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Abstract : The theoretical study is developed for predicting the thermal expansion changes of com—
posites which include complex inclusion, which is used three—dimensional ellipsoid model(a;>az>a3),
which has two aspect ratios (the primary aspect ratio, g,=ai/az and the secondary aspect ratio, gy=
ar/ay). We can predict the feature of general thermal expansion factors by theoretical approach of
matrix with aligned ellipsoidal inclusion using the Eshelby’s equivalent tensor. The coefficients of
longitudinal linear thermal expansion a1 decrease to those of inclusions, ¢, as both aspect ratios
increase. The coefficients of transverse linear thermal expansion of composites a3z initially increase
and show the parabolic curves with maximum values, as the concentrations of filler increase. The
coefficient of thermal expansion, ez in the transverse direction decreases, as p, increases, however,
ap increases as pp increases. The coefficient of linear thermal expansion of composites, a3z in the
normal direction increases, as p, increases, while as3 decreases as g increases.

Keywords :
of thermal expansion.

composite, three—dimension, primary aspect ratio, secondary aspect ratio, coefficient

M

U

A BHE dlZa] 913 oA Aol ARHQ) A%

Ao} gk AT Leed} AFAELR! 224907 29 Ei=

ZAAE st

T © =

N
=

A22F 714 A (matrix) 2 74
A

o

(composites) | #sF A47F At 5= 4] WA A|HH o7 X
oz gkl Bakx H ] AA, 44 AF 542 T8 &
AAL] B2 P 2 Fael whe) Mgl o) Ak w3 B

TTo whom correspondence should be addressed.
E—mail: kylee@cnu.ac kr

206

o] F3NR EAE= FAAE Sashs S35 %3%7&011
et a4 WS AA BRI 0] Tandon and Weng®l® 3
A A gAL 23494 w2 $j4e =3t Chowe! 2
B o] =S F R 51913 Lee and Paul®)® 3214 €FY 3E)o] &
AAE sk —%‘iﬂ lellAe] 71414 44 &, 9E(Young's
modulus) 8] AE5 FAAsE AS 72 BIAY I olEo



(a)

(b)

Figure 1. (a) TEM photomicrograph of a clay platelet pulled
out by microtoming a polyamide—based nanocomposite formed
from exfoliation of aluminosilicate platelets of montmoril—
lonite—based organoclays in a polyamide—6 matrix; from Ref
[7] and (b) its schematic illustration, where the secondary
aspect ratio, pg= ai/as is about 2.
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Figure 2. Schematic views of the ellipsoidal filler particles,
characterized by three—dimensional geometryor two aspect
ratios: a primary aspect ratio p,=aj/asand a secondary aspect
ratio ps=ai/az and three different directional dimensions: the
longitudinal (LD), transverse (TD), and normal (ND) directions.
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Table 1. Material Properties of Epoxy Resin and Glass Fiber

Density Modulus Linear Poisson’s
(Kg/m?) (GPa) CTE'(K™)  ratio
Epoxy 1240 2.8 81x107° 0.35
Glass Fiber 2540 72.4 5.X107° 0.22
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Figure 3. Normalized coefficient of longitudinal thermal ex—
pansion, ai /am, as a function of volume fraction of filler ¢,
for various primary aspect ratios, p,=10, 25, and 500, and
secondary aspect ratios, pg=3 and 6.
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Figure 4. Normalized coefficient of transverse thermal expan—
sion, am /am, as a function of volume fraction of filler ¢, for
various primary aspect ratios, p,= 10, 25, 100, and 500,
and secondary aspect ratios, pg=1.5, 3, and 6.
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Figure 5. Normalized coefficient of normal thermal expan—
sion, a3 /am, as a function of volume fraction of filler ¢, for
various primary aspect ratios, p,=10, 25, 100, and 500 and
secondary aspect ratios, pg=3 and 6.
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Figure 6. Normalized coefficient of bulk thermal expansion
¥/3am, as a function of volume fraction of filler ¢, for various
primary aspect ratios, p,=10, 25, 100, and 500 and secondary
aspect ratios, pg= 3 and 6.
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sion, ays /am, as a function of the primary aspect ratio, p,=
ai/as, for various secondary aspect ratios, gg=1, 1.5, 3, 6,
and 12, and fixed volume fraction of filler ¢=0.1.
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Figure 11. Normalized coefficient of normal thermal expan—
sion, ai1 /am, as a function of the primary aspect ratio, p,=
ai/as, for various aspect ratios, m=1,1.5,3, 6, and 12, and
fixed volume fraction of filler ¢=0.1.

0.88

0.86
0.84+
0.821
0.801
0.787
0.767
0.744
0.724

0.70 ‘ — —
10° 10! 10? 107

Primary aspect ratio, p,= 31/33

Bulk CTE Ratio, 7/ 3am

Figure 12. Normalized coefficient of bulk thermal expansion,
as3/om, as a function of the primary aspect ratio, p,=ai/as, for
various secondary aspect ratios, pg=1, 1.5, 3, 6, and 12 and
fixed volume fraction of filler ¢=0.1.

=0/, A3148 #A3%, 20074

vol% s}t el 124 F3nlellA 221 F3v] (g, =ai/as) o] T
UERRGIEE 12+ F3n)7} 25014 1600704 Habar Hales
BojFETh Figure 1304 S8 99% A5 afom’t A
37 T2T8] anlom Atolell glo] EAISITE RIS g=
lo|BPg Jgides FROE vehdth taady) Aol w
ApH= AL 79 FHAE S8 p=p=12 2vldit)

Figure 14+ 539 3vkeke] A% Al an/on’F Tl
el M= 18 9A Fsht Adfdelds 15 9ol 71441 4
B ATE 20shs @do] vehdth FAA19 F3(EE)
of whe} thefst AW AlGE 2= 3lo] 5Aolck

Figure 15°14% S84 23] A4 AT o33/ 04,

OIS Al B 180 2 g Atk Sl Tl
o) 9 oF LS 2ok ke 2tk ol FAWE)

A A7 712419 81107 K B} Hujel 50% =7}
¥ 121510 (K™ H 9 ghe 2= 728 oujsitt, 21471 10

vol% ST Aol 5aA Aarske AR AT azy/ome

0.9 _5Phere(pa=p[s=1) 4=0.1
_08F
S C
S 07E
s C Fiber (pg, = pp)
S 06F =
< = n
a4 C S
E 0.5; g
O F o

0.4F

0.3F

i 1 1 | I I 'l 1 1 L1

10° 10
Secondary aspect ratio, pg (ar/as)
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