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Abstract ; Miscibility of blends of polychloroprene(CR) and polyglycidylmethacrylate(PGMA), prepa-
red by casting from tetrahydrofuran(THF), was investigated by their glass transition temperature be-
haviors and morphologies. Crystalline structure of the blends was investigated using an X-ray diffrac-
tometer. Compatibilization effect of a copolymer of chloroprene(CP) and glycidylmethacrylate(GMA)
(poly(CP-co-GMA)) was studied for the CR/PGMA blend of 50/50 wt.% composition. For compari-
son, the graft copolymer of GMA onto CR, (poly(CR-g-GMA)) was also prepared. The blends of CR
and PGMA were incompatible. The addition of poly(CP-co-GMA) or poly(CR-g-GMA) enhanced mis-
<ibility between CR and PGMA. The compatibilizing effect of poly(CP-co-GMA) was more prominent
in the blend consisting of each homopolymer than poly(CR-g-GMA). The effects of the copolymer
or the graft copolymer on the crystalline structure and the degree of crystallinity of the blend were

also dicussed.
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INTRODUCTION

The use of a copolymer or a graft copolymer as
a compatibilizer or interfacial agent in incompati-
ble homopolymer/homopolymer blends have been
attracted much interest from both the theoretical
and practical standpoints in the field of polymer
blends.!™® To improve the compatibility in incom-
patible binary polymer blends containing polychlo-
roprene(CR), copolymers or graft copolymers of
chloroprene have been studied extensively.*™® In
our earier reports,'*1
mers of chloroprene(CP) with ethylmethacrylate
(EMA), isobutylmethacrylate(iBMA) and maleic
anhydride(MAH), (poly(CP-co-EMA), poly(CP-
co-iBMA) and poly(CP-co-MAH), respectively)
and their corresponding graft copolymers of EMA,
iBMA, and MAH onto CR(poly(CR-g-EMA), poly
(CR-g-iIBMA) and poly(CR-g-MAH), respecti-
vely). A copolymer of chloroprene with glycidyl-
methacrylate(GMA) (poly(CP-co-GMA)) was pre-
pared by the same method described as in our
previous work.!® For comparison, the graft copoly-
mer of GMA onto CR(poly(CR-g-GMA)) was also
prepared.

In this work, we obtained blends of polychloro-
prene(CR) and polyglycidylmethacrylate(PGMA)
by casting from THF. The compatibilizing effects
of the copolymer or the graft copolymer in blends
containing each homopolymer, CR and PGMA,
were investigated. The miscibilities of blends were
discussed in terms of their glass transition tempe-

we synthesized copoly-

rature behaviors and morphologies using differen-
tial scanning calorimetry(DSC) and scanning elec-
tron microscopy(SEM), respectively. The crystal-
line structure of the CR/PGMA blends was studied
by X-ray diffractometry.

EXPERIMENTAL

Materials. Glycidylmethacrylate(Aldrich) and
benzene(Aldrich) were purified by the standard
methods. 2,2’-Azobisisobutylonitrile(AIBN)  and
benzoyl peroxide(BPO) were purified by recrysta-
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llization in dehydrated ethanol. 3,4-Dichloro-1-bu-
tene(DCB) (Aldrich), tetrahydrofurfuryl alcohol
(THFA) (Aldrich), hydroxide(NaOH)
(Junsei), dioxane(Junsei), and isopropyl alcohol
(IPA) (Junsei) were used as received without fur-
ther purifications.

