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Abstract

Compatibilizing effects of polyethylene—poly(methyl methacrylate) diblock copolymer KRVEBAA)) on immiscible blends of poly-
ethylene (PE) and poly-4-vinylphenol (PVPh) have been investigated by scanning electron microscopy (SEM) and optical microscopy (OM).
In OM observation, it was found that there was coalescence of the PVPh particles in the PE/PVPh blends withddMXJFat 180°C. On
the contrary, the coalescence of the PVPh particles was not observed in the PE/PVPh blends addedwitNMRjEt 180°C. In addition in
the SEM observation, when small amount of RE4MA) are added to the PE/PVPh blends, the size of PVPh particles decreased drastically
and their size distribution become narrower with increasingR{EVIA) content. Therefore it has been concluded that B{#MA) acts as
the compatibilizer in the PE/PVPh blend32000 Elsevier Science Ltd. All rights reserved.
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1. Introduction mer and component polymers enhances the compatibility in
the polymer blends [11]. Therefore, it might be expected
Since most polymer pairs are mutually immiscible due to that a block copolymer constructed by polar and non-polar
their high degree of polymerization, polymer blends show blocks acts as a compatibilizing agent for the blends of polar
various morphologies [1]. It is well known that the phase and non-polar polymers. Then, we focus on poly(ethylene-
structures have significant effects on performances of poly- blockmethyl methacrylate) (P(B-MMA)) as a compati-
mer alloys [1]. Hence, it is considered that the compatibili- bilizer for blends of polyethylene (PE) and poly(4-vinylphenol)
zation of polymer blends is of great importance to control (PVPh).
the performance of polymer alloys. Especially, it is consid- It is well known that PVPh is immiscible with PE and
ered that establishment of compatibilizing techniques for forms miscible mixtures with PMMA due to exothermic
blends of polar and non-polar polymers is needed in prac- interactions [12]. Therefore, PEMMA) has the ability
tical aspects, such as surface modification. However, as a compatibilizer for PE/PVPh blends. Then, we investi-
compatibilization for these polymer blends is difficult gate the compatibilizing effects of P@EMMA) on immis-
because the component polymers are strongly segregated.cible PE/PVPh blends by mainly morphological
One way to improve the compatibilization and interfacial observations.
adhesion in immiscible polymer mixtures is addition of a
block copolymer having same or miscible blocks with
components of the polymer blends [2-8]. Since these
types of the block copolymers added to blends of immisci-
ble polymer pairs locate at the interface between separated .
two phases, interfacial tension is reduced and compatibili- 2.1. Materials
zation in the blends are enhanced due to the reduction of
interaction parameter [9—11]. Further, it has been reported
that an exothermic interaction between a block of copoly-

2. Experimental

Polymers used in this study were PE of linear low density
type, PVPh, and (P(B-MMA)). PE was supplied from
Mitsui Chemical Co., Ltd. (Mitsui LLDPE 220E).
PVPh M,=120Q M, =2100) and P(Eb-MMA)

* Corresponding author. Tel:+81-42-388-7225; fax:81-42-381-7979. (M, =20x10°, MMA:16 wt%) were supplied from

E-mail addressakis@cc.tuat.ac.jp (S. Akiyama). Maruzen Petrochemical Co., Ltd.
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Fig. 1. Optical micrographs for PEVPh= 80/20 (w/w) blend: (A) as-
blended; (B) annealed at 1&Dfor 2 h.
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(C) B0/20/7.5

Fig. 3. SEM micrographs of REVPh= 80/20 (w/w) blends added P(B-
MMA): (A) 0; (B) 1.0; (C) 7.5 phr.

2.2. Blend preparation

Firstly, polymer blends were prepared by solution
mixing. PE and P(BB-MMA) were weighted to the desired
composition and dissolved in toluene at 5wt% polymer
concentration at 1XC. Then, the desired amount of PVPh
was poured into the solution and dispersed Toluene was
evaporated on glass plates at room temperature for 24 h
and dried in vacuum at 8CQ for 1 week and further dried
at 180C for 2 h. Resulting blend samples were further
mixed mechanically in molten state at the constant rotation
rate.

2.3. Transmission optical microscopy

Transmission optical microscopy for PE/PVPh/R{E-
MMA) blends were performed using a Nikon S-Ke optical
microscope equipped with a heating stage. All the optical
micrographs were taken at 18 on the heating stage.

