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Abstract: With the rapid development of modern electronic technology, electronic equipment tends
to be dense and miniaturized, which puts forward higher thermal management requirements for
epoxy resins (EP). In this paper, Al2Os with different morphologies and different contents was used
as the fillers, silane coupling agent y-glycidyl ether oxypropyl trimethoxy-silane (KH560) was
selected as the modifier to modify their surface, and the modified Al:Os/EP resin composites system
were finally prepared. The effects of Al2Os addition amount on thermal conductivity and dielectric
constant of Al2Os/EP composites were investigated. The results show that the smaller size of Al2Os
has a positive effect on the thermal conductivity and dielectric properties of EP, while the modified
AlOs can be uniformly dispersed in the EP matrix, forming a thermal conductivity network, the
thermal conductivity of modified Al2Os/EP composite is significantly increased. The good thermal
conductivity can meet the requirements of the field of microelectronics components for thermal
conductivity.

Keywords: thermal conductivity; Al2Os; epoxy; dielectric constant

1. Introduction

In the context of rapid technological advancements, electronic devices and components are
becoming increasingly miniaturized and integrated [1]. As the power density and power
consumption of electronic components such as integrated circuits continue to rise, they generate a
significant amount of heat, which also leads to rapid heat accumulation and difficulty in dissipating
heat to the outside [2,3]. In order to ensure that the equipment can operate normally, it is necessary
to dissipate the heat generated from the package material in a timely manner [4]. Therefore, designing
and synthesizing a system of material with high thermal conductivity as an electronic packaging
material is one of the key ways to ensure the heat dissipation of microelectronics components [5,6].
Epoxy resin (EP) has a variety of good properties and curing forms, and is widely used in electrical
insulation materials [7]. As a high molecular compound, EP is characterized by the presence of at
least two epoxy groups in its molecular structure [8]. This resin is prepared by the condensation
reaction between epichlorohydrin and bisphenol A or various alcohol substances [9]. In the EP
molecular structure, the epoxy groups can be located at the end of the chain, in the middle of the
chain, or form a ring structure, with the core of the ring structure being the ordered arrangement of
carbon-oxygen atoms [10,11]. In particular, those molecules with two or more epoxy functional
groups have higher chemical activity, which is crucial for their subsequent reactions and modification
potential [12]. However, the traditional EP has low thermal conductivity and poor heat dissipation
performance, which greatly limits its application in many fields [13]. Therefore, on the premise of
ensuring the original excellent performance of EP, improving the thermal conductivity of EP has
attracted extensive attention.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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There are two main ways to improve the thermal conductivity of EP, chemical synthesis
modification and blending modification [14,15]. Chemical synthesis method refers to the selection of
appropriate raw materials, through the form of molecular bonds in the molecular structure of EP to
add some heat resistance, good dielectric properties of heteroatoms or functional groups, so as to
synthesize the intrinsic type of EP with high thermal conductivity, high dielectric properties and
good mechanical properties [16]. Although the chemical synthesis modified EP can improve the
performance of EP, it takes a long time, complicated steps and is difficult to achieve large-scale
industrial production [17]. The blending modification method is another important measure to
improve the performance of EP [18]. Blending modification is to physically combine different organic
compounds, polymers, inorganic nanoparticles and EP to prepare composite materials with excellent
properties [19]. This blending strategy is not only simple to implement, but also can significantly
enhance the thermal conductivity, dielectric and mechanical properties of EP without affecting the
original excellent properties [20]. Among them, the most common thermal conductive fillers are
mainly boron nitride, aluminum nitride, carbon fiber, stainless steel fiber, etc [22,23]. Although the
addition of these fillers significantly improves the thermal conductivity of epoxy resin, it will also
affect its mechanical properties and other properties to a certain extent [24], thus it is an important
issue to minimize the other additional damage caused by thermal conductive fillers on epoxy resin.

Therefore, in this paper, A2Os of different sizes was used as the modification system, silane
coupling agent y-glycidyl ether oxypropyl trimethoxy-silane (KH560) was selected as the modifier to
modify its surface, and the modified Al2Os was added to the EP collective as the fillers, and the
modified ALOs/EP resin composite material system was finally prepared. The effects of ALOs
addition amount on thermal conductivity and dielectric constant of Al:Os/EP composites were
investigated. The results show that the prepared composite material has excellent thermal
conductivity, which is because the thermal conductivity of AL:Os itself is good, and a good thermal
conductivity path will be formed when added to EP, and after the modified Al:Os is added to EP, the
obtained modified Al2Os/EP composite material has higher thermal conductivity and better thermal
conductivity. This is because the modified Al2Os surface contains the epoxide group contained at the
end of KH560, which can chemically react with the epoxide group of EP, so that the Al2Os is dispersed
more evenly in the EP matrix, forming an excellent thermal conductivity pathway. The aim of this
study is to obtain a simple preparation method, reasonable price, which can be used in high heat
dissipation microelectronics components.

