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Nondestructive Microfailure and Interfacial Evaluation of Plasma-Treated PBO and
Kevlar Fibers/Epoxy Composites using Micromechanical Test and Acoustic Emission

Joung-Man Park”*, Dae-Sik Kim’, Sung-Ryong Kim"

ABSTRACT

Comparison of interfacial properties and mjcrofailure mechanisms of oxygen-plasma treated poly(p-phenylene-
2,6-benzobisoxazole(PBO, Zylon) and poly(p-phenylene terephthalamide)(PPTA, Kevlar) fibers/ €poxy composites
were investigated using micromechanical technique and nondestructive acoustic emission(AE). Interfacial shear
strength(IFSS) and work of adhesion, Wa of PBO or Kevlar fibers/epoxy composites increased by oxygen-
plasma treatment. Plasma-treated Kevlar fiber showed the maximum critical surface tension and polar term,
whereas the untreated PBO fiber showed the minimum value. Microfibril fracture pattern of plasma-treated
Kevlar fiber appeared obviously. Based on the propagation of microfibril failure toward core region, the number
of AE events for plasma-treated PBO and Kevlar fibers increased significantly. The results of nondestructive AE
were consistent well with microfailure modes by optical observation in microdroplet and two-fiber composites
tests.

= F

Mlcromechamcal AR H SELES o) &3to] A4 Zelzvl A9 PBOY Kevlar A-578 o] ZA B3tA59 A
43 vAsAdAUESE nadsle] 4E s Aa E2k=n A€ R PBOS Keviar A543 o A 237
59] ARADAE=s} AL A 8719 TPz &4 A7 £ Ak JAZEAYT £ TAAGIYA T =
4 FARFAUAE &
Microfibril Tt 42 4t
microfibril 3}¢o] iz}t

zob A2)E Keviar AFo14 73 700, wA2" PBOS Afel FLlH 7y =gtk
IS %e}zu} H2E Keviar 449 ASolAE Bashl B2 908, vjxele vmsd

A "o A A gt 7}’8 “}% AR gg 3o 2XEAn vge] SEe
o] &3t I H }‘Z’_" ZA é"'}"\: microdroplet®} 5 73 2dAa NI FednAL o|&std sl
v Aate 3akat A A3kt

Key Words: 78 A @73 S(Interfacial shear strength (IFSS)), ©]4|5}3] w711 Z Microfailure mechanisms), 4F& Z2hznh
A 2] (Oxygen-plasma treatment), A 284 (Surface wettability), ]33 3 7}(Nondestructive evaluation)

1. A 2 poly-(p-phenyleneterephthalamide)(PPTA, Kevlar) A1-f
9 4 EAo] 53817 Wi & A= 45

Poly(p-phenylene-2,6-benzobis-oxazole)(PBO, Zylon) -+t A& Q7ste BFas 2obd o]l 24%m o)

o 43 E R AT AT, FFN LB AT AY, @21 A AHE-mail:jmpark@nongae.gsnu.ac.kr)
B S8R 2 EAFRAFT JIY, FIVNREV AT A
STANRTR

353}



H16% £ 4 ¥ 2003. 8

Micromecharical A1 SHYEE 01 9@ Fehzoh Mol PBOS Keviar A475 Epory HARS vistaln Ausy R Aagy A7 75

PBOS} Kevlar e & ZAAAD nx=2 wgHo] 2l
EAQ mid gedoz wkgAo] siti2]. 53] PBO

2 d#A o3 wEA F
E Bz Hesr] A9
Ae 74]?1 7] A% W 4o das)
o} Yalvac %—%[4] PBO Hegz Aoz 7Y AHstd 7]
AAate] ARRAES HAAT HSe FH4s sHEA
F4AA £ Yok Bastg.

