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H + Pm—/—CH,

Figure 1. Mechanism of free radical polymerization by photoinitiator

U =4
e Oligomer: bisphenol A glycerolate diacrylate (BPAGD) and
poly(ethylene glycol) diacrylate (PEG diacrylate)
(U1 @ol HrtEle 48 BEAS AA4ste /M 83 14 a4)

e Monomer: tetra hydro furfuryl acrylate (THFA)
(Oligomer ¢} Photoinitiator& 8383l 344l <d-¢ sty A& Ao

e Photoinitiator: phenyl-bis(2,4,6-trimethylbenzoylphosphine oxide (Irgacure 819)
(UVE Farste] F&Es] wee 53 guzd S MARSS go)

e Cross-linking agent: di(trimethylolpropane) tetraacrylate (DTMPTA)
(A (=4)2 T34 FHAZ =FA S FAF BAS 24)

* Hollow microspheres : Hollow Glass Microsphere - H32 ,H46
Hollow Organic Microsphere - MFL_100MCA
(Fo] o gasZ MY o}F 2L Yz}, BFAH EAHL WA 7= Q)
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Figure 3. Chemical structures
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Whg7]ol Adel&3 AEAE 1001 dF &z £9)
2) AZA7 & BAHES F3F doF
3) Bl &8 =0l casting
4) A Zol WAt 7] 2 A
5) 60C 254 3F F<F A3l
6) A3t &<l 2@ A7 4s

o e SR G

o ZLA) ubolt ZEu] (W AG-E 918, W vlo| o] AL TAL ZHokA AEEIE F)

e Oligomer®} monomer+s 4tj1¢] Hl &

e Oligomer} monomere] & §o] 100wt%ela & u), /A A& 1wt% AZIvrE =9

o 7luA = Swt% F<

o WA= 54 vInE 98] F&FHVolumen) & elstal A7)
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Oigomer Monomer Photo Cross-linker Reinforceme Reinforceme
(9) (9) . initiator (9) nt ! nt
‘ | (9) _ (volume%) (volume%)
; BPAGD | PEGDA

8 2 | 0.1 | 0.5 | 0 | 0

g 2 | 0.1 o oS s 15 | 30
e e B T e e
e 2 | 0.1 | 0.5 40 50 |
e 2 1 o 0.5 R -

Figure 4. Composition of UV Curable Resins

1) A2 ulo]ekel monomere} 3 7HAA T

2) 10~30 min F<F 3] &3)d w7hA| stirring

3) &Hs] gl Sl oligomer, 7tuAl, BAFA F<.

4) 90min &<t stirring

5) etAol 8}F Fb WA (wNk HAANA 727} A BRE ANEAAS Q3 HA)
6) Al Exo A2 3 fr?‘l% casting

7) 2min ¢+ Rl FH TIF =F (RAle wF)

e d F ¥-4(ThermoGravimetric Analysis; TGA)

2=ste] mE AR FA W3E FAH3d EAses Wy A9z Jeld ex,
A HstEe] [HdozRE Ao d W3l AHE du AHAN 9L Hg BMg
7V stAl gkt

S % #4(Thermal Conductivity Analysis; TCA)
- A E T8l 78 EARe dAEEE =24,

Matrix 1 v
Inert gas +Q

K, :|: }KP Q= { ] n=rl1,
Particle shell 1-QV f+2 2+/23

r;and r, : internal and outer radius of particle
ry : radius of selected unit cell

V : volume fraction of particle

k, : thermal conductivity of matrix

K, : thermal conductivity of particle shell

K, : thermal conductivity of a composite
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o =2 #}¢m) 7 (Scanning Electronic Microscope)
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1. 89 stirring

2. UV (X}QJA) =3

G242 53

o 7l WE =4

ZhAl H7r

W, = weight before swelling

Q=1+@r-1) 2

pp = densily of composite

'l
X= P+ o7 (8p— 65)?

d = crosslinking density
M. = average molecular weight between the crosslinking points
x = polymer-solvent interaction parameter

1 In(1-vy)+ v+ xv,?

v
ZM, 2p,Vo(vy° -5h) v, = 1/Q

Figure 7. 7l Q& & Lsl= A

7ol et Jtw dE7F A
3 A g7 HAFFHoR FAHEUSS Y

W, = weight after swelling

p; = density of solvent

s}

Vo = molar volume of solvent

By =lattice constant (0 34)

R =gas constant

T = absolute temperature

&p = solubility parameter of polymer
&5 = solubility parameter of solvent
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Figure 8. Epoxy acrylate 3A]=9] 7tn WU

20 22

Solubility parameter (MPa

m
)

T
1 2 3 4

Cross-linking density (102 mol/g)

T
8 7

Content of crosslinker (phr)

H
=

e

2




- £

Swelling ratio (Q)

.
°
[

T T T
1 2 3

Content of crosslinker (phr)

T T
4 5

Swelling ratio (Q)

n 1phr

14 16 18 20 22 24 2 28 30

Solubility parameter (MPa'?)

Figure 9. Polyester acrylate 2%x| 89| 7tn 2%

e Porosity Z#
Figure 11. 2]& %3] Porositys =439 ou
volume% %ol 2~3%2] Qa9 ouE ZHEHYSS

TAF EXFHOIEFS UG

i

18k .

