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ABSTRACT

In nanocomposites, different surface states of nanoparticles can potentially provide
different interactions with the base polymer and in turn change the bulk properties.
Aluminium nitride (AIN) nanoparticles were surface functionalised with three different
silane coupling agents (SCAs) with varying organofunctional and hydrolysable groups.
The effects of the filler surface chemistry on the resulting AIN/polypropylene (PP)
nanocomposites were examined and compared with an unfilled reference system. It is
observed that different organofunctional groups can provide different nucleating effects
and the dispersion states of nanoparticles while the hydrolysable group is not the
dominant factor. The dielectric spectroscopy results show the hydrolysable group of SCA
will also result in a difference of the interphase since the trimethoxy silane treated
systems show much higher imaginary permittivity than the triethoxy silane treated
systems when the frequency is below 1 Hz. The grafted organofunctional layer on the
particle surface can provide a significant improvement of the thermal conductivity of the
composite materials, e.g. 15 % improvement in thermal conductivity was observed when
adding 10 wt% methacrylate silanes treated nano-AIN into PP, while the untreated
counterpart only has 5 % improvement.

Index Terms — nanocomposites, interphase, polypropylene, aluminium nitride, silane
coupling agent, dielectric spectroscopy, thermal conductivity

1 INTRODUCTION

NANODIELECTRICS are the polymer nanocomposites
used for electrical insulation within which nano-sized fillers are
added to a polymer or polymer blend, traditionally at only a few
weight per cent (wt%). The concept of “nanodielectrics” [1] was
first introduced as “nanometric dielectrics” by Lewis in 1994 [2].
Nevertheless, the research on nanodielectrics did not receive much
attention until promising results were shown, such as suppressed
space charge accumulation, as presented by the pioneer
experimental work of Nelson and Fothergill et al. in 2002 [3].
However, while the potential benefits of nanodielectrics have
been exploited over the last twenty years, there are plenty of
inconsistent or contradictory results that impede the thorough
understanding on how nanoparticle interact with the polymer.

Indeed, when discussing the main factor that can dominate the
property changes caused by adding nanoparticles into the
polymer dielectrics, the notion of the large interfacial region
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between nanoparticles and the base polymer, giving rise to the
interphase volume, plays a significant role and is thus
highlighted by many researchers [2, 4, 5]. Therefore, the
dispersion of nanoparticles and how to reduce the
agglomerations to maximise surface area are considered to be
essential issues for nanodielectrics. This leads to a broad
application of surface functionalisation in nanodielectrics
research [6-8]. Itis considered that the surface functionalisation
can improve the nanoparticles dispersion by reducing the
surface energy or by forming chemical bonding with the matrix
material.

The silane coupling agent (SCA) is mainly used for surface
functionalisation of inorganic particles, and the surface
chemistry of nanoparticles can be altered dramatically after
grafting such molecules onto the surface [9, 10]. The typical
structure of SCA is shown in Figure la. The hydrolysable
groups will chemically bond on the surface of the nanoparticles
and are generally considered to have less impact on the
interphase properties. Meanwhile, the organofunctional group
has received more attention by researchers in their selection of
SCA [9, 10]. Epoxide silanes are mainly used in epoxy
nanocomposites, as they can form covalent bonds with the
matrix [11]. However, polymers like polyethene (PE) and
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Figure 1. (a) General chemical formula of SCA and (b) the proposed surface structure of the functionalised nanoparticle.

polypropylene (PP) with a carbon chain structure, which is non-
polar, functional group free and low unsaturation, are unlikely to
interact chemically with any SCA. It is generally believed that
alkyl silanes, such as propyl (C3) and octyl (C8) silanes can
thermodynamically increase the compatibility between the
nanoparticles and carbon chains due to their similar carbon chain
structures [6, 12]. Although some studies believe methacrylate
silanes can form covalent bonds with PP [10, 13], there is no
convincing evidence to show that any SCA can durably bond to
PP.

It has been reported that different surface functionalisations
can affect bulk properties [14, 15]. On the far-particle side
(organofunctional group, as shown in Figure 1b), Roy et al
point out that nanocomposites with non-polar SCAs surface
modified particles will have lower activation energy derived
from dielectric spectroscopy than the sample that is modified
by a polar SCA [15]. However, some studies claimed that the
bulk properties have less dependence on the minor variation of
the organofunctional side, such as the chain length [12]. The
above work also provides some evidence that there is an
influence of SCA on the near-particle side (as shown in Figure
1b). For example, the consumption of the hydroxyl group by
SCA can reduce water absorption, which can significantly
affect the electrical properties of nanocomposites.