2. Experimental Methods

2.1. Materials

The EP matrix (the purity of> 95 wt%) were purchased from Nantong Star Synthetic Material
Co., LTD. The accelerator and curing agent (industrial grade) used to prepare the EP resin were
purchased from Nantong Star Synthetic Materials Co., LTD. The aluminum oxide (200 nm/20 nm,
industrial grade) were provided by Jinan Wuba metal Research Institute. The Silane coupling agent
v-glycidyl ether propyl trimethoxysilane (KH560, the purity of>99.5wt%) used as the surface modifier
was purchased by Shanghai McLean Biochemical Technology Co., LTD. The acetone (the purity
0f299.5GC%) used as solvent was purchased by Sinopharm Group Chemical Reagent Co., LTD
without further purification.

2.2. Preparation of the Al2O3/EP Composites

The AlOs of 200 nm and 20 nm were dispersed in acetone solution for 30-40 min, respectively,
and 30 wt% vy-glycidyl ether propyl trimethoxysilane was then added in these two mixtures for
ultrasonic reaction for 1 h, and the modified Al:Os were prepared (the preparation process is shown
in Figure 1).

d0i:10.20944/preprints202503.0494.v1
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Q =Al0,
Figure 1. The preparation process of Al2Os.

The Al2Os/EP composites were prepared by the casting method. The EP matrix and curing agent
were mixed according to the ratio of 5:4, preheated at 60 °C for 15 min, and stirred several times until
there was no white flocculent liquid and air bubbles, and continued to add accelerators and stir at 60
°C until there were no air bubbles. Then add the Al:Os and modified of different particle sizes (40
wt%, 50 wt%, 60 wt%, 70 wt%, 80 wt%) to the beaker according to the mass ratio. In order to ensure
good dispersion of Al2Os, ultrasonic dispersion at 60°C for 30 min, and then pour the ultrasonic
dispersed prepolymer into the mold, if there are bubbles, it is necessary to vacuum until the bubbles
are completely eliminated, these mixtures were then cured in the constant temperature drying oven
using 80°C/2h +100/2 h +°C 130/6h °C curing process. The obtained Al:Os/EP composites with different
particle sizes and different contents are shown in Figure 2 below.

IV A VA4

Figure 2. The samples of Al:O3/EP composites (A: 200 nm ALO3/EP; B: 20 nm ALOs/EP; C: modified 200 nm
ALOs/EP; D: modified 20 nm Al:O3/EP).

2.3. Measurements

The X-Ray Diffraction (XRD)

The crystal structure of Al2Os and modified Al:Os were determined by X-ray diffraction (XRD,
Bruker D8, Germany) at room temperature.
Scanning Electron Microscopy (SEM)

The morphology of Al2Os and modified Al2Os, as while as research the surface features of the
fractured surface of the EP and Al2Os and modified AL:Os/EP samples were observed by the scanning
electron microscope (SEM, HITACHI, Japan) at room temperature. All sample surfaces need to be
sprayed with gold.

Dielectric Properties

The dielectric constant of EP and AL2Os/EP samples are measured by dielectric loss tester (Z]D-
A type, China Aviation Times Company).
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Thermal Conductivity

The thermal conductivity of EP and Al:Os/EP samples were measured via transient fast hot wire
method by thermal conductivity tester (KDRX-1I, Xiangtan Xiangyi Instrument Co., Ltd, China).

Thermal Resistant Properties

The thermal resistant properties of EP and ALOs/EP were measured by thermogravimetric
analysis (TGA, TGAQ50, under the nitrogen atmosphere) with the heating rate is 20 °C min-'.

