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Carbonization of Pitch-coated Glass Fibers on Thermal Conductivity

of Epoxy Composites

Seung-Won Beom*, Seul-Yi Lee*, Ji-Han Lee*, Sang Hee Park**, Soo-Jin Park*"

ABSTRACT: In this work, pitch-carbonized glass fibers were prepared for reinforcement of composites. The influence
of acid functionalization of the fibers on the morphological, mechanical, and thermal properties of fiber-reinforced
epoxy matrix composites was investigated. The acid functionalization of the fibers led to 10 and 150% increases in the
mechanical and thermal properties, respectively, as compared to carbon fiber-reinforced composites. This can be
attributed to the superior orientation of fiber structures and good interfacial interactions between fillers and epoxy
matrix, resulting in enhanced degree of dispersion and formation of thermally conductive paths in the functionalized
composites.
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Fig. 1. Chemical structures: (a) DGEBA and (b) 2-ethyl-4 methyl
imidazole
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Fig. 2. SEM images of the various fillers used in this work; (a)
glass fibers (GFs), (b) pitch-coated glass fibers (PGFs), (c)
pitch-coated carbonized glass fibers (PCGFs), and (d)
Acid-treated pitch-coated carbonized glass fibers (aPCGFs)
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Table 1. Chemical compositions and O,/C,; ratios obtained by
XPS measurements (wt.%)

Specimens Oy Cis 0,/Cy
aGFs 66.73 30.59 2.218
aCFs 21.95 76.49 0.287

PCGFs 21.94 75.65 0.290
aPCGFs 31.92 65.21 0.489

DSC (mW/mg)

A neat-Epoxy
L aGFs-1 phr/Epoxy

- - aCFs-1 phr/Epoxy

-+--aPCGFs-1 phr/Epoxy

T T T T T
110 115 120 125 130 135 140
Temperature (°C)
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-~ aPCGFs-3 phr/Epoxy
------ aPCGFs-4 phr/Epoxy
-= aPCGFs-5 phr/Epoxy
-6 T T T T T
110 115 120 125 130 135 140
Temperature (°C)

Fig. 3. DSC thermograms of (A) Epoxy composites according to
the different fillers and (B) aPCGF/Epoxy composites with
aPCGF amounts
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Fig. 4. SEM images of Epoxy composites according to the differ-
ent fillers and their amounts in Epoxy resin; (a) neat-
Epoxy, (b) aGFs-1 phr/Epoxy, (c) aCFs-1 phr/Epoxy, (d)
aPCGFs-1 phr/Epoxy, (e) aPCGFs-3 phr/Epoxy, and (f)
aPCGFs-5 phr/Epoxy
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Fig. 5. Mechanical properties of (A) Epoxy composites according
to the different fillers; (a) neat-Epoxy, (b) aGFs/Epoxy, (c)
aCFs/Epoxy, and (d) aPCGFs/Epoxy; (B) aPCGF/Epoxy
composites with aPCGFs amounts
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Fig. 6. Thermal conductivities of (A) Epoxy composites accord-
ing to the different fillers; (a) neat-Epoxy, (b) aGFs/Epoxy,
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Lo FFE vA= AL R ALREHTH27]. HEo], & 4
Tl A A= aPCGFs/Epoxy | QA= 5442 aCF/
Epoxy Al#o] H]s} tha 2 ghS Hol=d], o]= Y=
AHGE S a7 STt e AR gho] 24
PR FAY G Eo] 20E AR dsE
o] Zast7| it o= ThETh28,29]. S}A|RE Fig. 6(b)e]l
A ErhA|u], aPCGFs/Epoxy Al 9| et 5442 27
SeFo] Z715to|| whe} dAE w7 24 FAES BHolE 4
it E3|, 3 phr F715F39S o), 0.71 W/mK=ZAX] neat-
Epoxy AlHo] w3} 2.44), 5 phr& H7}5IAS w 0.88 W/
mKEA] 3uf o]} == A& 2R16k¢lH. o= Pitch 2
B St d R i EE A Yol H7bE o, {24
o mExof whE wiEFd o] FeAdf ol ©3tEE
H Pitch AW A52Hg-of @32 vA|aL, 1o w2 aPCGF
oF o ZA] Abo| o] A O3t Ei=Akgho] Harsto] HA
L EAS T Ao watE

