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Abstract Aluminum oxide containing poly(dimethyl-

methylvinyl)siloxane (PMDMS:Al2O3) was synthesized

and blended with epoxy-terminated dimethylsiloxane

(ETDS) to fabricate a thermally conducting composite.

PMDMS:Al2O3 was added to provide interfacial interac-

tions between the Al2O3 and polymer matrix. The PMDMS:

Al2O3 containing composites revealed more enhanced

thermal conduction properties because of the strengthened

interfacial bonding at a fixed filler concentration. The con-

ductivity as a function of the filler concentration was cor-

related with Agari’s models. Based on the coefficient

obtained from Agari’s model, PMDMS:Al2O3 affected the

formation of the conducting path in the composite. The

results indicated that the presence of PMDMS:Al2O3 would

help to establish a conducting path compared to compounds

without it. All composites showed a decrease in thermal

conductivity with increasing operating temperature. As

expected, the PMDMS:Al2O3 containing composite

(P-ETDS/Al2O3) showed more enhanced thermal conductivity

than those without, regardless of the operating temperature.

Introduction

The progress for miniaturizing electronic device compo-

nents has aggravated the problems associated with heat

dissipation in the electronics industry and has produced a

need for improved thermal interface materials (TIM) in

modern chip packaging [1–3]. It is well known that the

reliability of an electronic device is exponentially dependent

on the operating temperature of the junction, whereby a

small difference in the operating temperature (on the order of

10–15 �C) can result in a twofold reduction in the lifespan of

a device [4]. Therefore, it is essentially crucial for the heat

generated from the device to be dissipated as quickly and as

effectively as possible to maintain the operating temperature

of the device at a desired level [5, 6].

Traditionally, thermal issues in encapsulated devices

have been addressed by the use of embedded heat sinks,

which are often susceptible to thermal cracking and have

limited utility in thinner packages [7]. Under this circum-

stance, polymers filled with thermally conductive fillers are

emerging as a cost effective way to cope with thermal

management issues [8].

Many studies have been performed to fabricate a ther-

mally conductive composite as TIM. The literature con-

cerning thermally conductive plastic composites is

particularly focused on the use of different electrical ins-

ulative fillers, such as boron nitride (BN), aluminum nitride

(AlN), and alumina oxide (Al2O3) [9–16]. Shi et al. [9]

reported enhanced thermal conductivity (from 0.2 to

4.5 W/m K) of an epoxy composite filled with 3D brush-

like AlN nanowhiskers, which was 2.3 times greater than

that of a composite filled with the same content of com-

mercial AlN equiaxed particles. However, these methods

are not broadly adopted because the synthesis method of

3D brush-like particles was extremely complicated and not

yet commercially available. Lee et al. reported the effect of

the coupler content and temperature of thermal treatment

on the thermal conductivity of the EVA–ZnO composites.

They stated that the surface-treating ZnO filler with the

valid modifying agents can improve the compatibility of

the ZnO filler with the EVA matrix, and enhance the

thermal conductivity of the EVA–ZnO composites on

account of the decrease in interfacial phonon scattering
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[13]. Lee et al. also studied well-dispersed AlN composites

containing pre-treated filler and epoxy resin with low vis-

cosity. They reported a 15 times greater thermal conduc-

tivity for the polymer matrix with a dispersant chemistry at

high loading filler contents (close to 60 vol%) [14]. How-

ever, high filler loading could provide application restric-

tions because of its reduced workability and high

production cost. Significant effort has been expelled to

improve the thermal conductivities of composites for heat-

dissipating applications [17–22].

As previously mentioned, most reported studies have

focused on the particle treatment or modification of the

process to promote the formation of a more effective per-

colating network of particles in the matrix.

The previous study indicated that well-dispersed con-

ditions would enable the establishment of a conductive

path, which would lead to a higher conductivity when the

composite was near the percolation threshold [23]. There-

fore, the most important factor for enhancing thermal

conduction properties is the establishment of well-dis-

persed conducting particles.

Various TIMs are now available, such as elastomeric

thermal pads and thermal greases [24]. As a matrix, poly-

dimethylsiloxane (PDMS)-based materials are the most

frequently adopted TIM matrices due to their unique

properties, including a wide range of service temperatures,

high flexibility, chemical resistance, and good electrical

insulating properties [4, 24–28]. Goh and co-workers [4]

showed a two-fold enhancement of thermal conductivity

for PDMS filled with 10 vol% ZnO particles. Similarly,

Wang and Xie [26] explored the heat-conductive silicone

rubber filled with hybrid Al2O3 and AlN particles, and

Zhou et al. [27] also investigated the Al2O3-reinforced

heat-conductive composite silicone rubber.

