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ABSTRZ CT: The surface of Aramid fiber was chemically modified in order to improve the
mechani :al properties of Aramid fiber reinforced epoxy composites. Amine functional group
was intrduced on the fiber surface by bromination followed by amination. Amine functional
group w s identified by FTIR DRIFT technique. The interlaminar shear strength and flexural
propertics of the composites increased due to the improved interfacial adhesion through the
amine fi nctional group. Aramid fiber surface and fractured surface of the composites were
investigz ted with scanning electron microscopy. It was assumed that amination reaction in-
duced n:t only the physical adhesion through morphological change but also the chemical
adhesior. due to the amine functional group.
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Table 1. The Properties of Kevlar-29 Fiber

Propertes Density Tensile Tensile max.
Pe (g/em®)  modulus(GPa) strength(MPa) elongation(%)
1.44 62 2.758 4
CH3
o o\
c/)dz—\cu—cuz—o—@tl:@—o—cnrcﬁ-cnz
CH3
Epikote 828
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Fig. 1. Chemical structures of epoxy resin (Epikote
828) and curing agent (MDA).
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Fig. 2. Brominatii n reaction of Kevlar fiber.
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Fig. 3. Aminatior reaction of brominated Kevlar fiber.
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Fig. 4. Manufacti ring cycle of Kevlar/epoxy compos-
ites.
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composttes with different fiber surface treatment con-
ditions.
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Fig. 6. SEM phot >graphs of Kevlar fiber surface (a) control, (b) A-type, (¢) B-type, and (d) C-type.
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Fig. 7. Diffuse re lectance spectra of Kevlar-29 fibers
with varying amc ints of KBr overlayer : (a) no KBr,
(b) 20 mg, (c) 4( mg, and (d) 60 mg.
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Fig. 8. Curvefitted spectra of Kevlar-29 fiber with 40
mg of KBr overlayer.

Table 2. The Relative Amount of NH; Deformation
Band

Band area [Free carbonyl H-bonding NH, DEF.
types (A) carbonyl(B) ©) C/(A+B)

B-type 3.52402 7.96211  2.18340  0.19009
~ C-type 3.37661 8.61125  3.97691  0.33174
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Fig. 11. Fractured surfaces of Kevlar/epoxy compos-
ites : (a) control, (b) A-type, (c) B-type, and (d) C-
type.

typeo] 7}3 2 SFEAH L Bole AT} F U
i skl

olzlo|= /ol ZA| Seixige] TctH 249. oltr]
= Afo 38hE g 9g B3RS 71AH &
A Wl g AT oE olEin|=/dFA ERdAs
o) Seh g FARAUN AL o) 85el RS
Fig. 114 29, A{9 sEY A Aloje] ZAFHo|
Z7184-E adhesive failure modeoll4] cohesive
failure mode2 Mgt Aol WMalsi7t & &

Polymer(Korea) Vol. 20, No. 1, January 1996



slebol= ghel mEAelel 28 ofgknl = /o ZA Bat e

R |

(c)

(d)

Fig. 11. (Continue 1).

& ot =3 Ay o] ¢
471 & moder} E3Hog ?4_01‘41 A&
4 Ut olHT- AAHES YA 1

Ao} Azt & ¥ =

g B
seos 28 ol AR o=/
Ex) BYAEE 123 A AP BE B

#Ag NAA AHZEE S 2 AES
et

#alof A204 AllE 1996 1Y

i
s )i
o2
ox

L 2 488 = olem=s AR g3 )
FERE 60% o4 FNE SIAEE 2 oy
TZ/AFA BRAEE E& 5 AU ol E A
A 249 &ge 38k oA 93 B AP
E 9 #57] Bl g ged A f29 3
HE SEFAEY AWAYH] F78IH7) Wl
o}

2. SEM BAZAY olgjut 89 HES= AG
2ol mEE2] #HEgE oAl o]l A3 me
chanical interlocking @4te] 5o AHZAF o]
F7HtReS & 9 Utk £33, AR omlde
HH opRlzlel oJs) 8A AYo|l REHEZ AW
AgHe| t& Frretgon, 2 AgzdedAe C-
typeo] 7497} B-typeRT} 42 & ko] AR Zg=
< YERNSAC

dAte] 2B d7s 19995 &5 AAagE
oF A7A|fell 23 ol o om ol Ze TALE
=HYo

Lk

ro

i 2

1. C. C. Chiao and T. T Chiao, in “Handbook of Com-
posite”, ed. by G. Lubin, Van Nostrand Reinhold,
New York, 1982.

2. R. J. Morgan and R. E. Allred, in “Composite Tech-
nology”, ed. by S. M. Lee, Technomic Publishers,
Lancaster, 1989.

3. A. Ciferri and B. Valenti, in “Ultra high modulus
Polymers”, eds. by A. Ciferri and I. M. Ward, Appl.
Sci. Publishers, London, 1977.

4. R. Yosomiga et al., “Adhesion and Bonding in Com-
posites”, Marcel Dekker, New York, 1990.

5. H. H. Yang, in “Fiber Reinforcements for Composite
Materials”, ed. by A. R. Bunsell, Elsevier Sci. Pub-
lishers, Amsterdam, 1988.

6. J. Kalamtar and L. T. Drazal, J. Mater. Sci., 25, 4186
(1990).

7. N. Inagaki, S. Tasaka, and H. Kawal, J. Adhesion
Sci. Technol., 6(2), 279 (1992).

8. J. R. Brown, P. J. C. Chappell, and Z. Mathys, J.
Mater. Sci., 26, 4172 (1991).

9. A. G. Andreopoulos, J. Appl. Polym. Sci., 38, 1053
(1989).

141



A s -3 3

10. Y. W. Mai ar d F. Castino, J. Mater. Sci. Lett., 4, 505
(1985).

11. E. G. Chatz S. L. Tidrick, and J. L. Koenig, J.
Polym. Sci. P lym. Phys., 26, 1585 (1988).

12. M. Takayan: gi, S. Ueta, W. Y. Lei, and K. Koga,
Polymer J., 11 (5), 467 (1987).

13. Y. Wu and 3. C. Tesoro, J. Appl. Polym. Sci., 31,
1041 (1986).

14. P. L. Sullivaq, K. S. Chian, C. Y. Yue, and H. C.

142

/_\_]

-3

15.

16.

17.

£ 9473 3 =

Looi, J. Mater. Sci. Lett., 13, 305 (1994).

N. Tsubokawa and T. Oyanagi, Polym. Adv. Tech., 5,
824 (1994).

M. Mori, Y. Uyama, and Y. Ikada, Polymer, 35(24),
5336 (1994).

M. M. Coleman, J. F. Graf, and P. C. Painter, “Spe-
cific Interactions and the Miscibility of Polymer
Blends”, p. 244, Technomic publishers, Lancaster,
1991.

Polymer(Korea) Vol. 20, No. 1, January 1996



