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Thermal Response and Mechanical Properties of Glass Fiber Reinforced
PEI with Low h-BN Content

Sung Woo Hue™, Jin Woo Song*, Sang Yup Kim*'

ABSTRACT: Glass fiber-reinforced polyetherimide (PEI) composites are widely used as materials for semiconductor
burn-in sockets. However, their heat dissipation capability remains limited. In this study, the effects of low-content
hexagonal boron nitride (h-BN) addition on the thermal response and mechanical properties of a commercial glass
fiber-reinforced PEI composite (SF2255) aresystematically investigated, with consideration given to manufacturing
feasibility. SF2255-based composites containing different h-BN weight fractions (0.1-3.0 wt%) are fabricatedvia melt
compounding and injection molding, and the resulting specimens are evaluatedthrough tensile testing and transient
heating experiments. The tensile strength increaseswith h-BN content up to 0.5 wt% and subsequently decreases, while
the elastic modulus remainsnearly unchanged up to 1.0 wt% h-BN but exhibitsa noticeable reduction at 3.0 wt%. The
temperature rise rate (AT/At), evaluated in the intermediate transient regime, increaseswith increasing h-BN content,
and a notable improvement in thermal response is observedat h-BN loadings of 1.0 wt% and above. In addition,
thermal conductivity is estimatedthrough a one-dimensional transient heat conduction analysis, showinga progressive
increase with h-BN content. These results suggestthat a low-content h-BN filler design can achievea favorable balance
between mechanical stability and thermal performance in glass fiber-reinforced PEI composites intended for burn-in
socket applications.
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Fig. 1. (a) Schematic illustration of the SF2255/h-BN composite
fabrication process using a single screw extruder. (b)
Photographs of the materials and experimental setup
used for the fabrication of SF2255/h-BN composites

Table 1. Composition and classification of materials

Sample ID Matrix Type S(l;zti/f)s ?\:vltg‘}/j)
PEI Neat PEI N/A 0.0
SF2255 SF2255 100.0 0.0
SF2255 + 0.1wt% h-BN SF2255 99.9 0.1
SF2255 + 0.5wt% h-BN SE2255 99.5 0.5
SF2255 + 1.0wt% h-BN SF2255 99.0 1.0
SF2255 + 3.0wt% h-BN SF2255 97.0 3.0
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Fig. 2. (a) Schematic illustration of the tensile specimen fabrica-
tion process using a vertical injection molding machine
and an aluminum mold. (b) Photographs of the vertical
injection molding machine, aluminum mold, and tensile/
thermal specimens
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Table 2. Tensile Strength and Tensile Modulus of PEI, SF2255 and
SF2255-based composites with different h-BN contents
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(MPa)

Tensile Modulus
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SF2255 + 3.0wt% h-BN
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Fig. 3. (a) Engineering stress-strain curves of SF2255-based
composites with different h-BN contents. The curve of
neat PEl is omitted due to its significantly larger elonga-
tion at break. (b) Tensile strength of neat PEI, SF2255, and
SF2255-based composites with different h-BN contents.
(c) Elastic modulus of neat PEl, SF2255, and SF2255-
based composites with different h-BN contents. (error
bars represent one standard deviation, n =5)
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Fig. 4. (a) Surface temperature-time curves of neat PEI, SF2255,
and SF2255-based composites with different h-BN con-
tents measured during heating on a hot plate. (b) Nor-
malized temperature increase rate (AT/At) of neat PEI,
SF2255, and SF2255-based composites with different h-
BN contents, evaluated between 6 = 0.3 and 6 =0.7
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Table 3. Temperature rise rate (AT/At) of SF2255-based compos-
ites evaluated in the normalized temperature range of

06=0.3-0.7
Sample ID AT/At (°C/s) (6 =0.3-0.7)
PEI 0.790
SF2255 0.935
SF2255 + 0.1wt% h-BN 1.078
SF2255 + 0.5wt% h-BN 1.083
SF2255 + 1.0wt% h-BN 1.240
SF2255 + 3.0wt% h-BN 1.260
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Table 4. Estimated thermal properties of SF2255-based composites with different h-BN contents obtained by 1D transient heat conduc-

tion analysis
Sample ID a (x107 m?/s) p (kg/m) C, J7kgK) k;p (W/m-K) K (W/mK)
PEI 1.026 1270 1100 0.143 0.220
SF2255 1.214 1435 1033 0.180 0.276
SF2255 + 0.1wt% h-BN 1.400 1436 1033 0.208 0.319
SF2255 + 0.5wt% h-BN 1.407 1438 1032 0.209 0.320
SF2255 + 1.0wt% h-BN 1.611 1440 1030 0.239 0.367
SF2255 + 3.0wt% h-BN 1.673 1451 1026 0.249 0.382

_&4

85} [25-27], PEL, SF2255, h-BNQ|] U == ¢|o] g A]
o] H|Z 1.270, 1.435, 22902 A2-3HCH28-30]. AAFE ZF
HF o2 kp=a-p-C 2 AAEEE ALl tf
A Ao A= S0l E-AHE S AT H S
o] YA == AAFZH0.143
W/m-K)o] PEIQ] fjo] A E € A X 71(0.22 W/m-K)E
CF WA Ab=ETH28]. wEbA] PEL HlO|HAIE gh< 71+

2 HAAS 15355 ==tk A AJHo| sy JEXVP T
APSHA| ZHggthaL B, kg = 1.535 - kp& BAARE 7
/‘lﬁ;1 Ao FAsHA A5t HAH HEE A5
= Alteltt. 7+ A deihg 9l HAE A== E Table
40| A 2)BIc}. 4= PEI gjH] SF2255% OF 26%2] X EE
F/dE Holw, o= glass fiber®] 7} @utof 7|17ttt h-
BN 7to] e} HEEs XA 08 5718107, 3.0 wtt
h-BN 7} A] 0.382 W/m-K& PEI thu] oF 74%2] g4k Lt
S ile

2ol (mone
o

4. &8 B
2 Aol = ¥ 28 Ar= AHEEE A8 1
R RARely :‘—F/IOﬂEHEOIUIC(PEI) E3kR|el SF22552 7|t
o7 AR FAEE(0.1 - 3.0 wt%) 9] S A A3t
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