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Elastomer Toughened Polyphenylene Sulfide
Junzo Masamoto * and Kimihiro Kudo ™

Abstract Elastomer toughened polyphenylene sulfide was developed. Polyphenylene sulfide (PPS) was
chemically treated with diphenylmethandiisocyanate (MDI). By reactive extrusion processing of chemically treated
PPS with olefinic elastomer having functional group such as carboxylic anhydride, epoxide, carboxylic acid,
elastomer toughened PPS with high impact strength was obtained.

Introduction
Polyphenylenesulfide (PPS) features excellent mechanical properties, thermal stability,

chemical resistance, flame resistance and precise moldability. However, PPS has a weak point of
being a very brittle material. For use as electrical and electronic parts, automobile and mechanical
parts, toughened PPS is desired. For these application, improving the toughness of PPS and
developing an elastomer toughened PPS and related compounds are desired.

The targets of our development are as follows.

The first point is to maintain the advantages of PPS such as its thermal properties, mechanical
properties, etc.

The second point is to improve the brittleness of PPS using the polymer alloy method.

Preparation of Toughened PPS
Material

The commercially available any PPS neat polymer (linear PPS, semi-linear PPS, cross-linked
PPS) can be available. For example, the PPS neat polymer supplied by Tohprene Corporation (its
trade name is "T-4" and this is the semi-linear type PPS) is suitable.

For the thermoplastic elastomer, one example is the commercially available olefinic elastomer
composed of ethylene, acrylic ester and small amounts of maleic anhydride (~2 wt%). Another
example is the ethylene propylene rubber(EPR) modified with maleic anhydride group. One
more example is the olefinic elastomer having glycidyl group. These olefinic elastomers have the
reactive functional group such as anhydride or epoxide group. A typical example of the elastomer is
an olefinic copolymer composed of ethylene, acrylic ester and maleic anhydride, whose trade name

is "Bondine" and supplied by Sumitomo Chemicals.

Chemical treatment of PPS

PPS was chemically treated to activate the reactivity of the PPS end-group with
diphenylmethanediisocyanate (MDI, 2 wt% of PPS) using the method described in our patent V.
PPS was mixed with MDI, and extruded in a molten state at 300 °C using a twin extruder.
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Reactive processing

The reactive processing of the MDI-treated PPS and an olefinic elastomer with a functional

group such as carboxylic acid anhydride produced a toughened PPS 2. Various twin extruders can

be used for the reactive processing. For example, BT 40 of Plastics Kogaku Kenkyusho, PCM 30 of
Ikegai Tekko, and ZSK 40 of the Werner & Pfleidere Corporation were used in our development.

Measurement

Transmission electromicroscope (TEM)
was measured using Hitachi H-600 under
the condition of 100 kV. Samples were
prepared by ultra thin film method stained
with RuO4. The mechanical properties of
the toughened PPS were measured
according to ASTM D 638.

Fig. 1 Effect of chemical treatment on

toughness of PPS/elastomer alloy.
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Figure 1 shows how PPS is toughened by elastomer alloying. The horizontal axis shows the
flexural modulus of PPS and the vertical axis shows the notched Izod impact strength.

The original PPS has a notched Izod
impact strength of about 1 to 2 kg-cm/cm,
while elastomer-blended chemically,
untreated PPS has a notched Izod impact
strength of about 6 kg-cm/cm. In these cases,
elastomer blended PPS is thought not to be
toughened.

Fig. 2 A notched fracture surface of
elastomer-blended, untreated PPS.

Using MDI-treated PPS and an olefinic
elastomer with a functional group of maleic
anhydride, elastomer toughened PPS using

the reactive processing method was
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developed.

The elastomer alloy of the chemically treated PPS has a notch Izod strength value of about 50

kg-cm/cm 2. Though the notched Izod impact strength of the original PPS is about 1 kg*cm/cm, the

elastomer toughened PPS has a notched Izod impact strength around 50 kg cm/cm.

