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Interface and thermal expansion properties of
TiC-coated diamond/Al composites

WANG Xin-yu, YU Jia-kang, ZHU Xiao-min

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The TiC-coated diamond/Al composites with high volume fraction were fabricated by gas pressure infiltration.
The fracture surface of the composites was analyzed by SEM and EDS, and the influence of titanium carbide coating on
the interfacial bonding and thermal expansion of the composites was investigated. The results show that the TiC coating
is proved to improve the selective interfacial bonding between diamond particles and Al alloy matrix, and the ductile
rupture of the matrix is the main facture mechanism. Part of the TiC coating is oxidized to TiO, and then reacts with Al to
produce Al,O; and thus to achieve the better interfacial bonding between diamond particles and Al alloy matrix. The
coefficient of thermal expansion (CTE) of composites is decreased and stabilized due to the TiC coating. For the same
volume fraction, the CTE of composites decreases with the decrease of the particle diameter.
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Fig. 2 Surface morphologies of TiC coating on diamond

particles: (a) 150 pm; (b) 300 um
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Fig. 3 Phase composition of TiC-coated diamond particles:

(a) After disposition; (b) Before infiltration
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Fig. 4 SEM images of fracture of diamond /Al composite:
(a) Uncoated; (b) Coated
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Table 1 EDS dates of interfacial element composition of
diamond/Al composite with TiC-uncoated diamond (Mole

fraction, %)

Si C O Al Total

11.33 70.25 17.88 0.53
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Fig. 5 SEM images of diamond/Al composite after etching: (a)
Uncoated; (b) Coated
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Table 2 EDS data of interfacial element composition of
diamond/Al composite with TiC-coated diamond (mole fraction,
o)

C O Al Ti Si Total

45.56 36.70 5.41 10.82 1.51 100.00
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Fig. 6 CTE values of composite with different sizes of
diamond particles versus temperature rise: (a) 70 pm; (b) 150

um; (c) 300 pm

R U A N 24 NPT AT RS TR AV 1 & 7 NP B S N
ZyRE kR, MITTAE S A AR CTE (R IK. £
F—J7 1, 4 VAIDYA il CHAWLAPY [ #ig, i)
SE ORI AR TG 4 4 IR 3 A1 L e A, )



522 %5 6

BT, S B TIC SRIAARE SRR S X IR e

1723

O = pl@ /7)) =g, 1M1= 0,) )
Oam =pl0.5a° 11 +9,1/(1-p,) (5)

B (am —a,))AT
p_[o.s(1+vm)+(1+zvm)/Em(1—¢p)]+[¢p(1—zvp)/5p]
(6)

Kt a WRREAR: g RoRE O B RS AAR A  E
B oo RN g RSN v ikt E
SRR p AL T): @ ARG p Ml m
Iy AR BRI ANIEAR . B4, FLHIALHIN Ty ok

O = 0O~y =p(0.50° /1> =2V, [(1-V}) (7)

M(T) AT ELIMT AR AR B R R 1 20 T
A PRI AR ¥ S ) POk RURDREAR - B RO
TN, FHAL BRI N T3 AR AL 1
UL MR N BRI s, AR NN A, AT
FEARE AR IR R L

3 Zig

b=}

1) MHARES L 2H# 70 1507 300 pm
MARBEE S TIC MENA/EEME. RHM
MBD4 %4 G NIl ok JE SRR, R Z 45 8U%,
RE A% 1R U b o538 6 WA R 55 B8 4 2 AR 2 1)V I
PERE.

2) B TIC A& WA ORL B0 4 3k AA 2 [ B
AR BRIEREVERE S5 IS, B0 G S A L PR R A1 4
NIRRT AT 3R T, St & B, Wiy Q2
DLIEARMWTREN T2, [ AEE D s St e, Tic 4%
JE HATAE S G WA R RIS £ 4 FEAA 2 18] AT 9
Migs 4, RSN (111 g S, W T4
BHE R e B R

3) TiC B8 2% Re A ko e 4 WA RO S5 80 4 i
RIS &, BIRE SRR R 5,
SEMEHNZIKTEREM AR B E . AEAHTRMAFA 2 2
LR, CTE Bl WA RBOR R I8 N T8 o

REFERENCES

[1]  Zets, 2@, THY, TS, X f il by gk
R B R BE ST EE (D], A 4R Ak, 2010, 20(7):
1365-1374.
LI Ting-ting, WANG

PENG Chao-qun, WANG Ri-chu,

[11]

[12]

Xiao-feng, LIU Bing. Research progress in ceramic substrate
material for electronic packaging[J]. The Chinese Journal of
Nonferrous Metals, 2010, 20(7): 1365-1374.

THRHE, FFEAL WA 2D-C/Al W 733 E SHRN S
% [I]. o EA R 24 4R, 2000, 10(S1): 1-5.