EXP. No

BPAGD-Base-0
BPAGD-H32-1
BPAGD-H32-2
BPAGD-H32-3
BPAGD-H32-4
BPAGD-H46-1
BPAGD-H46-2
BPAGD-H46-3
BPAGD-H46-4
BPAGD-MFL-1
BPAGD-MFL-2
BPAGD-MFL-3
BPAGD-MFL-4

EXP. No

PEGDA-Base-0
PEGDA-H32-1
PEGDA-H32-2
PEGDA-H32-3
PEGDA-H32-4
PEGDA-H46-1
PEGDA-H46-2
PEGDA-H46-3
PEGDA-H46-4
PEGDA-MFL-1
PEGDA-MFL-2
PEGDA-MFL-3
PEGDA-MFL-4

Type

H32
H32
H32
H32
H46
H46
H46
H46
MFL
MFL
MFL
MFL

Type
H32
H32
H32
H32
H46
H46
H46
H46
MFL
MFL
MFL
MFL

Cross-linking density (10 mol/g)

0.4+

0.3

T 7 T T
1 2 3 4

T T
6 7

Content of crosslinker (phr)

olgxow H7I3k volume% of =A=

Bal 2RA BEAR &ol Ynv)

E3 nEA EFARY FAdo] HAFHYL tia @A
Particle content (vol%)

W% Pe o Theoretical Measured
- - 1.050 - -
0.953 0.936 - 15 15.053
0.894 0.808 - 30 31.218
0.844 0.732 - 40 41.145
0.783 0.681 - 50 49.194
0.934 0.941 - 15 16.233
0.854 0.871 - 30 29.13
0.790 0.822 - 40 38.146
0.715 0.724 - 50 50.677
0.982 0.899 - 15 15.889
0.957 0.753 - 30 31.369
0.935 0.676 - 40 39.826
0.906 0.587 - 50 49.397

Particle content (vol%)

w,.% 0% (101 Theoretical Measured
- - 1.110 - -
0.891 0.843 - 30 32313
0.840 0.756 - 40 42.765
0.778 0.672 - 50 52.938
0.700 0.610 - 60 61.528
0.850 0.884 - 30 32.255
0.785 0.811 - 40 42.659
0.709 0.773 - 50 50.639
0.619 0.667 - 60 62.807
0.956 0.813 - 30 29.949
0.933 0.734 - 40 38.289
0.903 0.612 - 50 50.199
0.861 0.492 - 60 61.838

Figure 10. 11-8A} 23X 29| Porosity
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w,,.% = polymer matrix weight percent of the composite sample
vol,, %=1 — w,, %" pc = density of the composite
Pm P = density of matrix

Al

Figure 11. AA] volume%g &4 5= Al

rr

o FA A} v 73 (Scanning Electronic Microscope)

A1 AL BuE PAEAEA BASD Ao Ferk B fANT QA B
sl SEM 71718 gstdch 12008 Sulste BYH F B ol Bl nix

EgdA s d4A7F EnF 2 EEASS #gsdy. =3, volume% Z7bol] wEl ¢l Abel
F7F H& ol F/hste AFE4E AT £ Ao dAY nUdx fgRE A X Ho]

A st

BPAGD-Base X120 H32-15% X120 H32-30% X120

H46-15% X120 H46-30% X120 H46-40% X120 H46-50% X120

5
) ~

MFL-50% X120

MFL-40% X120

MFL-30% X120

MFL—-15% X120

Figure 12. FE - SEM Results of Epoxy acrylate Series

H32-40% X120

MFL-30% X120 MFL-40% X120 MFL-50% X120 MFL-60% X120

Figure 13. FE - SEM Results of Epoxy acrylate Series
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o A F & A (ThermoGravimetric Analysis; TGA)
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Figufe 14. TGA Results of Epoxy acrylate Series
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Figure 15. TGA Results of Polyester acrylate Series
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e HE% #4J(Thermal Conductivity Analysis; TCA)

Figure 18, 199 w@l& o]&sle] 182 HIFAEY AAEEE o2y Ax =4z
HEE7L o= A= A=A dolryt. 28 dAEEE AR ZAUY A9
dastgen f71 JdA "k BgAlselA Epoxy acrylate®] -9 Maxwell Eucken 1
model, Polyester acrylate®] 79 Maxwell Eucken 1 model# Paralell model®] 78FAlS
YeEbd o 571 dA M7 BERAIEE Felske =l dHEE9 Aol AT o2 X3
geFdt n A BiAsel A Hrle wE dAE: A AFE ZAHsA Yu
A A& Avde 43E AU =3, O34 AdA WRY JA & Y ZIHe
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Parallel Model Maxwell-Eucken Model 1
3k,
ke = k1V1+k2V2 klvl 4 4 kZVZ 2k + k2
e = Bk
Ve 2k + ky
EMT equation 0000 Maxwell-Eucken Model 2
0000 3k,
ky — ke ko — k kaVy + kiVy
ol sy e -4 i 231;c+k1
1 2 e
anes g TR
Series Model kq : thermal conductivity of matrix
k, : thermal conductivity of particle
b = 1 v, : volume fraction of matrix
W i V, / v, : volume fraction of particle
key ke, ke : thermal conductivity of a composite
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Figure 21. Polyester acrylate ¥3MA| 89| dxd ¢

r; : internal radius of particle

r, : outer radius of particle

r, : radius of selected unit cell

@ : volume fraction of particle

k, : thermal conductivity of matrix
f; K, : thermal conductivity of particle shell |
\ K, : thermal conductivity of a composite
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