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Abstract : A copolymer of chloroprene(CP) and ethylmethacrylate(EMA) (poly(CP-co-EMA)) was
prepared by radical solution copolymerization. The copolymer was amorphous and had glass transition
temperature of about —34.5C. The monomer reactivity ratios were given as r;(CP)=2.11 and 1,
(EMA) =0.27 in the copolymerization of CP and EMA, respectively. Miscibility of blends of polychlo-
roprene(CR) and polyethylmethacrylate (PEMA), prepared by casting from tetrahydrofuran(THF),
were investigated by their glass transition temperature behavior and morphologies. Compatabilization
effect of poly(CP-co-EMA) was also studied for the CR/PEMA blend of 50/50 wt.% composition. For
comparision, the graft copolymer of EMA onto CR (poly(CR-g-EMA)) was also prepared. The blends
of CR and PEMA were incompatible. The addition of Poly(CP-co-EMA) or poly(CR-g-EMA) enhan-
ced miscibility between CR and PEMA. The compatibilizing effect of Poly(CP-co-EMA) was more
prominent in the blends consisting of each homopolymer than poly(CR-g-EMA).

+To whom correspondence should be addressed.
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INTRODUCTION

Polychloroprene(CR) is one of the most com-
monly used synthetic rubbers in adhesives and the
automotive or energy industries because of high
mechanical strength, good resistance to hydrocar-
bon oils and polar solvents and chemicals, ade-
quate low-temperature behavior, and compatibility
with other rubbers.!~® However, its poor heat re-
sistance and weatherability limit the outdoor use.
The preparation of copolymers of chloroprene or
graft copolymers of CR has been studied extensi-
vely.8~1% To improve the poor performances, the
introduction of a second monomer into the CR
backbone or the use of appropriate fillers for com-
pounding has been widely investigated.!?

Compatibilizers or interfacial agents in polymer
blends have been attracted much interests from
theoretical and practical standpoints.’*~” More-
over, the use of a copolymer, especially block or
graft copolymer as a compatibilizer in incompatible
homopolymer/homopolymer blends has been also
one of the main research themes in the field of
polymer blends.

In this work, we obtained a copolymer of chloro-
prene and ethylmethacrylate. The copolymers
were charaterized with IR and 'H-NMR spectro-
scopies. The compatibilizing effect of the copoly-
mer in blends containing each homopolymer, CR
and poly(ethylmethacrylate), was investigated. For
comparision, a graft copolymer of ethylmethacry-
late onto CR was also prepared. The miscibility of
blends was discussed in terms of their glass tran-
sition temperature behavior and morphologies
using differential scanning calorimetry(DSC) and
scanning electron microscopy(SEM),respectively.

EXPERIMENTAL

Materials

Ethylmethacrylate(Aldrich) and benzene(Ald-
rich) were purified by the standard methods. 2,2'-
azobisisobutylonitrile(AIBN) was purified by re-
crystallization in dehydrated ethanol. 3,4-dichloro-
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1-butene (DCB) (Aldrich), tetrahydrofurfuryl al-
cohol(THFA) (Junsei) and sodium hydroxide
(NaOH) (Junsei) were used as received without
further purifications.

Synthesis of Chloroprene(2-chloro-1,3-buta-

diene)

Chloroprene(CP) was prepared by reacting
DCB in aqueous solution of sodium hydroxide in
the presence of THFA at 60C by the same method
described as in our previous work.!® The mole ra-
tio of DCB/NaOH/THFA/H,0 was 1/1.3/1.5/1.5.
Dehydrochlorination of DCB was carried out in
250ml of three-necked flask equipped with conden-
ser, separable funnel, stirrer and thermometer.
The product was filtered to remove sodium chlo-
ride and the supernatant was dried with CaCl, and
distilled in argon under reduced pressure and the
fraction collected at 25C and 160 mmHg was retai-
ned for copolymerization. The purity of chloro-
prene was confirmed to be 99.5% by gas chroma-
tography and the yield of chloroprene was 85%.
Chloroprene was used as soon as possible after di-
stillation because it was polymerized slowly during
storage,even at low temperature. The structure of
chloroprene was identified by IR spectrophotome-
try(Perkin Elmer 1330) and 'H-NMR spectro-
scopy(Bruker 300 CW).

Synthesis of Polychloroprene and Polyethylme-

thacrylate

The polychloroprene(CR) and polyethylmethac-
rylate (PEMA) were obtained in a glass ampoule
by polymerizing 0.2 mole of CP or EMA with 0.2
mole% of AIBN as an initiator at 50C in 100ml of
benzene for 10 hours.