Synthesis of Polymers. Polychloroprene(CR)
and polyglycidylmethacrylate(PGMA) were obtai-
ned by the same method described as in our pre-
vious work.!® Preparation of the poly(chloroprene-
co-glycidylmethacrylate ) (poly (CP-co-GMA)) is-
described elsewhere.!® Poly(chloroprene-g-glyci-
dylmethacrylate) (poly(CR-g-GMA)) was synthe-
sized by graft copolymerization of GMA onto CR
with BPO as an initiator at 70C in benzene for 10
hours. In this reaction, CR of a commercial grade
(Denka A-90 ; M, =23,000, M, =55,000), supplied
from Denka Co.(Japan), was used. After reaction,
the reaction mixture was poured into a large
amount of methanol. In the case of the graft co-
polymerization, the product recovered from me-
thanol was poured once more into a large amount
of isopropyl alcohol(IPA) to separate PGMA, and
a large amount of dioxane to separate CR in the
reaction mixture, respectively. The product of CR
and PGMA recovered from methanol was dried
under vacuum at 30C to remove all volatiles. The

sodium

structures of polymers were confirmed by FT-IR
examination(Mattson Galaxy series 6030). The
reaction scheme of poly(CR-g-GMA) is as follows.

CIH CHs ClH
BP0 at 70T w
(~CHy-CoC-Chr-Jo- + B CHpsC oo L2 oy C-Cm Chp)me
'_ in benzene : -
¢=0 i
0 A G
Gy HiC--=CH-CHa-0-C-CHg
ol b
/1 i
o ! \_l_/m
Al 1
Hy
(cR) (GMA) poly(CR-3-GMA)

The grafting ratio and grafting efficiency of the
graft copolymer were determined as 160% and 52
%, respectively, which were estimated from the
following equations,'
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grafting ratio( %) =

weight of polymer in grafts

; X100
weight of substrate
grafting efficiency(% )=
ight of pol i
weight of polymer in grafts %100

total weight of polymer formed

Blends of CR/PGMA, CR/PGMA/Poly(CP-co-
GMA) and CR/PGMA/Poly(CR-g-GMA). The ble-
nds were prepared by dissolving the component
polymers in THF. The 15 wt.% of component so-
lutions in THF were cast on glass plates and most
of the solvents were allowed to evaporate slowly
in the air at room temperature. The films obtained
were completely dried in vacuum at 30C to con-
stant weight. The compositions of the blends and
the sample notations are listed in Table 1.

Measurements

Molecular Weight . The molecular weight of poly-
mers was measured by gel permeation chromato-

Table 1. Sample Notation

Composition by wt.%

Sample

notation  CR PGMA POlV(CP- Poly(CR-

co-GMA)* g-GMA)*

C100 100 - -

C80G20 80 20 -

C70G30 70 30 -

C60G40 60. 40 -

C50G50 50 50 - -
C40G60 40 60 — -
C30G70 30 70 - -
C20G80 20 80 - -
G100 - 100 - -
CG-C1 50 50 10 -
CG-C2 50 50 20 -
CG-C3 50 50 30 -
CG-C4 50 50 40 -
CG-G1 50 50 — 10
CG-G2 50 50 — 20
CG-G3 50 50 - 30
CG-G4 50 50 - 40

* Units in phr based on the 50/50 CR/PGMA mixture
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graphy(GPC ; Water 244) using PS standards.
THF was used as an effluent.

Glass Transition Temperature . The glass transi-
tion temperature(Tg) was measured using a diffe-
rential scanning calorimetry(DSC ; DuPont 2100).
The thermograms of the blends were obtained at
a heating rate of 10C/min. The T, value was taken
as the initial onset of the change of slope in the
DSC curve on the second run.

X-ray Diffractometry : X-ray diffraction patterns
were obtained by an X-ray diffractometer(Rigaku
Denki) using nickel filtered CuK, radiation(30 kV,
20 mA).

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. Polychloroprene(CR), polygly-
cidylmethacrylate(PGMA), and poly(CP-co-GMA)
were identified by FT-IR spectroscopy as already
reported by the authors.”®> The molecular weights
of CR, PGMA and poly(CP-co-GMA) were repor-
ted as M,=81,000, M,=194,000(CR) ; M, =
77,000, M, =126,400(PGMA) : M, =45,600, M, =
74,200(poly (CP-co-GMA) ), respectively.

