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ABSTRACT: A study on high performance poly(ether-
ether-ketone) (PEEK) composites prepared by incorporating
aluminum oxide (Al,Oj), 0 to 50 wt % by hot compaction at
15 MPa and 350°C was described. Density, thermogravimet-
ric analysis/differential scanning calorimetry, and scanning
electron microscopy (SEM) were employed to evaluate their
density, thermal stability, crystallinity, and morphology. Ex-
perimental density was found higher than theoretical den-
sity, which indicates that composite samples are sound. It
was found that the addition of micron sized (< 15 pm)
Al,O; increased the peak crystallization temperature by
12°C when compared with neat PEEK with insignificant
increase in melting temperature. Half-time of crystallization

is reduced from 2.05 min for the neat PEEK to 1.08 min for
PEEK incorporated with 30 wt % AlL,O; because of the
strong nucleation effect of Al,O;. The thermal stability of
composites in air atmosphere was increased by 26°C. How-
ever, thermal stability in nitrogen atmosphere decreases at
lower concentration of Al,O, but increases above 20 wt % of
Al Oj;. Uniform dispersion of Al,O; particles was observed
in PEEK polymer matrix by SEM. © 2006 Wiley Periodicals, Inc.
J Appl Polym Sci 100: 4623-4631, 2006
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INTRODUCTION

High performance polymer composites reinforced
with ceramic particles such as Al,O;. AIN, BN, SizN,,
SiC, SiO, and others result in unique combination of
properties, which make them useful in aerospace
structures, electronics/microelectronics substrates,
automotive parts, marine structures, and biomedical
applications. By introducing reinforcing particles or
fibers in polymers, composite properties can be tai-
lored to meet specific design requirements such as low
density, high strength, high stiffness, high damping,
chemical resistance, thermal shock resistance, high
thermal conductivity, low coefficient of thermal ex-
pansion, and good electrical properties.

The properties of particulate composites are
strongly dependent on particle shape, particle size,
particle distribution, particle loading, type of ma-
trix, and interface between particle and matrix.'”®
The addition of inorganic fillers or particles to a

Correspondence to: Y. S. Negi (dr_yuvijas_negi@yahoo.co.in).

*Present address: Polymer Science and Technology Labora-
tory, Department of Paper Technology, Indian Institute of
Technology, Roorkee (IITR), Saharanpur Campus, Saharan-
pur-247 001, Uttar Pradesh, India.

Journal of Applied Polymer Science, Vol. 100, 46234631 (2006)
© 2006 Wiley Periodicals, Inc.

polymer has been a common practice to improve the
mechanical properties. Among inorganic fillers, cal-
cium carbonate has been one of the most commonly
used fillers for commodity plastics such as HDPE®
and polypropylene (PP),” to reduce the cost of the
expensive resins. It would be worth noting that
these additions also incur a performance cost. Spe-
ciality polymers such as poly(ether-ether-ketone)
(PEEK), Polyimides, PTFE, LCPs, PPS, PES, etc. with
good thermal stability and mechanical properties
are required for the applications where performance
is more important than cost.
Poly(oxy-1,4-phenyleneoxy-1,4 phenylenecarbonyl-
1,4-phenylene) more commonly known as poly(ether-
ether-ketone) (PEEK) is a high performance aromatic
thermoplastic semicrystalline polymer. PEEK exhibits
glass—rubber () or glass-transition temperature (T,)
at 143°C and increases as much as 20°C with the
degree of crystallinity of the polymer because of the
relative constraint imposed on the amorphous phase
motions by the crystallinity.®* By using dielectric
spectroscopy, Huo et al. reported that amorphous
PEEK showed glass transition at 164°C because of
mobile amorphous phase relaxation followed by ad-
ditional relaxation at 195°C (at 1 MHz) because of
rigid amorphous phase relaxation. It was also re-
ported that dielectric T, is always about 20°C higher
than the differential scanrung calorimetric T,. 910 The
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subglass B and vy relaxations observed by dynamic
mechanical analyzer or dielectric spectroscopy occurs
about —63°C, and —143°C, respectively. The 3 relax-
ation is affected by the presence of water content,
ageing history and crystallinity. The highly localized y
relaxation resulting due to wagging of the polar
bridges is insensitive to ageing history, and crystallin-
ity 1112

