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5 B A7 BAL gt Feh2vt Xeld B9E E2|Z=H 3 (polypropylene, PP) Z& XEH o] &
vy & ]E(poly(N-Vlnyl2 -pyrrolidone), PVP)S I ZE IS HA7]7] S8 ]7‘4 Z71& Zed g g7
o+ Zak=nl 7] 24L& RF power 200 W, Ar 55 6 LPM, X A7 30%, A2 F =3AHE 58078 734

o
Adr = T& A7 T i‘: , B2 3] &2 =(WV-vinyl- 2-pyrr011done NVP) 529 2748 7}

AT T ZE T3 &
g 2% 90°C, NVP 5 40%

7} dejate] 3 I ZER] ‘ﬂi} /‘]'01'91‘3} a2 Az, S AR A7, T ol
A7 B agZERES L]-E}LH Ath. ATR-FTIR, X-ray photoelectron spectroscopy(XPS), SEM #2418 £3f
M= PVPO =91 -@}J% USATH

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.
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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NVP)e| ©@hafA| e} slebd o2 Ajs A4 2oz =9
sz g olth ol & fls] 71t Sz X7t ol &
Ao} k=l Agle EAe] Hagdddd G 71214
27 Al TR FES LS =Y stte Aol
UTEE S g7 EekRv AHEe dE&5FA el Ve
sith= AollA Eehzv f 5 2HZE IS 38 Y
Al AAId o] Atk th719t Eet=ut A 2lE Fal PP e
A5 B Ze gFo g ©98te] binding siteE HE
gHsHA "o g T 7] Foll =S Ao 2M, 1A
HEAIESS O st s st 7+ HA o
Al A= NVP £ slol A A AI7E 2%, 2ol
JYP2E FFFo] Pt 2 ZE FFFS AEA
XA 4P4 LTS Eol7] 8l 5814, stetdow
MAs=E o] &5 WHOR Wol A= UTk? £
AFANME A, 71 Fek=et At @7 2 =ZE
o] PP WAL vlo]|Q A5 E A3t sE /At

=t ol&= Ut

N
A8 E. 57 0.5mm<l PP(Unience Co., Korea)=
2x2cm A7]E Asto] ARSI PP &S 23 F
Tl 1027F 259 Al H g 5, ohA] olghEe] Yol 10
1 259 AF S Sk AlF 5 Q03 diAAolE e
A1 40 °Catoll A 3027 AxA1Z] H, A E ol ARSsHTh &
Hol| #ujz-& =94st7] s 71k Eh=v 4
(Changjo Eng. Co., Korea)E A18-3}9132, NVP(Sigma-Aldrich,
Inc., USA)7} 1| ZE F5 el AH&-5 A NVPe] &
EE THRTE SR 39 10~50%= AR =] A
AHE-E ATt
Ect=0} X2|. AlF 2 Azxd AZS 7| =)
AAE o] &all £ AFeAUA7E Hirt He A 20
2 Fg=u A E Fdsiinh H4 A 2105 327] 9
F71e] W45 t27 st A¥ PPe & JEF4S
b5, £ AR E AL PP 919 5AH S
2 F45t 2 Hpks AHe A JEAeR
stATh. Owens-Wendt -2 #-&5te] W AHfolUAE
Az ok Mk Eekzut AE 210 AR
Ar 71AE E2t2vr dA7EER ARE-EEl o, 6 LPMO]
Fo = IA3IATE RF power 200 W el A Al&Ee] ¢
< 30x B A, EeEvt HE F, 7] F

Nl

EEAS SEoR Sk

JH=E IFE 2 =22 Ax¥ NVP &9 v
Ny7keE F9late] RAtas A A% 71AAAS
A7 F3F Rdsidnt. 1A A7 v 60~90 °CE
2w g sty A ewd mestd, Fuk=n 4
27} | PP AES Sl ¥ FES Ad ek 2F
AZE L TS A A, AES Aol MEgsd =2
Ztzk Al ste] el e ow SEA] B3 E2A
o2 golgle muks NVPY T ZEEA] ¢42 PVPE
A AT A=A &, AF e A A OTE ol 40 °Catoll A 30

B4, T A B
[©)

Edl=n} ETHX2| ¥ EH XIFOUUX AL 71t
Zehznt Agle] HA 271& 3] Q8 7t 2H=E A
H PP AAES B HE74S EUE 1W AFdyAE
2tZE5te] Boyth AYPAFES T3 HFEH Ar §5
6 LPM, A2 <+ 7] 5 =&AI7F 58S 24 |ieE A4
skl 2] A7k} RF poweroll Wit 4 x7& ZAlst
of Bkt E5=vl A ZHE 10, 30, 60, 90, 120,
180, 300, 600%= Z+7t 22| st A2E Table 19 YERAS
th 2 @A 7be] 302 w E9] HEzto] ol HA Ha
st wetbd FW AFAUR7E 7HE 24 AAEE AT
T3l Table 25 HW, RF power’} 100 W 0] 0.2 o}
el met & HEF7to] FojFo] Rl ol wet 1
H 2ZFAA 2] GA] 718k 7 ol Yebst. maka 2o
=89l 200 Woll A 7Hd =& F9 AfFrolvuA7F &5
Atk wEbA o] F o] RE T ZE F3 Ao AFEE A

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 55.7 524 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

