Molecular Design of Multicomponént Polymer
Systems. XVI. Emulsification of Polystyrene and
Nylon-6 by a Reactive Block Copolymer

R. FAYT and PH. TEYSSIE, Laboratory of Macromolecular Chemistry and
Organic Catalysis, University of Liége, Sart Tilman, B6, 4000 Liege, Belgium

INTRODUCTION

One of the most attractive routes for alloying two incompatible polymers is the use
of polymeric emulsifiers. The validity and applicability of this concept were widely
demonstrated in the emulsification of polyethylene and polystyrene.! 4

In its simplest form, the compatibilizer comprises blocks which are chemically
identical to the respective components of the blend, although nonidentical segments
which are miscible or partially miscible with the corresponding homopolymers should
work equally well to promote a finer and more stable dispersion of the phases during
mixing, and to improve interfacial adhesion and mechanical properties. The emulsifi-
cation of blends based on poly(vinyl chloride), poly(vinylidene fluoride) or styrene-
co-acrylonitrile resins by copolymers having a syndiotactic poly(methyl methacrylate)
(PMMA) block illustrates fairly well the efficiency of this latter approach.’~8 A third
approach for emulsification would exist in the use of a block which is not truly
compatible with the homopolymer to be emulsified but which contains groups able to
react with the latter, thus generating grafting during processing. For instance, a block
bearing carboxylic acid groups is expected to undergo transamidation or transesterifi-
cation reactions with polyamide or polyester chains; such a reaction was reported to
take place during the melt processing of nylon-6 with polyolefins modified with maleic
anhydride.?

In order to investigate the validity of this new concept of emulsification, we have
examined the possibility of extending the use of block copolymers containing a
syndiotactic PMMA block to the emulsification of polyamide-based blends by intro-
ducing carboxylic acid groups in the PMMA chains.!°

This article aims at reporting preliminary results on the emulsification of polystyrene
and nylon-6 blends by polystyrene-poly(methyl methacrylate-co-methacrylic acid)
diblock copolymers, the carboxylic acid groups resulting from partial hydrolysis of
methyl methacrylate units.

EXPERIMENTAL

Polystyrene-poly(methyl methacrylate) diblock copolymers, PS-PMMA of various
molecular weights (M, = 75,000 to 220,000) and low polydispersity (M,/M, =1.1)
were synthesized by a well controlled anionic process using s-Buli/a-methylstyrene
mixture as the initiator in THF at —78°C. Details of this procedure have been
reported elsewhere.!! Partial hydrolysis of PMMA chains (from 3% to 11%) was
performed in refluxing acetic acid in the presence of para-toluene sulfonic acid for 3 to
7 days [3% and 8%-9% hydrolysis was obtained after 50 and 165 h, respectively, for a

block copolymer having the following characteristics: 50 wt. % PMMA, M, (PMMA) =
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70,000]. The homopolymers used for blending were a general purpose PS Polystyrol
158 K and a nylon-6 Ultramid B4, both from BASF.

PS/nylon 6 binary blends were prepared on a laboratory two-roll mill at 230°C for
5 min; they were then compression molded at 240°C for 3 min and allowed to cool to
room temperature.

Blends with added block copolymers PS-PMMA or PS-P(MMA-co-MAA) were
prepared under the same conditions. Generally, the copolymer was melt mixed with
polyamide for 1 min before adding polystyrene and further mixing of the three
components for an additional 4 min.

The morphology of the blends was examined by optical microscopy (5-pm-thick
microtomed sections) either under polarized light or by the phase contrast technique.
Fracture surfaces prepared at room temperature were also examined by scanning
electron microscopy (Philips 501-B).