In this study, a polymer matrix, dimethyl siloxane-based

epoxy, was employed to fabricate a thermally conductive

composite due to good flexibility and excellent electrical

insulating properties [28]. Al2O3 was adopted as a ther-

mally conductive and electrical insulating filler. To

increase interfacial interactions, which is expected to pro-

vide good dispersion, synthesized Al2O3 containing mod-

ified polysiloxane prepared based on our previous study

[29] was employed. In addition, the effect of metal oxide

containing modified polysiloxane was investigated through

the various thermal conductivity prediction models.

Experimental

Materials

The epoxy-terminated dimethylsiloxane (ETDS) was

obtained from Shin-Etsu silicons (KF-105, equivalent weight

(E.E.W) = 490 g/eq, density = 0.99 g/cm3). 4,40-Diamino-

diphenylmethane (DDM), prepared by TCI Korea, was used

as a curing agent without further purification. To prepare

poly(dimethyl-methylvinyl)siloxane (PMDMS) as an inter-

facial interaction provider, octamethylcyclotetrasiloxane

(D4), 1,3,5,7-tetramethylcyclotetrasiloxane (D4
Me,H), 1,3,5,7-

tetravinyl-1,3,5,7-tetramethylcyclotetrasiloxane (D4
Vi,Me),

and 1,1,3,3-tetramethylsiloxane were purchased from Aldrich

Chemical Co., Inc. (Milwaukee, WI) and were used after

distillation under reduced pressure. As a catalyst, tetrameth-

ylammonium siloxaneolate (TMAS) was obtained through

dehydration after a reaction between D4 and tetramethylam-

monium hydroxide (Aldrich, 25 wt% in water). Both

N,N dimethylacrylamide (DMAA) was supplied by Sigma

Chemical Co. (St. Louis, MO). Aluminum oxide monodi-

spersed spheres with diameters of approximately 5 nm and

10 lm were used as the filler and were supplied by Aldrich

Chemical Co., Inc. (Milwaukee, WI).

Synthesis of ETDS–DDM

The ETDS oligomer was introduced to fabricate the matrix.

Based on our previous study, the weight ratio of the epoxy

to the curing agent was determined to provide efficient

flexibility of the matrix [28]. In this study, the equivalent

weight ratio of ETDS and DDM was 1:2. 1.9 g of DDM

was placed in a four-neck round flask equipped with a

reflux condenser and preheated to 363 K. 9.5 g of the

ETDS resin was added and heated in an oil bath at 363 K

for 1 h in N2 atmosphere. The bubbles in the mixture were

removed by placing the mixture in a vacuum oven for

30 min at room temperature. The mixture was then placed

in an oil bath at 323 K for 10 min in N2 atmosphere. The

final degassing was performed in a vacuum oven for 1 h at

room temperature to remove the air bubbles. The chemical

structures of ETDS–DDM are illustrated in the Fig. 1.

Synthesis of Al2O3 containing PMDMS

The modified poly(methyl-dimethylmethylvinyl)siloxane

(PMDMS) was synthesized using a previously described

equilibrium polymerization method [29–31]. This method

involved reactions between 2.9 g of D4, 7.2 g of D4
Me,H, and

3.4 g of D4
Vi,Me in the presence of TMAS catalyst with 1:3:1

molar ratio, respectively. The reactions are shown in Fig. 2.

Each PMDMS sample was prepared by first heating the

mixture of monomers in a three-neck flask under a stream of

nitrogen and then adding 0.2 wt% of TMAS catalyst to the

mixture. The reaction was conducted at 80 �C for 48 h;

then, the temperature was raised to 150 �C for 1 h to

decompose the catalyst. The reaction rates of cyclosiloxane

monomers to synthesize PMDMS were dependent on the

acidity of each monomer, especially for the ring-opening
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reactions. The weak base, TMAS, causes the ring-opening

of D4
Me,H, which has a higher acidity than either D4 or

D4
Me,Vi. An open-ring D4

Me,H formed a methyl-siloxane

block unit in the first step of the polymerization process.

Subsequently, D4 and D4
Me,Vi blocks were formed [26, 27].