YU lJia-kang, ZHOU Yao-he. Design and fabrication of hybrid
2D-C/Al composites for electronic packaging[J]. The Chinese
Journal of Nonferrous Metals, 2000, 10(S1): 1-5.

R, OB, R, MY BURIESI% Si-Al R
FeP L S ILE BRI, #0428, 2005, 29(1): 11-15.

FENG Xi, ZHENG Zi-giao, LI Shi-chen, YANG Pei-yong.
Electronic packaging materials fabricated by hot pressing[J].
Chinese Journal of Rare Metals, 2005, 29(1): 11-15.
YAMAMOTO Y, IMAI T, TANABE K, TSUNO T,
KUMAZAWA Y, FUJIMORI N. The measurement of thermal
properties of diamond[J]. Diamond and Related Materials, 1997,
6(8): 1057-1061.

BBV, W e, VR BHAEE TR % Diamond/Al
SAEMET. EEMEEAR, 2008, 6(12): 192-197.

LIANG Xue-bing, CHU Ke, JIA Cheng-chang. Diamond/Al
composites fabricated by spark plasma sintering[J]. Acta
Materiae Compositae Sinica, 2008, 6(12): 192—197.

RUCH P W, BEFFOR O, KLEINER S. Selective interfacial
bonding in Al(Si)-diamond composites and its effect on thermal
conductivity[J]. Composites Science and Technology, 2006,
66(15): 2677-2685.

SCHUBERT T, CIUPINSKI L, ZIELINSKI W, MICHALSKI A,
WEISGARBER T, KIEBACK B. Interfacial characterization of
Cu/diamond composites prepared by powder metallurgy for heat
sink applications[J]. Scripta Materialia, 2008, 58(4): 263—-266.
SCHUBERT T, TRINDADE B, WEIGARBER T, KIEBACK B.
Interfacial design of Cu-based composites prepared by powder
metallurgy for heat sink applications[J]. Materials Science and
Engineering A, 2008, 475(1/2): 39—44.

WEBER L, TAVANGAR R. On the influence of active element
content on the thermal conductivity and thermal expansion of
Cu-X (X=Cr, B) diamond composites[J]. Scripta Materialia,
2007, 57(11): 988—991.

MOLINA J M, RHEME M, CARRON J, WEBER L. Thermal
conductivity of aluminum matrix composites reinforced with
mixtures of diamond and SiC particles[J]. Scripta Materialia,
2008, 58(5): 393-396.

TAVANGAR R, MOLINA J M, WEBER L. Assessing predictive
schemes for thermal conductivity against diamond-reinforced
silver matrix composites at intermediate phase contrast[J].
Scripta Materialia, 2007, 56(5): 357-360.

XUE C, YU J K, ZHU X M. Thermal properties of

diamond/SiC/Al composites with high volume fractions[J].



1724

A G A R

201246 H

[13]

[14]

[16]

Materials and Design, 2011, 32(8/9): 4225—-4229.

HUBER T, DEGISCHER H P, LEFRANC G, SCHMITT T.
Thermal expansion studies on aluminum-matrix composites with
different reinforcement architecture of SiC particles[J].
Composites Science and Technology, 2006, 66(13): 2206-2217.
FENG H, YU J K, TAN W. Microstructure and thermal
properties of diamond/aluminum composites with TiC coating on
diamond particles[J]. Materials Chemistry and Physics, 2010,
124(1): 851-855.

COLTTERS R G. Thermodynamics of binary metallic carbides:

A review[J]. Materials Science and Engineering A, 1985, 76(1/2):

1-50.

KENNEDY A R, WYATT S M. Characterising particle-matrix
interfacial bonding in particulate Al-TiC MMCs produced by
different methods[J]. Composites Part A: Applied Science and
Manufacturing, 2001, 32(3/4): 555—559.

[17]

[19]

[20]

KENNEDY A R, WESTON D P, JONES M I. Reaction in
Al-TiC metal matrix composites[J]. Materials Science and
Engineering A, 2001, 316(1/2): 32—-38.

QIN Y X, ZHANG D, LU W J, PAN W. Oxidation behavior of in
situ synthesized (TiB+TiC)/Ti-Al composites[J]. Materials Letter,
2006, 60(19): 2339-2345.

FLAQUER J, RIOS A, MARTIN A, NOGALES S, BOHM H.
Effect of diamond shapes and associated thermal boundary
resistance on thermal conductivity of diamond-based
composites[J]. Computational Materials Science, 2007, 41(2):
156-163.

VAIDYA R U, CHAWLA K K. Thermal expansion of metal
matrix composites[J]. Composite Science and Technology, 1994,
50: 13-22.

(4mig  FTHBLD)