Zagl=ul A2, o] sputtering 2|3 corona discharge
¢ Z2e gdA WYPEL AR E Y A §lo] E
W Bg 3y gae Adseo aRHott 3=
v} A ¥ EWE cleaningo]}t 3}8Hd A& T
Z74A 7158 ALgEol FTHs). the A

Zazvl Ay Ve A8Y I g
Adso], A Azhe] F@ol dol & A
Ae a3z & £ gk Aol ui6]. Akay o}
g o] &% E]'Z‘:']’ Aee As B AFA
2 29387 9 71 Bol AlgEo] 23 Y=

o
iy
rlo

o

B R ooXx
a1 of
—
rulo_&

oif}dr»élférﬂ

: o &

o3
e = oo
p

o [t B A0 o [

PBOS} Kevlar AFE microfibril 72Z 711 7]
o] monofilament TEE 7}3 F7|Afoe HE I
£ 71t Ma 52(8] $FUES 183k Keviar 4
| wAse e el w3 Adel wuwd AT
Fegstole). A% ®@W A2 PBOS} Keviar A3+rol
H micromechanical A& Ha} vl d FPFEE FA
| 2 gstel Mg g4z AWELS 45 8ug A
g 2R g B dFdAE Ata Egzet A
PBO @ Kevlar 59 o] FA] Alo]o] AHEA <
o WAFgEEFIES A gd T4 BEE
GipH)

]
o) A6 BRS AL f7o ek 45 v

0, o, Md

'~
g

rlr

Oiﬂ‘ OFT 4= éfﬂlﬂi Jo ot 2

2. 2 9

21 M 2

#E44e Badd7Al 7 158 ums 11.7 umd] PBO
(Zylon AS type, Toyobo Litd., Japan)®} Kevlar(Kevlar 49,
Dupont Co) AHE A4}l PBOSL Keviar A#¢ ¢
F73EE o 5215 MPast 3966 MPal o™, §HIE2 47t
45 GPa®t 33 GPath 7IAAEZE diglycidyl-ether of
bisphenol-A(DGEBA) EF19] o] ZA) FA(YD-128, Kukdo
Chemical Co., Korea)S AM&38l9i o0, Z3A 2+ Jeffamine
D400} D2000(polyoxypropylene diamine, Huntsman Petrochem.
Co)g E%3te 212319tk PBOS} Kevlar A9 et
Zi Table 191 YRl

Table 1 Chemiéal structure of PBO and Kevlar fibers
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Fig. 1 Experimental scheme for microdroplet test.
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Fig. 2 Experimental scheme for AE system.
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Table 2 Mechanical properties of PBO and Kevlar fibers

. Gauge Tensile Tensile Elongation

Fiber | Length Strength Modulus %)
(mm) (MPa) (GPa)

5 | 5531 (676)"  91.0 (20.2) 77 (2.2)

PBO 20 | 5215 (746) 1749 (26.7) 45 (13)

100 3908 (466) 214.2 (70.0) 23 (04)

5 4269 (718) 88.8 (23.3) 6.6 (1.4)

Kevlar 20 3966 (625)  131.9 (20.0) 3.3 (0.6)

100 3134 (728) 1519 (14.5) 2.1 (0.5)

1) Standard deviation (SD)

Fig. 3 SEM photographs of fracture surface for (a) PBO and (b)
Kevlar fibers.
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Fig. 4 TFSS of PBO and Kevalr fibers/epoxy composites.
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Fig. 5 Force versus extension of plasma-treated PBO or Kevalr fibers/
epoxy composites under microdroplet test.
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Fig. 6 Typical microfailure modes of plasma-treated (a) PBO or
(b) Kevalr fibers/epoxy composites under microdroplet test.

Table 3 Surface free energy and critical surface tension of fibers

and matrix
d b
Materials Condition 7sh Vs 73
(mJ/mz) (mJ/m?) (dyn/cm)
Untreated 224 99 30.0
PBO

Plasma-treated 23.9 223 40.7
Untreated 20.5 193 331

Kevlar
Plasma-treated 22.7 313 45.0
Epoxy 289 5.1 335

1) Dispersive surface free energy, 2) Polar surface free energy
3) Critical surface tension
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Fig. 7 Typical microfailure modes of (a) the untreated and (b)
plasma-treated PBO and Kevalr fibers/epoxy composites.
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Fig. 8 AE energy of (a) the untreated and (b) plasma-treated PBO
fiber/epoxy composites.
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Fig. 10 AE waveform and FFT analysis for PBO fiber: (a), (b), (¢}
fiber breakages, and (d) epoxy matrix cracking.
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