4.2 B

& Aol M= Pitch TR H ©ohi-2]H1-(PCGFs)E A



320 Seung-Won Beom, Seul-Yi Lee, Ji-Han Lee, Sang Hee Park, Soo-Jin Park

2531 o B A o) E 2 20} B ebsto] Pitch 1YW ©eh
AR o E A B ol A2 HALY, AR A,
A B, W GAE 54 ] B A7 B9 o
St e ARS A9k e 7153k aPCGEs ¢
SEEEEAREEPSIERE
AW F4 L BAHS FYHAA aPCGEs/Epoxy 5
2 AR H ol FeEH R
HEES LT EEE S
SFeka1 9§ Pitch] A WAL B 21§ aPCGRs2] o] EA]
AR o] BAPY D AVEAE-L FAPAA aPCGEs
HHAREN ARYHS fEdte] HEHOR o B B
o] GAEE Piol GoE v A0 HaHc)

7|

{0

B ATE ARIBARU R e AHR e FEAR S T
u Ao g on, ofd] A=y

m

gl

Mo
rok

—

Park, S.J., Oh, J.S., and Lee, J.R., “Effect of Anodized Carbon

Fiber Surfaces on Mechanical Interfacial Properties of Carbon

Fibers-reinforced Compomsites’, Composites Research, Vol. 15,

2002, pp. 16-23.

2. Kim, JW, Im, H.G,, and Kim, J.H., “The Effect of Surface
Modification on the Disperisibilities and the Thermal Conduc-
tivities of Single-Walled Carbon Nanotube (SWCNT)/Epoxy
Composites’, Applied Chemistry for Engineeing, Vol. 22, 2011,
pp. 266-271.

3. Choi, WK, Kim, B.J, Min, B.G., Bae, KM., and Park, SJ.,
“Effects of Sizing Treatment of Carbon Fibers on Mechanical
Interfacial Properties of Nylon6 Matrix Composites”, Elastomer,
Vol. 45, 2010, pp. 2-6.

4. Lee, H.L.,, Ha, S.M.,, Yoo, YJ., and Lee, S.G., “Current Trends in
Thermally Conductive Polymer Composites’, Polymer Science
and Technology, Vol. 24, 2010, pp. 30-37.

5. Zhou, T., Wang, X. , Liu, X., and Xiong, D., “Improved Thermal
Conductivity of Epoxy Composites using a Hybrid Multi-
walled Carbon Nanotube/Micro-SiC Filler”, Carbon, Vol. 48,
2010, pp. 1171-1176.

6. Sohi, N.J.S., Bhadra, S., and Khastgir, D., “The Effect of Dif-
ferent Carbon Fillers on the Electrical Conductivity of Ethylene
Vinyl Acetate Copolymer-based Composites and the Applica-
bility of Different Conductivity Models”, Carbon, Vol. 49, 2011,
pp. 1349-1361.

7. Choi, J.R., and Park, S.J., “A Study on Thermal Conductivity
and Fracture Toughness of Alumina Nanofibers and Powders-
filled Epoxy Matrix Composites”, Polymer Korea, Vol. 37, 2013,
pp. 47-51.

8. Zhu, S., and Chung, D.D.L., “Theory of Piezoresistivity for

Strain Sensing in Carbon Fibers Reinforced Cement under

Flexure’, Journal of Materials Science, Vol. 42, 2007, pp. 6222-

6233.

9. Bae, KM, Seo, M.K,, and Park, S.J., “A Study on Rheological
Behavior of MWCNTs/Epoxy Composites’, Journal of Indus-
trial and Engineering Chemistry, Vol. 16, 2010, pp. 337-339.

10) Aliev, A.E., Lima, M.H,, Silverman, E.M., and Baughman, R.H.,
“Thermal Conductivity of Multi-walled Carbon Nanotubes
Sheets: Radiation Losses and Quenching of Phonon Modes”,
Nanotechnology, Vol. 21, 2010, pp. 035709-035720.

11. Wang, Z.J., Kwon, D.J,, Gu, G.Y,, Park, ].K., Lee, W, and Park,
J.M., “Improvement of Interfacial Adhesion of Plasma Treated
Single Carbon Fiber Reinforced CNT-Phenolic Nanocompos-
ites by Electrical Resistance Measurement and Wettability”,
Journal of Adhesion and Interface, Vol. 12, 2011, pp. 88-93.

12. Seo, M.K,, and Park, S.J., “Studies on Thermal and Dynamic
Viscoelastic Behaviors of Multiwalled Carbon Nanotubes-rein-
forced Epoxy Matrix Composites’, Korean Chemical Engineering
Research, Vol. 43, 2005, pp. 401-406.

13. Hong, J.H., and Shim, S.E., “Trends in Development of Ther-
mally Conductive Polymer Composites’, Applied Chemistry for
Engineering, Vol. 21, 2010, pp. 115-128.