Poly(CR-g-GMA) was identified by FT-IR spec-
troscopy (Mattson Galaxy series 6030). The FT-IR
spectrum of poly(CR-g-GMA), as shown in Fig. 1,
exhibited characteristic peaks of C=0 bond at
1750 cm™, C=C double bond at 1660 cm™ and C-
Cl bond at 600~800 cm™. The FT-IR spectrum of
poly(CR-g-GMA) exhibited also characteristic
peaks of stretching vibration of vinyl C-H bond at
3020 and 3100 cm™’. The peaks of epoxy groups for
the poly(CR-g-GMA) were appeared at 1100~
1200 cm™. The molecular weight of poly(CR-g-
GMA) was determined as M,=63,000, M=
128,000.

Fig. 2 shows DSC thermograms of CR, PGMA,
poly(CP-co-GMA) and poly(CR-g-GMA). The T,'s
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of homopolymers were 63.7C and —45.7C for
PGMA and CR, respectively. The copolymer has
T, of —16.4C, which is higher by about 36.4C 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. The graft copolymer, poly(CR-g-GMA)
showed two T,'s : T, of —29.7C for CR, which is
higher by about 17.7C than that of CR, and is lo-
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Fig. 1. FT-IR spectrum of Poly(CR-g-GMA).
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Fig. 2. DSC thermograms of the various samples.
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wer by about 13.3C than that of poly(CP-co-
GMA), and T, of 45.3C for PGMA, which is lower
by about 18.4C than that of PGMA, respectively.

Fig. 3 shows the X-ray diffractograms of CR,
PGMA, poly(CP-co-GMA), and poly(CR-g-GMA).
The X-ray diffractogram of the CR shows four
sharp crystalline reflection peaks in the region of
the Bragg angle(20) between 10° and 40°. Those
diffraction peaks of CR are located at the diffrac-
tion angles 26 of 19.7, 21.9, 26.2 and 28.4°, respec-
tively. The diffraction pattern of the PGMA shows
double peaks at 20 values of 18.0~20.0°. It is quite
interesting to note that the poly(CP-co-GMA) did
not show any crystalline peaks, in accord with the
DSC result mentioned above, while the diffraction
peaks of poly(CR-g-GMA) shows four crystalline
reflection peaks at 20 of 20.0, 21.8, 26.0 and 28.8°,
respectively.

It should be noted that the poly(CR-g-GMA)
exhibits crystalline structure, even though the cry-
stalline melting temperature was not detected in
DSC measurement. The result implies that the
graft copolymer has some degree of crystallinity,
although that is much smaller compared to that of
CR, while the poly(CP-co-GMA) was purely amor-
phous.

intensity

26( degree)

Fig. 3. X-ray diffractograms of various samples.
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Miscibility of CR/PGMA Blends. Fig. 4 shows ty-
pical DSC thermograms of CR/PGMA blends. The
glass transition temperatures of CR/PGMA binary
blends over the entire blend concentrations are
also listed in Table 2. The blends show two sepa-
rate glass transition temperatures, which are near-
ly identical with those of each homopolymer rega-
rdless of the blend concentrations. This result
means that CR and PGMA are incompatible. It was
reported that the homologous polymethacrylates
are usually miscible with other chlorine containing
polymers, such as polyvinylchloride or chlorinated
polyethylene, because of the molecular interaction
between ether group in the polymethacrylates and
the Cl group in chlorine-containing polymers.>~17
It has been also reported, however, that the misci-
bility becomes weaker as the chlorine contents be-
comes smaller in the chlorine-containing polymers.
18 The CR used in this work has ca. 35 wt.% of
chlorine. Thus, it is not surprising that the CR was
not miscible with polyglycidylmethacrylate in spite
of their chlorine in the chain.

