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ABSTRACT: Polyolefin/polystyrene (PS) blends are difficult to compatibilize using in
situ reactive compatibilization techniques, because neither of these polymers has any
functional groups that one can use in the formation of a copolymer from these polymer
components. In this study, the Friedel-Crafts alkylation was realized in a polyethyl-
ene/PS (PE/PS) melt blend, which resulted in improved compatibility between PE and
PS. A number of Lewis acid compounds were tested as catalysts, among which the
AICl; was the most efficient. It was found in this study that the presence of a cocatalyst,
such as a cationically polymerizable monomer or a halogenated alkane, significantly
enhances the formation of PE-g-PS copolymer. The effects of blending parameters, such
as temperature and blending time, on the in situ copolymer formation were investi-
gated. The mechanical properties of compatibilized PE/PS blends were improved con-
siderably. Such an in situ compatibilization technique has potential in the recycling of
mixed polymer wastes. © 1997 John Wiley & Sons, Inc. J Appl Polym Sci 65: 1385-1393, 1997

Key words: in situ compatibilization of polyolefin and polystyrene; Friedel—Crafts
alkylation of polystyrene; Lewis acid catalyst; recycling of mixed plastic stream

INTRODUCTION

The recycling of postconsumer polymer waste is
becoming a more important and interesting area
of polymer-processing research. This is true not
only from an ecological stand point, but also a
commercial one. Postconsumer polymer wastes
can be an important resource of polymer materi-
als if they can be properly separated, processed,
and/or modified.

In most cases, polymer waste gathered from
the consumers is a mixture of different polymers,
for example, polyethylene (PE), polypropylene
(PP), poly(vinyl chloride) (PVC), polystyrene
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(PS), and poly(ethylene terephthalate) (PET). It
is common at least to “mine” PET and HDPE bot-
tles in a recycling center and send these streams
on for further processing. It is easy to understand
that the remaining polymer waste stream will
contain a wide diversity of polymers after such a
separation process, and poor product quality (for
example, mechanical ) will be a problem when at-
tempts are made to use this mixed stream. In this
case, suitable and economical compatibilization
techniques are potentially needed in the recycling
of these mixed-polymer wastes.

A key factor for the compatibilization of immis-
cible polymers which are to be melt blended is to
introduce a suitable copolymer, known as a com-
patibilizer, which will locate preferentially at the
interface between blended polymer components
and reduce the interfacial tension. This, in turn,
aids in ultimate morphology control and interfa-
cial adhesion. Such copolymer(s) can be specifi-
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cally synthesized and then used in the polymer
blends. However, from an economics point of view,
it is sometimes more interesting to form the copol-
ymer during the blending, by adding the constit-
uent components, which subsequently combine
chemically in the blend. This method is known as
in situ compatibilization, which has been devel-
oped during the last 15 years. With premade co-
polymers or reactive polymers, many polymer
blends can be effectively compatibilized.'~®

The polymer blends of polyolefin/PS are diffi-
cult to compatibilize because neither of these poly-
mers contains any functional groups that one can
use to form copolymer directly from polyolefin and
PS. A number of reactive polymer reagents have
been used for the in situ compatibilization of poly-
olefin/PS blends.®~® This approach, however, usu-
ally requires 5—-15% of relatively expensive re-
agents, usually specialty copolymers. A more
straightforward method involving less costly ad-
ditions to compatibilize these polymer blends
would be more attractive in polymer recycling.

One possibility to do so is to activate macroradi-
cals of polyolefin and PS in order to form the copol-
ymer. Flaris et al.’ found that a suitable organic
silane plus peroxide can favor the reciprocal free
radical grafting between PE and PS at the in-
terface in PE/PS blends. Further study on the
interfacial tension in PE/PS/peroxide/silane-
blending systems suggested that the silane
tended to spread on the surface of dispersed parti-
cles of minor phase in such blends.'>*! In this way,
the silane plays a role as a “vector fluid” to bring
the initiator to the interface between PE and PS.