14. Parker, WJ., Jenkins, R.J., Butler, C.P, and Abbot, G.L,
“Method of Determining Thermal Diffusivity, Heat Capacity
and Thermal Conductivity”, Journal of Applied Physics, Vol. 32,
1961, pp. 1679-1684.

15. Abdalla, M., Dean, D., Theodore, M., Fielding, J., Nyairo, E.,
and Price, G., “Magnetically Processed Carbon Nanotube/
Epoxy Nanocomposites: Morphology, Thermal, and Mechani-
cal Properties’, Polymer, Vol. 51, 2010, pp. 1614-1620.

16. Cao, B.Y, Li, YW, Kong, J., Chen, H., Xu, Y, Yung, K.L., and
Cai, A., “High Thermal Conductivity of Polyethylene Nanowire
Arrays Fabricated by an Improved Nanoporous Template Wet-
ting Technique”, Polymer, Vol. 52, 2011, pp. 1711-1715.

17. Park, S.J., and Kim, K.D., “Adsorption Behaviors of CO, and
NH, on Chemically Surface-Treated Activated Carbons’, Jour-
nal of Colloid and Interface Science, Vol. 212, 1999, pp. 186-189.

18. Moon, C.W,, Jung, G., Im, S.S., Nah, C.W,, and Park, S.J.,
“Effect of Anodic Oxidation of H,SO,/HNO; Ratio for Improv-
ing Interfacial Adhesion between Carbon Fibers and Epoxy
Matrix Resins’, Polymer Korea, Vol. 37, 2013, pp. 61-65.

19. Meng, L., Fan, D., Zhang, C,, Jiang, Z., and Huang, Y., “The
Effect of Oxidation Treatment by KClO,/H,SO, System in
Intersurface Performance of Carbon Fibers’, Applied Surface
Science, Vol. 268, 2013, pp. 225-230.

20. Zhang, G., Sun, S., Yang, D., Dodelet, ].P, and Sacher, E., “The
Surface Analytical Characterization of Carbon Fibers Func-
tionalized by H,SO,/HNO, Treatment’, Carbon, Vol. 46, 2008,
pp. 196-205.

21. Jang, S.J., and Kim, H.S., “Performance Improvement of Glass
Fiber-Poly(henylene sulfide) Composite’, Journal of Applied
Polymer Science, Vol. 60, 1996, pp. 2297-2306.

22. Heo, G.Y,, and Park, S.J., “Effect of Substituted Trifluoromethyl
Groups on Thermal and Mechanical Propertiess of Fluorine-
containing Epoxy Resin’, Macromolecular Research, Vol. 17,
2009, pp. 870-873.

23. Lee, J.U, Jo, WH., Lee, W.O., and Byun, ].H., “Preparation and



Carbonization of Pitch-coated Glass Fibers on Thermal Conductivity of Epoxy Composites

321

24.

25.

26.

Characterization of Water-Soluble Polyaniline/Carbon Nano-
tube Composites’, Composites Research, Vol. 24, 2011, pp. 1-6.
Kim H.S., “Processing-Interlaminar Shear Strength Relation-
ship of Carbon Fiber Composites Reinforced with Carbon
Nanotubes’, Composites Research, Vol. 24, 2011, pp. 34-38.
Park, S.J., Lee, E.J., and Kwon, S.H., “Influence of Surface Treat-
ment of Polyimide Film on Adhesion Enhancement between
Polyimide and Metal Films”, Bulletin of the Korean Chemical
Society, Vol. 28, 2007, pp. 188-192.

Moon, C.W.,, Jung, G., Im, S.S.,, Nah, CW, and Park, SJ.,
“Effect of Anodic Oxidation of H,SO,/HNO, Ratio for Improv-
ing Interfacial Adhesion between Carbon Fibers and Epoxy
Matrix Resins’, Polymer Korea, Vol. 37, 2013, pp. 61-65.

27.

28.

29.

Young, T., Hyun, B.S,, and Jang, T.S., “Study on the Thermal
Radiation Performance of the Multi-functional Structure Made
of the Carbon Fiber Composite Material’, Journal of The
Korean Society for Aeronautical and Space Sciences, Vol. 40,
2012, pp. 157-164.

Bright, A.A., and Singer, L.S., “The Electronic and Structural
Characteristics of Carbon Fibers from Mesophase Pitch’, Car-
bon, Vol. 17, 1979, pp. 59-69.

Yu, A., Itkis, M.E., Bekyarova, E., and Haddon, R.C., “Effect of
Single-walled Carbon Nanotube Purity on the Thermal Con-
ductivity of Carbon Nanotube-based Composites”, Applied
Physics Letters, Vol. 89, 2006, pp. 133102-133104.



