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Abstract: To improve the corrosion resistance of the inner walls of carbon fiber-reinforced plastic (CFRP) cylindrical components to
special gases, metal coatings can be applied to their inner surfaces. However, carbon-fiber composite surfaces exhibit high chemical
inertness, low catalytic activity, and low bonding strength with metal atoms. To address this, the surface of the CFRP matrix
undergoes plasma activation prior to coating with the aim of improving the bonding strength between the matrix and the metal coating.
By increasing the chemical activity of the CFRP inner-wall surface, an ideal interfacial morphology is obtained, forming the basis for
creating high-performance metallized coatings on the surface. Prior studies has successfully employed Hall ion source for activating
planar CFRP materials. However, this technological approach is not suitable for the plasma activation of the inner walls of cylindrical
parts due to the size mismatch between the components and the Hall ion source. Plasma activation of the inner-wall surface of the
cartridge is performed before the coating of the inner wall takes place, by replacing the power supply of the coating equipment with a
radio frequency (RF) power supply and modifying the cartridge installation. An RF glow discharge is used to activate the CFRP
inner-wall surface. A column electrode is inserted into the cylinder, with one end connected to the RF power supply and the other to
the vacuum chamber. The vacuum chamber achieved a level of less than 3 mPa through the pumping system. The working gas is
introduced until the desired air pressure is reached, and the RF power supply is activated to generate plasma by glow discharge,

effectively activating the inner-wall surface of the cylindrical components. Post-activation, the RF power supply is replaced with a
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magnetron power supply. Argon gas is introduced to initiate magnetron sputtering, resulting in the application of a metal coating to the
inner wall of the cylindrical component. The effects of the plasma treatment parameters on the activation process, including air
pressure, discharge power, treatment time, and ion type, are investigated using contact angle tests and infrared spectral analysis. The
results show that the plasma activation effect is evident on the inner-wall surface of the CFRP cylinder after the RF glow discharge
plasma treatment. Consequently, the contact angle of both liquids on the CFRP substrate decreases significantly, while the surface
energy and percentage of polar components increase significantly. Under identical process parameters, the activation effect initially
increases and then decreases with rising air pressure, whereas it increases consistently with an increase in discharge power and
treatment duration, with the most favorable results observed for oxygen plasma activation. The most significant effect is achieved
when the parameters included a discharge pressure of 0.5 Pa, an RF discharge power of 500 W, a treatment duration of 60 min, and the
use of oxygen plasma. Under these conditions, the contact angles for water and diiodomethane decrease substantially from 71.29° ,
49.36° t04.93°,5.39° , respectively. The surface energy increases from 38.85 mJ « m2to 74.73 mJ » m~2 The inactive bonds of the
plasma-treated carbon fiber composites, including C-H and C=C, are broken, the number of aldehyde and carboxyl groups with C=0
increases, and the wettability is greatly improved. A comparison of the surface microscopic morphology before and after activation is
performed using scanning electron microscopy (SEM). The impurity particles that have adhered to the carbon fiber surface and
between the carbon fibers are completely removed, establishing favorable interfacial conditions, and thereby enhancing the bonding
strength of the metal coating. The film-based bonding force between the activated CFRP substrate and the metal film increases from
less than 0.1 MPa to 0.49 MPa.

Keywords: composite materials; inner wall of cylindrical parts; RF glow discharge; plasma activation; surface energy
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Table 1 Testing parameters
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Table 2  Surface energy parameters of the tested liquids

(ml-m?)
- Surface Dispersion Polarity
Liquid 4 ,
energy y. component y; component
H,0 72.8 21.8 51.0
CH,l, 50.8 48.5 2.3

Treatment RF power Treatment

No. pressure p / Pa P/W time t/ min lonic species
P1 0.1 500 30 0O,
P2 0.5 500 30 0O,
P3 1 500 30 0,
P4 15 500 30 0,

W1 0.5 400 30 O,

W2 0.5 500 30 0O,

W3 0.5 600 30 0O,

W4 0.5 700 30 0O,
T1 0.5 500 15 0,
T2 0.5 500 30 0O,
T3 0.5 500 45 0O,
T4 0.5 500 60 0O,
Al 0.5 500 60 Ar
N1 0.5 500 60 N2
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Table 3 Contact angle and surface energy of CFRP after various air pressure treatment (P=500 W, t=30 min)

