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Abstract : Copolymer of styrene-styrene containing pendant dithiocarbamate groups was prepared
by a rather convenient synthetic method and the obtained copolymer was blended with poly- ole-
fins such as polypropylene (PP}, high density polyethylene (HDPE) and low density polyethylene
{LDPE). Solvent extraction of the obtained blends showed that the dithiocarbamate group in the co-
polymer caused the formation of graft copolymer of polyolefin & polystyrene during melt blending.
But no formation of graft copolymer was cbserved for blend samples which do not have any added
copolymer. By the addition of the copolymer, better compatibilization of PS/poiyalefin phases was
observed and mechanical properties of blends were improved.

Introduction

For a polymer blend polymer-polymer reac-
tion is sometimes utilized during extrusion pro-
cess. Graft or block copolymers are generated
during the reactive extrusion and they play
roles as compabibilizers. One easy way to con-
duct the polymer-polymer reactions is ‘to use
free radical reaction to make two different
polymer chains connected to each other.' For ex-
ample, immiscible two polymers are melt ex-
truded in the presence of a free radical gen-
erator such as peroxide to make polymer blend.
But in this case if two polymers have different
sensitivity the species,
desirable result will be obtained. For this reason
a safer way is to use a polymer with reactive

toward radical un-

pendant group such as peroxide groups or di-
azo groups in the melt extrusion with another
polymer® Extrusion or kneading of peroxide
group containing polymers with polyolefing has
been known to generate graft copolymers.® But
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difficulty lies in the fact that preparation of pre-
polymers containing these reactive groups are
not easy. And an easily preparable prepolymer
having free radical generators is desirable.

It that organic dithiocarbamate
shows quite different behavior in a polymeri-
zation reaction compared to conventional free

is known

radical generators such as peroxides or diazo
compounds. The polymer chain having di-
thiocarbamate group is dissociated by thermal
or UV activation and generate two radicals; one
is a polymeric radical and the other is a re-
latively stable thiocarbamate radical as shown
in Scheme 1. Activation of dithiocarbamate func-
tionalized polymer {or prepolymer) in the pres-
ence of a second monomer, therefore, generates
block or graft copolymers with less amount of
homopolymer contamination.*”

Likewise, activation of the functionalized poly-
mer in the presence of the second polymer is
possible to generate the graft copelymer
through polymer-polymer reaction. Therefore, it
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is expected that a different and better result can
be obtained with dithiocarbamate containing
polymer if one assumes that a similar reaction
takes place during melt blending.

In this research we prepared a dithiocarba-
mate containing polystyrene copolymer by a
rather convenient synthetic method.® Obtained
copolymers were melt blended with polyolefins
such as polyethylene and polypropylene, and
properties of blends were measured.

Experimental

Materials. Polymers used in this research
were polystyrene (PS), polypropylene (PP), high
density polyethylene (HDPE), and low density
polyethylene (LDPE). Azobisisobutyroitrile (AIBIN)
was used as an initiator. Sources and properties
of these polymers are summarized in Table L.

Copolymer Synthesis. Copolymer was syn-
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Table L. Sources and Properties of Polymers

Resin Maker Grade Density  Melt [ndex*
(g/cch {g/10 min}
PS LG Chemn. GPPS-15NF  1.05 10 (200°C)
PP LG Pet.  H540N 0.903 8 (230°C)
HDPE Honam Pet. $§100MX 0951 =001 (190°C)
LDPE LG Chem. FBO300 0921 0.4 (190°C)

* Measured according to ASTM D1238.

thesized in the same way as reported in our pre-
vious paper.® Copolymerization of styrene with
chloromethylstyrene was carried out at first us-
ing AIBN in toluene at 70°C, followed by the
reaction with sedium N,N-diethylthiocarbamate
dissolved in acetone for 10 hours at room tem-
perature. The resulting was pre-
cipitated into methanol. It was quantitatively
confirmed that the chloride group in the copely-
mer was converted into the dithiocarbamate
group by ‘H-NMR analysis.

