B S H S BE R S 0], TR A
4B AR, 2012, 22(9): 2529-2538. 4@ 2FAR[T]. 2004, 14(12): 2060—2063.
MEI Jun, LIU Xin-hua, JIANG Yan-bin, XIE Jian-xin. Evolution LI Xin-tao, LI Qiu-lin, LI Ting-ju, SONG Yan-qin, ZHANG
of microstructure, texture and mechanical properties of Jin-li, JIN Jun-ze. Numerical simulation and experimental
BFel0-1-1 tube with microstructure along axial orientation research of heat transfer coefficient in electromagnetic
during cold-rolling[J]. The Chinese Journal of Nonferrous continuous casting of hollow billets[J]. The Chinese Journal of
Metals, 2012, 22(9): 2529-2538. Nonferrous Metals, 2004, 14(12): 2060—2063.

Effect of preparation parameters of HCCM horizontal continuous
casting on microstructure and properties of pure copper slab

LIU Xin-hua, JIN Jian-xing, XIE Jian-xin

(Institute for Advanced Materials and Technology, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Pure copper slabs with strongly-oriented columnar crystal and 70 mm in width and 10mm in thickness were
fabricated by heating-cooling combined mold(HCCM) horizontal continuous casting, and the effects of processing
parameters on the microstructure, surface roughness and properties of pure copper slabs were investigated. The results
show that pure copper slabs with low surface roughness value and crystal orientation along the casting direction and
excellent mechanical properties can be fabricated by HCCM horizontal continuous casting under processing parameters
of copper melt temperature 1250 ‘C, heating mold temperature 1100—1150 “C, cooling water flow600 L/h, and casting
speed 20—80 mm/min. The tensile strength and elongation after fracture of these copper slabs are in range of from 137 to
141 MPa and from 45.1% to 61.7%, respectively. Increasing casting speed would lead to more uniform structure and finer
grain, and the grain boundary of columnar crystal would be more straighter when the temperature of heating-mold rose.
However in the whole casting speed and temperature of heating-mold has little influence on the tensile strength and
clongation after fracture. The surface roughness value of pure copper slab fabricated by HCCM horizontal continuous
casting at the temperature of heating-mold of 1150 °C is less than 0.3 wm, which shows that the slab could be directly
used to form by rolling without scalping process and be the basis of developing new compact process method of copper
strip.

Key words: pure copper slab; heating-cooling combined mold; horizontal continuous casting; columnar crystal
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