DISCUSSION

Polystyrene and nylon-6 are recognized as being highly incompatible. The interfacial
tension and rheological properties are therefore the main parameters which control
the state of dispersion obtained by melt-blending the two polymers.!? The observation
of blends by optical and electron microscopy confirms that thermodynamic feature and
its deleterious effects on morphology: coarsely dispersed phases of one polymer in the
other are observed [Figs. 1(a) and 2(a)] and SEM of fracture surfaces shows, in
addition, a complete lack of interfacial adhesion between the components [Fig. 2(a)].
Valuable additives for alleviating that situation were found in polystyrene-poly(e-
caprolactam) diblock copolymers.!?> But the following results demonstrate unam-
biguously the high efficiency of more user-friendly PS-P(MMA-co-MAA) diblock
copolymers in the control of the morphology of these incompatible blends.

Although PMMA and nylon:6 are not reported to be miscible, a reduction of the
particle size is already observed upon addition of 5% PS-PMMA copolymer in
PS/nylon-6 blends [Fig. 1(b)]. That situation might result from a decrease of the
interfacial tension between PS and nylon-6, due to the presence of the block copolymer
at the blend interface!? Moreover, partial grafting of nylon-6 on the PMMA block
could also occur by exchange reactions during melt blending. This latter explanation is
supported by the fact that only 70% of the PS-PMMA copolymer was extracted by
THF (48 h at room temperature) after melt blending with nylon-6 (70 nylon/30
copolymer mixture). Nevertheless, a much more significant effect on the particle size is
observed when the PMMA block contains a few percent (ca. 8%—10%) of methacrylic
acid units [Fig. 1(¢)]. Scanning electron micrographs of blends emulsified in this way
also evidence a marked enhancement of the interfacial adhesion [Figs. 2(b) and (c)].

It is also shown that these block copolymers are very efficient in fairly small
amounts: as little as 2% copolymer is sufficient to reduce the particle size of 50/50
PS/nylon-6 blend from 20-100 pm to 1-5 pm. Increasing the amount of copolymer up
to 5% leads to a further particle size reduction to 0.5-1 pm [Figs. 8(a) and (b)], which is
not further decreased upon addition of 10% copolymer. Thus, 5% copolymer is suffi-
cient to achieve an intimate mixing of PS and nylon-6. Furthermore this emulsify-
ing efficiency is observed over a rather broad range of molecular weights (75,000 to
220,000) and composition (90% to 50% PS), at least when the particle size is considered
[Figs. 4(a) and (b)].

As to the amount of carboxylic acid in the PMMA chain, Fig. 5(a) shows that 3%
hydrolysis of a PS-PMMA copolymer (M, = 140,000, 50% PS, 22 COOH units per
PMMA chain) is sufficient to obtain a finely dispersed PS/nylon-6 mixture with a
particle size of about 1-3 pm. When the COOH content of the same copolymer is
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Fig. 1. Phase contrast micrographs of 50 PS/50 nylon-6, (a) no copolymer, (b) with 5%
PS-PMMA (M, = 200,000, 90% PS), and (c) with 5% PS-P(MMA-co-MAA) (M, = 200,000, 90%
PS, 10% MAA in PMMA).
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Fig. 3. Scanning electron micrographs of 50 PS/50 nylon-6 (fracture surfaces at room temper-
ature) (a) with 2% PS-P(MMA-co-MAA) (M,, = 100,000, 50% PS, 9% MAA in PMMA), and (b)
with 5% of the same.

Fig. 2, Scanning electron micrographs of 50 PS /50 nylon-6 3 (fracture surfaces at room temper-
ature) (a) no copolymer, (b) with 5% PS-P(MMA-co-MAA), (M,, = 220,000, 50% PS, 8% MAA in
PMMA, and (c) detail of (b).
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Fig. 4. Phase contrast micrographs of 50 PS/50 nylon-6 with added 5% PS-P(MMA-co-MAA)
(50% PS, 9% MAA in PMMA) () M, = 75,000, and (b) M, = 140,000,

increased up to 8%-10% (60-70 COOH units per chain), the particle size of the blend is
further decreased to 0.5-1 pm [Fig. 5(b)]. :

Deeper insight into the morphology together with the evaluation of the mechanical
behavior of PS/nylon-6 blends as modified by these block copolymers is needed to
ascertain the optimum values for molecular characteristics and acid content of these
emulsifiers,
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Fig. 5 Phase contrast micrographs of 50 PS/50 nylon-6 with added 5% PS-P(MMA-co-MAA)
(M, = 140,000, 50% PS) (a) 3% MAA and (b) 8.5% MAA in PMMA.