In Figs. 5 and 6, the glass transition temperatu-
res of CR and PGMA in ternary blends containing
poly(CP-co-GMA) or poly(CR-g-GMA) are plotted
against the weight concentrations of the copoly-
mers. In this case, the composition of the blends

CR/PGMA
-44.3
Exo 80/20 .,
ATH -44.7
! 50/50
=ndo \ 637
-44.0
' 20/80 ;\
\\
] 1 l 1 I
400 50 O 50 100

Temperature [°C ]
Fig. 4. DSC thermograms of CR/PGMA blends.
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was fixed at 50/50 by weight and the content of
copolymers ranged from 10 to 40 phr based on the
CR/PGMA mixture. When either the copolymer or
the graft copolymer was added to the CR/PGMA
binary blend, the T,'s of each homopolymer chan-
ge considerably, even though the ternary blends
consisting of each homopolymer and the copoly-
mers show two separate T,'s.

Those results imply that compatibilization was
achieved in the CR/PGMA blends of 50/50 compo-
sition by weight in the presence of both the co-

Table 2. Glass Transition Temperatures of Polychlo-
roprene and Polyglycidylmethacrylate in the CR/
PGMA Blends

Sample contents T, CR T,, PGMA

notation  (wt. %) () ()
C100 100: 0 —45.7 -
C80G20 80 : 20 —44.3 614
C70G30 70 : 30 —44.3 59.7
C60G40 60 : 40 —44.6 614
C50G50 50 : 50 —44.7 63.7
C40G60 40 : 60 —44.3 62.8
C30G70 30:70 —44.8 63.7
C20G80 20 : 80 —44.0 63.3
G100 0:100 — 63.7

PGMA, TG( °C)

— 60

—4 50

440
-50 | ] | |
10 20 30 40

Contents of Poly(CP-co-GMA) ( phr)

Fig. 5. Changes of the glass transition temperatures
of CR((), and of PGMA(@) in the presence of poly
(CP-co-GMA) in the 1/1 CR/PGMA blends.
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PGMA, Tg(*C)

CR, Tg(%)

i | | |
10 20 30 40
Contents of Poly(CR-g-GMA) ( phr)

Fig. 6. Changes of the glass Transition temperatures
of CR(Q), and of PGMA(@) in the presence of poly
(CR-g-GMA) in the 1/1 CR/PGMA blends.

polymer and the graft copolymer. Comparison of
Figs. 5 and 6 indicates that the copolymer shows
better compatibilizing effect for the 50/50 CR/
PGMA blends than the graft copolymer.

Fig. 7 shows the X-ray diffractograms of the CR
and PGMA binary blends. Those diffractograms
show superpositions of each characteristic peaks of
CR/PGMA homopolymer with no additional peaks.
The crystallinity of the blends can be determined
from the ratio of the total integrated scattered in-
tensity due to the crystals to the total real scatte-
red intensity due to the samples as a whole but
the degree of cryatallinity of blends was not esti-
mated in this work. Note, however, that the rela-
tive degree of crystallinity of blends decreased
with increasing PGMA contents, taking into consi-
deration that the relative degree of crystallinity is
proportional to the total integrated scattered inten-
sity. The crystal structure of the CR is indepen-
dent of blend content as can be seen from the con-
stancy of the scattering angles.!”

The effect of PGMA contents on the relative de-
gree of crystallinity of CR/PGMA blends is shown
in Fig. 8. The intensities of the X-ray diffracto-
grams of the binary CR/PGMA were decreased
with increasing the composition of PGMA. In this

Z2|H #1848 A13 1994 1¥
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Fig. 7. X-ray diffractograms of CR/PGMA blends.
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Fig. 8. Crystallinity with the PGMA content in the
blends.

case, the degree of crystallinity of CR was set as
100%. The relative degree of crystallinity varies
almost linearly with PGMA content in the blends.
Crystallization in homopolymer/homopolymer ble-
nds has been studied extensively.?’~%

Fig. 9 shows the relative degree of crystallinity
of CR/PGMA/poly(CP-co-GMA) and CR/PGMA/
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Fig. 9. Effects of the crystallinities in presence of poly
(CP-co-GMA)(O) and poly(CR-g-GMA) (@) in the
1/1 CR/PGMA blends.

poly(CR-g-GMA) ternary blends. In this case, the
composition of the CR/PGMA blend was fixed at
50/50 by weight and the content of copolymers ra-
nged from 10 to 40 phr based on the CR/PGMA
mixture. The degree of crystallinity slightly in-
creased with increasing contents of the copolymer
up to 20 phr and thereafter leveled off, when the
copolymer was added. However, when the graft
copolymer was added to the binary CR/PGMA
blend, the degree of crystallinity of the blend sho-
wed a maxium at 20 phr of the graft copolymer
contents.