3. Results and Discussion

3.1. Morphology Structure of the Al2Os

Figure 3 shows the XRD pattern of nano-Al:Os before and after modification. It can be seen from
the Figure 3A that the modified 200 nm Al2Os sample shows characteristic diffraction peaks at 26
angles of 25.65°, 35.21°, 43.45°, 52.62° and 57.59°. Compared with the X-ray diffraction pattern of the
unmodified 200 nm Al:Os, the position of the characteristic peaks is consistent, indicating that the
surface modification treatment does not cause the change of crystal structure. It is worth noting that
the intensity of all characteristic peaks of the modified Al2O:s is increased, which indicates that the
introduction of KH560 leads to the enhancement of the crystallization degree of Al2Os and the
increase of coordination number. Therefore, the crystallinity of modified ALlOs increases,
accompanied by the increase in the coordination degree, which is directly reflected in the
enhancement of the characteristic peak strength in the XRD pattern. The modified 20 nm ALO:s as
shown in Figure 3B is similar to the modified 200 nm AlQOs, the characteristic peak is basically
unchanged but the height of the peak is increased.
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Figure 3. The XRD result of Al:Os.

In order to study the appearance of Al:Os with different particle sizes and morphologies, SEM
with different magnification rates was used to observe its apparent morphology, and the results were
shown in Figure 4 and Figure 5 (A, C: low-resolution, B, D: high-resolution). As can be seen from
Figure 4, the unmodified Al2Os at 200 nm and 20 nm have a good morphology, which surface are
smooth, and the size are basically consistent with the said standard. It can be seen from Figure 4A
that at low-resolution, 200 nm Al0Os exhibits different particle sizes, uneven structures and different
morphologies, while at high-resolution (Figure 4B), it is found that the surface of Al2Os is smooth
with less impurities. In Figure 5A and B, it can be seen that the morphology of 20 nm Al:O:s is similar
to that of 200 nm Al:Os, with fewer impurities. The surface morphologies of the unmodified Al2Os
are shown in Figure 5. It can be seen from Figure 5A and C that the modified AL:Os still have the
intact morphology, indicating that the modification method does not destroy the original crystal
structure of the nanoparticles, which is consistent with the XRD results above. It can be observed
from Figure 5B and D that the surface of the modified Al:Os is rougher than that of the unmodified
Al20s, and more obvious bulges can be seen, indicating that the surface modification of Al20s by KH-
560 has been realized. In addition, it can also be seen that compared with 200 nm Al2Os, the surface
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of 20 nm Al2Oshave a more obvious bulge and a looser arrangement, which indicates that the smaller
particle size of Al20s is more dispersed during the modification process and is easier to be modified
by surfactants.

Figure 4. The SEM of unmodified A2Os3 (A, B: 200 nm ALlOs C, D: 20 nm ALOs).

Figure 5. The SEM of Al2Os modified with KH-560 (A, B: 200 nm ALOs C, D: 20 nm ALQOs).

3.2. Dielectric Properties of the Materials

As can be seen from Figure 6, the dielectric constant of Al2Os/EP composite material changes
with the increase of Al2Os content, but the change amplitude is not uniform, which is mainly related
to the interaction between the low dielectric constant of Al2Os (8-10) and the dielectric constant of EP
matrix (3.2-3.6). The addition of Al:Os effectively reduces the dielectric constant of the composite
material, especially at high frequency (50 MHz), the ALOs/EP composite still maintains a low
dielectric constant, indicating that Al2Os inhibits the polarization transition, making it suitable for the
application of high frequency insulating electronic materials. However, the dielectric constant of the
high-filled composites fluctuates greatly at low frequencies, which may be caused by the increase of
the content of the filler leading to the increase of the electrical conductivity, and the intensification of
the interface polarization and particle agglomeration phenomenon.

