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Abstract: Acrylate copolymers were synthesized using various compositions of acrylate monomers and their suitability
as thermal interface material was investigated with regard to oil-soluble and water-soluble characteristics. Acrylate copo-
lymers, which were prepared as coating layer with uniform thickness, were investigated in terms of heat releasing prop-
erties such as heat transfer temperature, contact angle, adhesion force, reflectivity, and hardness. The oil soluble
copolymers containing 7-butyl methacrylate (~-BMA) showed poor heat transfer properties in spite of higher hardness and
contact angle. On the other hand, water soluble copolymers showed excellent heat transfer properties. Among water sol-
uble copolymers, poly(MAA-co-BMA-co-lauryl methacrylate (LMA)-co-HEMA) synthesized with methyl methacrylate
(MMA) content of 7.5% and 2-hydroxyethyl methacrylate (HEMA) content of 32.5% showed not only the best heat
transfer properties but also excellent physical properties such as high contact angle and low T, for self-spreading on
hydrophobic aluminum substrate surface (contact angle 85.3°) resulting in both efficient removal of void at interface
between aluminum and thermal interface material and wide applicability on various surface shapes.

Keywords: thermal interface material, heat transfer, oil soluble acrylate copolymers, water soluble acrylate copolymers.
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Figure 1. Synthesis of copolymers using AA, MMA, SMA, and ¢
BMA as monomers.

Table 1. Monomer Composition of Oil-soluble Acrylate
Copolymers

Monomer content (wt%)

Copolymer
BA »n-BMA +~BMA MMA AA SMA
OSP-1 18 - - 37 10 35
OSP-2 10 8 - 37 10 35
OSP-3 2 16 - 37 10 35
OoSpP-4 8 - 10 37 10 35
OSP-5 - - 18 37 10 35

2 fFASHAAN F7IE 247 T REEES wRbSHATH &
AE FFFAE Sshstr] feiA] It w7 i 255
ek 40°C o]stZ J7}3F%]t}. 2-amino-2-methyl-1-propanol
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Table 2. Monomer Composition of Water-soluble Acrylate
Copolymers

Monomer content (wt%)

Copolymer
n-BMA LMA HDMA HEMA
WSP-1 7.5 20 - 40 32.5
WSP-2 7.5 20 40 - 32.5
WSP-3 9 20 - 40 31
WSP-4 9 20 40 - 31
WSP-5 9 - 60 - 31
WSP-6 9 40 20 - 31
WSP-7 7.5 40 20 - 32.5
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|l PO t}*é'é‘mt} oEre 131 g& 2L HkE7]o) F#
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Figure 2. FTIR spectra of oil-soluble acrylate copolymers: (a) poly
(MMA-co-n-BMA-co-SMA-co-AA); (b) poly(MMA-co-t-BMA-co-
SMA-co-AA).
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Figure 3. Variation of hardness and adhesion force for OSP-1, OSP-
2, and OSP-3 depending on BA and n-BMA composition.
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Figure 4. Variation of reflectivity and flexibility for OSP-1, OSP-2,
and OSP-3 depending on BA and n-BMA composition.
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Figure 5. Variation of contact angle for OSP-1, OSP-2, and OSP-
3 depending on BA and #n-BMA composition.
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4, and OSP-5 depending on BA and +-BMA composition.
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Table 3. Properties Depending on LMA or HDMA
Composition under MAA and HEMA Fixed Condition
Property
Copolymer  Contact angle T, (°C) Hardness
©) . (N/m)
WSP - 1 115 28 0.59
WSP - 2 112 30 0.47
WSP - 3 96 28 0.43
WSP - 4 110 30 0.69
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Figure 11. Variation of heat transfer temperature for WSP-1, WSP-
2, and WSP-3 depending on time.
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Table 4. Properties Depending on LMA and n-BMA
Composition under MAA and HEMA Fixed Condition

Property

Copoymer Contact angle T, °C) Hardness
©) : (N/m)
WSP -2 112 30 0.47
WSP - 4 110 30 0.69
WSP -5 120 30 0.52
WSP - 6 110 32 0.52
WSP -7 113 31 0.49
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Figure 12. Variation of heat transfer temperature for WSP-4, WSP-
5, WSP-6, and WSP-7 depending on time.
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