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Abstract: Four kinds of high volume fraction B,C/Al composites were prepared by pressureless infiltration using four dif-
ferent aluminum alloys (2024Al, 5056A1, 6061Al and 7075A1) and B,C preform with the same particle-size distributions (
20% 2 pm and 80% 38 pwm ), which were named as 2M, 5M, 6M, and 7M, respectively. The effect of matrix alloy compo-
sition on the phase composition, microstructure and mechanical properties of the composites was investigated. The results
show that all of the composites contain A1, B,C, Al,BC, AlB,, and Fe-Mn-rich phases. Besides, 2M, 5M, and 7M com-
posites also contain the additional phase, AIB,,. For all of the composites, the severe interfacial reaction occurred in the ag-
gregation areas of the small B, C particle, with the formation of Al;BC and AIB,. AlB,, is mainly distributed around large
B,C particles in 2M, 5M and 7M composites and is integrated with large B,C particles. The Rockwell hardness of the four
composites decreased in the sequence 2M (45.7), TM (43.1), 5SM (41.8) and 6M (40.02). The micropores are ob-
served in the 2M, 5M, and 7M composites, resulting in the decrease of the flexural strength and fracture strain of the corre-
sponding composites. Accordingly, 7M composite possesses the lowest flexural strength, being about 296 MPa. Conversely,
the flexural strength and fracture strain of the 6M composite are the highest, being about 425 MPa and 0. 183%, respective-
ly. This could be mainly attributed to the absence of AIB,, phase and the highest fraction of the residual aluminum matrix in
the 6M composite.
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Fig. 1 SEM images of the surface morphology of the B, C particles before

(a) and after (b) ultrasonic cleaning
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Table 1 Chemical composition of the aluminum alloy( /%)

Alloy Si Mg Cu Zn Fe Mn Al
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2024 05 o T, 025 05 7 Bal
2.2~

s0s6 025 T 0. 0.1 04 0.1  Bal
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1 2 7 1 Bal.

606 08 12 o4 OB 0 0-15 a
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Fig. 2 Schematic diagram of the pressureless infiltration equipment
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Fig.3 XRD patterns of B,C particle, 2M, 5M, 6M and 7M B,C/

Al composites
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Table 2 Relative diffraction intensity ratio of the characteristic
peaks of each phase in the composites
Composites IB4C/IAI IAIBBC/I,\I I,\IBZ/I,\I IAIBIO/IAI
(021)/(111) (101)/(111) (100)/(111) (211)/(111)
2M 1.03 0.573 0.164 0.048
5M 0.757 0.477 0.054 0.048
6M 0.481 0.275 0.115 0
™ 0.720 0.411 0.048 0.040
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Fig.4  SEM backscattered electron images of the microstructure of
2M (a, b), 5M (¢, d), 6M (e, f) and 7M (g, h)
B, C/Al composites
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Fig. 5 SEM image and EDS mapping of 2M composite
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Fig. 6 Gray scale density distribution for backscattered electron images of

the 2M, 5M, 6M and 7M B,C/Al composites.
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Fig. 7 Rockwell hardness(black) and flexural strength(red) of 2M,
5M, 6M and 7M B,C/ Al composites
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Fig. 8 Stress-strain curves of 2M, 5SM, 6M and 7M B,C/ Al composites
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Fig. 9 SEM images of the fracture surface of 2M (a, b), 5M(c,
d), 6M(e, f) and 7M(g, h) B,C/Al composites

PR oF i 2 g, R B, C JURLANAR Sk 2 A
4G Raf, Hrf, 2M, 5M H 7 SA A RHY T TR 35
mh RURE R A DXl /N A 2R A X I8 O 1) T e A4 D
2, JUHIEIM E AR, RIEE, 2R3 RE SR
BRI 2 W AE7E, WK 9a, 9c Al 9h A (A5 Bl 4
R, —, e/ SRR AR, % Bk
SR HEEAH T AP R A RS, 4 R R ROR A AT LA EI AL
SEVER, T LAY DAY Ao o, R AR DR R



