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The whisker-reinforced aluminum composites have been of much interest for their high
specific strength, high modulus, high wear resistance and thermal stability. Among them,
SICII] SN [21 and Al gB,O54{3] whisker-reintorced aluminum composites appear more
promising in industry, Recently, systematic investigations of the mechanical properties of
these composites have been reported[4], considering the composites in as-fabricated (F)and
To-treated (1) states, which gave the bending strength: 760.4MPa (F) and 893.4MPa(T) tor
SIC/HOUO AL (V,=23.3%), 789.6MPa () and 946.2MPa (T) tor Si;N/6061Al (V;=30.0%),
649, INMPa (Frand 630 4MPa (T for Al B3,0,/6061A1(V =28.0%). Here V represents t‘he
volume percentage of the whiskers in the coniposites. In the composites the whisker/matrix
intertaces take up much volume percentage and will influence the mechanical properties
of the composites. Thus it has been of much interest to study the interface structure and
interfacial reactions for well understanding the relationship between the interface and the
mechanical properties. This work will present recent research results about the

characterization of the whisker/matrix intertacial reactions in these composites, which were
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fabricated by squeeze casting.

FHligh resolution transmission electron microscopy (HRTEM) observations in previous
wOrk Showed D there sere s Rl ol e rfie struetiie in the whisker-rzinforced
UG D conpeosites] 3T e dire iy bonded interface and interface bonded with
A amarphous tisiton aver with the width of nanometer scale. For instance, SIC{5] and
Si,NJ6] whisker bonded with atummum matrix with an amorphous layer, and Al;B,O5;
whisker direetly bondedwith the ajuminum matnx{7]. Figure 1(a)shows the HRTEMimage
ot the SICH0GTANALNu-Siallov) interface, from which we can see ] nm thick amorphous
transition liver hetween SIC and Abmatos, Fraure H{b) and (¢) show the energy dispersive
analysis (D30 resalts in the Abmatrictby and at the SIC/ALnterface (¢). The atomic ratios
of MurAlare 127 by and 115 (e which mdicates My seeregation at the SiC/AI intertace.
MeO particles at the SIC ALntertaces hive been abserved in the SIC whisker-reinforced
aluminum alloy prtry composites{S.9] which esulted from the Mg segregation at the
interfaces. Mo seeregation awas also found al the SN /GUGIAI[10] interfaces and
Al B0 BUBTAI[T] mtertuces, which resulted in the intertacial reactions. Figure 2(a), (b)
and (o] show the SEN, whiskers i S1v, pure Ai (). SipNyou6EAl-as-fabricated) (b) and
SIN, 6UO AL TH-treated (¢) composites. The incident electron beam direction was paraliel
to the witisker aronetiyaxis [HOTL ftean be seen trom figure 2 that no interfacial reaction
happened in SEN L pure Al composite because of Mg absence, but the interfacial reactions
existed in SIS o0n LA composite due to Mg segregation. Figure 2 also shows the EDS
esuits in the matrx {d), at the whisker/matrix interface (e) and at the interfacial reaction
product (h), The atomic ratios of Mg:Alare 1:18 (d), 111 (e) and 1:6 (£), from which the Mg
sepregation at the intertace can be found. The EDS results at the it .erfacial reaction

product in tizure 201 indicated that the reaction products were Mg compounds. Detailed



analysis showed that the mostly particles at the interface in as-fabricated cumposite were
MgALO, and few were MgO[11]. which was different from the case at the SIC/6061Al
interfacesS]. In Té-treated states 1he M S paricles of the strenvthening phase in the
6061AL alloy preferred thprecipaatn s ar e SN ouo AT ey which were shown by
marks mnin figure 20c) This Rid of procipic:ton may be beneficial o the interface strength.
The detailed chservations showed that in SIC/6U61LAL and SijN, 6061AL composites the
interfacial reactions did not continue to occur during To-treatment. Therefore the bending
strength of the composites tncreased after To greaument due to the matrix strengthening.
Figure 3(a}, (b) and (o) show the Al B0 whiskers (marked by W) in Al B, O;5/pure
AI(:1),AI,XBtOW‘ﬁf‘m.-\L;ax-!nin:\:.ncd(h):md_-\I__,[i‘.(').,y’(m(iI:\I-Tn-lrc:ncd(c)composilcs.
It can be seen that no mtertacial reaction occurred at the A1 B0 /Al interfaces 1n
Al B,0,/pure Al composite. However serious mterfacial reacuons existed at the
whisker/matrix interfaces in AlLB O, G6TAT composites. In dgure 3(by and (¢), the
reaction products were marked by black dots. Tthas been tound that the Al B0y whiskers
themselves took partin the intertacialreacuons[8], which may be tound by comparing figtlr;:
3(b), (cywith (1) This kind ot intertacial reactions certainly ate parts ot the whiskers[8]. The
interfacial reactions became Mmore serious atter To-treatment (comparing bgure 3(b) and
(¢}), P.e., the rencton products became more and lirger in To stite than in as-fabricated
state, Figure 3(d) and () were the FDDS results at the ALUB,Omarix intertaces without
interfacial phase in as-fabricated td) and T6 (¢) states. The MatAlatomic ratios were 1:21
(d) and 1:29 (e}, which indicated the My segregation decreased in T6 state due to the
continued interfacial reactions. This phenomenon can be used to explain why the bending
strength in 76 state did notincrease and even decreased (F:649.1MPa. T:636.4MPa).

It can be seen that the interfacial reaction stvle depends upon the interface structure



character. Moreover the interface structure character depends upon the surface state of the
isolated whiskers. The wmorphous layers existed on the surfaces of isolated SiC{12] and
SEN whiskersloaed e urmees of the salured AL B0 whiskers were very clean[7],
which resufted o the exitence of aimorphous transition Javer at the SiC- and Si;N,-Al
iprerfaczsand e dinecthrhepded AT O AR opare, N ereovor, the unstable character
of the Al B,Ossurtaces [7] gave that the wiiskers took part in the interfacial reactions.
Inconclusions. itwas found that the Mg segregation at the whisker/matrix interfaces was
the importanttuctor resutting in the intertacial reactions, There were two kinds of interfacial
reactions: {1} the segregated Mg atoms reacted with the intertace transition layers and the
whiskers themselves Jdid nottake partinthe reactions: (2)the segregated Mg atoms directly
reacted with the whiskers in the composites without interface transition layers. The latter

case may be harmtul to the mechanical properties of the composites due to the decreasing

of the bending strength alter To treatinent.
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Figure Captions

Frgure T HIRTEN o o e SICATnterice (ay and EDS resnlt at the interface (b)),

.

Frgure 20 Dtraction contas oo o e SN whishers inthe 50 N pure Alcomposite

(a)theSENG oliol Al ss-tabncatedcomposite (hiandthe SN, ot AL T6-treated

composite (¢}, viewed along the whisker groweh axis. ££DS resuits in the matrix (d),

at the whisker matriv interface {e) and at the reaction Sroduct ().

Figure 5: Difraction contrast images of the AL B,O,, whiskers in the Al 8,0, /pure Al

composite (i, the ALBO 606 AL-s fabricated composite (b) and the
ALBO 600 TN Totreated composie (¢). EDS results at the whisker/matrix

interfaces i as-tabricated (dj and T-o reaied () states.
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