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Thermal Conducting Properties of the Silicon-Containing Arylacetylene Resin Modified by AIN Particles

WANG Yu-qgiao, YUAN Qiao-long, HUANG Fa-rong
(School of Materials Science and Engineering, East China University of Science and Technology, Shanghai
200237, China)
Abstract: Due to its excellent heat resistance, the silicon-containing aryacetylene (PSA) resin showed highly
potential application in the aerospace field. However, the low thermal conductivity of PSA resin has limited its
further development and application. In view of this, the paper aims to improve the thermal conductivity of PSA
resin, so selected aluminum nitride particles (AIN) as filler to modify PSA resin. The AIN/PSA composite resins
were prepared by mixing AIN particles with different particle sizes and highly heat-resistant PSA resin. The
aluminate coupling agent was used to modify the surfaces of AIN particles. The modified AIN particles were
mixed with PSA resin to prepare the modified AIN/PSA composite resin. The effects of AIN content, particle size,

and surface modification on the thermal conductivity of cured resin were investigated. The electrical properties of
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cured resin were also studied. The curing process of the resin was investigated by differential scanning calorimetry
(DSC), and the modification effect of the coupling agent was characterized by infrared spectroscopy (FT-IR). The
thermal properties of cured AIN/PSA composite resins were investigated by thermogravimetric analysis (TG) and
dynamic thermo-mechanical analysis (DMA). Scanning electron microscopy (SEM) were used to observe the
cross-sectional morphology of cured resin. X-ray energy dispersive spectroscopy (EDS) analysis was used to
observe the elemental distribution of the fracture surface. Results show that when AIN particle size, mass fraction
of coupling agent and volume fraction of AIN are 45 pum, 3%, and 24%, respectively, the thermal conductivity of
the cured AIN/PSA composite resin achieved 2.36 W/( m-K). At the same time, the heat resistance of the cured
composite resin is improved. The cured composite resin has good dielectric and insulating properties, in which the
dielectric constant is lower than 3.8 and the electrical resistivity is higher than 10% Q-cm in the range of 10 Hz to 1
MHz.
Keywords: silicon-containing arylacetylene resin; AIN particles; thermal conductivity; dielectric property
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Fig.1 Spatial structure diagram of aluminate coupling agent molecule
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Fig.2 Molecular structure formula of PSA resin
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Fig. 3 DSC curves of AIN/PSA composite resin
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Table 1 DSC analysis results of AIN/PSA composite resin

Sample T/°C T,/ C AH/(J/g)
PSA 212 241 444
AIN/PSA-12% 202 241 247
AIN/PSA-18% 213 245 241
AIN/PSA-24% 201 241 205
AIN/PSA-32% 210 245 182

2.2 AIN/PSA 54 fig [E AL 1 5 F ik R s e 1R 3%
22.1  AIN K& & 5RAR KN

B 4 A FIRLAR SRR B AIN RS PSA G4 i BT Bt 52 & 1 R [E AL P ) 5 3 R 00 L,
FRL B W3 20 WTUAAE e, FIREARU HUM AIN UKL, FORLAR X & W TR AL S 3 R A 2.3
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Fig.4 Thermal conductivity of cured AIN/PSA composite resin
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Table 2 Thermal conductivity and density of cured AIN/PSA composite resin

Density/ (g/cm*) Thermal Conductivity/ (W/( m-K))
Sample Experimental ~ Theoretical 0.5 um 5 pm 45 pm
PSA 1.03 / 0.20 0.20 0.20
AIN/PSA-3% 1.11 1.13 / / 0.58
AIN/PSA-8% 1.19 1.21 / / 0.96
AIN/PSA-12% 1.30 1.33 0.23 0.66 1.29
AIN/PSA-18% 1.42 1.45 0.26 0.72 1.61
AIN/PSA-24% 1.56 1.58 0.34 0.84 2.15
AIN/PSA-32% 1.66 1.74 0.45 1.76 2.31
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Fig. 6 FTIR spectra of AIN before and after modified by coupling agent
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Fig.8 Thermal conductivity of cured PSA resin blended with different volume fractions’ modified AIN and
unmodified AIN
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#* 3 ANJF AIN/PSA &R EILYITT TG 7 Hr &l

Table 3 TG analysis results of different cured AIN/PSA composite resin

Sample Tas/C Ys00c/%
PSA 628.3 92.1
AIN/PSA-3 644.8 93.6
AIN/PSA-4 652.0 94.6
AIN/PSA-5 >900 96.4
AIN/PSA-6 >900 96.6
AIN-dI411/PSA-5 >900 95.4

Note:Tgs: temperature at 5% mass loss,Ygoo :residue yield at 800 ‘C
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Fig. 11 SEM images of the cross-sections of cured composites with different volume fractions of unmodified
AIN and modified AIN particles
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Fig.12 EDS images of the cross-section of cured composite resin by modified (a) and unmodified (b) AIN
modified PSA
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Fig.13 Dielectric constant frequency spectra of cured PSA resin, AIN/PSA and AIN-dI411/PSA composite resins
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