Another possibility for polyolefin/PS in situ
compatibilization is to use the benzene ring of PS
as the reaction site. An electrophilic substitution
of a proton on the aromatic ring by a halogenated
alkane or olefin can be realized in the presence of
a strong Lewis acid; this is known as a Friedel-
Crafts alkylation.'®'® Carrick'* formed a copoly-
mer of PE and PS in solution using AICl; as the
catalyst. Using the same method, Heikens et al.®’
prepared a PE—PS copolymer, and then added the
copolymer into PE/PS melt blends. The improve-
ments in both the morphology and the mechanical
properties of PE/PS/PE—-PS blends were re-
ported.

This article reports our first effort to achieve
in situ compatibilization of polyolefin/PS blends
through the mechanism of Friedel-Crafts ben-
zene ring alkylation during melt blending. A lin-
ear low-density PE and a PS homopolymer were
used as the model system. The purpose of this

study was to improve considerably the mechanical
properties of PE/PS blends by an in situ compati-
bilization process.

CHEMICAL ASPECTS

Friedel -Crafts benzene ring alkylation occurs by
the following reaction steps'*%:

AlCI; + RC1 = AICl; + R™ (1)

The first step is the formation of an initial carbo-
cation R* by the reaction of a halogenated alkane
with aluminum chloride. Then, the initial carbo-
cation substitutes for a proton of the benzene ring,
in the presence of a catalyst.

Carrick '* used aluminum chloride in a hexane
solution of PE and PS at 81°C (the boiling temper-
ature of the hexane) and obtained a PE-g-PS graft
copolymer. For such a copolymer formation, the
following mechanism was suggested.

Initiation
Aluminum chloride reacts with impurities (for ex-
ample, water) to form a complex. This then reacts
further with halogenated or unsaturated com-
pounds, which exist in the system as impurities
as well, forming the initial carbocation.

AICl; + H,0 — (AICI;OH) H* (3)

(AIC130H) H" + R—CH=CH, —

(R—éH—CHg)(AlCl3OH)’ (4)

Chain Scission of PE

The initial carbocation attacks PE, forming a mac-
rocarbocation, PE*. The PE* ion formed can un-
dergo a chain scission through electron rearrange-
ment near the site of the carbocation.

R'+ ww—CH,— CH,— CH,— CH, —www——

RH + WM—CHZ—CHZ—éH—CHz—NWM

WNW—(S‘HZ + H,C=CH—CH,—www (5)

Grafting

In the presence of a catalyst, fragments of the PE
chain, which can possess a carbon—carbon double



bond or carbocation chain end, can substitute for
a proton from the benzene ring of PS, forming a
PE-g-PS copolymer.

AlCl3
R—CH=CH; + PS— PE-g-PS (6)
PE fragments
+ (A1C13X)’
R—CH,; + PS
PE fragments

PE-g-PS

(7)

The formation of a PE-g-PS copolymer in a PE
and PS melt using a Lewis acid catalyst is a com-
plicated reaction process. The earlier study'* sug-
gested a mechanism of Friedel-Crafts alkylation,
as mentioned above. However, a detailed study of
the mechanism of such a reaction process has not
been found in literature. In this case, some points
in such a suggested mechanism are not yet clear.
For example, how can a PE macrocarbocation
(PE") be formed during this process? One possi-
bility is the suggestion made in eq. (5). Another
is that a small number of carbon—carbon double
bonds exist on the PE chain, which can be the site
of carbocation formation, as in eq. (4).

In this study, the central approach is to form a
PE-g-PS copolymer during the PE/PS melt blend-
ing, through the mechanism of Friedel-Crafts ben-
zene ring alkylation, as shown in eq. (8):

PE PS
Catalyst
M + —CH—CH;——
Graft
copolymer

—CH—CH,— (8

EXPERIMENTAL

Materials

The linear low-density PE used in this study was
Esso Chemical Canada (Sarnia, ON) Escorene LL-
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5103 in powder form (M,,, 75 kg/mol; M,, 23 kg/
mol). The PS was a homopolymer in pellet form,
supplied by Novacor (grade 777; M,,, 404 kg/mol;
M,, 76 kg/mol).