The synthesized PMDMS containing Al2O3 (PMDMS:

Al2O3) materials were analyzed through the same method

used in our previously reported study [29]. Note that the

vinyl group containing siloxane monomer which can be

cured with Si–H in tails of chain was employed. These vinyl

groups are reacted with Si–H in the presence of Pt catalyst,

then it can easily form the cross-linked network.

After cooling, the mixture was subjected to vacuum

stripping at room temperature for 1 h to remove residual

monomers. The synthesized PMDMS reacted with

N,N DMAA which have a molar ratio equal to mole frac-

tion on D4
Me,H in PMDMS at 90 �C in the presence of the Pt

catalyst (0.01 wt%) for 4 h. Then, excess aluminum oxide

was added to the product, following stirring at 1500 rpm

for 24 h to achieve coordination in the polymer chain. The

grafted DMMA on the D4
Me,H block could be coordinated

with the metal oxide because of its strong electronegativity

balance [31].

Sample preparation

The Al2O3 particles with an average size of 10 lm were

used in the preparation of the composites. The ETDS-based

composites were prepared by mixing the Al2O3 particles

with 10 wt% PMDMS:Al2O3 and zirconium beads to form

well-dispersed Al2O3 particles. After mixing, the compos-

ites were casted onto a Teflon pan and were cured for 2 h at

180 �C.

Characterization

To verify the synthesis of polysiloxane, Fourier transform

infrared (FT-IR) measurements were performed in the

3,200–600 cm-1 region using a horizontal attenuated total

reflection (ATR) accessory and zinc selenate crystals. 1H

NMR (300 MHz, Gemini 2000, Varian) was also used to

confirm each block ratio of the synthesized polysiloxane.

Scanning electron microscopy (SEM, S-4300SE, Hitachi)

was employed to investigate the dispersity of the filler in

the ETDS composites. The thermal diffusivity of each

sample was measured using a transient method, very sim-

ilar to that used in laser-flash experiments. In this proce-

dure, a temperature signal was transferred to the upper side

of the sample and was measured using a thermocouple.

This transferred signal initiated a thermal equilibration

process in the specimen, which was recorded using a dif-

ference thermocouple at the rear surface and was used to

evaluate the thermal diffusivity. The thermal conductivity

was calculated using the following equation

k ¼ a� q� Cp ð1Þ

where k, a, q, and Cp represent the thermal conductivity

(W/m K), thermal diffusivity (mm2/s), density (g/cm3),

and specific heat capacity (J/kg K), respectively

[32, 33].

Results and discussion

The FT-IR and 1H-NMR were used to characterize the mod-

ified polysiloxane. The broad absorption bands in Fig. 3 are

associated with the stretching band (1000–1250 cm-1) of

Fig. 1 Illustration of the cure

system for ETDS with 4,40-
DDM
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Si–O–Si. Smaller absorption bands, which can be attributed

to the terminal vinyl groups, were clearly observed at

3079 cm-1 (=CH stretching), 1642 cm-1 (C=C stretching),

and 910 cm-1 (=CH2 out-of-plane deformation). Absorp-

tion bands due to Si–H and Si–CH3 were observed at 2150

and 1250 cm-1, respectively. Figure 3b shows the FT-IR

spectra of PMDMS–DMA. As shown in Fig. 2, DMAA was

grafted on the Si–H block by the siloxane-vinyl addition

reaction. The grafting of DMAA was also confirmed by

characteristic absorption bands at 1628 and 1451 cm-1,

which were assigned to the amide carbonyl (–C=O) and

C–N stretching vibrations of the tertiary amide of DMAA.

The above FT-IR data demonstrates that the DMAA had

been attached successfully during synthesis. In addition,

the weakening of the absorption band at 2150 cm-1 (Si–H

absorption) in the FT-IR spectrum of PMDMS provided

further evidence of the successful addition of DMAA to the

PMDMS.

The block ratio of synthesized PMDMS was determined

by the integration value of the 1H NMR spectra, as shown

in Fig. 4. Peaks for Si–H and Si–CH=CH2 at 4.8 and

6.044–5.988 ppm, respectively, as shown in Fig. 4. In this

figure, the integration value (IV*) divided by the number of

protons in each group, i.e., 1 and 3, was 10 and 4.5,

respectively. Consequently, the block ratio of D4
Me,H to

D4
Me,Vi in the synthesized PMDMS was 2.22:1.