This result means that the incorporation of poly
(CP-co-GMA) and poly(CR-g-GMA) affected on
the degree of crystallinity of the CR/PGMA blend
with different mechanisms. It seems that the addi-
tion of the copolymer and the graft copolymer in
CR/PGMA blends changes the overall surface
morphology, i.e., the macroscopic phase continuity
in fractured surface for SEM observations, even
though the crystalline structure is not changed by
their incorporations. That is, the fact that the in-
corporation of the amorphous copolymer increased
the degree of crystallinity of the CR/PGMA blend
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Fig. 10. SEM micrographs of samples : (a) 50/50 CR
/PGMA ; (b) 50/50 CR/PGMA blends+30phr poly
(CR-g-GMA) ; (¢) 50/50 CR/PGMA blends + 30phr
poly(CP-co-GMA).

may be related to the change in overall surface
morphology of the blend due to the interaction of
the copolymer between CR and PGMA owing to
the compatibilizing effect of the copolymer, where-
as the effect is smaller in the case of the addition
of the graft copolymer. The exact reason for the
different results, however, is not clear at present.
The compatibilizing effect of the copolymer was
also confirmed by the morphological studies. The
morphologies of CR/PGMA, CR/PGMA/Poly(CP-
co-GMA) and CR/PGMA/Poly(CR-g-GMA) blends
were analyzed by scanning electron microscopy
(SEM). Fig. 10(a) shows the SEM micrograph of
the CR/PGMA blend of 50/50 composition by wei-
ght. It can be seen that the CR/PGMA blend is in-
compatible and the phase is grossly separated.
When 30 phr of poly(CR-g-GMA) or poly(CP-co-
GMA) was added to the binary blend, the mor-
phology changes( see Figs. 10(b) and (c)).

Polymer (Korea) Vol. 18, No. 1, January 1994
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The SEM micrograph of the ternary blend con-
sisting of poly(CR-g-GMA)(Fig.10-b) shows finer
domain structure than the binary blend without
the graft copolymer. It is clearly seen that the ter-
nary blend(c) consisting of poly(CP-co-GMA)
shows much finer domain structure than the ter-
nary blend(b) consisting of poly(CR-g-GMA) as
well as the binary blend(a).

The result proves well our speculations that
poly(CP-co-GMA) shows better compatibilizing ef-
fect for the CR/PGMA blend than poly(CR-g-
GMA).

CONCLUSIONS

In this work, miscibility of CR and PGMA ble-
nds and the compatibilizing effect of poly(CP-co-
GMA) in the 50/50 CR/PGMA blend were investi-
gated. For comparison, poly(CR-g-GMA) was also
prepared. Conclusions follow

1. The graft copolymer, poly(CR-g-GMA) has
glass transition temperature of —29.7C, and has
some degree of crystallinity, whereas poly(CP-co-
GMA) is amorphous.

2. CR and PGMA was incompatibile. The addi-
tion of poly(CR-g-GMA) as well as poly(CP-co-
GMA), however, enhanced miscibility of CR and
PGMA.

3. The addition of poly(CR-g-GMA) as well as
poly(CP-co-GMA) significantly changed surface
morphology of CR and PGMA blends, but did not
change the crystalline structure of blends.

4. The addition of poly(CP-co-GMA) was more
effective to enhance miscibility between CR and
PGMA in the CR/PGMA blends than poly(CR-g-
GMA).

5. The relative degree of crystallinity of the CR
/PGMA blends varied almost linearly with PGMA
contents.
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