Aftter reaction, the reaction mixture was poured
into a large amount of methanol. The product of
CR or PEMA recovered from metanol was dried
under vacuum at 30C to remove all volatiles.

Synthesis of Poly(chloroprene-co-ethylmethacry-

late) (poly(CP-co-EMA))

The copolymer of chloroprene and ethylmetha-
crylate was obtained by the same method as desc-
ribed for CR. For the determination of monomer
reactivity ratios, a series of polymerizations in
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which the feed ratio was varied for CP(M;) to
EMA(M,) in benzene(ranged from 043 to 2.33)
yielded copolymers ; Copolymerization was adjus-
ted to make conversion below 10% by controlling
reaction time. To make a copolymer with M;/M,=
1, for example, 0.20 mole of chloroprene and 0.20
mole of EMA were radically polymerized with 0.2
mole% AIBN as an initiator at 50C in 100ml of
benzene.

Poly(CP-co-EMA) was identified by FT-IR spec-
troscopy(Mattson Galaxy series 6030). The FT-IR
spectra of CR, polyethylmethacrylate(PEMA) and
poly(CP-co-EMA) were illustrated in Figs. 1, 2
and 3, respectively. The FT-IR spectrum of poly
(CP-co-EMA) exhibited characteristic peaks of st-
retching vibration of vinyl C-H bond at 3020 and
3100 cm™. The peaks of C-Cl bond, C=0 bond
and C=C double bond were appeared at 600~ 800,
1750, and 1660 cm™,respectively.

Synthesis of Poly(chloroprene-g-ethylmethacry-

late) (poly(CR-g-EMA))

The graft copolymerization of EMA onto CR was
carried out in 100ml of a glass tube. 1 g of CR was
dissolved in 10 m! of benzene. 0.20 mole of EMA
was dissolved in 20ml of benzene and then added
0.20 mole% of AIBN. The tube was sealed after
charging with argon and the reaction was carried
out for 10 hrs. The precipitate from methanol was
filtered and dried in vacuum to constant weight.

The FT-IR spectrum of poly(CR-g-EMA), as
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Fig. 1. FT-IR spectrum of CR.
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shown in Fig. 4, exhibited characteristic peaks of
C=0 bond at 1750 cm™!, C=C double bond at 16
60 cm™ and C-Cl bond at 600~800 cm™.

Blends of CR/PEMA,CR/PEMA/Poly(CP-co-

EMA) and CR/PEMA/Poly(CR-g-EMA)

The blends were prepared by dissolving the com-
ponent polymers in THF. The 15wt.% of compo-
nent solutions in THF were casted on a glass pla-
tes and most of the solvents were allowed to eva-
porate slowly in the air at room temperature. The
films obtained were completely dried in vacuum at
30T to constant weight. The compositions of the
blends and the sample notations are listed in Ta-
ble 1.
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Fig. 2. FT-IR spectrum of polyethylmethacrylate

(PEMA).
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Fig. 3. FT-IR spectrum of poly(CP-co-EMA).
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Fig. 4. FT-IR spectrum of poly(CR-g-EMA).
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Table 1. Sample Notation “

Composition by wt.
Sample Poly Poly

notation ~ CR PEMA  (CP-co- (CR-g-
EMA) EMA)
C100 100 - — _
C90E10 90 10 — —
C80E20 80 20 - —
C70E30 70 30 — -
C60E40 60 40 - —
C50E50 50 50 — —
C40E60 40 60 — —
C30E70 30 70 - —
C20E80 20 80 — —
C10E90 10 90 — —
E100 - 100 - _
CE-C1 50 50 10 -
CE-C2 50 50 20 -
CE-C3 50 50 30 -
CE-C4 50 50 40 -
CE-C5 50 50 50 -
CE-G1 50 50 — 10
CE-G2 50 50 — 20
CE-G3 50 50 - 30
CE-G4 50 50 — 40
CE-G5 50 50 — 50
Measurements

Molecular weight; The molecular weight of poly-
mers were measured by gel permeation chromato-

E2IH #1678 A435 19929 7¥

graphy(GPC) using PS standards. THF was used
as an effluent.

Glass transition temperature ; The glass transi-
tion temperature (T,) was measured using a dif-
ferential scanning calorimetry(DSC ; DuPont 21
00). The thermograms of the blends were obtained
at a heating rate of 10T /min.

Morphology : Scanning electron micrographs
(SEM) were obtained by JEOL JSM35-CF SEM.
Samples were cryogenically fractured in liquid nit-
rogen and metallized by gold coating prior to the
installation in the SEM chamber.