552

WA SR G & UMY CRRE B, C/AL A RHBOAL SV 1 A4 R Y52 161

AR SR B RREE . WIRTATA, 2M | 5M A1 7M &
RIS B, C DX 38k 174 5 1 s o A i ALB, o AH (B 3 8250
B,C), H'5 B,C ki —&, mi/Muk: B,C RAE X
FEAER AL RN, P70 AL BC Fl AIB, P& AH, JIZ1RY
ST I A5 T ) 1) 2 PR B0 1) T 4 B 2 4 )
I, X 3 FhE A RZ imt, LI 25 |k ™ &
WO FIEE v, (AR A A AR IV 7 R AR T & A W 4
W EAPPRITRRY 25 I A A] Be 2 K 6 0 E TRORG 5
K. WEAERRER B,C Tk /3456 S50, Mk, &
B oM B A MRINBURL B,C XIIR & A= T R B RN
{EIAIURL B, C 5 1A L1 7 M) AH > AL, BC I AIB, (i 2
fiXF AIB,,), H=YMiLo4, JFARS B,C POk g E—
. [, BT 6061 A a kA stk b, Heik 51 i
WA BE, DR E A MELNIRILIN L EAEE . [,
BT 6M &AM B ERAY A Al LR L, ORI i
I SR s

4 £ it

(DASCRH IR BG4 T 4 Fis i B,C/AL
BARE, Hrp B,C 2N 80% 38 pm Fl 20% 2 pm,
FERBEH] 2024 . 5056, 6061 F1 7075 4 4 (AW R
IR REARIC N 2M . SM . 6M #1 7TM) . 459K, 4 fh
B AR A AN R R B 1 BT S g, e oM & A A R
&4 B,C. Al, A1,BC, AIB,MlI'E Fe-Mn Z5¥4H, T 2M .
5M F1TIM B 5 E IR S ALB A

(2)4 FhE S M RLNEURL B, C 58 4 X 51 2 W il 2
ALY AL BC AL AIB, . ST ALB 434 T 2M
5M F17M SRR R B,C X, H.5 B,C #El—
W, XATREE RN A SRR B K, AL 9 HOE %
TR TR B S 1T S I fefE 45 52 6 Ak B8 0 ) T M 44
ML, JEHE 2M | SM I TM 2 AR

(3) B AMEHREFE 5 H P YRR Al 55
HK, 2M, 5M, 6M Fl 7™M &A1Y i FC Rl B2 AR 2/
MR 2M(45.7) . TM(43.1) . SM(41.8) Fl 6M(40.02) .

(4) T 2024, 5056 Fil 7075 £/ & S IE R sh T # 2%,
PRI E A MR AL AL, REAR T 2 G A RH S 5
B, XHRIAr0A 353, 364 #1296 MPa, 1M 6061 $5 4 4%
R AT oM S A BN LA B a L, 26
MR SR AT & R, BN & U AIB, AH,
T 6M &2 G b4 Rk 25 i 5 B R DRy 4 N AR e i, 3l R
425 MPa 1 0. 183%,

SEHE References

[1] LEEK B, SIM HS, YANG H R, et al. Materials Science Forum[J ],
2005, 510(954) : 971-974.

[2] LIUB, HUANG WM, WANG H W, et al. Journal of Composite Mate-
rials[J], 2014, 48(3) . 355-364.

[3] YUEXY, WANG JJ, YUSY, et al. Materials & Design[J], 2013,
46(4) ; 285-290.

(4] #hsedm. sRIESSSIBHAARLI], 2000(3) . d4-46.

SUN X F. China Labor Protection Products[J], 2000(3) : 44-46.

[5] #Uer. B,/ Al i S et . PEREiR S5 R 2
BHU[D]. MRt MR ATRRS:, 2014,

DAI L Z. The Produce, Property Research and Monte-Carlo Simulation
of B,C/Al Neutron Absorber Composites[ D]. Nanjing: Nanjing Uni-
versity of Aeronautics and Astronautics, 2014.

