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Abstract : Melt blends of MAH-g-PE with MAH-g-PP were prepared from a Brabender
plasticoder, Measurements included steady shear viscosity from a capillary rheometer, and
morphology from a scanning electron microscopy. Results indicated a significant increase

in compatibility over the conventional ungrafted PE / PP blends due probably to the increased

interaction between the phases,

INTRODUCTION

Blends of polyethylene (PE) with polypropylene
(PP) have widely been encountered in many
laboratories and used commercially for over ten
years, ™ As a matter of fact, many of the commercially
available homopolymer grades of PE and PP
contain substantial amount of the other to impart
high impact strength and low-temperature toug-
hness. However, being as crystalline polymers,
the commercial application of these blends has
been limited to a narrow composition ratio due
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to the molcular incompatibility between the two
polymers.l

In an attepmt to enhance the compatibility
of PE / PP blends, this paper considers the blend
of modified PE with modified PP, Modification
was made from maleic anhydride( MAH) grafting
onto the base polymers, In addition to common
branches in the grafted polymers, hydrogen bondings
leading to interactions between the phases are
expected from the MAH grafted polymer blends.

Blend properties measured included viscosity
from a capillary rheometer, and morphology by
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a scanning electron microscopy (SEM) from a

cryogenically fractured surface.

EXPERIMENTS

Commercial grades of HDPE and PP(Daehan
Petrochemical Ind, Co.), molecular parameters
in Table 1, were used as base polymers. Grafting
of MAH onto PE and PP was carried out by
following literature™ in xylene with benzoyl peroxide
(BPO).

For the preparation of MAH-g-PE, mixture
of BPO((0.2 part) and MAH(1) dissolved in xylene
(10) was dropwisely added to the solution of
PE(10) in xylene(100) during the first 3.5 hrs
of the reaction,

For the preparation of MAH-g-PP, PP(10),
MAH(1) and xylene(100) were put into a vessel
and heated with stirring to homogenize the solution
followed by adding the BPO(0.2) at once.

In both cases, the reaction proceeded for 4
hrs at 120C in nitrogen atmosphere with agitation,
Upon completing the reaction, the reaction mixture
was cooled and washed with methanol several
times, and dried in vacuum oven.

Blends of MAH-g-PE with MAH-g-PP were
prepared from melt mixing using a Brabender
plasticoder, L. / D=40, 40 rpm and 2107 (die).
Blends of ungrafted PE with ungrafted PP(base
polymers) were also prepared at the same conditions
to give thermal and shear histories identical to
those of grafted blends. Identical process of extrusion
was also applied to blend components for the
same reason,

Steady shear viscosities were measured from
a capillary-type rheometer (Capirograph) with
L/D=40, D=1mm at 210C. Bagley correction

Table 1. Molecular Parameters for the Base Polymers

My Mw PDI
PE 21,300 180,250 8.59
PP 39,000 311,700 7.80
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was neglected by using a capillary of large L/D
ratio. However, wall shear rate was corrected
following Rabinowitsch procedure.’

The morphological texture of the blend was
observed using a scanning electron microscopy
(SEM, JEOL JSM-840A) from the cryogenically
fractured (at liquid nitrogen temperature) surfaces,
sputtered with gold before viewing,

RESULTS AND DISCUSSION

The grafting of MAH onto PE and PP was
confirmed by FTIR measurement. Grafting ratio,
determined from weight increase, ranged 2-3%
by the formula :

grafting ratio(%)=
weight of grafted polymer — a
weight of base polymer (a)

X100

Steady shear viscosities for blend components
are shown in Fig, 1, The viscosity of PE is higher
than that of PP. However the viscosity ratio
that is not far away from the unity should be
pointed out in relation to the blend morphology

to follow.
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Fig. 1. Steady shear viscosity vs. shear rate for blend

components.
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A larger difference in component viscosity
compared to that of base polymers is seen between
the grafted PE (MAH-g-PE) and grafted PP
(MAH-g-PP), The viscosities of the grafted
PE and grafted PP are respectively higher and
lower compared to those of corresponding ungrafted
ones, This results in a larger viscosity ratio for
MAH-g-PE / MAH-g-PP blends compared to
PE / PP blends,
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Fig. 2. Steady shear viscosity vs, shear rate for PE /

PP blends.
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Fig. 3. Steady shear viscosity vs, shear rate for MAH -
g-PE / MAH-g-PP blends.
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As mentioned earlier, the grafted and ungrafted
polymers passed through process of extrusion
identical to those of blending, identical thermal
and shear histories provided, Short branches,
ie., grafted MAH in this case, do not alter the
melt viscosity significantly.'; Therefore, the notable
difference in viscosity between PE and MAH-
g-PE, and PP and MAH-g-PP should represent
certain structural change druing the grafting
process. The BPO-initiated grafting of MAH
in xylene should have been accompanied by
crosslinking for PE, and degradation for PP like
in peroxide-catalyzed melt grafting of MAH
onto the same base polymers*!’