A notched impact fracture surface of
PPS is observed using a scanning electron
microscope. Figure 2 shows the notched
impact fracture surface of elastomer
blended untreated PPS. The elastomer of
the fracture surface is extracted with
chloroform. The diameter of the extracted
hole is about 1 pm. A scanning electron
photograph of a notched impact fracture
surface for a brittle PPS~elastomer blend

shows a brittle surface.
Fig. 3 A notched impact surface of
elastomer-toughened, chemically treated

PPS.

Figure 3 is a photograph of the

»
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notched impact surface of the elastomer-toughened, chemically treated PPS. The elastomer of the

fracture surface of PPS was extracted with
chloroform. The diameter of the extracted
hole is about 0.3 pm. A scanning electron
photograph of the notched impact fracture
surface for the tough PPS~elastomer alloy

shows a tough fracture.

Figure 4 is a transmission electron
photomicrograph of a microtomed section of
toughened PPS. This case contains 20% by
weight of the elastomer with similar particle

size, and well-dispersed particles.

Fig. 4 Microtomed section of toughened PPS.

Properties
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In the case of elastomer toughened PPS, there are two different application cases.

One case is unreinforced, and the other case is reinforced. Usually, we use our toughened PPS
in the reinforced form.

The mechanical properties of unreinforced and glass fiber reinforced elastomer toughened PPS
are shown in Table 1. Though the notched Izod impact strength of the general glass fiber reinforced
PPS (Ryton R4) is about 7 kg-cm/cm, the glass fiber reinforced elastomer toughened PPS is about

22 kg-cm/cm.
Table 1 Properties of elastomer toughened PPS
PPS Tensile Elongation Flexurat Flexural Notched jzod Heat
strength at break strength modulus impact streagth deflection
tkgfom®) (%) {kglom?) kg/om™ tkg.coviem) temperature® {°C)
Unreinforced 550 25 800 23,000 50 150
Glass fiber (40%) 1400 3 2200 110,000 2 >260
reinforced
Rywa™ R4 v
{reference’ 1300 H ) 2060 140000 1 2260
Propertics for Rylon 6 ase from the catakag of the Dainippon Ink Cerparation.
“AL 4.6 hglem®.

* Properties are cited from catalog of "Dainippon Ink Corporation (DIC)-PPS".

Elastomer toughened glass fiber reinforced PPS maintains its original thermal properties. Heat

deflection temperature (HDT) is shown in the table at the same level of over 2600.

Fig. 5 Dart impact properties of glass w0 ' !

fiber reinforced PPS. 500 / E{astémeéggughevned
Figure 5 shows the behavior of the = 0 % ’\ \

dart impact strength of various glass fiber %; C’TOSS* linked \

reinforced PPS's. The horizontal axis is 3 595'}» P8\ fgggr

displacement, and the vertical axis is load. \

The area is energy for dissipation. o .

Dissipation energies increased in the .

following order: o0 505 o 1500 (]
cured and cross-linked PPS < linear Displacement

PPS < elastomer toughened PPS.
Elastomer toughened glass fiber reinforced PPS has an impact strength value twice that of the
linear PPS and four times that of the cross-linked PPS.

Effect of the Method of Reactive Extrusion Processing

We checked how the difference in the reactive extrusion processing method affects the
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elastomer dispersion. When PPS and olefinic elastomer were extruded without a chemical modifier

(MDI), it gave a large elastomer particle size and brittle material (Fig. 6).

Fig. 6 TEM of chemically
untreated PPS blend (core,
parallel to the flow).

When PPS and olefinic
elastomer were extruded with
MDI (this reactive extrusion
process is called the one-step
extrusion), it gave a mixed
combination of elastomer with large
and small particle sizes and a tough
material (Fig. 7).

Fig. 7 TEM of reactive extrusion of
elastomer MDI-PPS-elastomer alloy
(core, parallel to the flow extrusion
process: one-step reactive extrusion

processing.