The hydrolysable groups are usually alkoxy group with one
or two carbons in length, namely methoxy (-CH30) and ethoxy
(-C2Hs0). Not much research has been done on the effect of the
hydrolysable groups. It might be because the hydrolysable
groups will mainly be removed during the surface
functionalisation process, and the final silane functionalised
nanoparticles may only have few hydrolysable groups remained
on the surface. However, the hydrolysable groups will affect the
hydrolysis rate and grafting mechanism, which may have a
great impact on the surface chemistry of nanoparticles. Thus,
SCAs with different hydrolysable groups are included in this
work. Indeed, it can hopefully act as a probe that can reveal the
role of the surface chemistry (near-particle side) of SCA treated
particles on the composite materials.

The SCA grafting mechanisms on the near-particle side are

classified as hydrous and anhydrous mechanisms [11]. Some
work has demonstrated that a thicker layer of silane, formed by
condensation on the nano-silica surface when applying the
hydrous method, can result in larger agglomerations and higher
relative permittivity [11]. This work highlighted the chemistry
and structural complexity of the nanoparticle surface. The
anhydrous method was selected in this work, as it can provide
better-controlled specimens, as the condensation can be
restricted.

Regarding the application of PP-based materials, it is
considered to be a great potential for recyclable HVDC cable
insulations [7, 16]. However, the poor thermal conductivity of
PP impedes the PP cable to reach higher operating temperature
[16]. Many studies show that high thermal conductive
nanoparticles, such as aluminium nitride (AIN) and boron
nitride (BN), can improve the thermal conductivity of the
matrix material [7, 8, 17].

Previous work [18] demonstrated the effect of the surface
chemistry of AIN nanoparticles on the AC breakdown strength,
in this work, nano-AIN was treated with three different SCAs,
with variation in both organofunctional and hydrolysable
groups, which were then solvent blended with PP. The aim is to
have a better insight into the effect of the filler surface
chemistry on the dielectric response and thermal properties of
PP/AIN nanocomposites, from both the far- and near-particle
side aspects.

2 EXPERIMENTAL

2.1 MATERIALS AND SAMPLE PREPARATION

Full details of the materials used as well as surface
functionalisation and sample preparation methods are published
in previous work [18]. The important details are listed below.
Nano-AIN nanoparticles (50 nm) were obtained from Aladdin
Inc. Before being blended with isotactic polypropylene (iPP),
427861 Aldrich, they were surface functionalised by three
different SCAs: 3-(trimethoxysilyl)-propyl methacrylate
(MPTS-M), the trimethoxy(octyl)silane (C8-M) and the
triethoxy(octyl)silane (C8-E). The differences between above
SCAs are listed in Table 1.



Table 1. The differences between SCAs applied in terms of

their functional group on both sides.

SCA Organofunctional Hydrolysable
group group
MPTS-M Methacrylate Methoxy
C8-M Octyl Methoxy
C8-E Octyl Ethoxy

The loading ratios of 5 and 10 wt% were chosen since a low
content of fillers was reported to have an insignificant effect on
the thermal conductivity of the composite material. A total of
10 g of nanocomposites were prepared for each system. The
nanocomposites systems were denoted as “SCA-loading ratio”.
For example, the nanocomposite that contains 5 wt% of C8-E
treated nano-AIN nanoparticles was denoted as “C8-E-5”.
Unfilled iPP and iPP filled with 5 and 10 wt% of untreated
nano-AIN were denoted as “PP”, “PP-5” and “PP-107,
respectively.

Here, 9.5 or 9 g of iPP was dissolved in 100 ml of boiling
xylene. For untreated nano-AlN, either 0.5 or 1 g of powder was
dispersed in 20 ml of toluene followed with the help of a probe
sonicator. The surface functionalised nano-AIN were ready to
use after the surface functionalisation procedure described in
[18]. After iPP pellets were well dissolved, the iPP/xylene was
removed from heat and allowed it to become slightly gel before
the nano-powder/toluene mixture was added. The resulting
mixture was vigorously stirred until it becomes rubber-like. It
was then placed in a fume cupboard to evaporate the majority
of solvent for 24 hours. Before the master blend was pressed
into samples for each test, it was pressed by a hydraulic press
to remove the bubbles and cavities inside and dried in a vacuum
oven at 80 °C for 3 days to remove the solvent residues.

