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Thermal expansion behavior of diamond/SiC/Al composite

XUE Chen, YU Jia-kang, TAN Wen

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

Abstract: The diamond/SiC/Al composites were produced by gas pressure infiltration, and the morphology of the
fracture surfaces, interface reactions and coefficients of thermal expansion of the composites were investigated. The
results show that the aluminum matrix adheres to all the faces of Ti-coated diamond, which is different from the selective
adhesion phenomenon observed in the uncoated diamond composites, the interface bonding between diamond and
aluminium matrix is strengthened due to the existence of Ti coating on the diamond surface, the main fracture mechanism
of the composite is ductile fracture. After interface reactions, the intermetallic compounds, such as Al;Ti and Ti-Al-Si
deposits, improve the diamond/Al interfacial bonding strength and decrease the thermal expansion coefficients of the
composites. With the diamond particle diameter increasing thermal expansion coefficients of composite decrease due to
the increasing, the particle diameter ratio of diamond and silicon carbide, which leads to the increase of volume fraction
of composites. The thermal expansion coefficients of composites decrease with the increase of the diamond particle size.
The two factors are interacted, however, the first factor plays a dominant role. The thermal expansion coefficients
increase with the SiC content increasing at different content ratios of diamond to SiC. The experimental results can be
well predicted with the average results calculated by Terner and Kerner models.
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Fig.1 Synthetic diamond single crystals of cubo-octahedral

MBD-4: (a) Uncoated; (b) Ti-coated
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Table 1 Volume fraction of diamond/SiC/Al composites

Sample Volume fraction of Volume fraction of
No. diamond/% reinforcement/%
N 100 61
S, 80 59
S; 60 57
S 50 56
Ss 40 55
S¢ 20 52
S; 0 51

K Zeiss SUPRA 55 14 LB T 2 A R4
ZURWT REE, R A f%[E NETZSCH /A DIL402PC
IR AN s AR AT 2R 2, 2% SR ETE T h
30~200 C, WA/ HEAE 6 mm, K25 mm. JHE
WAy 5 °C/min, RS, WEA 50 mL/min.
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Fig.2 Thermal expansion coefficients of coated and uncoated

diamond/SiC/Al composites
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Fig.3 SEM images of diamond surface with adherent
aluminum in Ti-coated(a) and uncoated(b) diamond/SiC/Al
composite

3O ARSNGB TS . B 3 iTLLE Y,
R JZ G NI R TOCHT, AR AR D, 2 g
(SR, UEHIXRN SR S 455 K. T
PR WA R TR I R 2 AR A, BR T D 5t
WA, DIILARWTREN 5, RIIXFE SR 5
(R =T

ST AR AR S 45 4, WF R AL AE AR
RAE SRR R T BRI S ), RIS
A Sy R B4 NI B {100 1t b, i ¥k DL 55 4 WA
(UL} TR S R AP A 45, il 4V R,
PRI G PR S DRI AT 46 A AS [ it T e e i -
ANl AEERIA {1 b, AR 75 A 3 A
T S AHAEE , T 4 WIAT {100 THT b PRy v~ 1 15 ] L
AR IRFAHZE o P, AT EAHEDN<E: WA {100} & i F o
JEF A I 1 (L0 T S s A, M
HHT ALCs 72 {100} dn il ERITE R, WA {100} d
T b B 5 R AR ] PR A2 SO i T R R A 4
I {100} & T 45 5

Fig.4 SEM image of fracture surface of gas pressure
infiltrated Al/diamond composite (Regions 4 indicate adhesive
bonding on diamond {100} faces, region B denotes poor
interfacial)
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Fig.5 Chemical composition of interface reaction products of

the composites shown in Fig.3(a)
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Fig.6 Surface morphology of diamond particle in infiltration
frontier
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Fig.7 Thermal expansion coefficients of composites with

different diamond particle sizes
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Fig.8 SEM images of composites with different diamond
particle sizes: (a) 300 pm; (b) 100 pm
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Fig.9 Thermal expansion coefficients of composites with
different volume fractions of diamond, SiC mixing in

reinforcement
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Table 2 Parameters of Al, SiC and diamond
Parameter Al SiC Diamond
100 C 125°C 150 C 175°C 200 C
/107K 22.1 222 224 23.5 23.9 4.6 2.3
K/GPa 68.55 67.3 66.1 63.1 59.79 227.3 580
G/GPa 26.6 25.7 24.7 24.4 24.1 192 360
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Fig.10 CTEs of diamond/SiC/Al composites and comparison
between theoretical predictions and experimental data:
(a) Experimental data and model compared at 150 C; (b) S1,
S2, S6, S7, experimental data and average value calculated by

Kerner and Turner models
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