Functionality, i.e.. the number of dithiocar-
bamate groups per chain, was determined by us-
ing the result of 'H-NMR and GPC analyses.
Resonance peaks of phenyl group and -S-C(=5}-

polymer

N{CH,CHa); were compared for mole fraction
and this result was further compared with GPC
molecular weight in order to calculate the func-
tionality. Elution solvent for GPC was THF. For
blending experiment, polystyrene with —~2.3
mole% of dithiocarbamate groups was used (M,
= 31,000, M./M.=1.72). The calculated func-
tionality of this copolymer is ca. 7. This co-
polymer showed very similar DSC thermogram
to that of homo polystyrene (amorphous, T, =98
°C), except endothermic peaks at ca. 160°C
and ca. 320°C.

Blend. Mixtures (50 g) of predetermined
amount of polyolefin, polystyrene and the co-
polymer were mixed using a bowl mixer at-
tached to Haake Rheocord 900 at 230°C for 5
min. Rotor speed was 60 rpm. Torque wversus
mixing time was recorded. Obtained blends
were hot pressedat 230°C to make specimens
for mechanical tests.

For a solvent extraction experiment, 5g of
blend sample was dissolved in 20 mL of o-di-
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chlorobenzene at 180°C and cooled down slow-
ly to room temperature. Precipitated polymer
was washed with acetone 3 times, then dried
under vacuum at elevated temperature for 12
hours.

Characterization.
were tested at room emperature with an Instron
Tensile Tester (Model 4204}, A crosshead speed
was 50 mm/min for tensile strength mea-
surement(ASTM D638). Grip distance was 100
mm for all cases. Notched lzod impact strengths
were measured according to ASTM D256 for
specimens with 6 mm thickness. Melt index was
measured according to ASTM D1238.

Scanning electron micrographs were obtained
using a scanning electron microscope (JSM
840A, Jeol Co.). The micrographs were ob-
tained by a conventional secondary electron im-
age for fractured surface. The specimens were
fractured at dry ice temperature.

Stress-strain  properties

Results and Discussion

At high temperature the benzyl dithiocar-
bamate group is dissociated into radicals and
the generated radical is likely to react with poly-
olefins. Although it is not clear whether the less
reactive thiyl (or dithiocarbamate) radical be-

9 there is

comes reactive at high temperature,
no doubt that the polymeric benzyl radical un-
dergoes reaction. In order to confirm that the
reaction of the radical with polyolefins actually
occurred, unreacted polystyrene were extracted
out from the blended samples. That is, blended
samples were dissolved in beiling o-dichlore-
benzene at 180°C for 30 min and cooled down
slowly te room temperature. Because poly-
olefins become insoluble in o-dichlorobenzene at
low temperature, polyolefin attached with poly-
styrene moiety is coprecipitated, whereas un-
reacted polystyrene stays in solution. The pre-
cipitated polymers were then washed with
acetone in order to purify further from un-
reacted polystyrene. After drying at 180°C in
vacuum for 12 hrs, weight was measured.

Weight increase was observed due to the bond
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Table I. Properties of PS/Polyolefin Blends

Folyolefin PP LDPE HDPE PP LDPE HDPE

Polyolefin{wt%) 503 50 50 50 &0 50

Copolymer{wt?%) 50 50 50 - - -

PS{wt%) - - - 50 50 50
Weight gain

after 13 12 mm* -3 -2 -2

extraction{%)

Impact str. 123 215 123 128 218 11
{notched Izod}
{J/m}

Tensile str.
(MPa)

Melt index

{g/10 min)

130 100 251 119 78 163

55 42 23 118 83 76

*nim : not measured due to gelation.

formation between polyolefin and polystyrene
for samples blended with copolymer containing
dithiccarbamate group. In contrast, no weight in-
crease was observed for samples without any
copolymer added. As shown in Table I, 13%
weight increase was observed for polypropylene
blended with copolymer, but 3% loss was ob-
served for a polymer blended with PS probably
due to the work-up loss. This means that there
is no reaction between polypropylene and PS
under the blending condition. For high density
polyethylene, gel was observed during the ex-
traction experiment probably due to the exten-
sive attachment of copolymer onto the HDPE
chain. Due to the linear nature of the main
chain, less amount of main chain scission is ex-
pected for the HDPE. Also the melt flow index
of the blended sample demonstrates that reac-
tion took place between olefin and copolymer.
All samples containing copolymer showed quite
reduced melt flow index compared to the cor-
responding controls. From this melt flow index,
it is also possible to say that extensive graft
reaction occurred for HDPE.

