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Surface Modification of Polymer Films by Vapor Phase
Photografting of Functional Monomers
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ABSTRACT

Surface modification of hydrophobic polymeric materials to be hydrophilic or to have specific
functional groups is of great importance for a diversity of applications of the materials. In this
study, polyethylene (PE) film surfaces were modified by vapor phase photografting of
hydrophilic vinyl monomers with different functional groups. The functional monomers were
introduced on PE films by introducing the monomers in vapor phase using a vapor phase pho-
tografting apparatus designed by our laboratory. Functional monomers used were acrylic acid
(negatively chargeable), acrylamide and allylalcohol (neutral), and allylamine and N,N-
dimethyl aminopropyl acryamide (positively charged). The functional monomer-grafted PE
film surfaces were characterized by the measurement of water contact angles and the attenu-
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ated total reflectance Fourier-transform infrared spectroscopy. The vapor phase photografting
seems to be effective means for introduction of various functional groups onte polymeric sub-

strates.
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Figure 1. Functional monomers used for the
photografting,
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zophenone(Junsei, Japan)Z, SEAIZE acrylic
acid(Junsei, Japan), acrylamide(Katayama,
Japan), allylalcohol(Acros, U.S.A.), ally-
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= acetone(54+}e}H) & o] 838151t
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none(0,2M)& acetonec] &sirl# £4& gt
E % 71 1 2g=E ve-& 98] Figure 2
o} o] FAAsHTE. E QoA ARG UV
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AE 5 mmeltt. PE B§ AR(B)s &34
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o] galed 55~60T7HA wHex £EE &Y F
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Ae71 dAEA dkez2 UVE 2AEEH. &
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minum foil AFHE)S HAAA, UVZF &
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A, ARl wE Gl PE film £9 2}
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FHos film 29E 99 9@ F, film E£9
HdsHo FFAHY dE tede e
homopolymer& A|A&t7] #18] 90 rpm &z A
A3 BAdatn sle T0Ce gzl 24413

Figure 2. Reactor system for vaper phase pho-
tografting. A, UV source (wavelength,
360 nm); B, PE film; C, slide glass; D,
beaker; E, open-cap glass vial contain-
ing monomer solution); F, aluminum
foil shield; G, glass plate; H, silicone
rubber gasket; I, clamp; ], glass cham-
ber; and K, heating source.
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NEE filme FAEA S 2AE7] HalM &
H 22 24 (water contact angle measure-
ment)3 ATR-FTIR ¥4< a3t}

2.3.1 8 &z 53

B fE7 24e ¥ 519 224 (wet-
tability) == #54 #HAx(hydrophilicity) &
H7kshe AxZ de o &Hw, & A¥dre
Sessile drop method™e] ola] 7j2E film
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Figure 3. Shematic diagram showing functional monomer-grafted PE film surface.
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2.3.2 ATR-FTIR &8

MAE PE film 99 888 28 £
7] 918t ATR- FTIR 4Z gt A
PE film(1x5 cm)& ATR% KRS-5 resolu-
tion element -401] lARIAl 7] 2 FTIR
Spectrometer (Magma 550, Nicolet,
U.S.A)E ol&slo] TFA|e HH OgfZEd
o#l ¥ale PE film ¥WA9 3484 FxW3E
A3ttt £4A Al43 spectrometer]
scan 3FE 64Wol%laL, resolution 8 A9l
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A5 949 Figure 1o Yebd n#ig} 2o

acrylic acid. acrylamide, allylalcohol,
allylamine, N,N-dimethyl aminopropyl
acrylamide Boltt, £ dA-olA 7144 84
s 88 A 84E acetoneolth. Acetone
< A guE ALgE=dl, 7HAAIQL ben-
zophenone®t G#AE 7|AFoz o] FAI|=
o2 Fcl Acetoned 320 nme UV light
2 &F43le] methyl radical & #Asta 99|
HAR e $48 AAZ Acetoneo] 9)& ¥
J¥ radical :LZiUI R AE FHe 74
stk dRAE AUl weby ®W et
ZE vk 7| stn @A 2AEY A
(homopolymer)& @47 = g, 1
Figures 49} 5= UV Z2AFA|ZH] mi2 7144
PE film¢ & #HZ72 Sessile drop method
of 23§ A74E 2o F3 9t} Figure 4
acrylic acid®} acrylamide7} ZgtZEH PR

filme] & %7 54 ZAAE vepd ZQdd,
UV ZARA|te] ZHo]AFE control PE
film(& H=7F o 9OEJ°ﬂ Hlgle] & 3 F7o]
dAzje] ghaste, - UV 2=AF F9 acrylic
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Figure 4. Water contact angles of acrylic acid-
and acrylamide-grafted PE films (sam-
ple numbers, n =5).
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Figure 6. ATR-FTIR spectra of acrylic acid-graft-
ed PE films.
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Figure 5. Water contact angles of allylalcohol-,
allylamine- and N,N-dimethyl
aminopropyl acrylamide (DMAA)-
grafted PE films (n =5).

& 47} 9}, Allylalcohol, allylamine,
N.N-dimethyl aminopropyl acrylamide &
o] 1glZE¥ PE film9 & FHF4L 60%
UV 2A 3= 72~75% BE7bA W] Z4s)
7 g= Aoz Yeptedl(Figure 6), ©le ©l
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Figure 7. ATR-FTIR spectra of acrylamide-graft-
ed PE films.
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Figure 8. Comparison of ATR-FTIR spectra of
different functional monomer-grafted
PE films.
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zt dEAEe] 2BZER PE filme ATR-
FTIR spectrum< H|awsl Jepd Z0d], ®H
o =€ Zt 9ZAE 54 peak(-OH,

A2 A 1(1) 2000

3,620~3,610 ¢cm™: -NH,, 1.650~1.590
em': -CONH, 1680~1640 cmH)E el
7t Slo] olF DEFAlEC] W EFAHo= 1
gEZEF] tn AGE 71 Ut} Figures
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Figure 9. Absorbance ratio of different func-
tional monomer-grafted PE films.
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