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GRAFT COPOLYMERIZATION OF ACRYLATE
MONOMERS ONTO POLYPROPYLENE USING LOW
PRESSURE PLASMAY)

M. MASTIHUBA?); J. BLECHA?), V.KAMENICKA?), L. LAPCIK?), L. TOPOLSKY?),
Bratislava

The grafting of acrylate monomers onto the polypropylene surface has been obtained
by low pressure application of monomer vapours immediately after the f Ar plasma
exposure of the polypropylene. The presence of the graft copolymer was proved by IR
spectra (ATR technique), electron microphotography and contact angle measurement. It
has been found that even a very small amount of oxygen can stop grafting. The discharge
in monomer vapours produces mainly the acrylate homopolymer and causes just a slight
increase of the copolymer content.

:u>0,-,.ﬁo=o.==3-m1=w>==n AKPHIATOBBIX MOHOMEPOR
HA :O.:EEMOEEHEM
NPH IOMOMmMM TLTA3MBI HHU3KOro JABJEHHSA

IlpuBuBKa akpunatosbix MOHOMEPOB Ha OBEPXHOCTH HONMIPOIHICHS NpoBOgMAach
TIPH HH3KOM JlaBNeHUH MapoB MOHOMepa €pasy mocne BOIASHCTBHA BHICOKOYACTOTHOI

aproHHOH 1na3bl Ha nonunponmren. Hamuaue rpaiIT-conONKMMeEpa NOKA3aHO Ha OCHOBE
HH(PAKPaCHLIX CIIEKTPOB, 3NEKTPOHHEIX MUKPOGOTOrpadmit U HaMepenus KOHTaKTHO-
fO yrma cMayusamua. OGHapykeHo, 4TO paxe HeGombUIOE KONHYECTBO KHCIOpona
MOXET nmprocTaHOBHTL npuBMBKY. ITon neiicTerem Paspsia B mapax mMoHomepa oGpa-
3YETCA INaBHbIM 06Pa3’oM aKpUIATOBbIN TOMOTIONUMED, H 3TUM O6YCIOBIEHO TONLKO
HeboMb1oe KoNMyecTro cononumepa.

I. INTRODUCTION

During the past few years there has been a steadily growing interest in the use of
plasmas for the modification of the surface properties of various solid materials [1,

') Contribution presented at the 5th Symposium on Elementary Processes and Chemical Reactions in
Low Temperature Plasma, $TIAVNICKE BANE, May 21—25, 1984,

%) Dept. of Textile, Pulp and Paper, CHTF SVST, Jinska 1, 812 37 ww>.~,~mh><>, Czecho-
slovakia.
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2}, particularly inert ones like polypropylene (PP) is [3, 4). This interest has been
motivated by the ability of plasmas to produce a big variety of changes on solid
m_._lmowm such as the desorption of gases, degradation, removing of layers, crosslin-
king, chemical reactions, etc. In the case of polymers these changes improve the
EmSE:Q. the adhesion, the increase of roughness and polar groups [5—8].

readable chemical changes on the PP surface.

Graft copolymerization offers a complete and radical chemical transformation of
the surface [2—4, 10}. Chemically active species and UV radiation present in
a ﬁ._mmBm affect the polymer surface creating ions, radicals and electronically
excited states in a thin surface layer. Provided that graft copolymerization in
a plasma is caused by a radical mechanism [10], it can be illustrated by three steps:

plasma

R — R initiation
R"+M - RM propagation
RM,+M — RM,.. 1

RM.. +RM; - RM....R, termination.

When oxygen is present, the free radicals of the polymer usually change into

peroxide functional groups that can in principle initiate grafting, for example by the
reaction

ROOH + H,C=CH—R, RO-—H,C—CH—R, + OH" 2)

II. Methods

To obtain a geod oxygen desorption from the polypropylene surface and from
the reaction chamber walls, and to remove gases from the monomer in order to
perform grafting, we employed a low pressure high frequency argon plasma,
generated by an inductively coupled rf generator (~ 1 MHz). The scheme of the
experimental equipment is in Fig. 1. For the flow of the working gas Ar we chose
the value 0.5 Pa m’/s, corresponding to the pressure of 200 Pa inside the vacuum
chamber. The rf power absorbed in the discharge (approximately 30 W) was not
changed during the experiments. The polymer samples were exposed to the Ar
plasma from 5 to 20 seconds. .
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We studied commercial polypropylene (Trespaphan, Héechst A G, Kalle) with

a biaxial orientation ; two monomers were used for grafting — methylmethacrylate

(MMA) and ethylacrylate (EA). Gases from inside the monomer were removed
before every experiment. We alternated the pumping of the space above the frozen

monomer with heating the monomer in a closed space. During exposure of PP in

the Ar plasma, the space of the monomer was closed. The place of the monomer

was chosen far enough from the plasma region and from the rf power too, to

Fig. 1. Scheme of the experimental equipment for

graft copolymerization onto polymer films.

1 — rotary oil pump, 2 — sample, 3 — vacuum

chamber, 4 — monomer, 5 — ©f generator,
6 — flowmeter, 7 — silicon oil U manometer.

RF POVER
5

prevent the production of a homopolymer in the closed space of the mnomer.
Immediately after the exposure we stopped the Ar flow, closed the chamber on the
side near the pump and opened the monomer space for 15 minutes to perform the
grafting. Before and mainly after the grafting experiment the PP film had been
washed carefully for 2 hours in acetone, using a Soxhlet extractor, to extract the
reast of the monomer and the unwanted homopolymer. It is supposed that the
whole homopolymer content, if there is any, is dissolved and remains in the
solution.