The materials evaluated as catalysts included
aluminum chloride (AlCl;, purity 98%, purchased
from Aldrich), aluminum chloride hexahydrate
(AICl;- 6H,0, purity 99%, purchased from Ald-
rich), tin(IV) chloride (SnCl,, purity 99%, pur-
chased from Aldrich), iron(III) chloride (FeCls,
purity 97%, purchased from Aldrich), and ethyla-
luminum dichloride (C,H;AICl,, 25 wt % solution
in toluene, purchased from Aldrich). The alumi-
num chloride, tin (IV) chloride, and iron (IIT) chlo-
ride were in the form of powder. In order to protect
them from moisture in the air, they are kept in
hexane and used in hexane-wetted, sludgelike
form.

The cocatalysts tested were styrene (CsH;CH—
CH,, purity 99%, purchased from Aldrich), 1-
chloropentane (CH3;(CH,),Cl, purity 99%, pur-
chased from Aldrich), 1,10-decanedicarboxylic
acid [HOOC(CH,),,COOH, purity 99%, pur-
chased from Aldrich ], aminoethylaminopropyltri-
methoxysilane [silane 6020, (CH30 );Si(CH,)s-
NH-CH,CH,NH,, purity 98%, supplied by Dow
Corning]. A PVC polymer and distilled water
were also used as cocatalysts.

Polymer Blending

PE and PS were blended using a batch mixer
(HaakeBuchler System 40, 50-cm? capacity). A
total charge of 45 g of polymers was blended in
the Haake mixer. The catalyst was dry blended
with 9 g of PE powder, while the cocatalyst was
dry blended with 9 g of PS pellets. These two parts
of polymer/catalyst mixture were fed together
into preheated Haake mixer and blended for 2
min. Then, the remaining 27 g of polymers was
fed and blended together for 5 min at 100 rpm.
The resulting blends were cooled in air unless
specified otherwise.

Characterization of PE/PS Blends
Solvent Extraction of PE/PS Blends

In order to determine the quantity of PE-g-PS co-
polymer formed in the blends, the PE/PS samples
were ground into a powder and extracted alterna-
tively using THF and n-heptane. For the PE/PS
blends in which PS was the major phase and ma-
trix, 48 h of THF extraction was the first step, to
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remove homopolymer PS. The insoluble part of
THF extraction was further extracted with n-hep-
tane for 48 h, to remove homopolymer PE. For the
PE/PS blends in which PE was the major phase
and matrix, the n-heptane extraction was the first
step, followed by THF extraction.

The reliability of such a THF/n-heptane sol-
vent extraction for PE/PS blends was confirmed
by extracting PE/PS mechanical mixtures con-
taining no catalyst. The mechanical mixtures of
PE/PS in proportions of 20/80 and 80/20 were
extracted. The infrared (IR) analysis showed that
there was only PE (without PS) in the THF-insol-
uble part and n-heptane-soluble part, and there
was only PS (without PE) in the THF-soluble part
and n-heptane-insoluble part. After the alternat-
ing THF and n-heptane extraction, the amount of
residue of these mechanical PE/PS mixtures was
zero. On the basis of these results, for the blends
of PE/PS/catalyst, the PS which remained in the
THF-insoluble phase (PE phase) can be consid-
ered to be in the form of the PE-g-PS copolymer,
and the PE which remained in the n-heptane-
insoluble phase (PS phase) was also in the form
of PE-g-PS copolymer. Furthermore, the residual
polymer, which is not soluble in THF or in n-hep-
tane, should be the pure copolymer of PE-g-PS.

IR Spectrometer for PE-g-PS Copolymer Analysis

After extraction, the presence of PS in the PE
phase and in the residue copolymer PE-g-PS was
detected by Fourier transform IR, using film sam-
ples. The concentration of PS in the samples start-
ing with 0-50 wt % PS was determined by com-
parison of the ratio of IR absorption at 700 cm™*
(PS) to that at 719 cm ™! (PE). The ratio of IR
absorption at 1,600 cm ' (PS) to that at 719 cm !
(PE) was used to determine the concentration of
PS in the samples containing 50—100 wt % PS.**
Calibration curves were prepared using PE/PS
mechanical mixtures of known proportions. The
IR analysis data given in this article are the aver-
age values of at least four measurements.