Fig. 2 Synthesis of PMDMS
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The effect of PMDMS:Al2O3 materials on the dispersity

of micro Al2O3 particles in the ETDS matrix was investi-

gated using SEM analysis and are shown in Fig. 5. As

shown in Fig. 5, the ETDS/Al2O3 composite without

PMDMS:Al2O3 (ETDS/Al2O3) showed more aggregated

Al2O3 particles in the composite matrix, and most of the

aggregated particles were irregularly located on the sur-

face. In addition, separated pores in the polymer matrix

were observed due to the absence of interfacial interactions

between the polymer matrix and the Al2O3 particles.

However, dispersion of Al2O3 particles in the ETDS

matrix containing PMDMS:Al2O3 (P-ETDS/Al2O3) was

much better than in that without, and a less porous struc-

ture was formed on the surface compared to that of

PMDMS:Al2O3, as shown Fig. 5b. The differences between

the cross-sectional surface morphologies of the composites

can be correlated to the existence of Al2O3 coordinated in

PMDMS.

The dimethylsiloxane block in the PMDMS can provide

miscibility with the dimethylsiloxane unit of the ETDS

matrix because of its similar chain structure [34, 35]. The

miscibility of a PDMS-based polymer blend was investigated

in a previous study. Barrie and Munday [34] reported the

phase morphologies of blends composed of various poly-

styrene-PDMS copolymers, such as PS-g-PDMS and PS-b-

PDMS. The results indicated that the PDMS block units of

the blends composed of different co-polymers exhibited a

continuous miscible phase and a dispersed PS domain

structure in the co-polymer. Bajaj and Varshney [35] also

reported that the tensile strength of the crosslinked PDMS

increased by blending with PDMS-b-PS due to the partial

miscibility between PDMS and the PDMS block co-polymer.

As indicated in the previous studies, dimethylsiloxane in

the PMDMS can provide compatibility with dimethylsi-

loxane in the ETDS, and the dimethylsiloxane block in the

PMDMS can be homogeneously dispersed in the ETDS

matrix.

However, because other blocks formed from the D4

coordinated in the Al2O3 and D4
Vi,Me were not compatible

with the dimethylsiloxane block [36]. These blocks have to

exist at the interface between Al2O3 and the ETDS matrix.

The miscible phase and interfacial bonding between ETDS

and Al2O3 are illustrated in Fig. 6. A phase-separated block

containing Al2O3 easily aggregated with micro Al2O3

Fig. 3 FT-IR spectra of (a) synthesized PMDMS and (b) modified

PMDMS:DMAA

Fig. 4 1H NMR spectra of

synthesized polysiloxane
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particles, and the aggregation between the Al2O3 particles

and Al2O3 in the PMDMS improved interfacial bonding

strength. In addition, the interactions of Al2O3 in PMDMS

with micro Al2O3 may disturb the aggregation of micro-

particles in the polymer matrix when composites are fab-

ricated using the curing method. Therefore, the addition of

metal oxide containing PMDMS in the ETDS composite

improved the particle dispersion caused by enhanced

interfacial interaction strength.

The effect of PMDMS:Al2O3 content on its thermal

conductivity was investigated with several fixed micro

Al2O3 concentration and results are showed in the Fig. 7.

As expected it, the addition of PMDMS:Al2O3 to the

EDTS/Al2O3 provide the enhancement of thermal con-

ductivity as a function of PMDMS:Al2O3 loading. There-

fore, all of investigations in this study were used with a

fixed concentration of PMDMS:Al2O3 which is 10 wt%.

The experimental dependences of thermal diffusivity

and conductivity on filler volume content for the composite

are shown in Fig. 8. The thermal conductivities of both

composites increased with filler loading, whereby, at a

fixed filler loading, the P-ETDS/Al2O3 composite showed

higher thermal diffusivity and conductivity values com-

pared to those without.

The higher thermal conductivity of the P-ETDS/Al2O3

was possibly due to its internal structure. The P-ETDS/

Al2O3 can provide a more enhanced interfacial interaction

between particles and ETDS caused by the coordinated

Al2O3 in the PMDMS. With the addition of PMDMS:Al2O3

as a composite additive, regular particle distribution and a

less porous structure allowed for an easier thermal diffusion

in the polymer network compared to that without compos-

ite, as reported in Fig. 5. In this study, additional analytical

analysis that provided clear evidence of the dispersity dif-

ference between these materials was employed.

Many theoretical models have been issued to explain the

thermal conductivities of two-phased composites [37–46].