2.2 CHARACTERISATION

Fourier-transform infrared spectroscopy (FTIR) analysis was
performed to examine the surface chemistry of nano-AlIN, 2 mg
of powder was examined by a Nicolet iS5 FTIR Spectrometer
with a wavelength ranging from 500 to 4000 cm™. The tests
were running in ATR mode and the ambient air background was
measured for calibration before each test.

100

Thermogravimetric analysis (TGA) data was obtained by
heating 5 mg of samples from 100 to 600 °C at a heating rate of
20 °C/min to verify the real loading ratio and from 100 to
900 °C at a heating rate of 10 °C/min to examine the untreated
and treated nano-AIN powders. Scanning electron microscopy
(SEM) was performed on the film samples treated by an etching
procedure described in previous work [19]. The samples were
placed on an aluminium slab and gold coated by an Emitech
K550X coater. Differential scanning calorimetry (DSC)
analysis was done by a Perkin ElImer DSC-7. The temperature
scan method was set up for all tested polymeric samples as
follows: the sample was heated from 20 to 200 °C at 10 °C /min
and kept at 200 °C for 5 min to remove the thermal history.
Then the sample was cooled to 20°C to obtain the
crystallisation curve. The temperature was again raised to
200 °C at 10 °C /min to get the heating curve.

Dielectric spectroscopy was performed for polymeric samples
of 0.21 mm thickness. Samples with gold-coated surfaces were
tested by a parallel test cell with 32 mm diameter electrodes at
90 °C. The complex permittivity was measured from 0.01 or 0.1
to 10° Hz with a Solartron 1296 interface linked to a
Schlumberger SI 1260 impedance-gain-phase analyser.

The thermal conductivity of each system was performed by a
steady-state technique based on the guarded hot plate method
[20]. A thin film flux sensor from OMEGA Engineering, HFS-
4, was used. Flat samples with 3 mm in thickness and 5 cm in
diameter were tested 3 times each. Another neat PP sample with
a thickness of 2.66 mm was used for calibration.

3 RESULTS

3.1 FTIR ANALYSIS

The FTIR results of MPTS-M, C8-M and C8-E treated nano-
AIN are shown in Figure 2. These traces have been vertically
offset for clarity of presentation. The bands of MPTS-M curve
at 1718 and 1637 cm™ are associated with the stretching
vibration of C=0 and C=C groups [14, 21] and the two bands
at 1297 and 1170 cm™ are assigned to -C-O-C group [21]. From
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Figure 2. FTIR spectra of MPTS-M, C8-M and C8-E treated nano-AlN.



the spectra of C8-M and C8-E, three comparable peaks are
found at 2959, 2922 and 2853 cm™, which correspond to the
stretching vibration of C-H, -CHsz and -CH>. All spectra have a
distinct wide peak from 968 to 1142 cm, related to the
presence of Si-O-Si, Si-O-C and Si-OH. The peak at 1458 cm!
is related to the bending vibration of -CH3 [14, 21]. Combined
with the TGA results in [18], there is little doubt that the SCA
bonded on the surface of nano-AlIN. The change of the surface
chemistry by different organofunctional groups can be clearly
distinguished.

However, the hydrolysable group of SCA shows no effect on
the FTIR spectra. The hydrolysable group is expected to
provide different grafting mechanisms of SCA onto the particle
surface. The feature of the near-particle side, Si-O-Si, Si-O-C,
and Si-OH falls into a wide peak, which is difficult to
differentiate. That means, by far, only the far-particle side was
characterised by FTIR analyses.

3.2 COMPOSITION AND MORPHOLOGY

The TGA curves of as-received and functionalised nano-AIN
were presented in related work [18], which showed that SCAs
were effectively bonded onto the surface of nanoparticles. The
TGA curves for the different PP/AIN nanocomposites are
shown in Figure 3. All 5 wt% samples have an actual loading
ratio of 4.6£0.5 and 9.8+0.8 wt% for 10 wt%, which are as
expected. The thermal stability of PP is dramatically improved
by blending nano-AIN which increasing the onset of weight loss
by more than 20 °C. This is in agreement with [7, 12, 19] that
the nanoparticles can improve the thermal stability of the
system. However, the thermal stability is independent of the
surface chemistry of nanoparticles, which cannot be taken as
the evidence of the increased interaction between surface
organofunctional groups and the matrix. In the work of Hosier
et al. [19], different fillers also result in comparable thermal
stabilities, also with different surface chemistry states.

