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i, B X AI-Si A4 1 FL I BERT 7 2 PR RE R e LU Y
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A 0.02%3 N % 0.05%FT, HL T Z BT 50 45 2 0
TR B S RN 0.02%F, S RAGIRIEE R
AR R MEH, 458 33%IACS F1 226 MPa.
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Table 1 Composition, electrical conductivities and tensile

strength of alloy samples

Composition, w/% Conductivity/  Tensile strength/
Si  Cu B Al %IACS MPa
9.8 2 0 Bal. 31.00 185
98 2 001 Bal 32.75 208
9.8 2 0.02 Bal 33.00 226
98 2 0.03 Bal 32.35 183
98 2 0.05 Bal 32.18 194

A a (Al) B EEEI L, EBURLK B BOIR, BRI
B LEHANRE ORBEKZER . 4B & E
9 0.02%H}, LK 1a HAZUHE, B 1c AL D
ESER A SRR ST R ARAR /N, B A5 R K
B i 22 10 38 O AR B 40 /N AR AL A BN AR E S
. 2B A EN 0.05%0, S5 1c A4, ¥
A oo (Al) B — Ak, TR ST mokid
—S4itk, WK 1f . WE LB LUEH, BEES
& B FEIEIN, alAl) B RS, St
AH AR 25 R AR e IR . A e@ it e ib B s, Xt
HREERASA —E MW, OF CHR[18]R I B A H %
S 5 e 1) A T BA TR T 3, 3k S R P R /N B2 AR
AR A K 2 pE i), e A A A K 32 8 T 2 R
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Fig.1 Optical microstructures of the as-cast Al-Si alloys with various B contents: (a) 0%B, (b) 0.01%B, (c) 0.02%B, (d) 0.03%B,
(e) 0.04%B, and (f) 0.05%B
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2 NR[A B & & Al-Si A4/ SEM I8 f, F 4t
Hops A AT B T, SRR 2 Fos.
2a~2c 7= Al-Si GE&HBAMAL, FKOMERN Al
Sefh, SRR EMAK A S, TEM 28K 3 Fix,
Kl 3a A1 3¢ & TEM W45, K 3b 7T IERE R
O(AI,Cu) FHFN Al A, ] 3d HL T AT 5 EFE 4 6(AlLCu)
FHAT AT A XU T Ti B4 AL FZEAR I HT 3 H.
5 A EAERER AlLTi M, AR edt 7 —x
LAtk . 454 K 3 1) TEM JESR 5 & X BT AT S 1ERE 2
Mror s, e se i A kRN 0(AlLCu) .

x2 28 AlI-Si & & HSHLRR EDS REEIER
Table 2 EDS results of as-cast Al-Si alloy in Fig.2

Position Al K CukK SiK FeK Phase

/% 59.57 35.09 04.61 00.74
A Al,Cu
at% 75.17 18.8  05.58 00.45

0
B /% 59.64 2899 10.70 00.68 Alg s, (CU

at% 72.24 1491 1245 00.40

/% 60.81 26.23 12.43 00.52
C @l A|9_58i2_4CU

at% 7227 13.24 142 00.30

5 O(ALCu) AL a(Al) F AL, BE#E B
SEMIEIN, 0(ALCu) HIEK BN/ YR
S ELE a(AE S A E . A SEM 41 a] DL i
WiE#, 24 B & &ML 0.02%IN, fi% B & &N,

2 BEEAFMN A-SI &4&%% SEM 4141H
Fig.2 SEM images of the as-cast Al-Si alloy with various B contents: (a) 0% B, (b) 0.02% B, and (c) 0.05% B
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Fig.3 TEM bright-field images (a, ¢) and corresponding SAED patterns (b, d) of Al-Si alloys with 0% B (a, b) and 0.02% B (c, d)
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Fig.4 Electrical properties and lattice constants versus B content
of the Al-Si alloy
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Fig.5 EPMA line scan positions and results of precipitates in Al-Si alloy with different contents of B: (a, d) 0% B, (b, €¢) 0.02% B,

(c, f) 0.05% B (1-a(Al); 2-eutectic silicon particles; 3-intermetallics)
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nm, T AR K SRS H 4L 0.40494 nm, Al FEAAR P 1)
e A% I AR AR P K, WO Re S A SR S S & LS
Ky 4B AR 0.02%F, HEK B LRRETFHIE
TEN ALSEARPY, i AL SEAR IR RS 55 25 045 1Y)
M EL HOR Al R ) AR SRR RS, H SR

O 48 SRR, Q) Bk, B%
J 45 5] D I AR AR | R AR D, FL L BE R
(2) Z=FIC RIS R LAENASAAAE Al FER NI, X
SR HLBH AR B AR R K THT A . ALLSE A&
BJ5, —Jill B 5 Al &yt 3 B AE silite 4, At
PTG ER B VA AR AT A, AL FER ) A%
ARG, AR ERA S 5—J7m B 1E Al 1)
T SRR Ak, BT S, N T U L
%, H B #LmAMR B UrKEFIHERBEA Al
Bk, K AL BRI A RS AR T, NI FEAE T
Al-Si &SR, 4 B &8N 0.02%K, B Xt
Al FEAR 24 T 0 ER HIAE FH C IR BIRPR Al JE AR PR )

IR R [, AT AL FEAR A f i B HL e B
IR, ARRLEEAR AN R A A, T L R IE B R

4 &

1) 4 B &S EMKT 0.02%0), in B 4bFE A DL %2845
A& ET & &FTE Ti, Cr, Mn, V [5046, JCHAT
81 % 2% 3 UG 3 H [ VA A B AR T A, DR/ AR T
RARIZ N, FiEmERERK, XEEEMTXE
BT BRI

2) 4B HEMIT 0.02%K, BE B I4kELan,
—7J7H B 5 Al FEARN AR FT R MAER LR T RIR,
gkeinN B, 45 B AE AR KR T EIE AR AN, 1
KAl FAR R SRS IAS: 55— J7 T B £ Al-Si &4 X
ST MRSk, T @A, N7 R
WILE, BRE&MESETR.

