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Fig. 1 Surface chemical composition of the carbon fibers with different plasma treating times

a) CF-0 min (untreated) ; b) CF-5 min; ¢) CF40 min; d) CF45 min; e) CF20 min
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Table 1  Analysis of chemical structure (Cls) of carbon fibers with different treating times '

Functional group (%)

Fibers
| | | 0 0
treatment —C—C— — C—N— — C—0— || ||
power/250 W | | | —C= —C—0—
284 eV 285.8 eV 286 eV 287 eV 389 eV
CF-0 min 71.1 17.0 5.4 0 6.5
CF-5 min 49.2 32.0 9.2 0.6 9.0
CF40 min 44.4 27.8 13.2 4.5 10.0
CF45 min 45.1 34.1 10.2 0.6 10.0
CF20 min 46.4 27.1 12.3 5.3 9.0
N . 5 min 2
/ 1.03 3 2
CF/PPESK
/ 4
1.22 . N
5 min ( 2. 2 3);
2

Fig. 2 Topography of the CF surface 2
a) Untreated; b) 5 min; ¢) 10 min; d) 15 min; e) 20 min

Table 2 Surface roughness of carbon fiber under different plasma—

i 5 CF/PPESK
treated times
CF/PPESK
CF CF-0 CF5 CF40 CF45 CF=20
R, (nm) 23 32 41 58 75 CF/PPESK

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



41

(
Armos

CF PPESK
(SVM)
PPTA  (Kevlar)

CF/PPESK

(PPTA)

b)

729
7
i
1

u}
D/
/A 4 A
A
—A—Polar
ispersive
—o- Tota
10

7
/
%
_

666666

F
(w/Nw) A810u0 0BG (edIN) SSTI



2011

Table 3  Content of functional groups of Armos fiber under different plasma-treated powers

Content of functional group (%)

Sample
R —C—C— —C—N— —C—0— —C=0 —CO00—
Plasma treated for 10 min
284.5 eV 285.5 eV 286.5 eV 287.7 eV 289.2 eV
Untreated 71.9 12.3 6.7 6.0 3.1
Plasma treated at 120 W 71.9 11.5 5.0 5.8 5.8
Plasma treated at 160 W 62.5 16.2 6.9 8.8 5.6
Plasma treated at 200 W 61.9 13.4 6.6 10.9 7.2
Plasma treated at 240 W 65.4 8.5 11. 1 8.5 6.5
Table 4 Content of functional groups of Armos fiber under different plasma-ireated times
Content of functional group (%)
Sample
—C—C— —C—N— —C—0— —C=0 —CO0—
Plasma treated at 200 W
284.5 eV 285.5 eV 286.5 eV 287.7 eV 289.2 eV
Untreated 71.9 12.3 6.7 6.0 3.1
Plasma treated for 5 min 69.9 11.2 5.5 6.6 6.8
Plasma treated for 10 min 61.9 13.4 6.6 10.9 7.2
Plasma treated for 15 min 56.9 18.8 8.7 9.2 6.4
Fig. 6 Surface morphology of Armos fiber under different plasma-treated times '’
a) Untreated; b) Plasma-treated for 5 min; c¢) Plasma-treated for 10 min; d) Plasma-treated for 15 min
Table 5 Contact angles with water and surface free energy under different plasma-treated times
Sample Contact angles () = s.d. (°) Surface free energy (mJ/m?)
Plasma treated at 200 W 0, (W) 0,(DIM) y* .),d v,
Untreated 73.7 (2.3) 40.3 (1.8) 6.8 39.4 46.3
Plasma treated for 5 min 17.6 (1.7) 58.6 (0.9) 41.5 29.4 70.9
Plasma treated for 10 min 20.9 (0.8) 44.4 (2.3) 35.3 37.3 72.6
Plasma treated for 15 min 39.3 (1.2) 62.1 (2.1) 32.1 27. 4 59.5
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Table 6 Effects of oxygen plasma treatment time on functional groups of PBO fiber surfaces
Samples The concentration of correlative functional groups (% )
Plasma treated at 200 W —C—C— —C—N— —C—0— —C=0 —C=N— 0—C=0
Untreated 58.8 11.8 16.5 3.5 9.4
PT-5 min 59.2 14.2 11.2 6.5 3.6 5.3
PTH0 min 57.1 16. 6 9.7 7.4 4.0 5.1
PT-45 min 37.0 24.8 16.7 6.7 7.8 7.0
PT20 min 51.0 21.9 9.7 6.6 4.1 6.6
PT25 min 59.5 13.7 7.1 6.0 6.5 7.1

xinm

(b) 0 ymnm

x:nm

©

0 ymnm

Fig. 10 AFM images of PBO fibers after oxygen plasma treatment for different time '* .