The SEM result of the unfilled PP is shown in Figure 4. A
clear spherulitic crystalline structure can be found, and the size
of the spherulitic crystalline structure ranges from 25 to 30 pum.

The SEM results of 5 wt% were presented in the related paper
[18], and similar trends can be seen in 10 wt% composites. For
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Figure 3. TGA curves for the different PP/AIN nanocomposites.

PP-10, large agglomerations around 10 um can be seen from
Figure 5a, throughout the sample. Spherulitic crystalline
structures of reduced size can be observed. This can be
attributed to the nucleating effect of nanoparticles discussed
below [19].

When comparing the SEM results of untreated and MPTS-M
functionalised nano-AIN/PP systems from Figures 5a and 5b,
the grafted MPTS-M silanes on nanoparticle surface have little
effect on the dispersion. According to the SEM image of
MPTS-M, C8-M and CB8-E functionalised nano-AIN/PP
systems in Figures 5b-d, it can be observed that the silane
functionalisation can somewhat improve the dispersion of the
nano-AIN in PP and different SCAs will cause noticeable
changes. When comparing MPTS-M and C8-M functionalised
nano-AIN/PP systems, it seems that C8 groups have better
performance in regard of improving the nano-AlIN dispersion,
because fewer 5-10 pum agglomerations and more 1-2 pum
agglomerations can be found in C8-M functionalised nano-
AIN/PP system. Similar results can be found in C8-E
functionalised nano-AIN/PP system, which indicates that
different hydrolysable groups have little effect on the
nanoparticles dispersion. In addition, no obvious spherulitic

Figure 4. SEM image of base PP.

Figure 5. SEM images of (a) PP-10, (b) MPTS-M-10, (c) C8-M-10, (d) C8-
E-10.
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Figure 6. DSC heating and crystallisation curve of each dielectric system.

crystalline structures can be found
containing silane functionalised nano-AlIN.

Figure 6 shows the DSC heating and crystallisation curve of
each dielectric system. From heating curves, the melting point
of each system seems unaffected by the presence of nano-AlIN,
although some nanocomposites show a small increase up to
2 °C. From crystallisation traces, it can be seen that the
untreated systems have higher crystallisation temperature than
the reference iPP. The same has been observed before for
nanocomposites with functionalised filler, and the reason for it
was stated that nanoparticles can act as the nucleating agent and
elevate the crystallisation temperature [19]. The crystallisation
temperature of MPTS and C8 treated systems are less
dependent on the loading ratio but can also present this
nucleating effect. However, the C8-M and C8-E treated
nanoparticles show weaker abilities to increase the
crystallisation temperature than both MPTS treated and
untreated nanoparticles. These results are consistent with works
that use non-polar SCAs [6, 12]. Since the untreated
nanoparticles can be considered to have polar groups on the
surface, like -OH and -NHo, it can be concluded that the polar
surface of nanoparticles can provide a stronger nucleating
effect. All nanocomposites have a decreased melting enthalpy
and present dependency on the loading ratio rather than on the
surface chemistry. This observation has been explained by the
hindrance effect of nanoparticles on the growth of the
crystalline structure [6, 19].

in  nanocomposites

3.3 DIELECTRIC SPECTROSCOPY

Both the real and imaginary permittivity of the AIN/PP
nanocomposites and unfilled PP measured at 90 °C are plotted
in Figure 7. It can be observed that the real permittivity of filled
systems is higher than the base PP, and further increases with
loading concentration. When taking into consideration the
uncertainty, 0.1, based on repeated measurements, all nano-
filled systems have a comparable level of real permittivity.
However, the upward turns for some samples at low frequencies
appear.