Fig. 2 and 3 show the steady shear viscosities
for the grafted and ungrafted polymer blends
respectively, and comparisons between the two
are made in Figs, 4~6 at three different compositions,
PE-rich blends show higher viscosity for the
grafted one, PP-rich blends show higher viscosity
for the ungrafted one, whereas at 50 / 50 composition
no distinction is clear,

The viscosity as a function of composition
at three different rates of shear is summerized
in Fig. 7. The viscosities, for both grafted and
ungrafted ones, generally follow the simple additive
rule at low rate of shear, Viscosity maxima often
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Fig. 4. Steady shear viscosity vs. shear rate for 70/
30 blends.
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reported for PE /PP blends are not appeared.
This probably is due to the component viscosity
ratio relatively close to unity,u'Iz presently con-
sidered. Negative deviation from the additive
rule is seen as the rate of shear increases.
When the viscosity is plotted against the
composition ratio, a crossover point between the

grafted and ungrafted polymer blends is demon-
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Fig. 5. Steady shear viscosity vs. shear rate for 50/

50 blends.
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Fig. 6. Steady shear viscosity vs. shear rate for 30/
70 blends,
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strated, and the point moves toward the PP
rich region as the rate of shear decreases.

It is natural to expect an improved compatibility
and / or increased interphase interaction for the
grafted polymer blends over the ungrafted ones,
via the hydrogen bonding originated from MAH,
However, the results shown in Fig, 7 are apparently
unusual, ie, the extents of deviation from the
additive rule do not show any significant difference
between the grafted and ungrafted polymer blends.

Due to the difference in viscosity between
the two phases, the rate of shear at the interface
would be discontinuous, Therefore the use of
shear rate in correlating the data may be misleading,
Accordingly a better paramerter instead of shear
rate should be considered. The continuity of shear
stress at the interface is generally assumed,w‘14
and is certainly less vulnerable to commit error
compared to shear rate continuity, With the
shear stress as the parameter, the viscosity as
a function of composition is shown in Fig, 8.
As expected, a distinction is made between the
grafted and ungrafted polymer blends, especially
at low level of shear stress. At low level of shear
stress the ungrafted blend gives negative deviation
from the additive rule. However, the grafted
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Fig. 7. Viscosity as a function of composition at
three different rates of shear.
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blend follows the additive rule at low level of
stress,

Han,” Wu,12 Beger et al.!! and several others"™ ™!
address the effect of component viscosity and
elasticity ratios on the phase morphology of polymer
blends, and vice versa. This so-called rheology-

morphology feedback actually works especially
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Fig. 8. Viscosity as a function of composition
at two different levels of shear stress.
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Fig. 9. SEM micrographs of cryogenically fractured surface. a
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for multiphase flow, This, in short, dictates a
fine breakup of dispersed phase when the viscosity
of dispersed phase approaches that of continuous
phase, and the idea is easily understood by simply
assuming the continuity of stress at interface.

Phase morphologies of the grafted and ungrafted
polymer blends are given in Fig. 9. Presently
obtained SEM micrographs for the ungrafted
polymer blends(PE / PP) show island /sea st-
ructure at PE10/PP90 composition(Fig. 9a).
Discontinuous structure of PE with short lamella
(le or less) is obvious, Following Lovinger and
Williams,” blends of 50% PP or more are typified
by PE island dispersed in a PP matrix. Present
blend of PE50/ PP50 does not confirm this(Fig,
9b). This is presumably due to a component
viscosity ratio close to unity leading to a fine
breakup of the dispersed phase, The present blends
of PE50/PP50 as well as PE9QO/PP10 show
co-continuous morphology.

Completely different blend morphologies are
created from MAH grafting onto the base polymers,
A finely dispersed co-continuous phase with
improved spatial distribution is observed from
MAH-g-PE90 /MAH-g-PP10 blend(Fig. 9f).
Extensive fibrillations bridging the PE spherulites
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should indicate intensive yielding upon fracture
(Fig. 9g). A most striking effect of grafting upon
morphological texture is found at MAH-g-PE10
/ MAH-g-PP90 blend, ie., the domain of PE,
order of up to 7-8# in ungrafted blend(Fig. 9a),
has almost completely disappeared in grafted
blend(Fig. 9d).

With improved compatibility, the viscosity
of the mixture should tend to follow the simple
additive rule, and highly interlocked morphology
should make the mixture more resistance to flow
because of the strong interaction between the
phases, This may give a plausible explanation
to the viscosity - composition relationship mentioned
earlier,

CONCLUSIONS

Blends of MAH-g-PE with MAH-g-PP were
prepared from melt extrusion, and comparison
with ungrafted blends were made with respects
to rheological property and morphological texture,
The grafted polymer blend followed the simple
additive rule of compatible blend whereas the
ungrafted one showed a negative deviation at
low level of shear stress. Island / sea morphology,
appeared for PE10 / PP90 blend, almost completely
disappeared from grafted polymer blend at the
same composition. An extensive interlocked
morphology rather than a simple co-continuous
morphology: for PE90 / PP10 blend, was unequivo-
cally demonstrated for the grafted polymer blend
at the same composition. A well-mixed, and
interlocked morphology should account for the
improved rheological compatibility of the grafted

polymer blends.
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