As in Table II, the blend samples containing
copolvmer showed better mechanical properties.
For PP and LDPE samples, improvement in ten-
sile strength was observed. For HDPE samples,
impact strength as well as tensile strength were

Korea Polym. J.. Vol. 5. No. 4, 1997
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Table Ili. Mechanical Properties of PP/PS Blends

PP/PS/ Tensile Flastic Impact  AH, To
Copolymer  Strength Modulus  Strength  (d/g) Q)
(wt%) (MPa) (MPa)  (J/m)
100/-/- 311 1359 36.8 744 168.6
-/100/ - 271 1648 12.3 - -
50/50/- 119 1833 12.8 344 1577
50/40/10 155 2073 12.3 348 1572
50/30/20 11.2 2709 123 352 1583
50/-/50 130 1756 12.3 348 1578
clearly improved.
For PP/PS blend samples, lower tensile

strength was observed compared to PP or PS
samples (Table IlI). Impact strength was similar
to that of PS sample. AH. and T, values did
not change by the copolymer contents. From all
these mechanical properties it is quite difficult
to tell whether the copolymer behaved as a com-
patibilizer or not. But SEM observation revealed
that as the copolymer content increased the
homogenization of the blend became better. As
shown in Figure 1, PP/PS blend sample showed
quite heterogeneous mixture. Size of each phase
was ca. 50~100 pm. Addition of 20 wt% of co-
polymer vielded smaller size -ca. 10~20 um.
Blend of 50/50 ratio of PP/copolymer sample
yielded a better hormogenization. Fractured sur-
face of this blend sample looks like that of
homogenecus phase. Figure 2 shows the torque
needed for the Haake Rheocord 900 to main-
tain a specified rotor speed. As the mixing time
elapsed, temperature of the blend mixture
reaches a specified temperature, but torque did
not increase even though the PS was replaced
by copolymer. Blend containing 20 wt% of co-
polymer showed quite similar torque variation
as the samples of PP/PS blend and the blend
containing 50 wt% of copolymer showed lower
values. This behavior is rather different from a
blend mixture which uses reactive extrusion-
type compatibilizer. In an ordinary reactive
blending, as the amount of reactive group in-
creases less torque decrease is observed or even
increasing torque is observed as the mixing
proceeds due to the crosslinking reactions and
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Figure 1. Scanning electron micrographs of PP/PS
blends with different copolymer levels; (a) PP/PS/co-
polymer=50/50/0, (b) PP/PS/copolymer=50/30/20, {c}
PP/PS/copolymer=50/0/50.

viscosily build-up.”” In this experiment, the dif-
ferent behavior is possible to- be explained by
three reasons: one is that propylene chain is
easy to degrade by extrusion and by the free
radical attack, the second is that the copolymer
contains low content of crosslinkable dithiocar-
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Torgue{mag) Tamp.(C)
2500 - - 280

LDPE[PS/Copol. = 505010 :
LOPE/PS/Copot. = 5O/3G/20 ¢ - + - - -~ - -
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Tims{min}

Figure 2. Torque variations of PP/PS blends with dif-
ferent copolymer levels.

bamate group or the dithiocarbamate group
was consumed at the beginning of the mixing
and the third is that the molecular weight of the
copolymer is quite low compared with that of
PS. In this PP blend the lower molecular weight
of the copolymer may be the major reason lead-
ing to lower torque.