Meanwhile, as shown in Figure 6A, when the A2Os/EP composite of 200 nm is filled with 40
wt% AlQOs, the dielectric constant from low frequency to high frequency is always maintained at
about 2.6, indicating that the material is difficult to have polarization transformation in the wide
frequency range, and has good high frequency and low frequency insulation properties. While in
Figure 6B, the 20 nm Al:Os/EP composite material has the lowest dielectric constant of 2.7 when the
filling amount of AlOs is 20 wt% at the low frequency of 0.1MHz, which is 15.6% lower than the
dielectric constant of traditional EP, showing excellent insulation performance and suitable for the
application of low-frequency insulating electronic materials. This shows that the particle size has a
significant effect on the dielectric constant of the composite material: Al2Os particles with smaller
particle size (such as 20 nm) can be more evenly dispersed in the EP matrix due to their larger specific
surface area, reducing interface defects and polarization effects, and thus exhibiting lower dielectric
constant at low frequencies. Although the larger particle size (such as 200 nm) ALl:Os particles may
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lead to an increase in the interface region at a high filling amount, they can still maintain a stable low
dielectric constant in the wide frequency range due to their low dielectric constant characteristics.
Figure 6C and D respectively show the results of the change of the modified Al2Os content with
two different particle sizes on the dielectric constant of the modified ALOs/EP composite with
frequency. As can be seen from the figure, with the increase of the added amount of modified Al:Os,
the dielectric constant value of the composite material presents a different trend of change. Although
the change amplitude is different, the dielectric constant of all modified AL:Os/EP composites is lower
than that of pure EP matrix, indicating that the addition of modified Al2Os effectively improves the
insulation property of the composite material. It can meet the high requirements of insulation
properties of electronic materials. Before and after Al:Os modification, the effect on the dielectric
constant of the composite material is significant: due to the poor interface bonding between the
unmodified Al2Os and the EP matrix, interface defects and interface polarization are easy to occur,
resulting in high dielectric constant. The interface compatibility between the modified AloOs and the
EP matrix is significantly improved by surface treatment (such as silane coupling agent modification),
and the interface polarization and defects are reduced, thus reducing the dielectric constant of the
composite material. In addition, the dispersion of the modified Al2Os particles is better, which
reduces the particle agglomeration phenomenon, further improves the uniformity and stability of the
composite material, and makes it show a lower dielectric constant in the wide frequency range.
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Figure 6. The dielectric constant of modified Al2Os/EP with different content of modified Al2Os varies by
frequency (A: 200 nm ALOs/EP; B: 20 nm ALOs/EP; C: modified 200 nm ALOs/EP; D: modified 20 nm Al2Os/EP).

In addition, by comparing the dielectric constants of ALOs/EP and modified ALOs/EP
composites at two representative frequency points of 0.1MHz and 50MHz (as shown in Figure 7), it
was found that the dielectric constants of the modified Al2Os/EP composites were lower than those
of the unmodified ALOs/EP composites at both low and high frequencies. Especially at the high
frequency of 50 MHz, when the content of Al2Os at 20 nm is 50 wt%, the dielectric constant of the
modified AOs/EP composite is 2.515, which is 9.56% lower than that of the unmodified Al2Os/EP
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composite (2.781). The results show that the modified Al2Os/EP composites have better insulation
properties. The influence of Al2Os before and after modification on the dielectric constant of the
composite is mainly reflected in the interface bonding and dispersion: the unmodified Al:Os is easy
to produce interface defects and interface polarization due to poor interface bonding with EP matrix,
resulting in high dielectric constant. The interface compatibility between the modified Al2Os and the
EP matrix was significantly improved by silane coupling agent modification, and the interface
polarization and defects were reduced, thus reducing the dielectric constant. In addition, particle size
also has a significant impact on dielectric properties: Al2Os particles with smaller particle size (such
as 20 nm) can be more evenly dispersed in the EP matrix due to their larger specific surface area,
further reducing interface polarization and defects, and thus exhibiting lower dielectric constant at
both low and high frequencies. Although the larger particle size of Al2Os particles may lead to the
increase of the interface region at high filling amount, due to the optimization of modification
treatment, it can still maintain a low dielectric constant in the wide frequency range.

0.1 MHz 50 MHz
32
A 3.132 ] unmodified AI203 321 B ] unmodified ALO,
[ modifidied Al203 3.042 [ modified ALO,
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30 =
2 H
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Figure 7. The dielectric constant of AL2O3/EP composites with the Al:Os content of 50 wt% under different
frequency (A: 0.1 MHz; B: 50 MHz;).

