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Abstract : The phase morphology of PS/HDPE and PS/LDPE blends is examined by
three block copolymer levels. In PS / HDPE systems, the particle size of PS as the dispersed
phase is significantly reduced by increasing level of block copolymers, In particular, PS/
HDPE=30/ 70 with diblock S-E exhibits the drastic particle size reduction to submicron
sizes at 5 wt. % level. The triblock S-EB-S is somewhat inferior to S-E while the diblock
S-EP shows the least efficiency of three block copolymers tested. In PS/LDPE blends,
the phase morphology seems to strongly dependent on the composition ratio, With PS/
LDPE=70/ 30, the co-continuous phase is observed, in particular with block copolymers.
The PS/ LDPE=30/ 70 blend shows PS as the dispersed phase whose particle size changes
little by block copolymers.
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INTRODUCTION

It is already seen in two previous papers'”
that the properly designed block copolymer can
be very effective compatibilizer with the controlled
rheology in PS/ PE blends. This compatibilizing
activity of block copolymer in the blend makes
a drastiic reduction of interfacal tension,” and
a finer homogeneous particle size of dispersed
phase.*

Since the phase morphology of incompatible
blend is largely dependent on blending conditions,
composition ratio, viscosity ratio, and interfacial
tension, a wide variation of particle sizes reported
in the literature for PS/ PE blends is not abnor-
mal ¥ F urther, the dispersed phase of the in-
compatible blend is rather unstable so that the
particles tend to coalesce thermodynamically for
lower energy state,

Effect of viscosity ratio is critically examined

by Taylor."" Recently, many researchers'' ™"

reexamined Taylor’s results to conclude as follows:

1) When the viscosity ratio (dispersed / medium )
is too small, there is no break-up of dispersed
phase but long elongation.

2) When the ratio is too large, very limited
deformation of dispersed phase occurs.

3) When the viscosity ratio is in the range
of 0.005-4, in particular (.3-0.6, the particle of
dispersed phase can easily be broken into small
sizes,

4) The lower interfacial tension yields easier
break-up of dispersed particle,

In view of rheological behavior of PS/PE
blends,” the viscosity ratio of PS/HDPE and
PS/LDPE blends will be in the range of (.3-
2.5 at the blending conditions(2007C ). Therefore,
according to Taylor, ™’ particles of these PS / HDPE
and PS/LDPE blends will easily be broken
into small particle sizes depending on the blending
conditions. Incorporation of block copolymer in
PS/ PE, however, would reduce particle size
of the dispersed phase further as well as stabilize
them,

In this study, effect of three block copolymers
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on the morphology of PS / HDPE and PS / LDPE
blends is examined.

EXPERIMENTS

Materials : Polymers used in the study are
commercial grades of polystyrene(PS), high density
polyethylene (HDPE), and low density polyethylene
(LDPE). Block copolymers tested are the hyd-
rogenated versions of poly(styrene-b-butadiene)
(S-E), poly(styrene-b-isoprene) (S-EP), and
poly(styrene-b-butadiene-b-styrene) (S-EB-S).
First two are diblock copolymers and the last
is triblock. More informations on these materials
are given elsewhere.'

Microscopy : A scanning electron microphotog-
raph (SEM) (Hitachi Model S-510) is used to
examine the phase morphology. The sample for
SEM is prepared by ethching PS phase in toluene
for 3 minutes at 20°C.

RESULTS AND DISCUSSION

PS/HDPE Blends

Fig. 1 shows the morphology of PS / LDPE=70 /
30 with diblock copolymer S-E level, indicating
that PS is the dispersed phase even with this
PS-rich blend. From Fig. 1(a), it is scen that
size of dispersed phase(PS)is very big and irregular.
With 1 wt, 95 S-E, the size becomes in the order
of 20t (Fig.1(b)). Further increase of S-E level
reduces the PS particle size drastically in the
order of 2-5¢m range as seen in Fig. 1(c) and
(d). However, the triblock copolymer S-EB-S
is not so effective as S-E as shown in Fig, 2.

Figs. 3 and 4 demonstrate the phase morphology
of PS/HDPE=30/70 blend with S-E and S-
EB-S, respectively. This HDPE-rich blend shows
that PS is the dispersed phase and the block
copolymer is very effective to reduce the particle
size of PS, With 5 wt, % S-E, the particle size
becomes submicron sizes as seen in Fig. 3(d).
Again, the triblock S-EB-S is less effective than
S-E as shown in Fig, 4.

Comparison of three block copolymers, S-E,
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Fig. 1. Microphotographs of PS/HDPE=70/30 blends with diblock S-E levels (X2,000): (a) 0 wt.%,
(b) 1%, (c) 2%, (d) 5%.

»
(b)

Fig. 2. Microphotographs of PS/HDPE==70 / 30 blends with triblock S-EB-S levels { X2,000): (a) 1 wt.%,
(b) 2%, (c) 5%.

