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The aging behavior of alumina borate whisker (Al18B4O33w/AC8A-Al) composite was
examined by hardness and differential scanning calorimetry heat flow measurement.
Microstructures were investigated by transmission electronic microscope. The results
indicated that the interfacial reaction played an important role in the aging precipitation
behavior of the composite. As the interfacial reaction between the whiskers and AC8A-Al
alloy consumed the Mg atom of the matrix in the composite, the time to the peak aging of
the composite was almost same as that of the AC8A-Al alloy. The free precipitation zone
can be found nearby some whisker in the composite, duo to Mg content decreased in the
matrix. C© 2001 Kluwer Academic Publishers

1. Introduction
Aging treatments which can further increase the
strength of aluminum matrix composites have been
adopted extensively. The aging kinetics and micro-
mechanisms of the composites are attracting attention
[1–3]. In silicon carbide whisker (SiCw)/Al compos-
ites, studies [4, 5] have indicated that high densities of
dislocation can be formed in matris of the composites
because of the difference in the thermal expansion co-
efficient between the whisker and the aluminum alloy.
These dislocations increase the inhomogeneous sites
for precipitation nucleation and accelerate the growth
of the precipitation phase, so the aging kinetics of the
composites are accelerated. These studies on the aging
behavior are benefit in optimizing the aging treatment,
and can provide important experimental and theoretical
information for designing the properties of composites.

Recently, alumina borate whisker (Al18B4O33w) re-
inforced aluminum composites have been attracting
attention the lower price of the whiskers and excel-
lent properties of the composites [6, 7] Previous stud-
ies on Al18B4O33w/Al composites indicated that in-
terfacial reactions took place between whiskers and
some aluminum alloys [8]. In the present work, the
effect of interfacial reaction on the aging behavior of
Al18B4O33w/AC8A-Al composite is studied by means
of hardness measurement and differential scanning
calorimetry (DSC). The tensile properties and fracture
mechanisms of the aged composites were also investa-
gated by scanning electron microscope (SEM) in-situ
observation of the fracture process.

2. Experiment
The Al18B4O33w/AC8A-Al composite was fabri-
cated by squeeze casting. The volume fraction of

whisker in the composite was about 25%. The
properties of Al18B4O33w and the composition of
the AC8A-Al alloy are listed in Tables I and II,
respectively.

The specimens used for Vickers hardness measure-
ments, were 10×10×2 mm in size, and for DSC heat
flow measurements were 4×4×1.5 mm in size. All
specimens were cut from the as-cast ingot. Solution
treatment was carried out at 500◦C for 5 h. After
quenching in water at 80◦C, the specimens for DSC
were stored in dry ice to prevent natured aging, and the
specimens used for hardness measurements were aged
at 185◦C and 205◦C for different times. A perkin-eimer
DSC thermal analyzer was employed to measure the
heat flow. All DSC specimens were tested from room
temperature, to 500◦C with a constant scanning rate of
10◦C/min.

The microstructures both of monolithic AC8A-Al al-
loy and the composite were examined using a Philips
CM-12 transmission electron microscope (TEM) with
energy dispersive X-ray spectrometer (EDS). The spec-
imens for TEM study were thinned by ion milling.
The fracture mechanism of the aged composite was
investigated by SEM observation. The fracture
strengths of the composites at different aged states were
measured also.

3. Results and discussion
3.1. The microstructure of as-quenched

composites
Fig. 1 shows the microstructures of the as-quenched
composite. The high density of dislocations in the ma-
trix of the composite can be seen (Fig. la), which is in-
troduced during quenching as a result of the difference
in thermal expansion coefficient between whiskers and
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T ABL E I Properties of Al18B4O33 whisker

Length Diameter Thermal expansion Tensile strength
(µm) (µm) coefficient γ (×10−6/K) (GPa)

10–30 0.1–1 1.9 800

T ABL E I I Composition of the AC8A-Al alloy (mass%)

Si Cu Mg Ni Al

12.0 0.8 1.0 0.9 Balance

matrix alloy [4]. It can also be seen that an interfacial
reaction occurs between the whiskers and the AC8A-Al
alloy (Fig. 1b). According to the selected area electron
diffraction pattern (SADP) shown in Fig. 1c, it can be
determined that the interfacial reaction product has a
fcc structure and the lattice constant is 0.81 nm which
is in agreement with it being MgAl2O4. The EDS analy-
sis of the interfacial reaction product also indicated that
the product is Mg-rich phase. Therefore, it can be con-
cluded that the interfacial reaction product is MgAl2O4
with a spinel structure. This is consistent with the obser-
vations of Suganuma et al. [6]. The chemical reactions
are as follows:

Figure 1 TEM micographs of the as-quenched Al18B4O33w/AC8A-Al composite, (a) high density of dislocations in the matrix of the composite,
(b) interfacial reaction between the whisker and the AC8A-Al alloy, and (c) selected area electron diffraction pattern.

Al18B4O33 + 4Al → 11γ -Al2O3 + 4B (1)

γ -Al2O3 + Mg + [O] → MgAl2O4 (2)

It is clears that the Mg in the matrix is consumed
by the above interfacial reaction, and the Mg content
will be less in the matrix of composite than it is in the
monolithic AC8A-Al alloy.