The double melting behavior, low-temperature
melting endotherm, and high-temperature melting en-
dotherm (~335°C) of PEEK has been investigated ex-
tensively by differential scanning calorimetry.'*'* The
lower melting endotherm peak shifted toward the
higher temperature with increasing either the crystal-
lization temperature or the annealing time, while the
higher melting endotherm peak remains unchanged.'?
However, these peaks also depend linearly on the
logarithm of the differential scanning calorimetry
(DSC) heating rate. The two melting endotherms coa-
lesce into one at high heating rates.'*

PEEK exhibits outstanding resistance to moisture,
chemical and hard radiation, high-temperature ther-
mal stability, impact resistance and wear resistance,
and high continuous service temperature up to 250°C,
as a result the polymer is used in high temperature
engineering applications,'>” aerospace,’ automotive,
structural,’ tribology,'®' and biomedical applica-
tions.*

There are a several hundred publications on the
effect of ceramic particles on different polymer
properties, but there is rare literature on the effect of
Al,O; on PEEK. However, recently Kuo et al. have
studied the effect of nano-Al,O; and nano-SiO, on
PEEK’s mechanical and thermal properties.”> Hy-
droxyapatite (HA) reinforced PEEK has been re-
ported as biomedical material.*> Wang et al. have
reported the wear and friction properties of PEEK
reinforced with various weight fractions of SiC,
Si0,, SizN,, and Zr02.18*21 The melting, crystalliza-
tion, and thermal stability behavior of micron size
AL Oj-reinforced PEEK was not discussed so far.
Sandler et al. have studied the thermal and mechan-
ical properties of carbon nanofibers-reinforced
PEEK nanocomposites.**

In the present article, a systematic investigation of
the Al,O;/PEEK composites prepared by mixing
PEEK and Al,Oj; in alcohol medium followed by hot
pressing technique was reported. The density, ther-
mal stability, melting, and crystallization tempera-
ture of the composites were characterized by using
density, thermogravimetric analysis (TGA), DSC,
respectively. The dispersion of the Al,O; particles
was observed by scanning electron microscopy
(SEM). The thermomechanical and electrical prop-
erties of the composites will be presented elsewhere.
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Figure 1 SEM micrographs of (a) aluminum oxide (b)
PEEK powder.

EXPERIMENTAL
Materials

The commercial PEEK, grade 5300PF donated by
Gharda Chemicals Ltd. Panoli, Gujarat, India, under
the trade name GATONE ™ PEEK was used as ma-
trix. It has a reported inherent viscosity of 0.87 dL/g
measured at a concentration of 0.5 g/dL in H,SO,. The
particulate used in the preparation of composites was
Al,O, powder of density 4.00 g/cm®. It was used as
supplied by Aldrich Chemical Company. Figure 1(a)
and (b) are typical SEM micrographs of Al,O; and
PEEK powder at 2000X magnification. As received,
ethanol of Merck grade was used for homogenizing
the Al,O; and PEEK mixture. The particle size of the
PEEK and Al,O; were determined by using GALAI
CIS-1 laser particle size analyzer. The particle size of
PEEK powder ranges from 4 to 49 um and of Al,O,
from 3 to 15 um. The mean diameter of the PEEK
particle was 25 um and of the Al,O; was 8 um.
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ALO; + Alcohol PEEK + Alcohol

A 4 A 4

Suspension of both components in Alcohol
Room temp, 500rpm

A 4

Homogeneous slurry of Al,O3/PEEK/ Alcohol
110°C, 500rpm

A 4

Dry powder of Al,O3/PEEK

A 4

Dry in Vacuum Oven 120°C, 10h

A 4

Hot Pressing,
(15MPa, 350°C)

A 4

Dense AlO3/PEEK composites

A 4

Characterization

Scheme 1 Flowchart for preparation of high performance
Al,O3/PEEK composites.