Parameter Contact angle ¢/ (° ) Surface energy ~ Polarity componenty2 /  Polarity component  Dispersion component Dispersion component
No. H,0 CHyl, 7l (M » m2) (mJ » m?) proportion g/ % % 1 (md e m?) proportion g / %
Untreated 71.29 49.36 38.85 10.62 273 28.23 727
P1 15.64 21.66 71.80 39.71 55.3 32.09 44.7
p2 11.67 8.92 73.61 38.89 52.8 34.72 47.2
P3 14.24 17.60 72.50 39.35 54.3 33.15 45.7
P4 13.82 10.88 73.03 38.48 52.7 34.55 473
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various air pressure treatment A 5 71.29° | 49.36° P& 5.12° . 4.90°,
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Treatment pressure p / Pa 0.1 0.5 1 15 38.85mJ - m—2 %ﬁ 74.73 mJ - m_2° ﬁﬂ% 6 Fﬁﬂ?’

Variance of water contact angle 26 30 85 81 {E‘“ﬁ}ﬁﬂ(j%ﬁﬂﬁi E(Jﬁ%:; &@%Eﬁ}/@j Eﬁdngfjﬁik}ﬁ
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Table 4 Variance of water contact angle of CFRP after
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Table 5 Contact angle and surface energy of CFRP after various RF power (p=0.5 Pa, t=30 min)

Surface energy
s/ (mJ » m™)
Polarity component

Contact angle ¢/ (° ) Polarity Dispersion Dispersion Dispersion

component component component component

Parameter No.

H,0 CH,l, 2 1(md - m) % I(mI+m?  proportion/% 3% /(mJ-m)  proportion/%
Untreated 71.29 49.36 38.85 10.62 27.3 28.23 72.7
w1 8.39 9.94 74.16 39.73 53.6 34.43 46.4
W2 11.67 8.92 73.61 38.89 52.8 34.72 47.2
W3 5.02 13.93 74.37 40.76 54.8 33.61 45.2

w4 5.12 4.90 74.73 39.84 53.3 34.89 46.7
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Table 6 Variance of water contact angle of CFRP after
treatment with various RF power
(p=0.5Pa, t=30 min)

RF power P /W 400 500 600 700
Variance of water contact angle 11 30 22 18
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Fig. 3 Infrared spectra of the inner surface of CFRP after
treatment with various RF power
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Table 7 Contact angle and surface energy of CFRP after various treatment time (p=0.5 Pa, P=500 W)

Parameter Contactangle 0/ (° ) Surface energy  polarity component 2 /  Polarity component  Dispersion component  Dispersion component
No. H,0 CH,l, ys (M3 m?) (mJ + m?) proportion g % % (Ml e m?) proportion aq / %
Untreated 71.29 49.36 38.85 10.62 27.3 28.23 72.7
T1 8.34 13.20 74.00 40.14 54.2 33.86 45.8
T2 11.67 8.92 73.61 38.89 52.8 34.72 47.2
T3 9.47 8.84 74.03 39.41 53.2 34.63 46.8
T4 4.93 5.39 74.73 39.89 53.4 34.85 46.6

*8 A FEBTE4IEF CFRP XBFKiEMARE
(p=0.5Pa, P=500W)
Table 8 Variance of water contact angle of CFRP after
various treatment time (p=0.5 Pa, t=30 min)

Treatment time t / min 15 30 45 60

Variance of water contact angle 10 30 22 9
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Table 9 Contact angle and surface energy after treatment with various ions (p=0.5 Pa, P=500 W, t=60 min)

Parameter Contact angle ¢/ (° ) Surface energy  polarity component 2 /  Polarity component  Dispersion component  Dispersion component
No. H,0 CHl, ys (M3 m?) (mJ » m?) proportion g/ % 2% 1 (mdem?) proportion g / %
Untreated 71.29 49.36 38.85 10.62 27.3 28.23 72.7
T4 4.93 5.39 74.73 39.89 534 34.85 46.6
Al 18.37 20.81 71.04 38.49 54.2 32.55 45.8
N1 11.89 17.01 73.10 39.94 54.6 33.17 45.4
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Fig. 5
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Table 10 Coating bond strength before and after activation

Sample Untreated Activated
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