[6] ABENOJAR J, VELASCO F, MARTINEZ M A. Journal of Materials
Processing Technology[ J], 2007, 184(1/3) ; 441-446.

[7] FRAGE N, LEVIN L, FRUMIN N, et al. Journal of Materials Process-
ing Technology[ J], 2003, 143/144. 486-490.

[8] SKOROKHOD V, KRSTIC V D. Journal of Materials Science Letters
[J7], 2000, 19(3). 237-239.

[9] SOY U, DEMIR A, FINDIK F. Industrial Lubrication and Tribology
[J], 2011, 63(5) : 387-393.

[10] F3T, sk, MR 55 SRS B,C,/2024A1 ZEH0E)

SHEREBITE[ C /46 T a2 E R 5 Kol B A R AR
SSRGS MR EARE L 2008 FERAE G EARF 2
ISCEE. M TPENU T2y, 2008; 428-431.
WANG Y W, ZHANG W G, TIAN Q D, et al. Mechanical Properties
of B,Cp/2024A1 Composites Prepared by Squeeze Casting[ C]// The
12" National Special Casting and Non-Ferrous Alloys Academic Annual
Meeting, the 6" National Foundry Composites Annual Conference and
the 2008 Fujian Foundry Academic Annual Meeting. Fuzhou: Chinese
Mechanical Emgineering Society, 2008 428-431.

[11] RAVI B, NAIK B B, PRAKASH J U. Materials Today Proceedings
[J], 2015, 2(4/5) : 2984-2990.

[12] KUBOTA M. Journal of Alloys & Compounds[J], 2010, 504 (S1):
319-322.

[13] CHEN HS, WANG W X, LI Y L, et al. Materials & Design[J],
2016, 94 360-367.

[14] 295, 43CH, 4, % PPRTRT], 2003(4): 17-20
LI Q, HUA W J, CUL'Y, et al. Journal of Materials Engineering[ J ],
2003(4) : 17-20.

[15] LUO Z, SONG Y, ZHANG S, et al. Metallurgical and Materials Trans-
actions A[J], 2012, 43(1) : 281-293.

[16] URQUHART A W. Materials Science & Engineering A[J], 1991, 114
(172): 75-82.

[17] LEE K B, AHN J P, KWON H. Metallurgical & Materials Transactions
A[J], 2001, 32(4) . 1007-1018.

[18] LEEK B , SIMHS, CHO S 'Y, et al. Materials Science & Engineer-
ing A[J], 2001, 302(2) . 227-234.

[19] HALVERSON D C, PYZIK A J, AKSAY I A, et al. Processing of Bo-
ron Carbide-Aluminum Composites[ J ], Journal of American Ceramic

Society, 1989, 72(5) : 775-780.



162 rh FE A e %539 %

[20] ASTHANA R. Journal of Materials Science[ J ], 1998, 33(7): 1679— Press, 2004 59.

1698. [24] 26324, XS, B, 4F RAESMMTHALI], 2005, 33(10):
[21] W, HKiE, WK & BRGEMRESS TR, 2012, 22-25.

17(3) : 321-326. LICS, LIU H O, HE W, et al. Light Alloy Fabrication Technology

LEL P, XIA C Q, ZHOU F, et al. Materials Science and Engineering [J71, 2005, 33(10) ; 22-25.

of Powder Metallurgy[ J ], 2012, 17(3) ; 321-326. [25] DINSDALE A T, QUESTED P N. Journal of Materials Science[] ],
[22] JUNG J, KANG S. Journal of the American Ceramic Society[J], 2004, 2004, 39(24) ; 7221-7228.

87(1); 47-54. [26] PYZIK A J, DESHMUKH U V, HAN C, et al. Computer Disk Sub-
[23] =R, ME-EBE S *‘Jr[ M]. dbat. 164 Tl H At strate, the Process for Making Same, and the Material Made

2004: 59.
LI R J. Ceramic-Metal Composites| M ]. Beijing; Metallurgical Industry

Therefrom: US5780164[ P . 1998—07-14.

(%% REN)