Sample preparation

Various compositions of composites based on PEEK
and AlL,O; were prepared by using the method as
reported elsewhere.” A brief summary of the process
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is shown in a flowchart illustrated in Scheme 1. Dried
powder of Al,O; and PEEK were well premixed
through magnetic stirring in alcohol medium for 8 h,
and then, the homogeneous slurry was dried in a
vacuum oven at 120°C for 10 h and then hot pressed.
A Laboratory hot press was used to fabricate the
circular sample of 25 mm diameter in a cylindrical
chamber made of tool steel. A mold release agent was
used to prevent the PEEK melt from sticking to the die
surface. The dried mixed powder of controlled PEEK
and Al,O;/PEEK were filled in a die. Then pressure
was applied to compact the powder. The die was
heated at an average heating rate of 8°C/min to a
maximum temperature of 350°C. The pressure of 15
MPa was kept constant at 350°C for 10 min and then,
naturally cooled under pressure below the glass tran-
sition temperature of PEEK in a mold at an average
cooling rate of 3°C/min. Finally, the samples were
ejected out from the mold cavity. The size of molded
samples was about 25 mm in diameter and 2 mm in
thickness. These samples were polished by using suc-
cessive emery papers, cleaned with acetone, and
dried. Seven different compositions containing 0-50
wt % Al,O; in PEEK matrix were prepared. Small
pieces of composite samples were cut from the com-
pression molded samples for TGA, DSC, and SEM
analysis. The actual filler incorporated in the compos-
ite samples after processing was determined by TGA
(shown in Table I) in air and nitrogen atmosphere.

CHARACTERIZATION
Density

Theoretical density of the samples was calculated by
rule of mixture (ROM), using the density of Al,O; 4.00
g/cm® and of PEEK 1.29 g/cm® for 20% crystalline
powder. Experimental density of the filled PEEK sam-
ples prepared by hot pressing was measured by
Archimedes’ principles, where the sample volume is
measured by the buoyancy in a immersing medium
with known density. The weight and volume is mea-

TABLE I
Actual wt % of Al,O;, Degradation Temperature (T,,) of Composites in N, and Air at 10 wt % Loss and Char Yield
Determined by TGA

Actual wt % of AL,O; in

% Al,O5 in PEEK

PEEK determined by TGA

Sample T, air T, N, Char yield %
code Wt. Vol. In air In nitrogen °O) °O) in N,
a 0 0 0 0 556 570 48
b 5 1.67 5.60 5.77 558 564 51
C 10 3.46 8.78 7.69 568 560 52
d 20 7.46 20.00 17.31 566 562 57
e 30 12.14 30.88 28.85 578 572 63
f 40 17.70 37.63 38.46 576 578 68
g 50 24.39 49.00 48.02 582 580 73
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sured in air and immersing medium (i.e., alcohol),
respectively, at room temperature.

Thermogravimetric analysis

Actual filler content and thermal stability of the pure
PEEK and Al,O;/PEEK composites were performed
on a TGA, using Mettler-Toledo 851e. Approximately
8-10 mg sample was taken in an aluminium pan. The
samples were heated from room temperature to
1000°C at the heating rate of 10°C/min in air or nitro-
gen atmosphere with a flow rate of 50 mL/min.
Weight % of char yield was determined by heating
samples to 1000°C in a nitrogen atmosphere at a heat-
ing rate of 10°C/min.