3.2. Aging of the materials
The curves of Vicker’s hardness vs aging time for
monolithic AC8A-Al and Al18B4O33w/AC8A compos-
ite aged at different temperatures are shown in Fig. 2.
The hardness of the composite is higher than that of
monolithic AC8A-Al alloy because of the reinforcing
effect of the whiskers. The time to peak aging of the
composite at 185◦C is decreased to 4.5 h, compared to
5 h for the monolithic AC8A-Al alloy (Fig. 2a); and the
time to peak aging of the composite at 205◦C is almost
same, as the AC8A-Al alloy (Fig. 2b). These results
are different to those repored for a SiCw/Al composite
[9]. For a SiCw/Al composite, the aging behavior was
accelerated at various temperatures due to an increase
in dislocation density. In fact, the thermal expansion
coefficient of Al18B4O33 whisker is lower than that of
SiC whiskers [6]. If the effect of thermal mismatch is
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Figure 2 Curves of Vicker’s hardness vs aging time for AC8A-Al and the composite after aging at temperatures of (a) 185◦C and (b) 205◦C.

considered as the only factor to cause the difference in
aging behavior between the composite and the matrix
alloy, then the time to peak aging of Al18B4O33w/Al
composite should be accelerated, compared with the
matrix alloy. That the time to peak aging of the com-
posite is the same as that of the AC8A-Al alloy at 205◦C
suggests that there is an other factor affecting the aging
behavior of the composite.

Figure 3 TEM micrographs of the AC8A-Al alloy (a) and the composite (b) aged at 205◦C.

Figure 4 Mg content distribution near the whisker in the as-quenched composite. (a) TEM micrograph and (b) Mg distribution.

3.3. Microstructure of the aged composite
and monolithic AC8A-Al alloy

Fig. 3 shows the peak aged microstructures of the ma-
trix alloy and composite at 205◦C. It can be observed
that the precipitation character in the composite is sim-
ilar to that in the monolithic AC8A-Al alloy. From the
electron diffraction pattern, it can be determined that
the precipitate is the β phase. The amount of β phase in
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Figure 5 DSC curves of the composite and AC8A-Al alloy.

Figure 6 Relationship between the tensile fracture strength of the com-
posite and the aging time at 205◦C.

the composite is less than that in the monolithic AC8A-
Al alloy. This is obviously due to the interfacial reaction
consumption of the Mg. From Fig. 3b, a precipitation-
free zone (PFZ) “A” around whisker can be seen. To
examine the reason for formation of the PFZ, the Mg
distribution, as measured by EDS, is shown in Fig. 4.
The minimum value in Fig. 4b indicates that the inter-
facial reaction in the composite could take place during
solution treatment.

Figure 7 SEM in-situ observation of the crack propagation (a) peak aged at 205◦C, (b) over aged 205◦C.

3.4. DSC analysis
Fig. 5 shows the DSC curves of the composite and the
monolithic AC8A-Al alloy. Two broad peaks can be
seen in the DSC curves of both composite and AC8A-
Al alloy. The first peak corresponds to the formation of
the β ′ phase (at 200◦C for the composite, at 240◦C for
the AC8A alloy); the other peak corresponds to the β

(Mg2Si) phase (at 281◦C for the composite, at 277◦C
for the AC8A-Al composite). From Fig. 5 it can be
concluded that the aging precipitation products in the
composite are same as this in the AC8A-Al alloy [10],
but the formation temperature of β ′ phase in the com-
posite is lower than that in the AC8A-Al alloy. Their
was attributed to the high density of dislocations. How-
ever, the formation temperature of β phase is higher
in the composite than that in the AC8A-Al alloy. The
main reason may be concerned with the Mg content of
the matrix in the composite. From Equation 2, the Mg
content of the matrix in the composite is decreased, and
is lower in the unreinforced alloy (as shown in Fig. 4).
Since the Mg content of the β phase is higher, the β

precipitation in the composite lags behind the AC8A-
Al alloy, and it takes longer for the β phase to precipitate
fully (showing a diffuse feature in the DSC curve). It is
suggested that the effect of the decrease in Mg content
is greater than that of the higher density of dislocations
aged at 205◦C, which led to the time to peak aging of
the composite being the same as that of the AC8A-Al
alloy.

3.5. The mechanism of tensile fracture
According to the above results, it can be concluded
that the incorporation of whiskers changed not only the
aging behavior of the composite but also the microstruc-
ture of the aged composite. To analyze the effect of the
aging on the tensile in-situ observations of the com-
posite were carried out. The relationship between the
tensile fracture strength and the aging time of the
composite is shown in Fig. 6. The tensile strength of
the composite decreased sharply as the aging time in-
creased. Fig. 7 shows that cracks can propagate through
the matrix or the whiskers. In the over-aged composite,
however, the crack propagation is mainly through the
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matrix. For the peak-aged composite, the strength of
matrix is enough high, that whiskers may fracture dur-
ing the tensile test. For the over-aged composite, the
strength of matrix is lower and the crack propagation is
mainly in the matrix. In this case, the tensile strength
of peak-aged composite is higher than that of the over-
aged composite.

4. Conclusion
1. In the as-quenched Al18B4O33w/AC8A-Al compos-

ite, there is a high-density of dislocations in the ma-
trix and an interfacial reaction between the whisker
and the AC8A-Al alloy has occurred.

2. The aging kinetics of the composite were accelerated
due to the dislocations in the matrix alloy when the
composite was aged at 185◦C. The time to the peak
aging of the composite was almost the same as the
AC8A-Al alloy, due to the interfacial reaction, when
the composite was aged at 205◦C.

3. The interfacial reaction changes the microstructure
of the aged composite and a PFZ is formed around
some whiskers, which results in differences in the
fracture paths in the composite aged at different con-
ditions.
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