The Maxwell-Euken’s model treats the thermal conduc-

tivities of composites consisting of homogeneously mixed

and noninteracting spherical fillers in a homogenous matrix

using the following equation [37, 38]:

kc

km

¼ kf þ 2km � 2Ufðkf � kmÞ
kf þ 2km þ Ufðkf � kmÞ

; ð2Þ

where kc is the thermal conductivity of the composite, km is

the thermal conductivity of the matrix, kf is the thermal

conductivity of the filler, and Uf is the volume percentage

of the filler. This model fit well in a low solid loading

Fig. 5 SEM images of a ETDS/Al2O3 and b ETDS/PMDMS:Al2O3/

Al2O3 composites

Fig. 6 Schematic diagram of PMDMS:Al2O3 role in the ETDS/

PMDMS:Al2O3/Al2O3 composite
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where the particles were not touching. In the high solids

loading range (Uf [ 50 vol%), a large deviation from the

experimental value occurred because this model did not

consider the particle packing factor or the interactions

between the polymer matrix and particles [38].

Another useful theoretical model for high filler-loaded

composites was first suggested by Meredith and Tobias

with reasonable success [39]. Their equation for relative

thermal conductivity was

kc

km

¼ ð1þ UfÞð2þ UfÞ
ð1� UfÞð2� UfÞ

: ð3Þ

Another important model is that of Bruggeman [40],

which considers the interactions between particles, but

which is only a good prediction for volume fractions in up

to 20% of the discrete phase [41]. The equation for this

model is as follows:

1� Uf ¼
kf � kc

kf � km

km

kc

� �1=3

: ð4Þ

However, these models have not always been well

correlated to the experimental results. The heat conduction

model was considered, as it has various factors that can

influence conducting behaviors, such as solids loading,

particle size or shape, and homogeneity of the dispersed

phase in the matrix [14].

Based on the factors that can affect the thermal con-

ductivity, Ramajo et al. proposed a numerical model using

the finite element method (FEM) with several different

packing protocols to achieve reasonable thermal and

electrical properties at high filler contents. They regarded

the three possible packing protocols and calculated each

numerical value expected by computer modeling. In addi-

tion, they showed more enhanced accuracy of the assumed

packing protocol than the other empirical models [42].

Nevertheless, despite its accuracy at high filler content, it is

not acceptable in terms of the objectives of this study

because the analytical derived criteria that can indicate the

formation of a thermal conductive path is necessary to

confirm the effect of PMDMS materials based on their

thermal conductive behavior.

Agari and Uno [43–46] modified the Maxwell model

assuming that, with a certain probability P, the filler par-

ticles form conductivity paths in the polymer matrix.

According to this theory, the thermal conductivity coeffi-

cient is calculated through the following equation

kc ¼ km

kf þ 2km þ 2ð1� PÞðkf � kmÞ
kf þ 2km � Pðkf � kmÞ

þ UfPc2kf ; ð5Þ

where c2 is the cross-sectional area of the conducting path,

P ¼ ðUfÞðUfÞ�2=3

and Uf ¼ 3c2 � 2c3 [43, 44]. In refs [43, 46],

Fig. 7 The effect of PMDMS:Al2O3 contents on the thermal

conductivity at fixed Al2O3 contents

Fig. 8 Thermal conductive properties of composites as a function of

the filler content: a thermal diffusivity and b thermal conductivity
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an alternative model was proposed for the estimation of the

thermal conductivity of a blend containing more than two-

phases, the equation of which is

logkc ¼ Uf ½P� � logðC1kmÞ� þ logðC1kmÞ; ð6Þ

where P� ¼ X2C2logkf þ X3C3logk3 þ . . .; Ci is the factor

accounting for the formation of the conducting paths in a

matrix, and Xi is the ratio between the filler particles in the

blend. In the case of single particles, X1 is equal to 1 and

the other coefficients are neglected.

This model’s resulting equation is

logkc ¼ UfC2logkf þ ð1� UfÞlogðC1kmÞ
¼ ðC2logkf � logC1kmÞUf þ logðC1kmÞ: ð7Þ

In order to obtain C1 and C2, the plot of log kc versus Uf

was obtained using data from Fig. 9. The slopes

ðC2logkf � logC1kmÞ of PMDMS:Al2O3 with and without

composite were 2.12 and 1.75, respectively. In addition, the

intercepts [logðC1kmÞ] of the samples were -0.76 and

-0.78, respectively.

The plot of the expected thermal conductivities of these

materials using the Agari model was obtained after

substituting the slope and intercept into Eq. 7, with the

resulting equation being reported in Table 1.