3.3. Thermal Conductivities of the Materials

In order to further compare the differences in thermal conductivity between ALOs/EP and
modified ALOs/EP composites, this study compared the thermal conductivity of materials with
different particle sizes and different Al2Os content (as shown in Figure 8). The results show that the
thermal conductivity of the modified Al2Os/EP composites is higher than that of the unmodified
AOs/EP composites, which is mainly due to the better dispersion of the modified Al2Os in the EP
matrix, the reduction of particle agglomeration phenomenon, and the formation of a more effective
thermal conductivity channel. Specifically, when 60 wt% modified 200 nm AlOs was added, the
thermal conductivity of the composite was 0.4427 W/mK, which was 29% higher than that of the
unmodified material (0.3434 W/mK). When adding 80 wt% modified 20 nm AlLQOs, the thermal
conductivity reached 0.4962 W/mK, which was 43% higher than that of the unmodified material
(0.3488 W/mK). The influence of Al2Os before and after modification on the thermal conductivity of
the composite is mainly reflected in the interface bonding and dispersion: the unmodified AlOs is
easy to form agglomeration due to poor interface bonding with the EP matrix, which hinders the heat
conduction path. The interface compatibility between the modified Al2Os and the EP matrix was
significantly improved by the modification of silane coupling agent, and the agglomeration
phenomenon was reduced, thus improving the thermal conductivity. In addition, particle size and
filling amount also have a significant impact on thermal conductivity: Al2Os particles with smaller
particle size (such as 20 nm) can be more evenly dispersed in the EP matrix due to their larger specific
surface area, forming more thermal conductivity channels, and thus showing higher thermal
conductivity under high filling amount; The larger particle size (such as 200 nm) Al:Os particles,
although the thermal conductivity path is longer, can still significantly improve the thermal
conductivity after modification. The reason why small particle size A2Os can be added in the resin is
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that its high specific surface area and surface energy, so that the interaction between the particles and
the resin matrix is enhanced, and the modification treatment further optimizes the interface
compatibility and reduces the agglomeration of particles, so that it can still maintain good dispersion
and fluidity under high filling volume. From the perspective of thermal conductivity mechanism, the
modified A2Os promotes the transfer of phonons between the filler and the matrix by improving the
interface bonding and reducing the interface thermal resistance, while the uniformly dispersed filler
forms a continuous heat conduction network, further enhancing the heat transfer efficiency.

0.50 771200 nmALOyEP ; A 7020 nm AL0yEP
[ modificd 200 nmALOYEP ine 050 LT modified 20 nm ALOS/EP 04962
o468

;

45440.4561

0.403¢
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Figure 8. The thermal conductivities of Al2Os/EP with different content of Al2Os.

In order to further study the heat conduction mechanism of the modified Al2Os/EP composite,
the cross section morphology of the modified Al2Os/EP composite was observed by low and high rate
SEM, and the results are shown in Figure 9. As can be seen from the figure, there are very obvious
particles in the A2Os/EP composite material before and after modification, most of these particles are
isolated from each other, while a small number of particles are in contact with each other, thus
providing a good path for heat transfer. Among them, the surfaces of Figure 9A and B are river-like,
showing obvious brittle fracture characteristics, indicating that the dispersion of unmodified Al2Os
in the EP matrix is poor, and the particle agglomeration phenomenon is significant, resulting in a
large interface thermal resistance, which hindering the effective heat transfer. However, a small
number of dimples appeared on the surface of the 20 nm AlO3/EP composite, indicating that the
addition of small particle size A:Os was conducive to the increase of toughness of the ALOs/EP
composite, but the distribution of dimples on the surface was uneven, which further confirmed that
the agglomeration of unmodified Al2Os in the resin matrix affected the formation of the thermal
conductivity path. In addition, the 20 nm AL:Os/EP surface particles are more uniform than the 200
nm AlOs/EP surface particles, indicating that the small particle size Al2Os is more evenly dispersed
in the EP resin, and the aggregated Al2Os can not establish a good thermal conductivity path,
resulting in its thermal conductivity can not be fully played.

Figure 9C and D show that the dimples on the surface of the modified A:Os/EP composite are
larger than those of the unmodified Al:Os/EP composite, and the surface of the 20 nm AlOs/EP
composite is very rough, showing the characteristics of ductile fracture, indicating that the modified
small particle size Al2Os can effectively improve the toughness of the material. In addition, the convex
part of the modified Al2Os/EP composite is evenly dispersed, although there is still a small amount
of agglomeration, but the texture is more, indicating that a continuous thermal conductivity path is
formed, and the thermal conductivity of the material is significantly improved. This phenomenon is
mainly attributed to the modification treatment (such as silane coupling agent modification) to
optimize the interface bonding between Al:Os and EP matrix, reduce interface defects and interface
thermal resistance, and thus promote the transfer of phonons between the filler and the matrix. At
the same time, the uniformly dispersed Al:Os particles form a more continuous heat conduction
network in the matrix, which further enhances the heat transfer efficiency.

From the perspective of thermal conductivity mechanism, the modified ALl:Os significantly
improves the heat conduction performance of the composite material by improving the interface
compatibility and reducing the interface thermal resistance. Due to the larger specific surface area,
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small particle size Al2Os can be more evenly dispersed in the EP matrix (as shown in Figure 10),
forming more thermal conductivity channels, thus showing higher thermal conductivity under high
filling volume. The modified treatment further reduces the particle agglomeration phenomenon,
optimizes the dispersion of the filler, and makes the heat conduction path more continuous and
efficient. In addition, the improved toughness of the modified Al2Os/EP composite also indicates that
the improved interface bonding not only contributes to heat conduction, but also enhances the
mechanical properties of the material.