(B} 10gm

2.4. Scanning electron microscopy
Fig. 2. Optical micrographs for PEVPhP(E-b-MMA) =
80/20/1.0 (w/w/w) blend: (A) as-blended; (B) annealed at i8Gor 2 h. Scanning electron microscopy (SEM) for the PE/PVPh/
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18C°C for 0 and 2 h. When the PE/PVPh blends are not
annealed, it seems that the dispersed particles are relatively
small and the size of the particles is homogeneous as shown
in Fig. 1A. On the contrary, when the PE/PVPh blends are
PE/PVP h /P (E-b-NHA) annealed above the melting temperature of PE and glass
=80/20/1 blend transition temperature of PVPh, it is clearly recognized
that the PVPh particles are roughened and enlarged as
shown in Fig. 1B. Therefore, it has been pointed out that
- the interfaces between matrix and dispersed particles in PE/
> o5 p PVPh blends are unstable in the case of absence obP(E-
"\‘J MMA) in the blends. On the contrary, for PE/PVPh blends
>

02

added P(E3-MMA) show different developments of phase
O morphology with annealing at 180. Fig. 2 shows optical
micrographs for PEPVPh= 80/20 (w/w) blend added
1.0 phr of P(Eb-MMA) annealed at 18@ for 0 and 2 h.
005 | For the PE/PVPh/P(B-MMA) blends, coalescence of
dispersed particles is not observed even for the blend
samples annealed for 2 h at 280 Therefore, it is pointed
0 . . L out that the interfaces between matrix and dispersed parti-
10000 20000 30000 cles in PE/PVPh blends are stabilized by adding B{E-
diameters of the particles / nm MMA). It is considered that the stabilization of the
interfaces between separated two phases is caused because
Fig. 4. Results of image analysis for SEM micrographs in Fig. 3. P(Eb-MMA) added to the PE/PVPh blends present at the
. interface between the matrix and dispersed particles and act
P(E--MMA) .blends were p_erformed using a PH”‘IP.S as surfactants. Since the stability of the interfaces in PE/PVPh
XL30 scanning electron microscope at an accelerating blends is driven by adding PEMMA), it is considered that
voltage of 5kV. The blend samples were annealed at ’

. P(Eb-MMA) has an ability to become a effective compatibili-
180°C for 2h and then were quenched and fractured in zer for PE/PVPh blends. Then, morphological changes of PE/

liquid N,. The resulting fracture surfaces were etched by oo piends by adding PEMMA) are investigated

tetrahydrofuran (THF) to remove PVPh-rich phases and Fig. 3 indic):/ates gEl\(;E micr())graphs fo% mth

coated by Au. 80720 (w/w) blends with 0, 1.0 and 7.5 phr of P-
MMA) annealed at 18 for 2 h. The dispersed particles

3. Results and discussion in the SEM micrographs are attributed to PVPh-rich
phases because the fractured surfaces of the PE/PVPh/
Fig. 1 shows optical micrographs for FE/Ph= P(E-b-MMA) blends were treated by THF as a good solvent

8020 (w/w) blends without P(E--MMA) annealed at  for PVPh and a poor solvent for PE. Rough and large



5974 Y. Kobori et al. / Polymer 41 (2000) 5971-5975

dispersed particles of PVPh-rich phases corresponding toeffects of P(Eb-MMA) on PE/PVPh blends appear in

Fig. 1B are observed for the AEVPh= 80/20 (w/w) decreasing the diameter of dispersed domains and sharpen-
blends without P(E-MMA) as shown in Fig. 3A. On the ing the distribution of diameter of dispersed particles.
contrary, by adding 1.0 phr of P(BEEMMA) to PE/PVPh= However, when the P(B-MMA) content in PE/PVPh blends