Mechanical Characterization

The performance of PE/PS blends was evaluated
using tensile and impact testing. The specimens
used for the tensile and impact tests were injec-
tion molded at 210°C and then kept at room tem-
perature for 3 days before testing.

The tensile test was performed using the dog-
bone test specimen with an Instron mechanical
tester (Instron Universal Test, Model 4206) at

Table I Comparison of the Efficiency of Different
Lewis Acid Compounds

Catalyst [PS]; (wt %)
AlCl, 15.7
AlCl;- 6H,0 0
C,H;AICI, 4.2
SnCl, 0
FeCl; 0

room temperature, with a crosshead speed of 50
mm/min. (ASTM 638-71A). The dimension of the
gauge section of the tensile test specimen was 20
X 3 X 4 mm.

The impact test was carried out with a Rheome-
trics 5000 instrumented drop-weight impact tes-
ter at room temperature, with a head speed of 7.62
m/sec (300 in/s). The diameter and thickness of
the specimens were 40 and 3 mm, respectively.
The impact strength was taken to be the area
under the force-displacement graph in Joules.

Other Characterizations

The molecular weight of homopolymer PS, which
is the soluble part in the THF extraction of PE/
PS blends, was determined with gel permeation
chromatography (GPC) equipment (Waters Asso-
ciates) at room temperature. The molecular
weight of homopolymer PE, which is the soluble
part in the n-heptane extraction of PE/PS blends,
was measured using high-temperature GPC (Wa-
ters 150-C) at 145°C. The morphology of PE/PS
blends was examined by scanning electronic mi-
croscopy (SEM; JEOL JSM-840) on the fresh frac-
tured and gold-sputtered surface of PE/PS sam-
ples, which were obtained from the Haake mixer.

RESULTS AND DISCUSSION

Evaluation of Catalyst

Five Lewis acid compounds were used as catalysts
in PE/PS (20/80 wt %) blends, in order to com-
pare them in terms of their catalytic effect in the
polymer melt. The reaction was carried out in the
Haake batch mixer at 180°C. The catalyst concen-
tration was 0.3 g in 100 g of polymers. No cocata-
lyst was used. The blends obtained were extracted
in THF to remove homopolymer PS. The concen-
trations of PS which remained in PE phases after
THF extraction (referred to as [PS],) are listed
in Table I. Among these different Lewis acids, the



Table II Efficiency of Different Compounds
as Cocatalyst

Cocatalyst (g)

(in 100 g of Polymer) [PS]; (wt %)

Without cocatalyst 0 13-16
Styrene 0.6 43.9
1-Chloropentane 0.3 42.6
PVC 1.5 3.5
ClOHZO(COOH)Q 06 O
Silane 6020 1.1 0
H,0 0.1 0

aluminum chloride is the most efficient catalyst
for PE-g-PS copolymer formation.

Use of Cocatalyst

The purpose of using a cocatalyst is to provide the
source of initial carbocation, R*, which can attack
the PE. The compounds which can be the potential
cocatalyst include halogenated alkanes and cat-
ionic polymerizable monomers. An organic acid
and water were also used to check if such polar
molecules can play the role of a cocatalyst. The
organic silane was also tried, because calculations
show it able to spread onto the surface of dis-
persed particles in a PE/PS blend system.? ' The
cocatalysts were added into the blends of PE/PS
(20/80 wt %) with 0.3 g of AICI; per 100 g of
polymers, blended in Haake batch mixer at 180°C.
The efficiency of different cocatalysts is compared
in Table II, in terms of the concentration of PS
which remained in the PE phase after THF ex-
traction.

The styrene and 1-chloropentane were used as
the representatives of cationically polymerizable
monomers and halogenated alkanes, respectively.
They resulted in a high level of PE-g-PS copoly-
mer formation: compared with the no-cocatalyst
case, the grafted PS concentration in the PE phase
increased about threefold when one of these co-
catalysts was used. This should be due to the
strong ability of these compounds to produce the
carbocation when they react with AICl;. It should
be noted that, according to the reaction mecha-
nism in eq. (2), a strong acid (HCI, which is corro-
sive) is produced in such a polymer reaction when
a chloroalkane is used as the cocatalyst. However,
using styrene as the cocatalyst does not produce
acid. For this reason, the styrene was used as the
cocatalyst in the remainder of this study.