S-EP, and S-EB-S, is given in Figs. 5 an 6. S. The diblock S-EP is clearly inferior to S-E
With PS/HDPE=70/30(Fig. 5), S-E exhibits and S-EB-S as seen in Fig. 5(b). Effect of three
the finest particle size, then followed by S-EB- block copolymers is not obvious with PS / HDPE=
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(©) - ‘ (a)

Fig. 3. Microphotographs of PS/HDPE=30/70 blends with diblock S-E levels { xX2,000): (a) 0 wt. %,
(b) 1%, (c) 2%, (d) 5%.

Fig. 4. Microphotographs of PS/HDPE=30/70 blends with triblock S-EB-S levels (x2,000): (a) 1
wt. %, (b) 2%, (¢) 5%.

30/ 70 as shown in Fig. 6. reported for the same system. 12 In other words,

Morphology of PS/ HDPE blends is consistent the diblock S-E gave best mechanical properties

with the mechanical and rheological properties followed by the triblock S-EB-S, the order of
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Fig. 5. Microphotographs of PS/HDPE=70/30 blends with three block copolymers at 5 wt. %. (a)
S-E(X500), (b) S-EP(x1,000) (¢) S-EB-S (x500).

Fig. 6. Microphotographs of PS/HDPE=30/70 blends with three block copolymers at 2 wt. %
(x2,000), (a) S-E, (b) S-EP, (¢) S-EB-S.

efficiency to reduce the particle size observed,
Of three block copolymers, the diblock S-EP
shows the least efficiency for particle size reduction
matching wth virtually no improvement of
mechanical properties,]

PS/LDPE Blends

The particle size reducing tendency of dispersed
phase is seen in Fig. 7 for PS/ LDPE="70/ 30.
However, a noticeable difference between PS/
LDPE and PS/HDPE is that in this PS-rich
PS/LDPE=70/30 blend PS phase can be
continuous medium as shown in Fig. 7(b) and
(c). When 5% S-E is used, Fig. 7(d) exhibits
that PS appears to be the dispersed phase again.
With S-EB-S, however, the continuous medium
PS phase at 1 wt. % level(Fig. 8(a)) changes
to co-continuous texture with LDPE phase for
2 and 5% S-EB-S levels (Fig. 8(b) and (c)).
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This kind of phase change is not observed
with the LDPE-rich PS/ LDPE=30/ 70 system,
Figs. 9 and 10 demonstrate this, exhibiting PS
is the dispersed phase, Further, two block copolymers,
S-E and S-EB-S, give a limited particle size
reduction. In fact, contrary to PS/HDPE case,
the triblock S-EB-S seems to be slightly more
effective than S-E in PS/LDPE=30/70. This
is again consistent with the mechanical properties
observed'.

Fig. 11 shows effect of three block copolvmers
in morphology of PS/LDPE=30/70. It is seen
that three block copolymers exhibit little effect
on particle size of dispersed PS phase in this
PS/LDPE=30/70. However, the phase mor-
phology of PS/LDPE blends is found to be
largely dependent on composition ratio as shown
in Fig. 12,
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(d)

Fig. 7. Microphotographs of PS/LDPE=70/30 blends with diblock S-E levels (x2,000): (a) 0 wt. %,
(b) 1%, (¢) 2%, (d) 5%.

(a)

Fig. 8. Microphotographs of PS/ LDPE=70/ 30 blends with triblock S-EB-S levels ( X2,000): (a) 1 wt.

%, {(b) 2%, (c) 5%.

Limited improvement by S-E and S-EB-S is easily explained by the limited particle size
in mechanical properties of PS/LDPE blends' reduction observed.
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Fig. 9. Microphotographs of PS/LDPE=30/70 blends with diblock S-E levels (x2,000): (a) 0 wt. %,
(b) 1%, (c) 2%, (d) 5%.

Fig. 10. Microphotographs of PS/LDPE=30/70 blends with triblock S-EB-S levels (X2,000): (a) 1
wt. %, (b) 2%, (c) 5%.

CONCLUSION S-E reduces the particle size of dispersed phase
(PS) very effectively for both 70/30 and 30/
In PS/HDPE blends, the diblock copolymer 70 composition ratios., The triblock copolymer
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Fig. 11. Microphotographs of PS/LDPE=30/70 blends with three block copolymers at 2 wt. %, ( X500):

(a) S-E, (b) S-EP, (c) S-EB-S.

Fig. 12. Microphotographs of three PS/LDPE blend
(a) PS/LDPE=70/30(>x300), (b) 36.3/63.7( x500), (¢) 30/ 70(xX500).

S-EB-S also exhibits effective particle size reduction,
in particular with PS / HDPE=30/ 70. However,
S-EB-S is somewhat inferior to S-E, consistent
with the mechanical properties observed, The
diblock copolymer S-EP shows similar morphology
in 30/70 blend but the least efficiency in 7¢/
30 blend.

With PS/ LDPE blends, effect of three block
copolymers on the particle size of dispersed phase
is not strong as with PS/HDPE blends. The
particle size of PS / LDPE appears to be controlled
by the composition ratio . the smaller particle
size for the higher LDPE level, The phase morphology
seems to be dependent on the composition ratio
and block copolymer. In other words, PS/
LDPE=70/ 30 exhibits co-continuous morphology
which does not change with 1 or 2 wt. %; block
copolymer addition. PS/ LDPE=30/70 blends,
however, shows that PS is the dispersed phase,
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