The Havriliak Negami (HN) fitting [22] was applied to analyse
the relaxation features on the dielectric spectra. The best fittings

indicate that MPTS-M-5 and MPTS-M-10 have relaxation peak
at 0.21 Hz and 0.05 Hz, respectively. The best fittings for other
systems cannot be reached after 400 times of integration based
on the Levenberg—Marquardt algorithm, or hit the lower limit of
the frequency (0.01 Hz). However, there is a distinct similarity
between the response of MPTS-M-10 and C8-M-10. To further
study the similarities observed in these two composites in Figure
7, the dielectric response of MPTS-M-10 and C8-M-10 were
measured until 0.01 Hz. Figure 8 shows the low-frequency
features of the real and imaginary permittivity of C8-M-10 and
MPTS-M-10. The data confirms the fitting results, where
relaxation peak can be observed at about 0.05 Hz for MPTS-M-
10 while the imaginary part of C8-M-10 shows no peak, but
rather a sharp upturn all the way up to 0.01 Hz.

The increased imaginary permittivity at low frequencies could
imply the percolation of the interphase, which results in the
electrical conduction. The log-log plot of the real and imaginary
permittivity of C8-M-10 shows the slope of the imaginary part
from 0.1 to 0.01 Hz is -0.9. This indicates the upturn of the
imaginary permittivity at low frequencies of this system is likely
to be the quasi-DC conductivity contribution, which is often
related to overlapping water shells in nanodielectrics [23]. In
MPTS-M functionalised nano-AIN/PP systems, the relaxation
peak shifts to low frequency from 5 wt% to 10 wt%. Similar
behaviour with increased filler content has been reported
previously [24]. The reason for this behaviour boils down to the
abundance of the filler agglomerates present. The moving of
dipoles such as water or polar groups from SCA inside them can
be restricted [24].

For systems with untreated fillers, the increased real
permittivity, as well as imaginary permittivity at low-frequency
range, may indicate that the Maxwell-Wagner-Sillars
interfacial polarization occurred. These can be related to the
poor compatibility between nanoparticles and the PP matrix.
The non-polar carbon chain and low unsaturation structure of PP
will have low compatibility with polar groups like -OH, which
is also consistent with SEM images shown in Figure 5, where
the untreated system has noticeable larger agglomerations
compared to other systems. The hydroxyl groups on the particle
surface can also absorb ambient humidity and a subsequent
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Figure 7. Real permittivity of (a) untreated nano-AIN/PP and MPTS-M functionalised nano-AIN/PP systems, (b) C8-M and C8-E functionalised nano-AIN/PP
systems; (c) the imaginary permittivity of untreated nano-AIN/PP and MPTS-M functionalised nano-AIN/PP systems, (d) C8-M and C8-E functionalised nano-
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increase of the dielectric loss in the low-frequency range can be
observed [6, 12, 19]. C8-E-10 shows the lower imaginary
permittivity and flatter up-turn of real permittivity at low
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Figure 8. Real and imaginary permittivity of C8-M-10 and MPTS-M-10 at
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1000

frequencies than the untreated counterpart, PP-10. After
functionalised by C8 silane, some hydroxyl groups are
displaced by octyl groups which are non-polar and can improve
the compatibility between the filler and matrix and reduce the
Maxwell-Wagner-Sillars interfacial polarization. Also, the
reduction of hydroxyl groups can lead to less water absorption
effect and reduce the system loss [6, 19].

However, the C8-M treated systems are observed to have an
even higher loss than the untreated systems and a distinct upturn
of real permittivity at low frequencies (obvious difference can
be found from the results of C8-M-10 and C8-E-10). Indeed,
these features could be the superposition of the dipole
relaxation, Maxwell-Wagner-Sillars interfacial polarization
and quasi-DC conductivity. Compared to the C8-E treated
systems, C8-M treated systems have comparable far-particle
chemical structures. These results indicate that the near-particle
side will also have a great impact on the bulk properties. The
proposed near-particle surface structure of the functionalised
nanoparticle shown in Figure 1b can explain the observed
difference between C8-M and C8-E treated systems. The
different near-particle surface structure can originate from the
following: (1) the condensation of SCAs (illustrated in Figure



1b, position (a)), which can result in an ill-defined surface
structure [11], since the hydrolysable group of SCA can result
in different condensation rates; (2) the un-bonded hydrolysable
group will subsequently be hydrolysed by ambient moisture and
form Si-OH on the near-particle side (illustrated in Figure 1b,
position (b)). This means the SCA treated nanoparticles may
have more hydroxyl groups compared to the untreated particles.
Those hydroxyl groups on near particle side can result in the
increased imaginary permittivity.