It is still not clear why PVC was not an efficient
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cocatalyst, while the 1-chloropentane was so effi-
cient. It is possible that the low miscibility and
high molecular weight of the PVC result in poor
distribution of this cocatalyst in the melt and thus
reduced effectiveness.

Adding the other polar compounds, such as the
organic acid, silane, and water, did not favor the
PE-g-PS copolymer formation, presumably be-
cause they are not able to provide the initial car-
bocation, which can attack PE chains. Further-
more, these compounds can react quickly with
AICl;, destroying the catalyst.

Formation of PE-g-PS Copolymer During Blending

In order to study the copolymer formation during
blending, samples were taken after 2, 5, 7, and
10 min of blending in a Haake batch mixer at
180°C and immediately being quenched in liquid
nitrogen to stop the reaction. Note that for this
blending equipment, 2 min is the shortest time
to get meaningful blending results. The polymer
blends were PE/PS (20/80), with two composi-
tions of catalyst: with 0.3 g of AlICl; and 0.6 g of
styrene per 100 g of polymers, and 0.3 g of AICl;
per 100 g of polymers, without styrene. The rise
in the concentration of PS which remained in PE
phase after THF extraction is shown in Figure 1.
It can be seen that, when AICl; was used alone
without cocatalyst, the increase of copolymer
quantity leveled off after about the first 2 min of
blending. When styrene was used as the cocata-
lyst, it seems that the presence of styrene pro-
longed the copolymer formation reaction: [PS],
leveled off at about 4—5 min, instead of at 2 min
without styrene. A similar tendency can be seen

e 50
Q e
E 40 / with styrene
0 |
S 30
=
A 20 |
g ST T T — 0
%D 10-4// without styrene
/

P__‘J 4

0 T T ; T

0 2 4 6 8 10 12

Blending time (min.)

Figure 1 Grafting degree of PS in PE phase, increas-
ing with time.
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Table IIT Amount of Unextractable PE-g-PS Copolymer Remaining

with Time as Weight Percent

2 min 5 min 7 min 10 min
With styrene 11.0 12.1 11.9 11.7
Without styrene 5.5 5.3 5.7

in Table III, which shows the increase in the
amount of PE-g-PS copolymer remaining in the
blends after both THF and n-heptane extractions.
The composition of these PE-g-PS copolymers was
determined using IR analysis, shown below in Ta-
ble IV. These results show again that the copoly-
mer formation has been much more favored by
using a suitable cocatalyst.

The molecular weight of PE and PS phases of
these samples, which were separated, respec-
tively, by n-heptane and THF extraction, were
measured using GPC (Figs. 2 and 3). When sty-
rene was used as the cocatalyst, the molecular
weight of PE remained a little higher than that of
PE obtained from the blends which were prepared
without using styrene (Fig. 2). Furthermore, a
generally higher molecular weight was also ob-
served for the PS [Fig. 3(a,b)] when styrene
was used as the cocatalyst. The general drop in
molecular weight of the PE in Figure 2 seems to
be consistent with the mechanism suggested in
eq. (5). It is interesting to note that the PS con-
centration in the PE-g-PS copolymer had a peak
value at 5 min of blending when styrene was used
as the cocatalyst (Table IV). Carrick'* also re-
ported a peak value in the degree of graft of PS on
PE with reaction time in a PE/PS/AICI; reaction
system in boiling cyclohexane. It appears that a
competition occurs between the polymer chain
scission and copolymer formation during the
blending process.

Without an in-depth study on such a compli-
cated reaction system, we cannot give a further
explanation for these phenomena. What is encour-
aging is that this method of forming graft copoly-
mer “in situ” does not result in undesirable cross-
linking, which can occur when peroxides are used.

