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lonomers made from copolymers with uniform grafts
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Summary

Carboxylic acid-containing graft copolymers with uniform
polystyrene grafts were synthesized by copolymerization of
methacrylate-terminated polystyrene macromers, acrylic acid
and butyl acrylate. The graft copolymers were neutralized with
metal ions in solution or in melt to form ionomers, which were

characterized by IR, TEM and dynamic mechanical analysis. 1EM
photograpns showed that there appeared three phases in the
ionomers, namely polystyrene domains, ion clusters and conti-
nueous pnase of polybutyl acrylate, while dynamic mechanical
analysis indicated the phase separation of polystyrene and
ion-containing polyacrylate.

Introduction

Graft copolymers made from macromers contain characterized
grafts with uniform and predetermined molecular weight. If the
macromer exhibits high glass transition temperature, the grafts
in the copolymer obtained will form domains, which act as physi-
cal cross-linkage between macromolecules . Ionomers are the co-
polymers containing less than 10 mol % combined ions and also
show crosslinking effect due to the ion aggregates existing in
the ionomers. Milkovich and his coworkers(1,2) first reported
the preparation of graft copolymers from polystyrene macromer
and acrylic esters. MecKnight(3) and Eisenberg(4) reviewed the
synthesis and structure of several ionomers. Recently McGrath
et al(5) reported the synthesis of the ionomers made from block
copolymers of polystyrene and polymethacrylic acid.

This paper deals with the synthesis and characterization
of ionomers made from copolymers of butyl acrylate and acrylic
acid with uniform polystyrene grafts in order to study the new
polymer with multiphase structure composed of ion aggregates
and polystyrene domains.

Experimental

Materials

Styrene, butyl ecrylate 2nd acrylic acid were purified by
removal of inhibitors and then distillation under reduced pres-
sure as usual. The purified monomers were stored in a refrige-
rator before use. AIBN was recrystallized from ethyl alcohol.
Benzene wes dried by standing over 4A molecular sieve overnight.
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Tetrahydrofuran was dried by distillation over CaHp. Ethylene
oxide was successively distilled over KOH and CaHp.Methacryloyl
chloride was synthesized from methacrylic acid and sulfonyl
chloride and purified by distillation. Solution of n-butyl
lithium in cyclohexane was self-made and its concentration was
determined by Gilman double titration(€).

Preparation ot polystyrene mescromers

To a 20% solution ot styrene in benzene wes dropped via
microsyringe n-butyl lithium solution containing tetrahydro-
fursan at 2 molar ratio of 2:1 to n-butyl lithium, until the
solution chenged to slight yellow in order to remove the impu-
rities in the system. Then a calculated amount ot n-butyl
lithium was added and the polymerization carried out at 50°C
tor 2 h. Ethylene oxide was bubbled in until the red color of
living polystyrene anions disappeared. The reaction was conti-
nued at 50°C for half an hour. Then metnacryloyl chloride{MAC)
at a molar retio of MAC:n-BuLi=1.5:1 was introduced via syringe
and reacted with the living anions at 45°C for 2 h. The product
was precipiteted from ethyl alcohol and vacuum dried.

Synthesis anda purification of the graft copolymers

To a solution of the polystyrene macromer in benzene was
added butyl acrylate and acrylic acid. The ratio of total mono-
mers to benzene is equal to 1g:1.5ml. Solution of AIBN in ben-
zene{ 0.15% based on the weight of monomers)was charged to the
monomer solution under nitrogen atmosphere. Polymerization was
carried out at €2«1°C for 24 h. After removal of solvent the
product was vacuum dried. Grafting efficiency or the conversion
ot macromer was determined by the peak area of copolymer divid-
ed by the total peak area of both the copolymer and macromer in
GPC(LC-4A). The crude copolymer was extracted with n-butyl al-
cohol and & mixture of petroleum ether and decalin successively.
The residue was washed with petroleum ether and ethyl alcohol
and vacuum-dried.

The number average molecular weight of the purified copoly=-
mer was determined by Bruss osmometry and the carboxylic acid %
mezsured by titration with elcoholic solution of sodium hydroxi-
de using phenolphthalein es indicator aznd acetone as solvent.