RESULTS AND DISCUSSION

Characterization

The molecular weight of poly(CP-co-EMA) was
determined as M, =58,300, M,=71,000. In this
case, the copolymer has the composition ratio of
1/1 by weight in feed. This copolymer was used for
the investigation of miscibility of blends containing
CR as well as for the determination of glass tran-
sition temperature. The molecular weight of poly
(CR-g-EMA) was determined as M, =74,000 and
M,,=166,000. For reference, the molecular weights
of CR and PEMA were determined as M, = 81,
000 and M,,=194,000(CR) s M,=190,000  and
M,,=283,000(PEMA).

Fig. 5 shows DSC thermograms of CR, PEMA,
poly(CR-g-EMA) and poly(CP-co-EMA). The T,'s
of homopolymers were 57.5C and —45.0C for
PEMA and CR, respectively. The copolymer has T,
of —34.5C , which is higher by about 10T than
that of CR. The CR exhibited a melting peak
around at 52.8C but the copolymer does not show
any melting peak, meaning that the CR has some
degree of crystallinity whereas the copolymer is
amorphous. This kind of thermal characteristic of
a chloroprene-containing copolymer was also ober-
seved in the case of poly(chloroprene-co-maleic
anhydride).18 However, the graft copolymer, poly
(CR-g-EMA) showed T, of —42.3C with a small
degree of crystallinity, exhibiting a melting peak at
51.9C.
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Fig. 5. DSC thermograms of various samples.

Monomer Reactivity Ratios

To determine monomer reactivity ratios, all ra-
dical copolymerizations of CP and EMA were car-
ried out in the presence of AIBN as an initiator in
benzene at 50C, and their conversions were adjus-
ted to be less than 10%. The monomer ratios in
feed, LEMA1/[CP], were varied from 0.43 to 2.33.

The compositions of poly(CP-co-EMA) were de-
termined by using 'H-NMR spectroscopy(Bruker
300 CW). Fig. 6 shows 'H-NMR spectra of CR and
PEMA. The resonance peaks of the methine and
methylene protons of CR were appeared at 6=5.
1~5.5 and 2.0~2.8 ppm, respectively. Those of OC
oHs, methylene, and -CHj; protons of PEMA were
appeared at 6=3.8~4.2, 2.0~28, and 0.8~13
ppm, respectively. The -CHj- protons appeared in
PEMA only were used to determine the copolymer
compositions. In Fig. 7, Typical 'H-NMR spectra
of CR/PEMA mixtures of three different composi-
tons, i.e. 30/70, 50/50, and 70/30 by weight % were
illustrated, where the resonance peaks of the me-
thine, methylene, OC,H; and -CH; protons of the
homopolymer mixtures were appeared at §=5.1~
55, 20~2.8, 3.8~4.2 and 0.8~1.3 ppm, respecti-
vely.

From the integrated areas at the resonance
peaks due to -CHj; protons in CR/PEMA mixtures
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Fig. 6. 'H-NMR spectra of CR and PEMA.
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Fig. 7. 'H-NMR spectra of CR/PEMA mixtures of

three different compositions, 30/70, 50/50, and 70/30
by weight %.

having various compositions, a calibration curve
was obtained to determine compositions of poly
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(CP-co-EMA). The mole fractions of CP and EMA,
thus obtained, were tabulated in Table 2. From the
data, the Finneman-Ross plot in copolymerization
of CP(M;) and EMA(M,) could be drawn , as
shown in Fig. 8.

In Fig. 8, the monomer reactivity ratios are de-
termined as r;(CP)=2.11 and r,(EMA)=027 in
the copolymerization of CP and EMA.

Miscibility of CR/PEMA Blends

Fig. 9 shows typical DSC thermograms of CR/
PEMA blends. The glass transition temperatures
are nearly constant regardless of PEMA contents.
This result means that CR and PEMA is incompa-
tible.

Table 3 shows the glass transition temperatures

Table 2. Determination of Monomer Reactivity Ratios
for the Copolymerization of CP(M;) and EMA(M,)

F=[M,] F= F

[MJ m,/m,

CE-1 043 018 0.18 -082 -190 097
CE-2 067 027 0449 -073 -1.09 060
CE-3 1.00 037 100 -063 -063 0.37
CE-4 150 052 225 -048 -032 023
CE-5 233 075 543 -025 -011 0.14

Sample F-1 (f}l)/ f/F?
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fiF
Fig. 8. Finneman-Ross plot for copolymerization of
chloroprene(r;=2.11) and ethylmethacrylate(r,=0.
27) at 50C.
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of CR/PEMA/Poly(CP-co-EMA) and CR/PEMA/
Poly(CR-g-EMA) ternary blends. In this case, the
composition of the blends was fixed at 50/50 by
weight and the content of copolymers ranged from
10 to 50 phr based on the CR/PEMA mixture. The
Tys of CR and PEMA were not significantly
changed when the content of the graft copolymer
added was below 40 phr. However, when the graft
copolymer was added to the binary CR/PEMA

CR/PEMA

N
D\ - 480t

Endo

—100 —50 0 50 100
Temperature(C)

Fig. 9. DSC thermograms of CR/PEMA blends.