Nevertheless, the actual results demonstrate unambiguously the efficiency of hydro-
lyzed PMMA blocks in the emulsification of PS/nylon-6 blends. The fact that most of
the copolymer cannot be solvent-extracted after melt blending with nylon-6 is an
indication that grafting occurs to a significant extent between PS-P(MMA-co-MAA)
and nylon-6 during melt mixing. In a significant experiment, a 70% nylon-6/30%
PS-P(MMA-co-MAA) mixture (M, copolymer = 140,000, 50% PS, 9.5% MAA on
PMMA block) was THF —extracted for 48 h at room temperature: only 2% of the
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initial amount of copolymer was recovered (compared to results reported above for the
corresponding nylon-6/PS-PMMA mixture: 70% copolymer extracted under the same
conditions).

More systematic and quantitative investigations are now envisioned in order to gain
precise information on the degree of grafting in relation with the molecular character-
istics of block copolymers, carboxylic acid content, and melt blending conditions. An
obvious direct extension of these results may also be sought in the emulsification of
nylon-6 (or 6.6)/polyethylene blends, using a poly(hydrogenated butadiene-b-MMA-
co-MAA) additive, "

In conclusion, these preliminary results give a very optimistic forecast for this
emulsification approach which could be of general applicability for incompatible blends
based on polycondensates able to undergo exchange reactions (an important part of
engineering plastics).
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Preparation of Polymer Crystal Nuclei
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An alternative method has been developed to prepare suspensions of polymer
crystals. The crystals are formed by rapidly freezing a clean toluene solution of
poly(ethylene oxide) to low temperature. When the frozen solution is warmed to room
temperature, it provides a suspension of uniform and stable particles. These particles
have been used as seeds for nucleating solution-grown PEO crystals. The diameters of
the seeds are measured by dynamic light scattering to be 0.16-0.8 pm for solutions
with concentrations ranging from 5 to 400 pg/g. Transmission electron micrographs
show the seeds to be clusters of square PEO lamellae. A possible mechanism for the
seed formation is discussed.

INTRODUCTION

During dynamic light scattering investigations of the kinetics of polymer crystalliza-
tion from dilute solution,! a new method has been developed to prepare polymer
crystal nuclei, This article discusses some of these observations, specifying as an
example the behavior of solutions of poly(ethylene oxide) in toluene.

Two methods have been previously reported to prepare seeds from solution-—the
self-seeding method? and the droplet method®* In the first method, a polymer
solution is brought to a crystallization temperature, 7,,. After the polymer has
crystallized, the suspension is immersed in a thermal bath, T,(> T,), to partially
dissolve the crystals and leave suspended uniform seeds. For kinetic measurements, the
suspension is cooled to a desired crystallization temperature, T.,, where dissolved
polymer in the solution will deposit on the seeds. The primary nuclei of these crystals
are thought to be largely heterogeneous, Since it was first developed in 1966, self-seed-
ing has been widely used for studies of the kinetics of solution-grown crystals with a
variety of techniques, which included optical and electron microscopy® as well as small
angle static light scattering (SALS).5" In a clever SALS method for solutions, an
electric field is applied across a dilute solution to orient the crystals and the scattering
of vertically, and horizontally polarized incident light is analyzed based on a special
model function. The dependency on a model function limits this method.

For seed preparation by the droplet method, xylene and nitrobenzene solvents are
initially purified and filtered (0.2 pm pore filter). Small quantities of hot, concentrated,
polyethylene-xylene solution are poured into boiling nitrobenzene, whereupon most of
the xylene immediately boils away. The PE-nitrobenzene solution is cooled to room
temperature, producing a dispersion of frozen PE droplets which are separated from
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