Differential scanning calorimetry

Heat of fusion and hot crystallization temperature of
PEEK and Al,O;/PEEK composites were determined
by using a Du Pont Instruments 910 DSC. A nitrogen
flow rate of 50 mL/min was used. Approximately
20-25 mg samples placed in an aluminum pan were
first heated from 30°C to 400°C at a heating rate of
10°C/min and soaked isothermally at 400°C for 5 min
to allow complete melting of the polymer. The sam-
ples were then cooled to 30°C at a cooling rate of
10°C/min. Each sample was subjected to single heat-
ing and cooling cycles under a dry nitrogen purge,
and data were recorded during the heating and cool-
ing cycle.

X-ray diffraction (XRD) measurements

XRD pattern of molded pure PEEK and Al,O;/PEEK
composites was recorded on Philips X'Pert PANalyti-
cal PW 3040/60 to qualitatively investigate the devel-
opment of crystallinity. XRD data were obtained by
using CuKa radiation of wavelength 1.54 A at 40 KV
and 30 mA. All the experiments were carried out with
26 varying between 10° and 35° at room temperature.

Microstructure analysis

A Philips SEM (Philips XL-30) was used to investigate
the morphology of pure PEEK and Al,O,/PEEK com-
posite samples. The distribution of Al,O; particles in
PEEK matrix was also investigated. Small pieces of
size about 4 X 4 X 2 mm? were cut from the molded
sample and mounted in a block of acrylic base poly-
mer resin (DPI-RR cold cure). The obtained sample
surfaces were manually ground and polished with
successive finer grades of emery papers followed by
cloth (mounted on wheel) polishing to remove
scratches developed during emery paper polishing.
All the samples were rinsed well in water, dried, and
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Figure 2 Density of PEEK composites reinforced with
ALO;,

coated with a thin film of gold before putting into the
SEM. The applied voltage was 10-25 KV.

RESULTS AND DISCUSSION

High performance PEEK composites reinforced with
various weight fraction of Al,O; were prepared by hot
pressing technique. Resulting compositions were
characterized and discussed in detail in this section.
Volume percent of the particles for a given weight
fraction can be calculated by using well known eq. (1):

Vf = Wf/[wf+ (1- Wf)-pf/pm] (1)

where V; is the volume fraction, W; is the weight
fraction, pyis the density of Al,O; particles, and p,, is
the density of the polymer matrix.

Density

Figure 2 showed the density of the Al,O;-filled PEEK
as a function of Al,O; content. It can be seen that the
density increased with Al,O; loading in a linear fash-
ion. The experimental density of the composites ex-
cept composite (g) is more than the theoretical density.
In another study on a different composite system, a
similar observation was reported.”> However, in hy-
droxyapatite (HA)-reinforced PEEK composites, the
experimental density is equal or less than the theoret-
ical density. In present study, higher density might be
an indication of the porosity free samples due to good
processing conditions and increased crystallinity as a
result of the nucleation effect of Al,O; particles.

Thermogravimetric analysis

TGA measurement was carried out to obtain actual
incorporated filler and thermal stability of the pure
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Figure 3 (a) TGA curves of PEEK composites (a-g) in
nitrogen atmosphere; (b) DTG curves of PEEK composites
(a—g) in nitrogen atmosphere.

PEEK and Al,O5;/PEEK composites. The percentage of
original weight remaining as a function of the temper-
ature under nitrogen and air atmosphere was shown
in Figures 3(a) and 4(a), respectively. The temperature
at 10 wt % loss was taken as the degradation temper-
ature (T,,) and tabulated in Table I. It can be seen from
the Table I that pure PEEK has T, in nitrogen atmo-
sphere (T, np) at 570°C. It is observed that as the
percentage of Al,O; increases in PEEK the thermal
stability of composites in nitrogen atmosphere is de-
creased up to 20 wt %, but afterwards increased to
580°C for PEEK with 50 wt % Al,O;. However, the
thermal stability of composites in air atmosphere is
increased for all compositions, i.e., by 26°C from 556°C
for the pure PEEK to 582°C for PEEK with 50 wt %
Al,O;. Therefore, the incorporation of Al,O; in PEEK
matrix improved thermal stability of the composites.
The increase in thermal stability could be due to
strong interaction or interfacial bonding between the
polymer matrix and the Al,O; particles.

