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Military electronic equipment is often subjected to harsh operational environments characterized by mechanical shocks,
vibrations, and rapid temperature fluctuations. Therefore, reliably protecting internal components is crucial. To ensure
system reliability, potting materials must provide both mechanical cushioning and environmental stability. While
polydimethylsiloxane (PDMS) is a promising option due to its excellent flexibility, chemical stability, and environmental
resistance, its low thermal conductivity limits its effectiveness in thermal management. In this study, we aimed to address
these limitations by fabricating aluminum nitride (AIN)/PDMS composite potting materials. We evaluated their thermal and
mechanical properties based on varying filler loadings. PDMS specimens with different AIN contents (0, 5, 10, and 20 wt%)
were prepared, followed by systematic compressive tests and thermal conductivity measurements. The results indicated that
both compressive strength and thermal conductivity improved consistently with increased AIN filler loading, achieving up to
a 46.7% enhancement in thermal conductivity while reasonably maintaining the inherent elasticity of the elastomer. These
findings suggest that AIN/PDMS composites can effectively serve as protective materials that meet the thermal
management and mechanical cushioning requirements of defense electronics, providing a foundational guideline for

designing military-grade potting materials.
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Fig. 1 Schematic diagram comparing unpotted and potted electronic

Harsh

A T -
/" Environment \ &

Corrosion

equipment exposed to harsh operational environments:
failure modes such as cracking, short circuits, and corrosion
due to external stressors (left), and enhanced operational
stability achieved through the application of the protective
potting material (right)
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Table 1 Mechanical and thermal properties of Epoxy, Polyurethane,

and PDMS
Epoxy Polyurethane PDMS
Young’s modulus 3
[MPa] 1-4 x 10 10-100 0.5-3
Elongation
(@break, %] <10 300-800 100-500
Thermal stability 5, 4, 200-280 350-430
[Tq, °C]
Ref. [5-7] [9,10,21] [11,12,22]

*Thermal decomposition temperature
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Fig. 2 Fabrication process of AIN/PDMS composites

HS7EA] A arefsh= Aol Fasitt. e Etstal 7]
Z AIN/PDMS 53] A= dHe B4 o 5= 2l
o, AN 3F gl w2 5 ¥y A g

A B7fste] 2R A A F EX
AL AfHdor BHEFih E] o

%t U E A e B2 o e AAE Aol gE
sfjof stR, & 49 AAIE BAsk= Aol Fasitt
olo] & AtollA= PDMSO| 7|A1A Adst AING A=
£S5 AT AINPDMS 53t ZRHAYE AlRIgIch o]& 919
EZRFA IR ZIAE EAS RAE 4 e 9A #SlE 2
alo] 0, 5, 10 & 20 wt%2] AINS x3Hsl= PDMS 23S
Alzstoieh. Axd A= AN ool wE 4% §9-813
E A, 50% "FENAY o5 §8% Brlskglen, 94 &
3 B7HE flel et 9 GAEES SASISIT ol & Fol
AIN ko] g 71414 S4B E49 JHEAE B4
alal, 8 AAAH| EEIXH ARl Al @Rl 7A1H B A
S Y 45 #FS g 913t 712 ARE AAlSkL
A} gk,
2. HE U AlFuy

2.1 AIN/PDMS =&H2| HZ=

AIN/PDMS E3HAf:= Fig. 20 AAE F7gol whet A=kt
PDMS (Sylgard 184)= Dow Corning Korea Ltd. (Korea)oj|A]
relstglom, 1z =7)7F 10 pmel AIN T-1] (241903-50 g)
= Sigma-Aldrich (USA)YIA -J3tsic). & clsex] wefst



October 2026 / 1099

AIN FHE2 0, 5, 10 2 20 wt%e]H, AINS H7}elA] o2
PDMSE R0 & ARR3}ITH
EHob A== Q)8 WA PDMS A9} A3HA] ZFHE(10 : 1)
ok

= SHT &, 52 %ﬂ%oﬂ gteo] AIN 2 ARFshit.

A AN 28 PDMS FA|2 AsAle] Eatge] Hriat
wah Am 50

[RTA, o]—@] PDMS £ Ujof #U5}A HA
2 §9 ol 2R 7S A 9130
zl Alo] lﬂ oA 1AIZE Bt X w2 FAS st
Atk Eé ?1_ Rl %Eoﬂ FYUT T 60°CoflA 2A17HE<t
B3RS Axei ARE BaRs

]-Xix}éj ] ( EM, GemmiSEM 560, Carl Zeiss AG, Germany )2
Agal) SRS T8 (1,000)% kst

22 7|74 54 T}
AN 32180 w2 714 A5 B S18) 43 A
Saslsich. 7142 B4 B2k A A% Adel Fuelst

£ A
ZEEU, 2 Aolils 8RR A &8 eEE 1L
sto] AE AIES 8 7IAH B A xR Aot U
H F4 oA WiRe] SXlEE 2P QR R o] &
Bol= o] =2 HTE SR A Al IAYske B
2 QFzF ol R IE FE0] @A o fEEe 5
UF 58 52 752 W "ot webA A 28 249 %
H S aesto] o E AlERES Xt

‘?J—% *P"d% *11% Zo] 10 mm, % 10 mm, 3°] 10 mm2]

(Instron 8801, Instron Corp., USA)YE AME-3le] =35}t ¢
% AES B WY F71) mE 32 wsE 2stel
1% B (Stress-Strain) A1 Selaiich. BA14 A2 hns
sl 24 Sleuich 574 o2l Aol dish Sdat S Rt
= pastel Wyl EERAE A

E3F AIN o] 'I}% @ A<l HekE vlashr] sl
50% 1% B BoA 2] <
HIE 715 50% tﬂ?%%OMA 4= &
SAE] HLA 7AH 54 A= e ZHsH

2.3 g 54 &7t

B3] g4 S EEHEA(Thermogravimetric
Analysis, TGA) W n]Rg=
DTGYS Ea Wrlskgch. TGAL =HA7|(SDT 650, TA
Instruments, USA)E AE35to] =35t 9l o, 24 BQ|7] 3l
A AL HE 800°C7HA] 10°C/min®] YATH £ £ 2 151
3= S45klh TGA % DTG 235 HlaLsto] AIN gho]
PDMS 3H4)9] Qi) ABol ulal JFe BAstt.

A EAJL AShAE (Thermal Diffusivity) 2 SH =&
(Thermal Conductivity) &74-& £3) H7|519th A|HE Zo]
10 mm, & 10 mm, %°] 10 mm&] AL-HA| Fe|=2 #1215+
6, Laser Flash Analysis ZH|(LFA 457 MicroFlash, NETZSCH,

FE- 4 (Differential Thermogravimetry,

0 wt% 5 wt% 20 wt%

Fig. 3 Optical photographs of AIN/PDMS composites with various
AIN filler contents, demonstrating the transition from
transparency to opacity
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Fig. 4 SEM images of neat PDMS and AIN/PDMS composites with
5, 10, and 20 wt% AIN filler contents
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Fig. 5 Compressive stress-strain curves of AIN/PDMS composites
with various AIN contents
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Fig. 6 Compressive stress-strain curves of AIN/PDMS composites
with various AIN contents
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Fig. 7 TGA and DTG curves of AIN/PDMS composites with
various AIN contents
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