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Received_February 19, 2016  Abstract Improvement of heat sink technology related to the continuous implementa-
Revised_March 09, 2016 tion performance and extension of device-life in circumstance of easy heating and more
Accepted_March 15, 2016 compact space has been becoming more important issue as multi-functional integration
and miniaturization trend of electronic gadgets and products has been generalized. In
this study, it purposed to minimize of decline of the heat diffusivity by gluing polymer
through compounding of inorganic particles which have thermal conductive properties.
We used NH-9300 as base resin and used inorganic fillers such as silicon carbide(SiC),
aluminum nitride(AIN), and boron nitride(BN) to improve heat diffusivity. After making
film which was made from 100 part of acrylic resin mixed hardener(1.0 part more or less)
with inorganic particles. The film was matured at 80°C for 24h. Diffusivity were tested ac-
cording to sorts of particles and density of particles as well as size and structure of particle
to improve the effect of heat sink in view of morphology assessing diffusivity by LFA(Net-
zsch/LFA 447 Nano Flash) and adhesion strength by UTM(Universal Testing Machine).
The correlation between diffusivity of pure inorganic particles and composite as well as
the relation between density and morphology of inorganic particles has been studied. The
study related morphology showed that globular type had superior diffusivity at low density
of 25% but on the contarary globular type was inferior to non-globular type at high density

of 80%.
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Table 1. Thermal conductivity and dielectric constant of various materials for fabrication of composite material

Material Thermal conductivity(W/mK)
Polyester 0.16
Polyimide 0.40
Polypropylene 0.15
Epoxy resin 0.20
Poly(vinyl butyral) 0.20
Polyethylene 0.45
Poly methyl methacrylate 0.21
Silicone resin 0.10
Graphite ~1900
Graphene 4800~5300
CNT 3500
Diamond 2000
Cu 375
Ag 425
Al203 30
MgO 40
Zn0O 54
TiO2 8.40
BeO 340
BN 201, 300//
AIN 200~260
SiC 270
SiaNa4 30~80
SiOx(crystalline) 12
SiO2amorphous) 1.40
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Figure 1. Schematic diagram of experimental proce—
dure for prepare composites.

where,
d : Thickness of the sample

tie ¢ Time to half maximum
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Table 2. The components for adhesive and inorganic
Samples Acrylic adhesive ~~ SiC AN BN  Hardener MEK
(Adhesive/Inorganic) @) @) @) @) @) (ml)
(Wt%/wt%) 9 g g g g
95/5 71.97 1.25 0.24
90/10 68.18 2.50 0.23
85/15 64.39 3.75 0.21
80/ 20 60.61 5.00 0.20 3
751725 56.82 6.25 0.19
70/30 53.03 7.50 0.18
60 /40 45.45 10.00 0.15
50/ 50 37.88 12.50 0.13
40/ 60 30.30 15.00 0.10
30/70 22.73 17.50 0.08 200
20/80 15.15 20.00 0.05
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where,

K : Thermal conductivity(W/mK)
o : Thermal diffusivity(mm?/sec)
p : denisity(g/cm?)

Cp : Heat capacity(J/gk)
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(9)

Figure 2. FE-SEM images of inorganic (a) SiC 1um, (b) SiC 6um, (c) SiC crystal, (d) AIN 1um, (e) AIN 6um, (f) AIN ir—
regular, (g) BN 4um, (h) BN 10um, (i) BN hexagonal(x1000).

(b) 1mm

Figure 3. Polarization microscope images of adhesive/SiC(90/10wt%) composites (a) non—defoamation and using
MEK, (b) defoamation and used MEK, (c) defoamation and unused MEK(X200).
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(a)
Figure 4. FE-SEM morphology of adhesive/inorganic(75/25wt%) composites (a) SiC/adhesive, (b) AIN/adhesive,

(c) BN/adhesive(x1000).
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Figure 5. Thermal conductivity of adhesive/SiC, ad—
hesive/AIN, adhesive/BN composites with weight
percent(wt%).

Table 3. Thermal conductivity of adhesive/SiC, adhesive/AIN, adhesive/BN composites with weight percent(wt%)

Samples Thermal conductivity(W/mK)
(Adhesive/Inorganic)

(Wi%/wt%) SiC AIN BN
95/5 0.17 0.12 0.15
90/10 0.19 0.14 0.18
85/15 0.22 0.16 0.21
80/ 20 0.29 0.20 0.32
75/ 25 0.53 0.33 0.35
70/ 30 0.75 0.50 0.36
60/ 40 1.10 0.63 0.56
50/50 1.35 0.94 1.1
40/60 1.55 1.13 1.79
30/70 2.03 1.26 1.95
20/80 2.21 1.60 2.26
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Table 4. Thermal diffusivity of inorganic according to size
Samples Thermal diffusivity(mm?/s)
(Adhesive/Inorganic) SiC AIN BN
(wi%e/wt%) 1um 6um 1um 6um 4m 10um
75/25 0.203 0.095 0.142 0.115 0.177 0.150
20/80 0.789 0.696 0.563 0.709 1.092 0.898
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Figure 6. TGA curves of adhesive NH-9300.
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Table 5. Thermal diffusivity of inorganic according to structure

Thermal diffusivity(mm?/s)

Samples
(Adhesive/Inorganic) SiC AIN BN
(wide/wi%) Globular  Crystal  Globular Irregular  Globular Hexagonal
75/ 25 0.203 0.176 0.142 0.098 0.177 0.147
20/ 80 0.789 0.793 0.563 0.718 1.092 1.764
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Table 6. Adhesion of adhesive/SiC, adhesive/AIN, adhesive/BN composites with weight percent(wt%)

Samples Adhesion(gf/in)
(Adhesive/Inorganic)
(Wt%/wt%) Non SiC AIN BN
100/0 1815.10 - - -
75/ 25 - 865.24 824 .52 721.15
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