As shown in Table IV, mechanical properties
of HDPE/PS samples were quite poor compared
to those of homopolymer samples. As the co-
polymer content increases, tensile strength, mod-
ulus and impact strength of the blend samples
increased. The blend sample containing 50% co-
polymer has mechanical properties quite com-
parable to PS sample and it shows better
mechanical properties than HDPE sample ex-
cept the impact strength. AH, and T, wvalues
were almost similar to each other regardiess of
the amount of copolymer in PS phase. in-

Table IV, Mechanical Properties of HDPE/PS Blends

HDPE/PS/  Tensile Elastic Impact AH, T
Copolymer ~ Strength Modulus Strength (g} (°C)
{wt%) (MPa) (MPa)  {(J/im}
100/-/- 18.6 770 - 1659 1346
-/1007/ - 271 1648 123 - -
50/50/- 16.3 983 7.1 780 1322
50/30/20 185 1217 98 851 1335
50/-/50 25.1 1378 12.3 847 1339
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Figure 3. Scanning electron micrographs of HDPE/PS
blends with different copolymer levels; {(a} HDPE/PS/co-
polymer=50/50/0, {b} HDPE/PS/copolymer=50/30/20,
(c} HDPE/PS/copolymer=50/0/50.

dicating that reaction with copolymer did not
disrupt the regularity of HDPE chain.

SEM microphotographs show quite well dis-
persed phases of HDPE (Figure 3). But in this
case the addition of copolymer did not improve
the homogenization. These photos show that

Korea Polym. J. Vol. 5, No. 4. 1997
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Figure 4. Torque variations of HDPE/PS blends with
different copolymer levels.

ductile HDPE phases were pulled or stretched
out during fracture process. Size of HDPE
phases were ca. 1~5 pm. Figure 4 shows the
torque needed for the Haake Rheocord 900 to
maintain a specified rotor speed. Trend of
torque variation was very similar to that of PP
blend sample. But the blend sample containing
20 wt% of copolymer has higher torque than
others. This behavior is probably originated
from two reasons; One is that 30/20 mixture of
PS/copolymer sample has quite comparable
viscosity to PS sample. The other is that co-
polymer reacted with HDPE to make highly
branched structure. When this result is com-
pared with PP blend sample, this difference
may be attributed to the molecular structure
differences between HDPE and PP. It is known
that radical attack of PP resulted in a possible
chain scission.® But for HDPE, radical attack
leads to chain crosslinking. These phenomena are
easily exemplified in the melt processings of the a-
bove mentioned polymers. Simple melt extrusion
of PP usually resulted in quite reduced molecular
weight (higher melt flow index), whereas HDPE
resulted in increased molecular weight (lower
melt flow index)."” Methyl group in the repeating
unit of PP make the main chain vulnerable to rad-
ical attack. The key process of graft copolymer
formation is schematically shown in Scheme | af-
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ter the consideration of reported degradation
pathway of polyolefin.”® For HDPE, chain scission
in the step 2 will be absent, and the PS is at-
tached without the chain scission.

Also from Figure 4, all three torque curves
show decreased torque values as temperature is
increased. Interesting point lies in the com-
parison of two curves with blends containing 20
wt% copolymer and no copolymer. With almost
same temperature profiles after 30 sec, torque
curve of blend sample containing 20 wt% of co-
polymer showed ~higher value from the be-
ginning of the processing time. If the radical for-
mation of dithiocarbamate group occurs slowly
at the processing temperalure, the torque of the
blend sample containing 20 wt% of copolymer
has then to be lower because the molecular
weight of the copolymer sample is lower than
that of PS sample. In this case torque curve
should rise for some time as the processing time
passes. From these two torgue curves it is pos-
sible to assume that the dithiocarbamate group
in the copolymer undergoes reaction from the
beginning of the processing. And this possibility
is quite probable when one considers a report
that dithiocarbamate containing polymer un-
dergoes fast degradation at 160~240°C with
the evolution of CS,."*

LDPE/PS blend sample showed poor tensile
strength and as the copolymer content increas-
ed. increase in tensile values were observed.
Doubled values of notched impact strength
were observed for all blends (Table V). Torque
curves were almost similar to each other. Cur-
ves were quite similar to those of PP biends.