Preparetion of ilonomers

The grett copolymers containing acid groups can be neutral-
ized in solution by dissolving the graft copolymer in acetone
tollowed by neutralization with O.1N solution of sodium hydro-
xide in ethyl alcohol at room temperature for 2 h or with 1%
solution of zinc acetate in methyl alcohol at 50°C for 24 h. The
product was precipitated, washed with water and then vacuum
dried. Zinc content of the ionomer obtained may be determined by
tirst igniting the sample in Muffle furnace at 480°C for 10 h
and then treating with hydrochloric acid. The zinc ions dissolv~
ed were titrated with EDTA.

The graft copolymer containing carboxylic acid group can
2lso be neutralized in melt by plasticizing it at 160-165°C and
30 rpm in Brabender Plasticorder tollowed by adding equivalent
amount of solid metal acetate. The mixing torgue values were
recorded at 5 min intervels, until the torgque value no longer
changed. The ionomer obte ined was vacuum driea.
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Characterization of the ionomers

The ionomers were characterized by IR, transmission electron
microscopy and dynamic mechanical analysis. IR spectra of both
the ionomer and its original graft copolymer were recorded with a
PE-58UB infrared spectrophotometer using pressed thin film.micro-
photographs of lead ionomers made from tne graft copolymer and
also from a copolymer ot butyl acrylete and acryiic acid were
taken by a8 TEM~-10UC transmission electron microscope. The samples
were prepared by swelling the lead ionomers in toluene, then add-
ing n-butyl alcohol to dissolve it and form film on copper sieve.
Dynamic mechanical properties of the ionomer were measured wilth a
RHEQO=200 viscoelastometer with 3.5 Hz frequency and a heating
rate of 3°C/min, using & sample of 0.2-0.5mm thickness.

Results and discussion

The +terpolymerization of polystyrene macromer with butyl acryla-
te and acrylic acid.

Copolymerizetion of polystyrene mecromer with butyl acrylete
has been studled in our previous paper(7). Here will be discussed
the effect of ecrylic acid on the terpolymerization. Fig. 1 shows
that the grafting efficiency increases with increase of acrylic
acid used. Acrylic acid seemed more easily to copolymerize with
the macromer than butyl ecrylate propebly due to the less steric
hindrance of acrylic acid. Time for the appesrence of elution
peak for the copolymer in the GPC decreases with increase of
acrylic ecid, or roughly saying,molecular weight of the copolymer
increases with increasing acrylic acid.

Through analysis ot the products taken at different inter-
vals of polymerization, the relationship between the polymerize-
tion time and individual conversions of the two monomers and one
mecromer was shown in Fig. 2. It can be seen that at the beginn-
ing of polymerization the macromer copolymerized more quickly
than the two monomers., This can be interpreted that the rezcti-
vity of the double bonds in the methacryloyl group is larger
than thet in the acryloyl group. However ,zs polymerization pro-
ceeded, viscosity of the polymerization system increesed, wnich
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Fig. 2. The relationship between
polymerization time and individual
conversions of :e—~—macromer;a—
putyl acrylateje—acrylic acid.

Fig. 3. Plasstograph torque(g-.cm) as
a function of neutralization time,

using neutralizing agent:a—magne-

sium acetatej;o—zinc acetate.

Fig. 4. IR spectra ot +the a)
graft copolymer, b)sodium iono-
mer, c¢)zinc ionomer
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caused the diffusion of the macromer more difficult. Thus the pro-
bability for the reaction of macromer became less and less, so
that at the end of polymerization the individual conversion of the
macromer was lower than that of the two monomers. The individual
conversion of butyl acrylate seems somewhat faster than that of
acrylic acid at the beginning probably due to the higher concen-
tration of butyl acrylate used.

The crude copolymer obtained can be purified by extraction
with butyl alcohol to remove homopolymer and copolymer of acrylate,
followed by extraction with a mixture of decalin and petroleum.
ether to remove homopolystyrene. The purified graft copolymer
looks more transparent than the crude one.