Figures 3(b) and 4(b) showed the derivative thermo-
gravimetric analysis curves of composites in nitrogen
and air atmosphere, respectively. It can be seen from

4627

Weight %%
- [
(=]
——

Joo 200 300 400 500

Temperature ("C)

(a)

n
T

% /min

NI PR L
600 TOO
Temperature °C)

| . Y. T T rI— -~
100 200 300 400 SO0 800 00

(b)

Figure 4 (a) TGA curves of PEEK composites (a—g) in air
atmosphere; (b) DTG curves of PEEK composites (a—g) in air
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Figure 5 DSC heating curves of PEEK composites (a—g).
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Figure 6 DSC cooling curves of PEEK composites (a—g).

Figure 3(b) that there is not any change in maximum
decomposition temperature in nitrogen atmosphere
for all composite samples. However, the decomposi-
tion temperature range is decreased as the wt % of
Al,O; content increased. Figure 4(b) showed two de-
composition stages of PEEK composites under air at-
mosphere in contrast to single decomposition stage
under nitrogen atmosphere. In air atmosphere also
there is not any significant change in maximum de-
composition temperature except composite (f).

The actual incorporated wt % of Al,O; in PEEK
matrix was determined by heating the sample to
1000°C in air atmosphere. It can be seen from the
Figure 4(a) that pure PEEK showed negligible residue
at 1000°C in air. Therefore, the residue of the compos-
ites remained at 1000°C in TGA analysis would be the
wt % of the Al,O; in PEEK matrix as summarized in
Table I. Moreover, the actual incorporated wt % of
Al,O; in PEEK matrix was also determined in nitrogen
atmosphere by assuming that Al,O; does not affect the
degradation rate of PEEK matrix in composites. There-
fore, the wt % of the degraded PEEK matrix i.e., char
yield of pure PEEK may be taken as constant in all
compositions. The actual incorporated wt % of Al,O;
in PEEK matrix in nitrogen atmosphere was deter-
mined by using the mass balance eq. (2) and the
results are summarized in Table I.
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TABLE 11

Thermal Properties of Composites During Heating Cycle

Sample code T, (°C) AH;(J/g) AH(J/g" % Xcpsc
a 333.74 26.07 26.07 20.05
b 336.67 40.90 43.05 33.12
c 337.04 28.14 31.27 24.05
d 338.02 39.34 49.18 37.83
e 336.69 21.24 30.34 23.34
g 336.11 16.33 32.66 25.12

2 Normalized heat of fusion of PEEK constituent in
Al,O5/PEEK composite.

Wf: [(WC - Wm)/(l - Wm/loo)] (2)

where W, is the wt % of ALL,O; in PEEK matrix, W, is
the wt % char yield of composite, and W, is the wt %
char yield of pure PEEK in nitrogen atmosphere.

As shown in Table I, there is some difference in
theoretical and actual wt % of Al,O; in PEEK matrix.
This might be due to two reasons. First, because of the
loss of a little quantity of Al,O; or PEEK powder
during the composites mixing process due to differ-
ence in density of components. Second, because of the
desorption of physisorbed water and dehydradation
of Al,O,.%

It can be seen from the Table I that the char yield of
pure PEEK is about 48%, in agreement with a reported
value.” The char yield was increased from 48% for the
pure PEEK to 73% for PEEK reinforced with 50 wt %
Al O;. It is well known that Al,O; is thermally most
stable at higher temperature. Hence, the increase in
char yield is due to the increase in wt % of AL,O; in
composites.