When MDI-treated PPS was

extruded with olefinic elastomer

(this reactive extrusion process is called the two-step extrusion), it gave a uniformly dispersed

elastomer with a small particle size as shown in Fig. 4.
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Considering the fact that both the reactive one-step extrusion and two-step extrusion methods

gave a tough material with a same order, elastomer particles with a small size were thought to

contribute to the toughness of PPS.

Mechanism of Elastomer Toughening

Fig. 8 Notched Izod impact

strength vs. the number

average particle diameter.

O PPS/elastomer,
oeMDI-treated

PPS/elastomer

ed Izod impact strength/dm

Fig. 8 shows the effect of

the particle diameter on the

Izod impact strength, 2

Particle diameter was

"I5 3.0

changed, first by the chemical treatment of PPS, and second by the extrusion conditions, such as

rotation speed of the screw. The following relations were observed. When the elastomer particle

diameter is large (particle diameter > 1 pm), the notched Izod impact strength is below 100 J/m.

Around the particle diameter approximately 0.5pm, a
brittle - tough transition was observed.

The mechanism for the toughening is attributed to
the matrix PPS shear yielding. This may come from
the chemical structure of PPS. The molecular
structure of PPS is linear chain structure without side
chain, main chain phenylene group is bonded at
1,4-position with sulfide, which is thought to be a

some kind of free joint system, as shown in Fig. 9.

Fig. 9 Structure of PPS 14

The interaction between PPS and the elastomer was
checked. The PPS sheet and elastomer sheet were
thermally pressed. Only the combination of the
MDI-treated PPS and an olefinic elastomer with a
functional group showed a strong adhesion. A strong
interaction between the MDI-treated PPS and olefinic
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elastomer with a functional group was

suggested. ‘ “4CH: & b ,
- doocks

The chemical reaction of PPS and an
olefinic elastomer with a functional group
was also discussed from the viewpoint of

infrared spectroscopy.

Fig. 10 Infrared spectra of acid

anhydride absorbance. PPS/Elastomer

Fig. 10 is the infrared spectra of the
combination of PPS and olefinic elastomer.
The combination of the

chemically-untreated PPS and an olefinic

elastomer showed the absorption of the
carboxylic anhydride at around 1780 cm1,
while for the combination of the
chemically-treated PPS and olefinic elastomer, this band disappeared. This fact suggested a
chemical reaction between the chemically-treated PPS and olefinic elastomer.
Fig. 11 shows the infrared spectra of

D med S WDLwenid BES | )
showed the carbodiimide band ?, while "N, ) 1 fﬂ (f
this band disappeared for the '
combination of MDI-treated PPS and

Carbodiimide

an olefinic elastomer. MDi<Treated PPS

Fig. 11 Infrared spectra of carbodiimide

absorbance.

These facts suggest the chemical

reaction between the functional group

of the elastomer (acid anhydride) and

the carbodiimide group of the | MDI-Treated PPS/Elastomer
MDI-treated PPS 9. '
The chemical reaction between the

MDI-treated PPS and  olefinic T " s Ve w

elastomer with a functional group will
combine the PPS and elastomer, thus

“Wave number/cm

— 281 —



Memoirs of Fukui University of Technology,Vol. 34, Partl, 2004

reducing the surface tension between PPS and the elastomer. Reducing the surface tension
between the matrix PPS elastomer will produce finely dispersed elastomer particles. Due to these
finely elastomer particles, PPS is thought to be toughened. Thus, the key point for toughening is

the chemical reaction between the matrix PPS and elastomer.

Conclusion

We developed elastomer toughened PPS. Since this toughened PPS maintains the advantages of
PPS, that is, thermal properties, mechanical properties, chemical properties and dimensional
stability, toughened PPS has been in market development in the fields of electrical and electronics,

automobile and mechanical applications, and good results have been obtained.
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