When linking the bulk properties to the surface chemistry as
well as the interphase properties, the chemical structure of the
particle surface should be well defined. Unfortunately, the
commonly used techniques such as Raman spectroscopy and
FTIR can only identify the far-particle side rather than the near-
particle side. Therefore, further study to formulate and
characterise the interphase region between nanoparticles and
matrix in both near and far particle sides are needed. There is a
good example in [4] that shows that the X-ray photoelectron
spectroscopy (XPS) could be used to identify the structure of
near-particle side.

3.4 THERMAL CONDUCTIVITY

The thermal conductivity of each sample is shown in Figure
9. It is clear that: (1) the nano-AIN filled PP show higher
thermal conductivity than the unfilled PP and all
nanocomposites have monotonically increased thermal
conductivity as a function of the loading ratio; (2) in
functionalised systems, an increased thermal conductivity
compared to untreated systems can be observed. Different
surface treatments seem to result in a similar ability of the bulk
to conduct the heat flow; (3) it is noticeable that PP filled with
10 wt% MPTS-M treated nano-AIN can have 14.8 % of
improvement over the unfilled PP, which is consistent with the
work that blended 5 wt% of nano-AIN with PP [7] and 10 wt%
of nano-AIN with epoxy [17], where 13.3 and 17.9 % of thermal
conductivity enhancement were achieved.

When incorporating the non-metallic material into a polymer,
the interphase barrier between nanoparticles and polymer
matrix is the main contribution to the phonon scattering [8]. The
surface treatment can improve the compatibility between the
nanoparticles and matrix material [8, 17]. The surface treated
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Figure 9. Thermal conductivity of each system.

systems can be observed to have a significant improvement
compared to the untreated systems. Without surfactant acting as
a compatibiliser, the phase separation between nanoparticles
and polymers can result in a strong phonon scattering
phenomenon during the heat flow transmission. It is consistent
with the SEM results in Figure 5 where the surface
functionalisation can improve the compatibility between the
nanoparticles and PP and an improved dispersion can be
observed.

One interpretation of these results is that the organic layers on
the particle surface weakens the scattering phenomenon and
decreases the heat resistance of the interphase [25]. The thermal
conductivity results here also show less dependence on the
dispersion of nanoparticles. Thus, the results show the
significant role the surface chemistry plays regarding the
thermal conductivity of nanocomposites.

4 CONCLUSIONS

Eight nanocomposites with four different types of particle
surface chemistry states and two loading ratios have been
studied, along with unfilled samples as a control group. The
surface functionalisation of nanoparticles shows a great effect
on the morphology, thermal and dielectric properties of
nanocomposites. The following conclusions can be drawn from
the present work: The structure characterisation obtained by
SEM shows that the spherulitic crystalline structures are
disturbed by the introduction of nanoparticles. No
distinguishable spherulitic crystalline structure can be observed
in nanocomposites. Obvious aggregation can be seen in all
samples, but C8 treated nano-AlIN have a better dispersion than
untreated and MPTS treated particles. From DSC results,
composites containing particles with polar surface chemistry
can result in higher crystallisation temperature, i.e. a stronger
nucleating effect, while all samples retain a comparable melting
peak.

The dielectric responses of surface treated nanocomposites
are very different from the untreated nanocomposites. The
imaginary permittivity of MPTS-M samples show relaxation
peaks in the low-frequency region (<1 Hz). The results of C8-
E treated samples shows a flatter upturn of real permittivity and
lower imaginary permittivity at low frequencies compared to
the untreated nanocomposites. Meanwhile, a significant upturn
can be observed in the real and imaginary permittivity of C8-
M-10, which has the same organofunctional groups as C8-E
treated nanocomposites. These results indicate that the different
hydrolysable groups will also lead to a change in bulk
properties, which may be the direct result of the different
chemical structure on the near-particle side of surface
functionalised nanoparticles. It is consistent with the FTIR
results, which show the far-particle side of C8-E and C8-M
treated particles to be identical.

The thermal conductivity of nanocomposites increases as a
function of the loading ratio. By altering the surface chemistry
of nano-AlIN, the phonon scattering phenomenon is seemingly
reduced. The surface functionalisation can increase
compatibility between filler and matrix material, and the
different surface treatments seem to have a comparable effect
on the thermal conductivity of composite materials.



In this study, the potential influence of surface chemistry on
the near-particle side and a proposed chemical structure of
surface functionalised nanoparticle are highlighted. This is very
different from the conventional opinion that the distinct layered
interphase region exerts the property change. Consequently,
future work will require in-depth characterisation of the filler
surface chemistry.
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