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Fig.1 Micrographs of the original 2024, (a) and SiC, (b)
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Fig.2 Microstructure (a) and fractograph (b) of 5%SiC,/2024,

aluminum composite
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Fig.3 Micrographs of 5% SiC,/2024, aluminum composite heated initially at 635 <€ for different duration: (a) 0 min, (b) 1 min, (c) 2 min,
(d) 3 min, and (e) 10 min
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K4 SiCy/Al E&ME XRD Bl
Fig.4 XRD pattern of 5% SiC,/2024, aluminum composite
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Fig.5 Microstructures of 5%SiC,/2024, composite heated for 10 min at 635 <€ for different duration: (a) 10 min, (b) 30 min, and (c) 60

min
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Fig.6  Microstructures of 2024, bulk alloy heated at 700 <€ for

30 min and then water-quenched
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Fig.7 Variations of primary particle size (a) and shape factor (b)
of 5%SiC,/2024, composite and 2024 matrix alloy with

heating time
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Fig.8  Fractographs of 5%SiC,/2024, aluminum composite
heated at 635 <€ for different duration: (a) 3 min, (b) 10

min
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Fig.9 Microstructures of bulk alloy heated for 10 min at 635 <€ for different durations: (a) 10 min, (b) 30 min, and (c) 60 min

K, A 6—a, 0+a—L fla—oL, a—L 43HI%T M
TEmRCREAY, YRt ANISURE JE] [ VRS P T i B BRAL Y B o
2.4 ERREIALHZM

Kl 11 4 5%SiC, & & M kR B2 2 i B A2 4L
BEIRFE T, AN, FOSERNE R, HA)
AR RS AR AR /N o X AR (b ] fH R 12 58 B i i
RHUE IR

IR, AR, ANIE 4] A A R 7 A7 T
BB (B 112 A1 11b) o TR, WO,
TR A A IR BRI o 2%, WA ARRBURL R (51 % Ot
tbFE 11b F15b) . 635 CHY, ¥RAHIASEIE 2 (WL 5b
Al1lc) . 645 CHY, HIBFAEE (B 11d). Kb

EALAE YA a-Al BT 52 TEAZ S WA B AR
KBS EM . Ak, T e 13RS 2 AR 0 i

AU, BRI, KRB HAREL T 2,
KETHEEHLH

2.5 SiC, & EXHLAME M

SiC, RE 78 24 57 ST TV A% 10 4= ek K BEL A ] ¥ 7 T (1 4
W, T ALIZUR, (H b 40 NER A AR SR ] 4% 1 SR
LOGTERE SICy & RGN, & anfAr fE e 2H 2 AR T AR,
LUK RS 2 RGBS, K 13 4 SiC, & &
ANFE RS # 30 min 4. 255 1& 5b Fl9b, FE
SiCp, SR AN, WIEMARSS . HBEAEAHZE, 735
R, AR ZEFIYRN o



+ 1556 « A S EMRS TR 46 3

SALC SiC iC gthl
2 u
10 min MgAlL0 \\V
7 min \,,
S
=
é 2 min \~
=
1min \»
0 min A MJ\__AJ &
15 20 25 30 35 40

24()

10 HAMEE 635 € A HE INFAR H §) XRD EiE
Fig.10 XRD patterns of 5%SiC,/2024, aluminum composite
heated at 635 <€ for different time
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Table 1 Chemical composition (from EDS) of different phases
of 5%8SiC,/2024, aluminum composite heated at 635

< for different duration

Heat/lr:?ntlme Phase Composition, w/%
Al Cu Mg
0 Primary « 96.6 2.9 0.5
Eutectic 0 68.8 28.6 2.6
1 Primary « 96.0 3.2 0.8
Eutectic 0 77.7 21.2 1.1
3 Primary « 95.6 3.8 0.6
Liquid phase  84.3 14.7 1.0
5 Primary « 95.3 3.9 0.8
Liquid phase  93.5 5.6 0.9
7 Primary « 95.0 4.3 0.7
Liquid phase 95.4 35 1.1
10 Primary « 93.8 5.3 0.9
Liquid phase  96.1 34 0.5
20 Primary « 94.9 3.9 1.2
Liquid phase  96.0 3.6 0.4
30 Primary « 95.6 3.7 0.7
Liquid phase  95.2 3.9 0.9

SiC, SRR, BEEEMEHHTHLENE, ML
FIRAR LU AN R AL G L 9b AT 13a) .« JEHL SiC,
R ZR, WA a-Al JE BB 28 1 (B 13b) .
IX 401 7 54 25 1 BRAAR B RHE SR R PR A 58 B 4 0
U, [N, B AR M MR ALY, IR R A B R
— I FAEP, T, N 30 min i A B [ 9T 4,
UKL B8 70 I A RORR PR, UKL RSTBUR (R ELIET 9b
130D, SiC, thiffi T ostwald Bk, BRI A1 A H %

G 17 2 40 um
BA1 T4 RHE YA R L I 30 min 94140

Fig.11 Microstructures of 5%SiC,/2024, composite heated for 30
min at 625 ‘C (a), 630 ‘C (b), 640 C (c),and 645 C (d)
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Fig.13 Microstructures of aluminum composites heated at 635 €

for 30 min with different contents of SiCp: (a) 10% and
(b) 20%

DI, SiCy/2024, &M FHELL 1 AR AH A
T AR . BERE RN, ORI A AR
. BRI ESHN, ML TR, wEiR
RN JEE AT A I 17

3 & i

1) 5% SiC,/2024, B & # Bl 7 635 € ik 60
min, FIERAG SIC A o0A  AH/NEIEE I [l A2 21
2) Uk AT PR [ A 2 2 T 1) — AN R
3) SIARMILL, SiC, kg T HLHEA AR,