80/20 (w/w) blends, the sizes of dispersed particles are dras-is much larger than 7.5 phr, different effects of RHBAMA)
tically diminished as shown in Fig. 3B. Therefore, R§E-  on the morphological change of PE/PVPh blends appear.
MMA) demonstrates remarkably the compatibilizing effects  Figs. 5 and 6 show SEM micrographs and results of image
on PE/PVPh blends when a small amount of B{i&HVIA) analysis for the SEM micrographs for AB/Ph=
is added to PE/PVPh blends. Further, it can be seen that theB0/20 (w/w) blends added 15 phr of P(EMMA), respec-
sizes of the dispersed particles composed of PVPh-richtively. As can be seen in these figures, the morphology of
phases are decreasing with increasing B{#EMA) phase separated structures in theFREPh= 80/20 (w/w)
contents as shown in Fig. 3B and C. Hence the compatibi- blend with 15 phr of P(Es-MMA) is more rough and larger
lizing effects of P(Eb-MMA) of PE/PVPh blends are main-  than that of the PFPVPh= 80/20 (w/w) blend with 7.5 phr
tained with increasing P(B-MMA) contents. To discuss  of P(Eb-MMA). In addition, as shown in Fig. 6 there are
the change in the morphology of PE/PVPh blends by adding two ranges of the distribution of the particle. One is the
P(Eb-MMA) more quantitatively, image analysis for the range of 0—7500 nm and the another is 7500—10,000 nm.
SEM micrographs is performed. This type of distribution of dispersed particles has not been
Fig. 4 represents the histograms of the diameter of the found in the other blends. Hence the distribution of the
dispersed domains for PEVPh= 80/20 (w/w) blends with dispersed particles of PEVPh= 80/20(w/w) blends
0, 1.0, and 7.5 phr of P(B-MMA). As can be seen in Fig.  changes from mono- to bi-modal distribution with increas-
4a, the diameters of the dispersed patrticles ofFRfPh= ing P(Eb-MMA) contents at over 7.5 phr of P(BEMMA).
80/20 (w/w) blend with 0 phr of P(E>-MMA) have large Therefore, when the content of PEMMA) in PE/PVPh
value. In addition, the distribution of the size of the blends is over 7.5 phr, the compatibilizing effects of B{E-
diameters of dispersed particles are relatively wider in MMA) on PE/PVPh blends are losing with increasing P(E-
the PEPVPhP(E-b-MMA) = 80/20/0 (w/w/w) blend. On b-MMA) content. Although the mechanism of the change in
the contrary, when 1.0 phr of P@MMA) is added to the morphology in PE/PVPh blends with over 7.5 phr of P(E-
PE/PVPh= 80’20 (w/w) blends, the distribution of the b-MMA) is indistinct, there is a minimal content of P (-
diameter of dispersed particles constructed by PVPh-rich MMA) acting as a compatibilizer for PE/PVPh blends.
phases are drastically sharpened and the diameter which Fig. 7 indicates that change in volume average diameter
gives a peak of the distribution is shifted to a smaller of dispersed particles in PEVPh= 80/20 (w/w) blends
diameter of the dispersed particles comparing with the with P(Eb-MMA) contents. The diameter of the dispersed

PE/PVPh= 80’20 (w/w) blend without P(E>-MMA). particles is drastically decreased by adding small amounts of
Therefore, morphology of the PE/PVPh blend is homoge- P(Eb-MMA). Further, dispersed particles of PVPh-rich
nized by adding a small amount of PEEMMA). Further, in phases becomes smaller with increasing B{HEMA)

the PEPVPh= 80/20 (w/w) blend with 7.5 phr of P(Eb-
MMA), the distribution of the dispersed particles further
become narrower and peak of the distribution is smaller 0.2

than those of the PBVPh= 8020 (w/w) blend with
1.0 phr of P(Eb-MMA). Therefore, the compatibilizing
PE/PVP h /P (E-b-MMA) =
80/20/15 blend
0.15
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Fig. 5. SEM micrograph of PBVPh= 80/20 (w/w) blend added 15 phr of
P(Eb-MMA). Fig. 6. Results of image analysis for SEM micrographs in Fig. 5.
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Fig. 7. Change in volume average diameter of dispersed particle/P\VEB= 80/20 (w/w) blends with P(Es-MMA) contents.

contents up to 7.5 phr. However, at over 7.5 phr of B{E- of P(Eb-MMA), the bimodal structure is observed. For
MMA), the average diameter of the dispersed particles is studying this structure better, we should explore further.
increasing with increasing P(BEMMA) contents. In case of
the blends of homopolymer A and B with the AB block
copolymer, it is expected that the diameter of the dispersed
particles is decreasing and shows saturation Wlth increasing . . thors would like to thank Dr R. Hirai and Dr 1.
A-b-B contents and block copolymers form micelle them-
selves in the matrix of the A/B blends over a certain content
of block copolymers. However, in this study, different beha-
vior from the prediction is observed. Although the detailed
mechanism of the morphological change in PE/PVPh blends References
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