The structural parameters of some purified graft copolymers
were shown in Table 1. When the polystyrene content is higher than
18% and the number average molecular weight of the macromer is 6-
14X103, the average number of grafts per molecule is 3-7 and the
number average molecular weight of segments between grafts is 2.5-
7.1X10%, while that between acid groups 1s 1-2X105, when acrylic
acid content is 2-6%.

Preparation of ionomers from the graft copolymers

When neutralization of graft copolymers containing csrboxylic
acid groups with zinc acetate was carried out in acetone-methanol
at 50°C,zinc ions combined in the product increased rapidiy at the
beginning within 10 n, then slowly till to equilibrium within 24 h.
When neutralization was performed in Brabender plasticorder at
160-165°C and 30 rpm, the reaction proceeded more %uickly than
that in solution. If zinc acetate was used in neutralization, the
mixing torque increased to a constant value within 40 min,as shown
in Fig. 3. 1f magnesium scetate was used Instead of zinc acetate,
the mixing torque increased to a higher constant value within 30
min. This indicates that magnesium ionomer exhibits & higher melt
viscosity and zinc ionomer showed better processing properties.

Characterization of the ionomers

IR spectra of the purified Eraft copolymer and its sodium or
zinc ionomer were shown in Fig. a), b), ¢) respectively. A cha-
racteristic peak,at 1730 cm-1 is due to the carbonyl group,while
that at 3250 cm~'is from the hydroxyl group. Peaks at 2960-2990
cm~1 are for the CH, and CHz groups. absorption at 940-960 cm~1
is due to the buty% ester group and that at 1600 and 3040 cem~1
is for the benzene Flné. Chagacteristic absorption of metal car-
boxylate appears a2t 1560 cm™'. It can be seen that the character-
istic peaks for the carboxylic acid group almost disappear and the
Table 1. Structure Parameters of Some Samples of the Acid-contain-
ing Copolymers with Uniform Grafts

=L =y = =

’—M; K107 My X107 Wk, W N M X10 M, ,X10

18 T 8. 1.71 3.00 .68 U0.551

22 1.1 18.8 5.62 3,76 4,75 0.103

15 1.1 8.66 3.58 1.18 11.6 0.187

o4 1.1 30.2 2.46 6.59 2.54 0.219

19 0.67 20.4 3,10 5.79 2.61 0.188

25 1.4 18.2 3.10 3.25 7.06 0.193 W%J

*Mn —-Mil of the copolymer; M __—| of the polystyrene graits;
—wWt% of styrene; W¥as—wiy of acrylic acid; Ng——no. of grafts; &
MM of segments between the grafts; MnA__—Mn of segments bet-
wegn tHe acid groups



184

Fig. 5. TEM photograph of the
lead ionomer made from the
graft copolymer with 2.33 wty
of acryliic acid

absorption peak for the metal carboxylate appears after neutaliza-
tion of the graft copolymer. This demonstrates that sodium or zinc
ions react significantly with the carboxylic acid groups of the
graft copolymer during neutralization.

Microphotographs of the lead ionomers obtained from the graft
copolymer was shown in Fig. 5. There appear three phases: the
lerge bright regionrepresents the polystyrene domain , the black
spots denote the lead ion clusters,and the region containing the
black spots is the contineous phase of polyacrylate. When the lead
ionomers were synthesized without polystyrene macromers, then no
bright %omain was observed under transmission electron microscope
(Fig. 6).

Dynamic mechanical analysis indicated that two glass transi-
tion temperatures occurred at about -12 and 95°C. This implies
that there exists microphase separation in the ionomers. The
higher transition temperature represents the glass transition tem-
perature of polystyrene domains, while the lower transition tem-
perature denotes the glass transition temperature of the contin-
eous phnase of polyacrylate containing ion multiplets(Fig. 7).
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Fig. 6. TEM photograph of the
lead ionomer made from copoly-
mer of butyl acrylate and acry-
lic acid witn 7.12 wit% o1
acrylic acid



185

Fig. 7. Dynamic mechanical spect-
1 trum of the ionomers made from the

# an gratt copolymer.
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