HEo] Ny Sekzrt Agzde Ar £
power 200 W, 2] A7} 30%, BHAE] &
A 7F 5Eo 2 1A ST

NVPe| JZEX THHAT ST A5 =2
ZA3lo], x90] =¥ PVPY ¥& IYPZERR iE
stk 2HZE IS HA =4E 2] 98 wke
AlZE, WHE 2=, BRFA| 9] T 7h7tel g HA S 2
A2 SFSATE Figure 10 S3A17Ml mE 2 ZER7}
Uehd gtk S3AI2ES 1-7A7ke = 2 s A zthzte)
LEA a2 ZEEE A&, A E A
7bo] AojHEE g ERTL Frbeke A HolAT,
6A7F ol F2E JHZERTL T o) SN S
Bt o= SRS 6417 JPsfof Hhukg-o] o]
FojAths AL 9uldt) B A E LY ZER
7h ok A2 FOR FUFSHAIRE, 53] 80°C ol dellA 6
AlZE Sl IYE™, 2R ZERT} A4 Frkete A
18 4= Atk 53] 90°ColA 6A17F THAI A=
70 °Col A 6M7F SHAIZ] Ao HIW P&

QR EE FFH] AF o] ToiNA grhe AL A
e Fal AT & Aok,
Figure 19A %= =7} 60914 90°CE F71&4E 1
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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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ZEL O HILE ZAF] golr Tt T
A1 7o = AT H, 20, 30, 40%2] NVP &Y
oA ztz} 2xwsle] wWE TP ZEL O HEE Aun
*ATF 60 °CoAAM = ZHPZEET}E uf§- gtol, AL F3it
So] MAyEA FeS & S Ut 70°CoNA S A,
60 °Col| B]&ll 27+ Z7FskA] R, 80-90 °Coll A F3HAIZ1 A3}
o Hlgl] AAF] X ZYPZELE HATH FFwv}
80°C o] uf 2 ZE FF5o] EHFO=E 3=
Ao Holn, 53] 7z} A BT &}l =2 v|d
7t7k8- 90 °CAlA 71 w8 Y ZEEE YER AT
Nguyen?] AF+A34E EUE, 90°C o] Fof &x=Z7}d
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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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Ze3E AZoA ¢ 2 932E YA ol ¢ &
JYPZEL O AZoA FETE Y] olrtol= F57]<]
937t o 3A YepES ofnleith g 12859 1422 cm™
NM = 22 3 TES #Z3I% =0, o= Srinivasa Rao2]
A+A e} A= Ao|ths meka 71 E2k=et
22 S 3 PP ¥ A E HSA| =2 E3lo] PVPZ}
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XPS 4. ppPe} PVPO AF-S E113t7] fI3l, PP &
He] XPS #4& YAtk A 2lshA] ke AME} 2%
A Zo] XPS 4 A3E Figure 59 Table 39 =431
th A A A2 A4S, B9 A9 AR et 9%
AF7)7F BEE R oM, PP AR AMSH Si] BAx
ZZE AT PVP LY ZE FFG o] Foll= 2hae) Ao
To] o] FH S & 4 AT, A, Si F =] FUret
F 93¢ Aol #ZHAH, Si vz A$ Zet=n}
A2 9t TGl PP UH-2] Si gAke] xHolFoR
ste] F71e Ao 2 AlRE W, F 9|39] Aol Z8
znl ] Al L9E ZTR AFo2RE = Zow
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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 NlIs 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,
Zet=ul 28] o 0/CY H]&-2 IA F7FskaL, N/ICE] H]
&2 7 Z7HeH, PVP 2 ZE FTH olFdde= &
gzul X2k A ZH o} 0/CY] v & 7FAEta, N/C2| H)
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Figure 6. Cls core-level spectra of (a) untreated PP; (b) PP-g-PVP
samples.
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2 Bajste] YA E2yste] Bk, o= Figure 62
Table 4¢l =AIEFATE ClsE w3l & o, PPe] AFats7] o}
PVPY] #57]2 38lste] C-C, C-N, C-0, N-C=0, 0-C=09]
5HEo0 7 HaslA E} o= a]ffl Table 4E =3l —%7&

PVPS) 2 ol CN3) N—c—o°1 ngol olgHos
2:10] Hojo sh=d] T ZE F W B4 Az FH

E9J¥E C-NZ N-C=0¢] H]g&o] ¢ 2.4.101 RnoZ A&
HATE o= ol ojde] AFAF}AME izl vt 9l
o230 uet Z8tznt 42 2 ZE F5FS 53 PPe
¥Ho] PVPERE F#i3k C-N# N-C=07} =Y ES &
g 4= At}

SEM 24, I ZE FFF &, PP XHY EEZX
#Z-E 98] SEM o|rA| & B4 s SEk=et 1H A
g @ g ZE FE3 Ao PP A, 90°CoA 6A17F &
g W ZEE FFHFS ¥ PP £ ©|P]|A]E Figure
791 YERRSITE A2 A, 35 vjws] B g Fof %
HE §2 Z2 YAtEo] #EE =, 2 EhEvl A
2] 23t A H A7 wjel °‘X}54 BE¥E v
&2 wt ou} o] A7) NVP FE7F 20%Y we] THn
o} 40% & o ﬁﬂﬂow D}N@—E— HAH o2 HAYTS
sl AAES PP TH| 23
ZEFH PVP:‘%O] AZA ’“23}04 FAE A0 7 AR
o, o]&= 94 XPS ¥4 A= Sk

‘ L

i 0]-&7}X] 7} < PP9]
Ol%?‘z} =
gzl f = T ZE %%% 1 }‘Riittl PVP %3]l
o , 2 Az ot 2
(1) 71t E=k=vt ﬂﬂy] A 272 RF power
200 W, A 2A17F 30%, Ar 54 6 LPM, ﬂm% =EAZE

Table 4. Composition of C1s 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) 2854 (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

Zg), #3649 #33, 201213
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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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