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Solidified microstructure of SiC,/Al composites bonds under
ultrasonic vibration and their fracture characteristics
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Abstract: The microstructural characteristics of ultrasonic assisted fabricating bonds in SiC,/Al composites were
investigated and the in-situ dynamic tensile process and the fracture surface at room temperature of the resultant bonds
were observed by scanning electric microscopy (SEM). The results show that the bond microstructure can be effectively
controlled by the application of ultrasonic vibration at different bonding stages. All the bonds rupture instantaneously
under the tensile stress before obvious cracks are observed, which belong to a brittle fracture mode. When the bond is free
of SiC particles, the flourishing Zn-Al eutectics are weak and serve as the crack sources and the main path of crack
propagation. When SiC particles are present in the bond, which are transferred from the base metal and agglomerate in
the Zn-Al eutectics, micro-crack initiates at the SiC/eutectics interface and mainly propagates along the Zn-Al eutectics,
with a number of cleavage fracture of primary phase f(Zn) occurring in the crack propagation path under the rupture
inertia. Primary phase a(Al) has a significant role in crack resistance.

Key words: aluminum metal matrix composites; bond; microstructure; fracture behavior; in-situ observation

Al GNP R RR E SRR E M RUETEMIEESEERE, 2 H s 2 il a4
FHAIMMCs) BAT i LESREE i LU BT LR R RS, DG E e S phpbin Az —o SRR H B

EE&MEB: HFBREFEIES R IIUH (50905044); i E 115 R 22 364 B B) I H (20090450121); W& 7K Tl K 220055 35 42 B0l 3 7= v Rl mi H
(HITQNJS.2008.019)

Yrks BER: 2011-12-11; &ITHER: 2012-05-22

WEEE: W&, BIEd%, [t RiE: 051-86418695; E-mail: xuzw@hit.edu.cn



64 A G EE R

20134E 1 H

HAMEIN T2 a0, A4 S K Th e K
BEHARZ o HET, B PR R
A LSBT AR S5 VF 22 45 4 5 938 U il R AR 2
RS SRy VR N N S e E ST e N R D
ENVIEA RS, PRI FMRIEATIE  IL Le 4 R
WRE A H AT T D ma R T A3 T — i
S MR BT INE, EF R P BAE RS
(R N SNV o VANV G & N RS 2 Z RS P
R AL, T RSO T ST R AR R 4R
S P EEAH IR IR, DRITRT3RAS T B R e Sk s e, A
P2 T, ARSIk, ANE AT RIE A
BT, DREL KR RER R AL S BT iR
B BRI R, T JCVRSE LG5 AR R M R AL Y
ERE, PR EAN .

M RIER SR A 5 KIBTRAT g SAR AL
BEAT TIRNMIRFFEE 0 3P R £ v 5 | NS4
PRI, B A BT PR RE LY 2452 BIOCTE . HIE,
ENIEEPSEIRZp e e PR TR NS CRPNIRE S 5!
R ik, ASCAEF R BB Tk, T
H P BAE T SiC BRI 95 Bk 2 A RHE R LI
BEFIALY, R B A WS B S hr P A AF
IREENTRREOE K 3 MR R, JEXPM g 2
DG HAT M, SRR R SR i e S 2
BT R A

1 I8

BRI T (KBRS 5 Rk R R i % 1
20%SiCy/ Al ZEHEL LA 1 pros, Hh
SiC JIURLIPIIRARZI N S um, AR N 20%. K
RIS EL ) Zn-AL TR JAR 2 oy gk 1 Bl

B 1 BHEE SRR S
Fig. 1 Microstructure of AIMMCs
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Table 1 Chemical compositions of Zn-Al filler metal (mass

fraction, %)

Mg Mn Cu Al Zn

0.42 0.20 2.5-35  4.0-5.20 Bal.
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Fig. 2 Schematic diagram of physical simulation of ultrasonic

soldering of AIMMCs
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Fig. 3  Schematic diagram of sampling processes for

performance and microstructural testing of bonded specimen RN : < A ‘. '
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Fig. 4 Microstructures of filler metal/base metal interface

(Unit: mm): (a) Sampling process; (b) Dimension of tension

specimen

before ultrasonic vibration: (a) Polished; (b) Corroded
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Fig. 6 Microstructures of filler metal with application of

ultrasonic vibration: (a) SEM image; (b) Local enlargement
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Table 2 Chemical compositions of various zones in Fig. 6(b)

in Zn-Al filler metal with application of ultrasonic vibration

Mass fraction/%
Zone
Al Si Cu Zn
A 13.1355 0 2.3536 84.5109
B 1.2176 0 49222 93.769 7
C 8.2333 0 4.697 4 87.069 3
D 2.3539 80.896 8 4.608 5 12.140 8
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(b)
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Fig. 7 Microstructures of bond under different ultrasonic treating conditions: (a), (d) Treated at 400 C; (b), (¢) Treated at 400 ‘C
and retreated after holding for 10 min; (c), (f) Treated at 400 ‘C and retreated during solidification
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Fig. 8 Microstructures of Zn-Al filler metal at notch before tensile test: (a) Overall morphology; (b) Local enlargement
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Fig. 9 Characteristics of in-situ tensile fracture of Zn-Al bond: (a) Overall morphology; (b), (c) Local enlargement
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Fig. 10 Microstructures of SiC,/Zn-Al bond filler metal at notch before tensile test: (a) Overall morphology; (b) Local enlargement
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Fig. 11  Characteristics of in-situ tensile fracture of SiC,/Zn-Al bond: (a) Overall morphology; (b), (c) Local enlargement

Bl 12 SR AMEAEEL SiCy/Zn-Al KL% JEAT BT 24 1E

Fig. 12 Characteristics of in-situ tensile fracture of SiC,/ Zn-Al bond subjected to grain refining treatment: (a) Macro-morphology

before fracture; (b) Local enlargement; (c) Start point of fracture

Bl 13 S NMAEFE SiCy/Zn-Al K48 P IS EAFE

Fig. 13 Crack propagation characteristics in SiC,/Zn-Al bond subjected to grain refining treatment: (a) Tip of secondary crack;

(b) Secondary crack; (c) Main crack
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different ultrasonic treatment conditions: (a) Zn-Al bond;
(b) SiCy/Zn-Al bond; (c) SiC,/Zn-Al bond with grain refinement
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Fig. 15 Effect of ultrasonic treatment on fracture of eutectics:

(a) Bond without ultrasonic treatment; (b), (c) Bond with

ultrasonic treatment
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