Effect of Temperature

Blends of PE/PS (20/80), with 0.3 g of AlCl; per
100 g of polymer, without cocatalyst, were pre-
pared in the Haake batch mixer at different tem-
peratures, to investigate the influence of tempera-
ture on the PE-g-PS copolymer formation. Again,
the concentration of PS which remained in the
PE phase after THF extraction was compared for
different samples.

It was found that the copolymer formation was
favored by lower temperature, as shown in Figure
4. Without further study on this point, one possi-
ble hypothesis can be given here to explain the
phenomenon. The minor impurities which exist
in the system (and which are potentially involved
in the mechanism) are mainly low-molecular-
weight molecules. They can be more quickly devol-
atilized at a higher temperature. The AlCl; could
be in contact with less impurity (cocatalyst) at
higher temperature to form less activated com-
plex and R* [egs. (3) and (4)]. Such a hypothesis
is consistent with the data shown above in Figure
1 and Table III; the existence of a cocatalyst pro-
longed the effective reaction time of the AICI; in
the high-temperature polymer melt.

Mechanical Performance of PE/PS Blends
Prepared in the Batch Mixer

The PE/PS blends were prepared at 160°C in the
Haake batch mixer with different PE/PS propor-
tions. The concentrations of AICl; was 0.2 g per
100 g of polymers, while that of styrene was 0.4
g per 100 g of polymers. The elongation at break
values in the tensile test of these blends, com-
pared with that of mechanical mixtures and pure

Table IV Concentration of Grafted PS in PE-g-PS Copolymers (wt %)

2 min 5 min 7 min 10 min
With styrene 63 71 67 65
Without styrene 42 47 38
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Figure 2 Change of the molecular weight of PE dur-
ing blending. (a) Change of the weight-average molecu-
lar weight (M,,) of PE during blending, with (®) and
without (O) styrene as cocatalyst. (b) Change of the
number-average molecular weight (M,) of PE during
blending, with (®) and without (O) styrene as cocata-
lyst.

polymers, are shown below in Table V. The most
improved blend was PE/PS (80/20). The extrac-
tion and IR analysis shown that a relatively large
amount of PE-g-PS copolymer had been formed
during the blending (Table VI). It is believed that
the poor elongation value for the blends of PE/
PS (50/50) and (20/80) is due to the brittle PS
becoming the continuous phase. The observation
on the morphology of PE/PS (80/20) blends using
SEM (Fig. 5) shows that the size of dispersed PS
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particle in the PE matrix was much reduced when
the AICl;/styrene catalyst system was used in the
blending.

The performance of the PE/PS (80/20) blend
was confirmed further by impact testing (Table
VII). The PE/PS (80/20) blend was so well com-
patibilized that its impact strength reached the
same level as that of pure PE. The results in Ta-
bles V-VII indicate that the application of this
Friedel-Crafts reactive system in PE/PS melt

(@)

500 .
/o\\ without styrene
// \\\
450 -/ =
y <
/ \
/ \
400 & \

with styrene

300 |

Mw of PS (10° g/mole)
I

250

200

T T T T T
0 2 4 6 8 10 12

Blending time (min.)

(b) 80
75
70
65
with styrene

60

55 4

Mn of PS (10° g/mole)

without styrene

30 T T T 7 T
0 2 4 6 8 10 12

Blending time (min.)

Figure 3 Change of the molecular weight of PS dur-
ing blending. (a) Change of the weight-average molecu-
lar weight (M,,) of PS during blending, with (@) and
without (O) styrene as cocatalyst. (b) Change of the
number-average molecular weight (M,) of PS during
blending, with (@) and without (O) styrene as cocata-
Lyst.
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Figure 4 Influence of temperature on PE-g-PS copol-
ymer formation.

blending can be very efficient for in situ compati-
bilization using only a small quantity of inexpen-
sive compounds as catalysts. While these results
are preliminary, they show promise as a low-cost
compatibilizer for the PE/PS ratio commonly
found in mixed-waste plastics.