The expected thermal conductivities of several models

described in this study are plotted in Fig. 10. Because

Maxwell’s model did not consider the particle’s contact

inside the polymer matrix, it predicted the lowest thermal

conductivity. Meredith’s model was also insufficient

for describing the thermal conductivity in this study.

Bruggeman’s model was well correlated with the composite

ETDS/Al2O3; however, the predicted value of Bruggeman’s

model showed a large deviation for the P-ETDS/Al2O3.

Agari’s model yielded better predictions than did the other

models because of the two adjustable constants, C1 and C2,

which were obtained from experimental results.

According to Agari models, C1 is a factor relating to the

effect of the filler on the secondary structure of the polymer,

and C2 is a factor relating to the formed conductive chain of

the filler [45]. C1 and C2 should be between 0 and 1, and the

closer the C2 values are to 1, the more easily conductive

chains are formed in the composite [43, 45, 46]. The cal-

culated C1 and C2 values of the composite from Eq. 7 are

listed in Table 1. The addition of PMDMS:Al2O3 into the

ETDS composite affects the C2 value more strongly than do

the C1 values. As reported in Table 1, C1 was not dependent

on the addition of PMDMS:Al2O3. Nevertheless, the C2

value for the composite containing PMDMS:Al2O3 showed

a value closer to 1 than those without. This indicates that the

addition of the PMDMS:Al2O3 into ETDS did not affect

the secondary structure of the polymer matrix but formed

the conducting path. The improved filler dispersion and less

porous structure in the composite was a result of the

PMDMS:Al2O3, which enhanced the interfacial interaction

strength between the polymer matrix and the aluminum

oxide particles.

Fig. 9 Logarithm of thermal conductivity of Al2O3-filled composite

linearly fit by the Agari and Uno models

Table 1 Thermal conductive characteristic equation and coefficients

of composites according to Agari and Uno model

In the presence of

PMDMS:Al2O3

In the absence of

PMDMS:Al2O3

Eq. kc ¼ 10ð2:12Uf�0:76Þ kc ¼ 10ð1:75Uf�0:78Þ

C1 0.76 0.75

C2 0.90 0.61

Fig. 10 Comparison of the measured thermal conductivities of

Al2O3-filled composites with calculated thermal conductivities using

various theoretical models
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The effects of temperature on the thermal properties

were investigated for various electrical heat-dissipating

applications, and the results are shown in Fig. 11. Similar

to all dielectric materials, the thermal diffusivity and con-

ductivity decreased with an increase in the temperature.

The decrease of thermal conductivity with temperature is

believed to be due to the fact that, in the devitrification

process, the composites were subjected to some composi-

tion changes. This is because of the fact that with increase

in test temperature the phonon vibration frequency will be

quickened to make the collision possibility increase while

the mean free path decreases rapidly leading to the rapid

increase of its thermal resistance. From a scientific and

practical point of view, the mean free path decreases and

thus the contributions to the corresponding thermal resis-

tance increase linearly with the rise of temperature,

resulting in the decrease of thermal conductivity in this

temperature range [47].

As expected, all composites containing PMDMS:Al2O3

showed more enhanced thermal conduction properties at

fixed filler contents than did those without. This is due to

more enhanced surface interaction strength between the

filler and matrix, regardless of the electrical operating

temperature.

Conclusions

Aluminum oxide containing modified polysiloxane

(PMDMS:Al2O3) was synthesized and blended with ETDS.

ETDS was formed with the pre-cured, amino-terminated

oligomer at low reaction temperatures, and these oligomers

blended with aluminum oxide coordinated PMDMS. The

dimethylsiloxane blocks in both materials could establish

the miscible phase due to their structural similarity. Other

blocks in the PMDMS containing aluminum oxide pro-

vided enhanced interfacial interaction strength between the

polymer matrix and fillers. As a result, the PMDMS:Al2O3

containing composites (P-ETDS/Al2O3) revealed more

enhanced thermal conduction properties because of

strengthened interfacial bonding at a fixed filler concen-

tration. The conductive behaviors as a function of the filler

concentration were correlated with various Agari’s model.

Based on the coefficient value obtained from Agari’s

model, PMDMS:Al2O3 affected the formation of the con-

ducting path in the composite.

The effects of temperature on the thermal properties

were investigated, and the results revealed that the thermal

diffusivity and conductivity decreased with an increase in

the temperature. In addition, all composites containing

PMDMS:Al2O3 showed enhanced thermal conduction

properties, regardless of the measuring temperature.
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