To prove the presence of the copolymer on the PP surface we used uua IR
spectrophotometer Perkin-Elmer 557 with a multireflection arrangemenf ATR
(60" KRS crystal). The contact angles of H,O, ethyleneglycol and Br-paphtalene
drops were measured twice in 5 places by the Kernco apparatus (USA) and were
determined statistically. By means of the scanning electron microscopy SEM JEOL
J. S. 35 we obtained the picture of morphological changes of the PP surface. uv
spectra were taken by a UV-VIS spectrophotometer, Carl Zeiss, Jena.

IIl. RESULTS AND DISCUSSION

We have found that the ATR IR technique is sensitive enough to determine even
a low yield of a graft copolymer. Particularly, in the case of polyacrylates there is
a strong single absorption band of carbonyl groups (C=0) in the region of the
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absorption

1800 1600 C ,Ico_

Fig. 2. ATR IR absorption spectra of non grafted (1) and grafted (2) surface of PP by MMA. Dashed
line illustrates the pure homopolymer (PMMA ) surface.

wave number of about 1730 cm=1 for PMMA, PEA, etc. Round this position in the
IR spectrum PP has no absorption. This is the reason why we can notice even a very
small amount of a polyacrylate grafted onto the PP in the absorption IR spectrum.
We can watch the situation in Fig. 2, where an interesting part of the IR spectrum
has been chosen. The spectrum of the non-grafted surface belongs to the foil not
treated by the Ar plasma, but was immersed into a vacuum chamber with monomer
vapours for as long as the plasma treated foils. The same spectrum has the PP
surface treated by the Ar plasma without any contact with the monomer. The foils
were washed by a solvent (acetone) in a standard way. Therefore the monomer and
homopolymer must be completely dissolved in the solution and the peak at
1730 cm™ really determines the presence of the copolymer. The probable scheme
of this copolymer production in the absence of O, is the scheme (1), where R is the
most stable PP radical and M the acrylate monomer

O

. 7

CHL, (MMA) CH, OCH;

In Fig. 3 and Fig. 4 we can follow the dependence of the grafting yield on Sm. Ar
plasma exposition time. With regard to our experimental conditions, just a limited
number of foils was measured. However, we found a local maximum of 10 seconds
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Fig. 5. The dependence of the absorption vibra-  Fig. 4. The Ar plasma exposition time depend-
tional band of the carbonyl group (C=0), ence of an amount of the carbonyl groups charac-

1730 cm™" on the Ar plasma exposition time. terized by the area of a 1730.cm L{C=O) vibras—

tional band of IR absorption spectra.

of the plasma treatment. Graft copolymerization with EA proceeds in a way very
similar to that of MMA. When we switched on the discharge also in monomer
vapours for a short time (5 sec), the amount of the homopolymer increased but the
copolymer yield remained nearly on the same level with little growth. UV spectra
also confirm some changes in the PP foils as can be seen in Fig. §. Microphotog-
raphs in Fig. 6 show some morphological changes on the PP surface. The graft
copolymer creates small islands on the surface and makes it highly heterogeneous.
A summary of the contact angle measurement is in Table 1. The decrease of the
contact angle of the grafted PP from the PP value to the PMMA one also confirms
the presence of a copolymer. The three liquids chosen have different ratios of polar
and disperse surface forces.

Some authors [11] have found new bands at 887 and 910 cm~" jn the IR spectra
of the He-plasma treated PO. Those can belong to the vinyl and vinylidene groups
created in plasma according to the scheme

G G
PP > _CH—CH; —> —C=CH,+H* (3)
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Fig. 5. The :.muﬂ.immmos UV spectra of the treated PP films. 0 — basic line, 1 — extracted in acetone as
every foil, 2 — Ar plasma treatment only, 3 — Arplasma + grafting in MMA vapours,

In our spectra (Fig. 2) we could read just very small changes at 887,910 cm ™. In
the spectra of the N, plasma treated PP {12] there did not occur any changes at the
mentioned position either.

.: is very interesting that we could achieve no grafting on PP using a silent
discharge at atmospheric pressure in the air, or in the technical N.. Even a very
mBm.= addition of the air into a low pressure Ar discharge caused the grafting to
vanish. It was confirmed by ESR spectra that in the presence of O, a high
noana_.:nmnos of tertiary peroxoradicals exists in plasma [8, 13] with a relatively
long lifetime (many hours) until their transformation to hydroperoxides or to
ketones occurs, as shown in the scheme [14, 15]

o0—0' OOH
PP ~CH—C—CH,— O CH O _cH M, lom~l+|0:Nl+ R
OIu %mu CH;
biradical termination Ahv

(@)
_ i

peroxides O, + Iﬁmmlmlﬂm.:l —> —CH,—C—CH,— + CH;
CH,
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Fig. 6. Photographs of polypropylene surface obtained by SEM. 1 — untreated PP surface, 2 — MMA
grafted surface 10" Ar, 3 — the same as 2 but 10 times greater (magnification 3000).

It is very likely that peroxoradicals and the hydroperoxides are not able to cause
graft copolymerization on PP (according to scheme (2)) without the help of heating
or some other auxiliary process. It is possible that even an adsorbed layer of O, on
a PP surface can stop grafting. The peroxoradicals and other polymer radicals are
probably transformed in the presence of O, to ketones (through the biradical
termination according to scheme (4)), which do not cause grafting,

Table 1

contact angle [°]

liquid drops used

for contact angle non-grafted grafted
measuremnton PP PP surface PP surface PMMA surface
10" Ar 20" Ar
water 95 70 85 66
ethyleneglycol 63 50 60 40
Br-naphtalene 21 15 17 12

temperature during angle measurement 25 °C
the mean deviation of angle values 2.2°
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