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Cold plasma treatment and aging properties of aramid fiber
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Abstract In order to improve the bonding performance between aramid fiber and resin matrix the
aramid fiber was modified by cold plasma in nitrogen gas. The surface morphology chemical
composition surface wettability and surface energy aging properties of the aramid fibers treated by
nitrogen cold plasma were studied with the increase of storage time. The fibers were observed by scanning
electron microscopy atomic force microscopy X-ray photoelectron spectroscopy and contact angle meter.
The results show that the surface roughness of the fiber obviously increases after 24 h treatment the
content of C on the fiber surface decreases and the contents of the N and O increase. The wettability
changes from the hydrophobicity to hydrophilicity. The surface energy is improved. As time increases

the fiber surface remains rough. Non-polar groups C—C and C—H increase the polar groups C—N

C—O0 and NH—C = O decrease and the surface energy gradually reduces with the increase of contact
angle and finally tends to be stable. After 28 d in comparison with the untreated fiber the contact
angle of the treated fibers reduces by 27. 8° and the surface energy increases by 87% . This indicates
that the cold plasma etching and modification of the surface are permanent.
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Fig. 1 Morphologies of aramid fiber before and
after nitrogen cold plasma treatment.
(a) SEM image before treatment; (b) SEM image
after treatment; (c¢) AFM image before treatment;
(d) AFM image after treatment
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Fig.2 SEM images of aramid fiber surface stored for different time
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Tab.1 Element content of aramid fiber before and after
plasma treatment %
Cls Ols Nl1s
72.5 18. 1 2.3
60. 4 25.2 6.8
2.1.3
114. 6° 21.5°
81.2% »
42.5 mJ/m’
140. 5 mJ/m’ 3 ARM
Fig.3 AFM images of aramid fiber surface stored for
different time periods
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Fig.4 Cls spectra of aramid fiber surface stored for different time periods
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Tab.2 Functional groups contents of fabric within 28 d

after plasma treatment

/ 1%
eV 1d 3d 7d 14d 21d 284d
C—C C—H 284.5 5.1 53.3 57.1 59.2 59.4 59.4
C—N 285.6 22.6 22.2 19.4 19.1 19.1 19.1
Cc—0 286.7 13.0 12.3 12.0 11.4 11.2 11.2
NH—C=0 288. 1 13.4 12.2 11.6 10.3 10.3 10.3
14
15
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Fig.5 Contact angle with distilled water
stored for different time periods
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Tab.3 Fabric surface energy after stored for

different time periods

/ / /
d (mJem~2) d (mJem™?)
1 140. 5 14 81.2
3 135.4 21 80. 1
7 91.6 28 79. 4
42.5 mJ/m?.
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