Differential scanning calorimetry

DSC measurements were carried out to determine the
percentage crystallinity, heat of fusion, and crystalli-
zation temperature of PEEK and Al,O5;/PEEK com-
posites. The DSC heating and cooling curves are
shown in Figures 5 and 6 for PEEK composite, respec-
tively. From the recorded heating and cooling curves,
thermal properties such as melting temperature(T,,),
onset temperature to recrystallization (T,,), peak crys-

TABLE III
Thermal Properties of Composites During Cooling Cycles
Sample code T. (°C) T, (°C) AH.(J/g) AH. (J/g* % X, Dsc t; ;> (min) AT (°C)
a 259.65 280.11 39.76 39.76 30.58 2.05 74
b 264.33 276.86 44.60 46.95 36.12 1.25 72
c 261.57 274.30 37.93 42.14 32.42 1.27 75
d 265.53 276.65 31.44 38.93 29.90 1.11 73
e 268.48 279.32 29.98 37.48 28.83 1.08 68
g 272.40 284.51 26.15 52.30 40.23 1.21 64

@ Normalized heat of crystallization of PEEK constituent in Al,O,/PEEK composite.
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Figure 7 XRD Pattern of PEEK composites (a—g), for clar-
ity, scans for sample (b—g) has been displaced upward.

tallization temperature (T,.), heat of crystallization
(H,), heat of fusion (H,,), and degree of crystallinity
were calculated and tabulated in Tables II and III
Degree of crystallinity (x, 4.) were obtained by using
the method described elsewhere.”

It is seen from the curves (a—g) of Figure 5 that the
T,, is increased by 2-4°C as the Al,O; loading in-
creases in PEEK. However, in our earlier study, we
observed 11°C increase in T,, for PEEK reinforced with
50 wt % AIN.* In another composite system, a de-
crease in T,, by 5°C from 338°C for pure PEEK to
333°C for PEEK reinforced with 30 wt % sulfonated
PEEK (SPEEK)-treated CaCOj; of 80 nm particle sized
was observed. For the same composition 6°C decrease
in T,, was observed when untreated CaCO; was
used.”® However, a decrease in T,, about 13°C was
observed from 338°C for pure PEEK to 325°C for
PEEK reinforced with 30 wt % SPEEK-treated CaCOj;
of 2 um sized. Pingping et al. have reported that in
CaCO;/PET composites the addition of CaCO; parti-
cles does not have significant effect on T, of compos-
ites.”” Thus, we believe that the increase in T,, in our
both the cases may results from the well-dispersed
particles that increase the crystallinity of the PEEK as
confirmed by density, DSC, and XRD. Therefore, par-
ticle size and method of mixing of the filler particles
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and polymer has important role in changing the T,, of
composites whereas surface treatment of fillers has
negligible role.

During cooling cycle, it was observed that the T,
T,, and half-time of crystallization (t;,,) of PEEK was
affected by the presence of the Al,O;, which indicate
that nucleation is inhomogeneous. It can be seen from
the curves (a—g) of Figure 6, that addition of Al,O,
content in PEEK shifts the peak crystallization temper-
ature (T,) by 12°C for a given cooling rate in compar-
ison to pure PEEK, indicating that the addition of
Al,O; into PEEK enhanced the rate of PEEK crystalli-
zation.’*>! This result is in contrast to the untreated
and SPEEK-treated CaCO; dispersed PEEK, where
CaCOj; do not act as nucleating agents, evidenced by a
significant increase in time to reach the exothermic
peak.”®

The half-time (t, /,) of crystallization temperature of
pure PEEK and Al,O;/PEEK was determined by us-
ing the equation [t,,, = (T,, — T.)/rate of cooling].
Table III showed that t,,, value of composite de-
creases with the increase in Al,O; content in pure
PEEK. These results are similar to the CaCO;/PP sys-
tem where CaCO; particles of 6um reduced the crys-
tallization half-time significantly.>* The t,,, for the
pure PEEK 2.05 min is reduced to 1.08 min for the
PEEK with 40 wt % Al,O;. Thus, Al,O; particles ac-
celerate the crystallization process of pure PEEK. For
the same rate of cooling, there is enough time for the
molecular chains of PEEK to pack into a closer ar-
rangement.