4) MYUHAZ Y H 3 A BL: ALKy AR b kLN 45 9F
FELAL s 290 A AURORE ) RV RE B T B R A

5) MR ST AL SR . M2 O0—a, 0+
a—L Ml a—L LK a—L, 7355 _Ei& 3 AN B

S0k

[1] Xiong B W, Xu Z F, Yan Q S et al. J Alloy Compd[J], 2011,
509(4): 1187

[2] Wang Z W, Song M, Sun C et al. Mater Sci Eng A[J], 2011,
528(3): 1131

[3] Jin Lan(%: %), Gai Guosheng(zs [® ), Li Jianguo(Z=# [H)
et al. Rare Metal Materials and Engineering(%i 5 48 # kKl 5
TFE)[J], 2009, 38(S1): 557

References

[4] Cheng Nanpu(fEFE£), Zeng Sumin(& 75 [K), Yu Wenbin(F
k) et al. Rare Metal Materials and Engineering(# & 4 )&
L5 TFE)[J], 2007, 36(4): 602

[5] Li AB, Xu HY, Geng L et al. Trans Nonferrous Met Soc
China[J], 2012, 22(S1): 33

[6] Seo Y H, Kang C G. Compos Sci Technol[J], 1999, 59(5): 643

[7] Zulfia A, Hand R J. J Mater Sci[J], 2002, 37(5): 955

[8] Su Hai(7* ), Gao Wenli(i= 3 21), Mao Cheng(E& Jk) et al.
The Chinese Journal of Nonferrous Metals( H 5 & 4x )& 2
#)[J], 2010, 20(2): 217

[9] Zhang Fuquan(ik#f4:), Chen Zhenhua(%374£), Yan Hongge
(™4L#:) et al. The Chinese Journal of Nonferrous Metals(#
[ 4 J8 %4 )[J], 2005, 15(7): 1131

[10] Thirumurugan M, Thirugnasambandam G M, Kumaran S et
al. Trans Nonferrous Met Soc China[J], 2011, 21(10): 2154

[11] Atkinson H V. Mater Sci Technol[J], 2010, 26(12): 1401

[12] Wu Y F, Kim G Y, Anderson | E et al. Acta Mater[J], 2010,
58(13): 4398

[13] Cheng Yuansheng(#£ iz i), Han Jiecai( ¥ 7% 74°), Du
Zhiming(#t 2 B9 ) et al. Special Casting & Nonferrous
Alloys(F5Fh#% i I A .4 42)[J], 2009, 29(12): 1115

[14] Cheng Yuansheng(F£iz ), Luo Shoujing(¥' 57¥#%). Chinese
Journal of Materials Research(#4 ¥} #F 5t % 4% )[J], 2009,
23(3): 283

[15] Cheng Y S, Luo S J. Acta Metall Sin-Eng[J], 2010, 23(1): 21

[16] Chen T J, Hao Y, Sun J et al. Sci Technol Adv Mater[J], 2003,
4(6): 495

[17] Okamoto H. Desk Handbook: Phase Diagrams for Binary
Alloys[M]. Ohio: ASM International, 2000: 29

[18] Chen T J, Jiang X D, Ma Y et al. J Alloy Compd[J], 2010,
505(2): 476

[19] Tzimas E, Zavaliangos A. Mater Sci Eng A[J], 2000, 289(1):
228

[20] Anderson | E, Foley J C. Surf Interface Anal[J], 2001, 31(7):
599

[21] Xie C L, Hailat M, Wu X et al. J Eng Mater Technol[J], 2007,
129(1): 69

[22] Chen Tijun(i4:44 %), Hao Yuan(#f i), Sun Jun(#h %) et al.
Acta Materiae Compositae Sinica(& & 4k %4%)[J], 2003,
20(5): 1

[23] Hong T W, Kim S K, Ha H S et al. Mater Sci Technol[J],
2000, 16(7-8): 887

[24] Kim S K, Kim Y J. Mater Trans[J], 2001, 42(7): 1277

[25] Jiang H T, Li M Q. J Mater Eng Perform[J], 2004, 13(4): 488



« 1558 « WA & REAMES T 5 46 45

Semisolid Microstructure Evolution of SiCp/2024, Composites Prepared by Cold
Pressing of Alloy Powders

Li Pubo, Chen Tijun, Chen Yushi, Zhang Suqing
(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,

Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: A new technique, powder thixoforming was proposed. Microstructural evolution during partial remelting of the SiC,/2024
aluminum composites prepared by cold pressing of alloy powders has been investigated. The effects of heating temperature and SiC,
volume fractions (0%~20%) on semisolid microstructure were also discussed. The results indicate that the microstructural evolution of the
5%SiC,/2024 composite can be divided into three stages, i.e., the initial rapid coarsening of the fine grains within 2024 powders, the
formation of continuous liquid layer on the primary particle surface and finally the formation of the slurry needed by thixoforming with the
small and spheroidal solid particles through the spheroidization during heating at 635 <C (0~60 min), which are attributed to the phase
transformations of §—a, 6 + a—L and a—L, and a—L, respectively. Proper rising of the partial remelting temperature is beneficial for
obtaining ideal semisolid microstructure available for thixoforming. The microstructural evolution rate of the composites is slower than
that of the matrix alloy. The coarsening rate of the primary particles is quite slow, and one powder evolves into one primary particle with a
continuous liquid layer surface.

Key words: powder thixoforming; phase transformation; microstructural evolution rate; cold pressing
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