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ABSTRACT The thermal expansion coefficient of epoxy/inorganic additives composites was controlled by changing
the amount of the inorganic additives such as talc and fused silica. The epoxy resin comprises hydrogenated bisphenol
A (HBA)-based epoxide, difunctional polyglycidyl epoxide (DPE) as a diluent and isophorone-diamine (IPDA) as a
crosslinking agent, which was subsequently mixed with inorganic additives (talc and fused silica). The thermal expansion
coefficient was decreased by increasing amount of inorganic additives, nearly to fresh granite. Fused silica was more
effective than talc in lowering the thermal expansion coefficient. Additionally, flexural and tensile strengths of the
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composites were getting lower and higher with the amount of the inorganic fillers, respectively. It was thus concluded

that an epoxy composite containing inorganic fillers was developed to show much lower thermal expansion coefficient,

similar to fresh granite, than the neat epoxy resin, and also proper mechanical strengths for applications.
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Figure 1. Chemical structure of (a) HBA, (b) DPE, (c) IPDA.
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Table 1. Characteristic of talc and fused silica.

Talc Fused Silica
Chemical Formula Mg3SisO10(OH)> SiO,
Size 23um 12um
Color Grayish white White
Thermal Expansion 8ppm/°C 0.5ppm/°C

Coefficient
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Figure 2. Viscosity changes of HBA/IPDA with DPE as
a function of reaction time.

10000 F —e— Viscosity (cP)
—o— Temperature (°C)

100
7500

OOmgry
L

. $
5000 Epoxy : L-30 :
l - 80 .
o 2500 9 )
E / 470 g
‘? L[] g
8 0/0 Je0 &
O 1000 | Ve S
7] o ]
> 750 o o g5 °
o | 50 e}
sof P .
T g0 ’ 14
i

=3
O/o/o/o '\o-o-.\.\.
20} oo \‘\o\.\./

1 1 1 1 1 1 1 1 1 1
5 7 9 " 13 15 17 19 21 23

Time., min

Figure 4. Viscosity and temperature changes of L-30 as
a function of reaction time.

H3h= o ZA19] A3 A EAS AAsked WS 52
g aglolh. thgoll A2 7 HBAA olEA] 427, Araldite
AY-103/HY-956, L-30°] o3t A3} A] A= HI=E A3}
KAt

HBA®] ¥+-5/d 34A¢l DPEE wRIgE & A=Y
IPDA 73S ol aulet & A3} A H=E S}kl o
£ Figure 20 Yeti itk HBAAS] 73t = ¥h34d 3
4|72} DPE9] H|&o] FobdaE Rolx|w, 479 k&
ZATFO 2N 7L o] B T A EE 24 5 ok

Araldite AY-103/HY-9569] A3} A] A= @ Lxuisie
Figure 3] YERJItE Araldite AY-103/HY-956-2 40& o]
Z A=rt ot A3 5435 AHE. ol HIL e
= GuhA 2l 2}lof AR A& =S 7FA L Qlokar T
Hu FA419] -9 HBAAIE A EAGA] 7} ob 7] whzof 2
HEA o F okt TS 7FA| 3L et

12000 - 9= Viscosity (cP) g 480
—o— Temperature (°C)| J ‘
10000 [ Epoxy: Araldite AY-103/HY-956 L{& T .
4
g1
8000 [ $ 4 4
o . [
° / l ” 2
2 6000 / d 3
|72 [
8 o Js0 £
2 (V]
£ 4000 | / e
/O O
440
°
2000 |-
" J
L4 3742 . . . "
ol 430
O
1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40

Time, Min

Figure 3. Viscosity and temperature changes of Araldite
AY-103/HY-956 as a function of reaction time.
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Table 2. Thermal expansiotll4<:1(5)efﬁcient of common epoxy Talo
and stones in South Korea ™. o or
- € Epoxy Resin : HBA
Stone Thermal Expantl?n % Hardener : IPDA
Coefficient (ppm/ C) 2 s0f TRef: 25°C
Common Epoxy 70 - 80 %
Granite 1.8 - 119 E
Andesite 4.1 -10.3 T
Sandstone 43 -13.9 E(
Limestone 0.9 -12.2 § 30}
Marble 1.1 -16.0 = . . . . .
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Volume Percent of Additives
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Figure 8. Thermal expansion coefficient of Araldite AY-
103/HY-956 by varying additive contents.
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Figure 9. Thermal expansion coefficient of L-30 by vary-
ing additive contents.

Table 3. Comparison of theoretical calculation and experimental result of epoxy resins.

Thermal Expansion

Theoretical Value Experimental Value

Epoxy Additive Cocfficient (ppm) LO(mm) L(mm) L(mm) Error
x 80 10.537 11.001 10.812 1718 %
L-30 Talc 2 10.271 10.395 10.358 0.356 %
Fused Silica 21 10.228 10.346 10.334 0.116 %
Araldie x 66 10.194 10.564 10.482 0.776 %
AY-103 Talc ) 10.169 10.404 10.212 1.845 %
HY-956  Eysed Silica 3 10.064 10.247 10.104 1396 %
x 56 10.304 10.621 10.453 1.582 %
s;i%)go Talc 46 10.168 10.425 10.248 1.698 %
Fused Silica 33 10.293 10.480 10.334 1393 %
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Figure 10. Bending strength of HBA/IPDA with reactive
diluent DPE by varying talc content.
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Figure 12. Bending strength of L-30 and Araldite AY-103/HY-
956 by varying talc content.
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Figure 11. Bending strength of HBA/IPDA with reactive
diluent DPE by varying fused silica content.
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Figure 13. Bending strength of L-30 and Araldite AY-103/HY-
956 with by varying fused silica content.
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Figure 14. Tensile strength of HBA/IPDA with reactive

diluent DPE by varying talc content.
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Figure 16. Tensile strength of L-30 and Araldite AY-103/

HY-956 by varying talc content.
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Figure 15. Tensile strength of HBA/IPDA with reactive
diluent DPE by varying fused silica content.
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Figure 17. Bending strength of L-30 and Araldite AY-103/
HY-956 by varying fused silica content.
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