Table 3. Effect of Poly(CP-co-EMA) and Poly(CR-g-
EMA) Content on the Glass Transition Temperatures
of 50/50 CR/PEMA Blends

Contents Tg, CR  Tg PEMA
(phr) (© ()
Poly 0 —45.7 56.0
(CR-g-EMA) 10 —45.0 56.0
20 —44.8 55.8
30 —44.8 55.0
40 —44.6 45.0
50 —438 270
Poly 0 —45.7 56.0
(CP-co-EMA) 10 —435 53.0
20 —42.6 470
30 —41.0 29.8
40 —-32.7 26.2
50 —309 232
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blend with the amount of more than 40phr, the
Tg's of the blend significantly shifted inward to
those of other homopolymers.

Such trend was more clearly seen in the case of
poly (CP-co-EMA) addition to the 50/50 CR/PEMA
blend. When more than 20 phr of the copolymer
were added to the binary blend, the Tg’s of each
homopolymer change considerably, even though
the ternary blend consisting of each homopolymer
and the copolymer show two separate T,'s. One
can see that compatibilization was achieved in the
CR/PEMA blend of 50/50 composition by weight
in the presence of both the copolymer and graft
copolymer. The T/'s of the ternary blends increa-
sed with increasing poly(CP-co-EMA) or poly(CR-
g-EMA) contents. It should be noted that the ad-
dition of poly(CP-co-EMA) showed better compa-
tibilizing effect for the 50/50 CR/PEMA blends
than the addition of poly(CR-g-EMA).

The enhancement of the miscibility in the 50/50
CR/PEMA blend by those copolymers was also
confirmed by the morphological studies. The mor-
phologies of CR/PEMA, CR/PEMA/Poly(CP-co-
EMA) and CR/PEMA/Poly(CR-g-EMA) blends
were analyzed by scanning electron microscopy
(SEM). In these SEM micrographs, it was obser-
ved that PEMA always formed continuous phases
and thus exhibited brittle fracture behaviors due
to the glassy matrices in liquid nitrogen tempera-
ture.

Fig. 10(a) shows the SEM micrograph of the
CR/PEMA blend of 50/50 composition by weight.
It can be seen that the CR/PEMA blend is incom-
patible and the phase is grossly separated. When
40 phr of poly(CR-g-EMA) or poly(CP-co-EMA)
was added to the binary blend, the morphology
changes( see Fig. 10(b) and (c)). The SEM mic-
rograph of the ternary blend consisting of poly
(CR-g-EMA) (Fig. 10-b) shows finer domain stru-
cture than the binary blend without the graft copo-
lymer. It is cleary seen that the ternary blend(c)
consisting of poly(CP-co-EMA) shows much finer
domain structure than the ternary blend(b) consi-
sting of poly(CR-g-EMA) as well as the binary
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Fig. 10. SEM micrographs of samples : (a) 50/50 CR
/PEMA blend ; (b) 50/50 CR/PEMA blends+ 40phr
Poly(CR-g-EMA) ; (¢) 50/50 CR/PEMA blends+40
phr poly(CP-co-EMA).

blend(a). The result again implies that the addi-
tion of poly(CP-co-EMA) was more effective to
enhance the miscibility of CR and PEMA than poly
(CR-g-EMA).

CONCLUSIONS
In this work, the copolymerization of chlorop-

rene(CP) and ethyimethacrylate(EMA) was car-
ried out and compatibilizing effect of the resulting

Polymer (Korea) Vol. 16, No. 4, July 1992
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copolymer was investigated in CR/PEMA blends.
For comparision, poly(CR-g-EMA) was also prepa-
red. Conclusions follow ;

1. The monomer reactivity ratios were given as
r;(CP)=2.11 and r,(EMA)=0.27 in the copoly-
merization of CP and EMA.

2. The copolymer, poly(CP-co-EMA) was amor-
phous and has glass transition temperature of
—34.5C, whereas CR has T, of —45.0C and mel-
ting temperature of 52.8C.

3. CR and PEMA was incompatible. The addition
of poly(CR-g-EMA) as well as poly(CP-co-EMA),
however, enhanced miscibility of CR and PEMA.

4. The addition of poly(CP-co-EMA) was more
effective to enhance miscibility between CR and
PEMA in the CR/PEMA blend of 50/50 composi-
tion by weight than poly(CR-g-EMA).
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