SEM microphotographs show relatively well

Table V, Mechanical Properties of LDPE/PS Blends

LDPE/PS/ Tensile Impact T (°C)
Copolymer Strength Strength
{wt%) {MPa) (J/m)

100/-/- 93 - 112.8
-/100/- 271 123 -
50/50/- 7.8 218 109.5
50/30/20 85 199 108.8
50/-/50 10.0 215 109.9
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Figure 5. Scanning electron micrographs of LDPE/PS
blends with different copolymer levels; {a) LDPE/PS/co-
polymer=50/50/0, (b} LDPE/PS/copolymer=50/30/20,
{¢c) LDPE/PS/copolymer=50/0/50.

dispersed phases of LDPE [Figure 5). In this
case the addition of copolymer slightly im-
proved the homogenization. Initial phase size of
10~20 um was reduced to size of 5~10 um by
the addition of copolymer. In these photos duc-
tile LDPE phases were pulled out during frac-
ture process and the extent of pulling increased
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Figure 6. Torque variations of LDPE/PS blends with
different copolymer levels.

as the copolymer content is increased.
Conclusion

When a polystyrene containing pendant di-
thiocarbamate groups was melt blended with
poiyolefins such as PP, HDPE and LDPE, each
polymer phase was well dispersed in the blend
and mechanical properties were improved, prob-
ably due to the compatibilization of the graft co-
polymers formed by polymer-polymer reaction.
Because the preparation of polymers having
pendant dithiocarbamate group is relatively
easy compared to that of peroxide or diazo com-
pound, they have a good potential to be used
as compatibilizers in reactive extrusion with oth-
er polymers.

Acknowledgment. This work was supported
by Korea Science and Engineering Foundation
(951-1101-034-2).

References

(1) J. G. Bonner and P. S. Hope, in Polymer Blends and Al-
loys, M. J. Folkes and P. S. Hope, Eds., Chapman &
Hall, Glasgow, UK, 1993, pp 46-74.

(2) M. Hajian, C. Sadromohaghegh, and G. Scott, Eur. Po-
lym. [, 20, 135 {1934),

{3} N. Suzuki. Y. Moriya, K. Aocshima, and T. Yamamoto,

Korea Polym. J.. Vol. 5. No. 4, 1997



Reactive Compatibilization of Polyolefin/Polystyrene Blends by Dithiocarbamate Containing Polystyrene

Kobunshi Ronbunshu, 44, 89 {1987).

(4) T. Otsu and M. Yoshida, Makromol. Chemn., Rapid Com -
mun., 3, 127 (1982).

(5} T. Otsu, K. Yamashita, and K. Tsuda, Macromolectiies,
19, 287 (1986).

{6) C. P. Reghunadhan Nait and G. Clonet, J. Macromol.
Sci., Review, C31, 311 (1991).

(7) C. Van Kerckhoven, H. Vanden Broeck, G. Smets, and
J. Huybrechts, Macromol. Chem., 192, 101 (1991).

(8) C. G. Cho, Bull. Korean. Chem. Soc., 17, 678 (1996).

{9) C. G. Cho, Polymer Preprints (Amer. Chem. Soc.), 37(2),
409 {1996).

{10) S. R. Turner and R. W. Blevins, Polymer Prepr., 29(2),

Korea Polym. J.. Vol. 5, No. 4, 1997

6 {1988).

{11) S. R. Turner and R. W. Blevins, Macromaolecules, 283,
1856 (1930).

(12) W. E. Baker and M. Saleem, Polymer, 28, 2057 (1987).

{(13) D. J. Carlsson and D. M. Wiles, in Encyc. Polym. Sci.
and Eng., 2nd Ed,, J. I. Kroschwitz, ¢t al., Eds., John Wi-
ley & Sons, New York, 1987, Vol. 4, pp 630-696.

{14) R. S. Porter and A. Casale, in ref 13, Vol. 9, pp 467-
485.

{(15) Y. Tsuchiva and K. Sumi, J. Polym. Sci. Part A-1, 7,
1599 {1960}

{16} C. P. Reghunadhan Nair and G. Clonet, J. Macromaol.
Sci,, -Chem., A25, 1089 (1988).

255