Reprinted from Applied Surface Science Copyright (2008) with permission from Elsevier.
a) Untreated; b) 10 min; ¢) 15 min; d) 20 min

( —OH.—C—0—.0—C=0 )
( 10 7 2.

Table 7  Effects of oxygen plasma treatment time on contact angles and surface free energy of PBO fibers (Standard deviations are in

parentheses) 2

Samples Contact angles (°) Surface free energy (mNem ')
Plasma treated at 200 W Water Diiodomethane y" ! Vol
Untreated 76.6 (2.5) 39.0 (1.7) 5.5 40.1 45.6
PT-5 min 33.9 (1.6) 48.6 (0.9) 30.7 35. 1 65.8
PTH0 min 31.5 (1.2) 49.2 (1.8) 32.1 34.7 66. 8
PT-5 min 27.3 (2.3) 52.8 (2.6) 35.4 32.7 68.1
PT20 min 24.9 (2.7) 53.4 (1.1) 36.7 32.4 69. 1
PT25 min 35.4 (0.6) 56.9 (2.6) 32.6 30. 4 63.0
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INTERFACIAL STUDIES OF CONTINUOUS FIBERS REINFORCED
POLY(AROMATIC ETHERS) CONTAINING PHTHALAZINONE MOIETIES

CHEN Ping' LU Chun’ WANG Jing' ZHANG Chengshuang' YU Qi’
(' Liaoning Key Laboratory of Advanced Polymer Matrix Composites Manufacturing Technology & School of Chemical Engineering
Dalian University of Technology Dalian 116012)
( Liaoning Key Laboratory of Advanced Polymer Matrix Composites Manufacturing Technology & School of Material
Shenyang Aerospace University Shenyang 110136)

Abstract  The surface modification of continuous fiber was conducted by the inductive coupling radio
frequency cold plasma (ICP) technique. The influence of the plasma parameters such as treatment time
discharge pressure power etc. on the surface chemical composition surface morphology surface roughness and
surface free energy of continuous fiber was systematically studied by X—ay photoelectron spectroscopy (XPS)
atomic force microscopy (AFM) and dynamic contact angle analysis (DCAA) respectively. Results showed
that the plasma treatment introduced some polar groups such as 0—C = O onto the continuous fiber surface
increasing the percentage of surface polar groups; the plasma etched the fiber surface obviously enhancing the
surface roughness and surface free energy and improving the wettability of the fiber distinctly. Plasma treatment
conditions should be appropriate during surface modification of fibers by clod plasma. After CF was treated for
5 min CF surface polar group was increased to a relatively higher level. However the effect of plasma etching
on CF surface is relatively slower. After CF was treated for 5 min CF surface roughness was changed a little.
However after CF was treated for more than 15 min CF surface roughness was increased significantly. Based on
the study above the interfacial adhesion and fracture mechanism of continuous fiber reinforced soluble
polyaromatic ether resin composites was also systematically analysed by interlaminar shear strength (ILSS)
water absorption and scanning electron microscopy (SEM) measurements. It was found that CF reinforced
poly(phthalazinone ether sulfone ketone) (PPESK) composite interfacial adhesion mechanism analysis
indicats that both chemical bonding and mechanical interlocking interaction has a positive effect on composite
interfacial adhesion however mechanical interaction has a dominant effect on composite interfacial adhesion
than chemical bonding interaction. Armos aramid fiber composite interlaminar shear strength increased from
59.5 MPa for untreated sample to 68. 8 MPa for plasma treated for 10 min under discharge power at 200 W
with an increase of 15.6% . The water absorption decrease of composite also indirectly showed that oxygen
plasma treatment improved composite interfacial adhesion. The primary failure mode of Armos aramid or PBO/
PPESK composites shifted from interface failure to matrix fracture after oxygen plasma treatment. The interfacial
adhesion of Armos aramid or PBO/PPESK composites was improved by oxygen plasma treatment due to the
chemical linkage and mechanical bonding between Armos aramid or PBO fibers and PPESK matrices and the
chemical linkage effect exhibits more contribution than the mechanical bonding.

Keywords Poly(aryl ether) resins containing phthalazione moietie Carbon fiber Aramid fibers Poly (p-

phenylene benzobisoxazole) fiber Advanced composite Surfaces and interfaces



