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Abstract: The objective of this study is to investigate optimum reaction conditions for the grafting of poly(N-
vinyl-2-pyrrolidone) (PVP) onto the surface of plasma-treated polypropylene film. The plasma treatment conditions
were fixed as 200 W rf power, 6 LPM Ar flow rate, 30 sec treatment time, and 5 min exposure time after
treatment. For graft copolymerization, we investigated the change of grafting degree with respect to reaction
time, reaction temperature and N-vinyl-2-pyrrolidone concentration. Maximum grafting degree was obtained at
the conditions of 6 h reaction time, 90 °C reaction temperature, and 40% N-vinyl-2-pyrrolidone concentration.
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The introduction of PVP was confirmed by ATR-FTIR, XPS, and SEM analysis.
Keywords: plasma-induced graft copolymerization, poly(N-vinyl-2-pyrrolidone), polypropylene.
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Table 1. Water Contact Angle (WCA) and Surface Free Energy (SFE) of Plasma Treated PP (RF Power of 200 W, Ar

Flow Rate of 6 LPM, Aging Time of 5 min)

Time(sec) 0 10 30 90 120 180 300 600
WCA(®) 87.1 78.9 43.1 55.7 52.4 56.1 522 56.1 56.0
SFE(mJ/m?) 42.56 48.31 72.21 62.58 60.68 64.07 61.31 64.10 64.35
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Table 2. Water Contact Angle (WCA) and Surface Free Energy (SFE) of Plasma Treated PP (Ar Flow Rate of 6 LPM,

Reaction Time of 30 sec, Aging Time of 5 min)

RF power(W) 0 60 80 100 120 140 160 180 200
WCA(®) 87.1 66.1 66.7 74.0 73.8 62.3 58.4 534 424
SFE(mJ/m?) 42.56 54.61 54.60 58.25 58.07 55.54 57.26 58.93 72.40
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Figure 1. Effect of temperature on the grafting of PVP with respect to
time (NVP concentration: 30%).
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Figure 2. Effect of NVP concentration on the grafting of PVP with
respect to temperature (reaction time: 6 h).
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Figure 3. Effect of temperature on the grafting of PVP with respect to
concentration (reaction time: 6 h).
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Figure 4. FTIR spectra of untreated PP and two PP-g-PVP samples of
NVP 10% and NVP 40 %, prepared through the reaction of 6 h in the
NVP solutions of 10% and 40%, respectively, at 90 °C.
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Figure 5. XPS survey scan spectra of untreated PP and PP-g-PVP.

Table 3. Atomic Concentration of Untreated PP and PP-
g-PVP

Atomic concentration(%)

Cls NIs Ols Si2p O/Cx 100 N/C x 100

Unteated PP 8247 1.65 11.94 3.95 15 2

PP-g-PVP 6190 4.60 2421 9.29 39 7

AFFE E T} Poncin-Epaillard®] XPS #2] Z o] wp=w,
Zetzrt Ag] Fol 0/Co] W& 2A S8k, NICo] H]
&2 o7k S7keHM, PVP JHZE 5 ol ole &
gzl A2 MEHT 0/ ¥&- 7AEta, N/Ce| H
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Figure 6. Cls core-level spectra of (a) untreated PP; (b) PP-g-PVP
samples.
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Table 4. Composition of Cls Core Level Spectra on Untreated PP and PP-g-PVP Samples

C-C C-N C-0 N-C=0 0-C=0
284.8 (eV) 285.4 (eV) 286.2 (eV) 287.4 (eV) 288.6 (eV)
(a) Untreated PP Area(%) 80.79 17.20 - 2.01
(b) PP-g-PVP Area(%) 52.52 22.10 14.14 9.04 2.21
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Figure 7. SEM images of (a) untreated PP; two PP-g-PVP samples of
(b) and (c), prepared through the reaction of 6 h in the NVP solutions of
20% and 40%, respectively, at the reaction temperature of 90 °C.
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