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Improvement of Wettability and Removal of Skin Layer on Ar-Plasma-Treated
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Abstract: The surface modification and characterization of Ar-plasma treated polypropylene (PP) blend are investigated
using x-ray photoelectron spectroscopy (XPS), Fourier transform infrared spectroscopy (FTIR), scanning electron micros-
copy (SEM) and contact angle measurement. An increase in Ar-plasma treatment time leads to an increase in wettability,
oxygen containing polar functional groups, the amount of talc, and surface roughness on the PP blend surface. A careful
observation using SEM indicates that there exists a skin layer consisting of only PP component. The difference in vis-
cosity between PP and rubber particles facilities the formation of skin layer. However, it is found that an increase in
Ar-plasma treatment time helps to decrease the thickness of skin layer. Additional methodologies for the elimination
of skin layer during injection molding are also discussed. The surface modification and morphological alteration induced
by Ar-plasma treatment provides a hydrophilic state, followed by the improvement in wettability, on the PP blend sur-
face.
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Table 1. Weight Composition of PP Composites

Code PP/EOR Copolymer Talc Color

TPO-I 59/25(with a high MFI) 15 ~1
TPO-II 59/25(with a low MFI) 15 ~1

RF power

supply

(100 W)

|
Flow Pressure
(gccnn:r:rl:;) | l Electrode , | (3 Zul?:r}
|

Sample

rges (100 x 25 x 3 mm) V:ﬁ::':'

Figure 1. Schematic diagram of Ar-plasma treatment setup.
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Figure 2. SEM micrographs of differently Ar-plasma treated PP blends: (a) neat TPO-I; (b) TPO-I/Ar/3 min; (c) TPO-I/Ar/10 min; (d) neat
TPO-II; (e) TPO-II/Ar/3 min; (f) TPO-II/Ar/10 min.
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Table 2. Contact Angles and Surface Energies of Differently
Ar-Plasma Treated PP Blends

Contact angle Surface energy

Sample ©) (mJ/m2)*

Neat TPO-I 82.0 382
TPO-I/Ar/1 min 76.7 43.0
TPO-I/Ar/3 min 76.5 43.8
TPO-I/Ar/5 min 56.3 51.4
TPO-I/Ar/10 min 50.2 55.6
Neat TPO-II 732 44.8
TPO-II/Ar/1 min 70.0 47.0
TPO-II/Ar/3 min 66.0 49.5
TPO-II/Ar/5 min 49.0 56.6
TPO-II/A1/10 min 455 58.1

“Calculated by Owens-Wandt geometric mean equation.
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stretching(2900 cm™), CH, deformation(1460 cm™) 2! symmetric
CH; deformation(1370 cm™) 3= Fo] #*Z=Qc}, T3k &
GaA] Az 98E AME Sie] EA] 9P Si-0-Si Bt
A 2% 2E 2 Si-CH,2] 733} 1%E<2] =7} 1000~1150 cm™
T 840~850 cm oA Al YERE T BlE0] 1260 cmollA]
= Si-CH; 7% WelAe] CH; #3 & =37 SRIE
ohB a8 36759 1015 cm oA e = I3 & AT
o] A ARSI Adte] FlFo |t

HhH | Figure 3(a)2] HAOR o]Fojzl ~HEHELS =g}
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& o] F ¥=A9] AErt FTbske e Bt TPO-II Al
T ] L3 A= BATK(Figure 3(b))
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Figure 3. FTIR spectra of differently Ar-plasma treated PP blends:
(a) TPO-I; (b) TPO-IL
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Figure 4. XPS survey scan spectra of differently Ar-plasma treated
PP blends: (a) neat TPO-I; (b) TPO-I/Ar/10 min; (c) neat TPO-II;
(d) TPO-II/Ar/10 min.
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39| AE =7t S71Ie™, Niss AlaA HE= 3
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9} 532.5eVelA Clsel Olg7t ERIFIICH, Al57t E8k=
nlof] =ZEHA Cls?] FTe 7Askal JEoZ Ols9
v3E Z7lEIin) ARk o® TPO-I A9} ¥lsgk 47=
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ClEo] Skl XPS #AAHE 7122 Fek2ul AAIZke
W Cls, Ols 2 Si2s, Si2p Y= WH3lE Fx4o= F9
T e AES 4 7 ARE Ak 94Ed o
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Zgk=rt HYE 1, 3, 5, 10 T A59 A9ole 7zt

Table 3. Atomic Percent Concentration and Atomic Ratio of Differently Ar-Plasma Treated PP Blends

Atomic concentration(%)

Atomic ratio(%)

Sample
Cls Ols Si2p Nls o/C Si/C
Neat TPO-I 88.53 9.22 2.25 - 10.41 2.54
TPO-I/Ar/1 min 86.27 10.62 3.11 - 12.31 3.60
TPO-I/A1/3 min 82.41 13.13 4.46 - 15.93 541
TPO-I/Ar/5 min 75.24 17.92 5.12 1.72 23.82 6.80
TPO-1/Ar/10 min 72.43 18.65 7.21 1.70 25.82 9.95
Neat TPO-II 90.33 7.28 2.39 - 9.95 2.65
TPO-II/Ar/1 min 78.33 16.38 5.30 - 2091 6.77
TPO-II/At/3 min 72.80 19.53 7.67 - 26.83 10.54
TPO-II/At/5 min 67.52 22.96 7.87 1.65 34.00 11.66
TPO-II/Ar/10 min 66.62 23.66 7.91 1.81 35.51 11.87
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Figure 5. High resolution Si2p spectra of neat TPO-II and TPO-1I/
Ar/10 min sample.
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Figure 5= 313 @ellA TPO-I Al&2] A% ouA|
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At
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Figure 6. SEM micrographs of the surfaces of etched neat TPO =0l e 7xX "€ef 0FE. MR HE o] FAE
samples: (a) neat TPO-I; (b) neat TPO-II. et EdaAE AT A9, AT F WS 52

Figure 7. SEM micrographs of differently Ar-plasma treated PP blend samples taken from the margin of cross section area: (a) neat TPO-
I; (b) TPO-I/Ar/3 min; (c) TPO-1/Ar/10 min; (d) neat TPO-II; (e) TPO-II/A1/3 min; (f) TPO-II/Ar/10 min.
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Figure 8. Thickness of skin layer of differently Ar-plasma treated
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Table 4. Melt Index Values of PP and Ethylene-Octene
Rubber (EOR)

PP EOR
Sample .
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TPO-I 119.4 9.8
TPO-II 119.9 0.7
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Figure 9. Schematic diagram of two-phase stratified flow.
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