Figure 9. SEM of fracture surfaces taken from the resins (A: 200 nm Al:Os/EP; B: 20 nm ALOs/EP; C: modified
200 nm Al2Os/EP; D: modified 20 nm AlOs/EP).

Heat flow

AL O, ‘*—.‘

defects in resin

Figure 10. Schematic diagram of heat conduction mechanism.

3.4. Thermal Resistant of the Materials

Figure 11 shows the thermogravimetric analysis (TGA) results of pure EP resin, and AlOs
content of 60 wt% AlLOs/EP. From the graph, it can be observed that as the temperature increases, the
thermal decomposition behavior of the material exhibits distinct stage-wise changes. When the
temperature approaches 400+20°C, the material begins to undergo significant thermal
decomposition. This stage primarily includes two key reactions: first, volatile organic compounds
(VOCs) are released from the material; second, the thermal cracking of large-molecule, non-volatile
components occurs, forming coke. Simultaneously, the released combustible volatile components
undergo combustion reactions at high temperatures. As the temperature continues to rise to the range
of 500~700°C, the material enters a deep carbonization stage. During this process, most of the organic
components have already decomposed, and the remaining material mainly consists of carbonized
products, resulting in a significant slowdown in the weight loss rate. When the temperature exceeds
700 °C, the thermal decomposition process of the material is essentially complete, and the weight
stabilizes, showing no significant further changes. It is noteworthy that the introduction of nano-
sized ALQO:s fillers significantly improves the thermal stability of epoxy resin (EP) composites.
Experimental data show that at a high temperature of 800°C, AL:Os/EP composites prepared with
ALOs fillers of 200 nm and 20 nm particle sizes exhibit excellent residual carbon rates, reaching
92%~93%. This value represents a significant improvement compared to pure epoxy resin, fully
demonstrating that the incorporation of AlO:s fillers effectively enhances the thermal stability of the
composite material. Analysis of the reasons reveals that A2Os nanoparticles form an effective thermal
barrier within the matrix, delaying the thermal decomposition process. The interfacial interactions
between the nano-fillers and the polymer matrix enhance the material's thermal stability.
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Additionally, Al:Os participates in the carbonization process, promoting the formation of a more
stable carbon layer. The improvement in thermal resistance can also positively impact the material's
thermal conductivity.
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Figure 11. The TGA curve of the EP and AL:Os/EP composites with 60 wt% AlLQOs.

4. Conclusion

In this study, a series of composite materials were obtained by surface modification of alumina
with different particle sizes, and their dielectric properties, thermal conductivity, and other
characteristics were investigated. The results show that as the Al2Os content increases, the dielectric
constant values of the Al2Os/EP composites exhibit varying trends, albeit with different magnitudes
of change. Compared to the pure EP matrix, all modified Al2Os/EP composites show a reduction in
dielectric constant values. This change indicates that the modified Al2Os/EP composites are excellent
insulating materials, meeting the high requirements for insulation performance in electronic
materials. At the same time, the maximum thermal conductivity of the AL.Os/EP composite with 200
nm ALQ:s reaches 0.4226 W/mK, representing an increase of 140 % and 148 %, respectively, compared
to traditional EP. For the 20 nm ALOs/EP composite, when the Al,Os; content ranges from 50 wt% to
70 wt%, the thermal conductivity significantly increases, with values of 0.4544 W/mK, 0.4316 W/mK,
and 0.4415 W/mK, respectively, representing an improvement of approximately 167% compared to
traditional EP. When modified 200 nm AL:QO:s is added at 60 wt%, the thermal conductivity of the
ALOs/EP composite is 0.4427 W/mK, which is 29% higher than that of the unmodified 200 nm
ALOs/EP composite (0.3434 W/mK). When modified 20 nm Al2Os is added at 80 wt%, the thermal
conductivity of the AlOs/EP composite is 0.4962 W/mK, which is 43% higher than that of the
unmodified 20 nm ALOs/EP composite (0.3488 W/mK). The above results demonstrate that
incorporating modified Al2Os into the EP matrix can significantly enhance the thermal conductivity
of the resin. This is because the modified Al:Os is uniformly dispersed in the EP matrix, filling the
internal voids of the matrix and forming a thermal conductive network. As a result, the thermal
conductivity of the ALOs/EP composites is significantly increased, and their excellent thermal
performance meets the requirements for thermal conductivity in the field of microelectronic
components.
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