CONCLUSIONS

The use of a Friedel-Crafts alkylation reaction
in a melt-blending process signals a potentially
economical method for compatibilizing the mixed
streams of polyolefin/PS, which can be applicable
in mixed-plastics recycling. Both the AlCl; and
the styrene, used as the catalyst system, are com-
mon and inexpensive compounds. This catalyst
system has been confirmed to be efficient in the
PE/PS melt-blending process in a batch proces-
sor. The main achievements include a high PE-g-
PS copolymer concentration formed during a

Table V Elongation at Break (%) (with Cross-
Head Speed of 50 mm/min)

Mechanical Blends with
Sample Mixture Catalyst
PE/PS 80/20 170 =+ 19 720 * 15
50/50 7.0+ 0.6 88+ 12
20/80 54+ 1.4 68+ 1.0
PE raw About 830
PS raw 3.5 0.5

Table VI Copolymer Concentration in PE/PS
Blends

[PE-g-PS]? [PS]°

Sample (wt %) (wt %)
PE/PS = 80/20 wt % 18 22
PE/PS = 50/50 wt % 8 6
PE/PS = 20/80 wt % 20 78

2 PE-g-PS copolymer concentration in PE/PS blends.
® Degree of grafting of PS on PE in PE-g-PS copolymer.

short melt-blending period and very much im-
proved elongation at break and impact strength
for these blends.

The blending results suggest a mechanism in
which the PE chain is grafted onto the benzene
ring of PS in the melt state, along with PE chain
scission. It is believed that the fragments of the
PE chain be the important reactants in the elec-

(b)

Figure 5 Morphology of PE/PS blends. (a) Mechani-
cal mixture of PE/PS (80/20). (b) In situ compatibi-
lized blend of PE/PS (80/20).
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Table VII Impact Strength of PE/PS (80/20) Blends

Mechanical Mixture Blend with Catalyst Virgin PE
Impact strength (J) 3.6 +0.9 10.1 =+ 1.0 9.0 £ 0.9
trophilic substitution of proton on the benzene 2. S.Y. Hobbs, R. C. Bopp, and V. H. Watkins, Polym.

ring. In this case, a careful balance must be found
during the blending to favor the formation of PE-
2-PS copolymer, while reducing as much as possi-
ble the PE chain scission.

The cocatalyst plays an indispensable role in
the reaction, providing the initial carbocation to
attack the PE chain. From the viewpoint of practi-
cal application, the styrene, or more generally a
monomer which is cationically polymerizable, is
more interesting, because it does not produce cor-
rosive acid during the reaction.

The authors are grateful to the Ontario Center of Mate-
rials Research for its financial support of this work. The
authors thank Dr. K. Russell and Dr. R. A. Whitney for
their helpful discussions.

REFERENCES

1. D. R. Paul, J. W. Barlow, and H. Keskkula, Ency-
clopedia of Polymer Science Engineering, J.1.
Kroschwitz, Ed., Wiley, New York, 1988.

10.

11.

12.

13.

Eng. Sci., 23, 380 (1983).

. D. F. Aycock and S-P. Ting, U.S. Pat. 4,600,741

(1986) (to General Electric).

. E. J. Olivier, U.S. Pat. 4,594,386 (1986) (to Copoly-

mer Rubber & Chemical).

. M. Lambla and M. Seadan, Polym. Eng. Sci., 32,

1677 (1992).

. D. Heikens and W. M. Barentsen, Polymer, 14,579

(1973).

. D. Heikens, N. Noen, W. M. Barentsen, P. Piet, and

H. Laden, J. Polym. Sci. Polym. Symp., 62, 309
(1978).

. W. E. Baker and M. Saleem, Polym. Eng. Sci., 27,

1634 (1987).

. V. Flaris, W. E. Baker, and M. Lambla, Polym. Net-

works Blends, 6, 29 (1996).

S. Y. Hobbs, M. E. J. Dekkers, and V. H. Watkins,
Polymer, 29, 1598 (1988).

Y-J. Sun, V. Flaris and W. E. Baker, Can. J. Chem.
Eng., to appear.

R. T. Morrison and R. N. Boyd, Organic Chemistry,
3rd ed., Allyn and Bacon, New York, 1973, Chap.
11.

J. March, Advanced Organic Chemistry, 3rd Ed.,
Wiley, New York, 1985, Chap. 11.

. W. L. Carrick, J. Polym. Sci., Part A-1, 8, 215

(1970).