3) M B &N 0.02%F, TELRUEA BEAR B bz 5
(1 TR BN 4 1) FL 3 Rk B AL, A 33.00%IACS.

2FEXH References

[1] Tian Rongzhang(MH 2&¥s). Cast Aluminum Alloy(#5i& 45 &
4:)[M]. Changsha: Central South University Press, 2000: 1

[2] Zzhang Jiyue( 5K 3% %), Huang Jirong( & % %), Wang
Zhimin( £ & K ). Journal of Xi’an University of
Technology (7t 22 B T. K & 24 )[J], 1999, 15(1): 106

[3] Hou Junling(f1214), Ge Yuli(# #ir), Song Hongwu (5
i) et al. Foundry(%%i&)[J], 2006, 55(6): 572

[4] Zhu Zhengdong(& 1E4), Hu Jianming(%f % B). Electric
Wire & Cable( .45 H45)[J], 2002(6): 17

[5]1 Liu Yan( x| ‘), Gao Shuge( & #l [& ). Light Alloy
Fabrication Technology (% & 4 T4 K)[J], 2001, 29(12):
35

[6] XuJiping(#4:4~F), Liao Qiuhui(#k ), Fu Ziging (1 7).
Special Casting & Nonferrous Alloys (4% fh 45 it & & to &
4)[J], 2005, 25(2): 78

[71 Yang Dixin(#4i 1), Xia Qing(® ), Yang Liushuan(# &
¥2) et al. Special Casting & Nonferrous Alloys (45 Fh 51 K
A4 4[], 2002(4): 58

[8] Shi Xia(% #), Yao Sanjiu(%k=/L), Bai Xiao(/1 &) et al.
Special Casting & Nonferrous Alloys(45 M 4% it & f &
4)[9], 2010, 30(12): 1162

[9] Mulazimoglu M H, Drew R A L, Gruzleski J E. Metallurgical
Transactions A[J], 1989, 20(3): 383

[10] Stadler F, Antrekowitsch H, Fragner W et al. Materials
Science & Engineering A[J], 2013, 560: 481

[11] Huang Xiaofeng(#& %), Feng Kai(# #), Xie Rui(#f #i).



% 8

XL £ B & 3 A-Si &4 BA S M S 5 7

© 2305

The Chinese Journal of Nonferrous Metals( ' [ (. 4 )& 2
#®)[I], 2012, 22(8): 2196

[12] Li Bin(Z= t). Thesis for Master(fifi+ & 3C). Changsha:
Central South University[D], 2014

[13] Sedat Karabay. Materials and Design[J], 2008, 29(7): 1364

[14] Nafisi S, Ghomashchi R. Materials Science and Engineering
A[J], 2007, 452-453: 445

[15] Setzer W C, Boone G W. Light Metals[C]. Warrendale, PA:
TMS, 1992: 837

[16] Wang Guigin(F#E /), Liu Shunhua(xXiJifif€), Gao Hongwu
(=it E) et al. Acta Metallurgica Sinica(4xJ& % #%)[J], 2000,
36(6): 597

[17] Huang Chongqi(3% 52 4). Electric Wire & Cable(H 4k
#)[9], 2013(2): 4

[18] Geng Huiyuan(lk i), Li Yanxiang(Z= = #£), Chen Xiang
(B #£) et al. Proc 2004 Annual Conf Special Casting &
Nonferrous Alloys[C]. Wuhan: Editorial Office of Special
Casting & Nonferrous Alloys, 2004: 11

[19] Moriceau J. Rev Aluminium[J], 1972, 49: 977

[20] Mohanty P S, Gruzleski J E. Acta Metallurgica et
Materialia[J], 1995, 43(5): 2001

[21] Lian Fazeng(i%i%:1%). Physical Properties of Materials(#1}
¥) ¥ 7% §2)[M]. Shenyang: Northeastern University Press,
2005: 95

Observation and Analysis of Microstructure of the B-Containing
Highly Conductive Al-Si Alloy

Liu Hongwei', He Xiaolong? Yang Zhao?, Wang Guangxu?, Xu Xuexuan?, Lu Jianning?
(1. Ningbo Branch of China Academy of Ordnance Science, Ningbo 315103, China)
(2. Central South University, Changsha 410083, China)

Abstract: The effects of B addition on the lattice constant, grain size and electrical property of Al-Si cast alloys were investigated by
Wheatstone bridge conductivity measurement, optical microscope, scanning electron microscope (SEM), transmission electron microscope
(TEM), X-ray diffraction (XRD) and electron probe micro-analyzer (EPMA) analysis. Results indicate that impurities of Ti, Cr, Mn, V are
converted from solid solution state to boride in the Al matrix when B content is below 0.02%; meanwhile, the degree of lattice distortion
decreases which results in the increase of the conductivity by 6.45%. When the B content is over 0.02%, TiB, from the reaction of B and
Ti, promotes the formation of Al;Ti phase with the increase of B content; TiB, and AlsTi lead to finer grains and more crystal distortion,
enhance the risk of electron scattering and the excess B dissolves in the Al matrix simultaneously; as a result, the conductivity decreases
by 2.55%. When the B content is 0.02%, the electrical property of the alloy is the best and the conductivity is 33.00%IACS, based on the
premise that the tensile strength is not reduced.

Key words: Al-Si alloys; Al-B master alloy; electrical conductivity; lattice constant
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