X-ray diffraction measurements

The angular position in the range of 26 = 10°-35° of
major crystallographic reflection for the PEEK and
Al,O3/PEEK composite sample are shown in Figure 7.
XRD pattern in Figure 7 showed that pure PEEK and
its composites crystallizes primarily in the orthorhom-
bic form showing diffraction peaks corresponding to
Miller indices, (110), (111), (200), and (211) Here, we
have shown only two diffraction peaks of Al,O; at
15.66 and 25.57°.

TABLE IV
Angular Position and Inter-Planer Distance of Composites Determined by XRD

Sample 26 (°) Inter planer spacing d;,;; (nm)
code 26,19 26,1, 20500 20,1, di10 dy1y daoo do1y
a 18.525 20.564 22.573 28.489 0.4790 0.4319 0.3939 0.3133
b 18.777 20.536 22.536 28.633 0.4722 0.4288 0.3942 0.3115
c 18.699 20.736 22.591 28.599 0.4742 0.4280 0.3933 0.3119
d 18.773 20.657 22.756 28.746 0.4707 0.4296 0.3905 0.3103
e 18.794 20.782 22.723 28.766 0.4718 0.4271 0.3910 0.3101
f 18.745 20.788 22.672 28.729 0.4730 0.4270 0.3919 0.3105
g 18.630 20.621 22.792 28.566 0.4759 0.4304 0.3899 0.3122
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Figure 8 SEM micrograph of polished and etched sample
of (a) sample b, (b) sample d, and (c) sample f.
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It can be seen from the Table IV that there is a
displacement of reflection toward a higher angular
position when compared with pure PEEK with in-
creasing Al,O; content. The inter planer spacing, d,
of different crystalline planes (hkI = 110, 111, 200, 211)
are the highest for the pure PEEK, but decreases as the
AlL,O; content increases in PEEK. A smaller d,,, for
composite may be attributed to perfection of crystals.
A remarkable decrease in d, d;q1, dyg, and d,,; were
observed in direction perpendicular to plane, (110),
(111), (200), and (211), respectively. Table IV showed
total decrease in d;;; of about 0.08, 0.05, 0.04 and 0.02
A for the (110), (111), (200), and (211) planes, respec-
tively. Because of the decrease of d-spacing, the di-
mensions of crystalline units decreases as the Al,O;
content increases and thus, improve the crystallinity
of bulk composite. This type of effect was reported for
the pure PEEK as the annealing time or temperature of
crystallization was increased.”® The quantitative in-
crease in crystallinity was confirmed by dsc technique.

Scanning electron microscope

The morphological and particles distribution in poly-
mer matrix was studied using SEM. Figure 1(a) and (b)
showed micrographs of Al,O5 and pure PEEK powder
at 2000X magnification. Al,O; particles have a flat
platelet of size ranging from 3 to 15 um. PEEK pow-
ders have irregular particles of rod-like shape of
length ranging from 10 to 50 um. Figure 8(a)-(c)
showed the SEM of polished and etched composites of
PEEK reinforced with 5, 20, and 40 wt % Al,O;, re-
spectively. The polished samples were etched for 20
min, using a 2% w/v solution of potassium perman-
ganate in a mixture of 4 volumes of o-phosphoric acid
and 1 volume of water. The Al,O; particles were uni-
formly dispersed in all composite samples. There were
no aggregates of Al,O; particles in PEEK matrix,
which is expected due to good processing condition
during the sample preparation.

CONCLUSIONS

Dense and homogeneous high performance PEEK ma-
trix composites incorporating Al,O; up to 50 wt %
were prepared by mixing PEEK and Al,O; powders in
alcohol medium followed by hot pressing technique.
The thermal stability of composites in air atmosphere
was higher than in nitrogen atmosphere. The im-
provement in thermal stability of the composites could
be due to strong interaction or interfacial bonding
between the PEEK matrix and the Al,O; particles. The
peak crystallization temperature and crystallinity of
the composites was increased because of strong nucle-
ating effect of Al,O;. Hence, half-time of crystalliza-
tion is reduced considerably.
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