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Abstract

Mechanical properties of Nylon
6,6/PVB including impact strength at
various temperatures and brittle-ductile
transition were investigated. The function
of PVB resembles that of a SEBS copolymer
in a Nylon 6,6 blend system regarding
tensile strength, elongation etc. A
SEBS-g-MA copolymer was incorporated as
a compatibilizer to improve the impact
resistance between Nylon 6,6 and PVB.
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Introduction
There has been of great commercial
interest in polymer blends containing
recycled materials because the technology

offers a potential and economic route to new

products with combined attractive features
of each matenial. [1,2]

Nylon 6,6 is one of widely used
engineering plastics. However, many
drawbacks remain to be improved, such as
brittleness and high moisture absorption.
One of approaches is to blend Nylon 6,6
with various types of rubbery polymer
including
styrene-ethylene-butylene-styrene block
copolymer (SEBS) etc. A compatibilizer
has usually been incorporated to further
improve impact resistance. [3-5]

Few studies have been done on the
recycled PVB (Polyvinyl butyral) blend.[6,7]
PVB film has been widely used as the
interlayer in automobile safety glasses due
to its toughness, light stability, clarity, and
insensitivity to moisture and good adhesion
to glass. Cha et al. [7] reported that blends
up to 35 wt. % PVB show higher
mechanical properties than those of Nylon 6
blended with conventional impact modifier
styrene-ethylene-butylene-styrene. The
objective of this research is further to exam
this possibility in achieving a super tough
Nylon/SEBS-g-MA/PVB blend and explores
a really practical route to recover the loss of
PVB scrap film.



Experimental
Materials: The materials used in this study
were Nylon 6,6(Dupont, Zytel 101L),
SEBS-g-MA (Sheli, Kraton 1901X) and
SEBS(Shell Kraton G1652) and PVB,.
Polyvinyl butyral is a copolymer of vinyl
butyral-co-vinyl alcohol-co-vinyl acetate.
Recycled PVB film, used as received, is
collected from the trimmed scrap around the
edge of glasses laminate during production.
Sample preparations: Mixing of Nylon 6,6
and PVB with a SEBS-g-MA as
compatibilizer was carried out using a

co-rotating twin-screw extruder of type
Kobe KTX-30.
Mechanical tests: Tensile measurements

were conducted using an Instron Machine
model 4204. Notched 1zod impact test was
performed using Custom Scientific
Instruments CS-137 at various temperatures
ranging from -40°C to room temperature.
Rheology: For rheological characterization,
the melt viscosities of those blends were
determined at 280°C under various shear
rate ranging from 10 to 10’ 1/sec using
Gottfert Rheometer.

Results and Discussion
Mechanical properties:

Table 1 shows the results of flexural
and Tensile measurements for three blends
of Nylon 6,6 with PVB, SEBS, SEBS-g-MA
respectively at a representative blend
composition of Nylon 6,6/elastomer = 85/15.
Mechanical properties of blend (Nylon
6,6/PVB) including Flexural strength, etc.
are reported to 20% lower than those of
unmodified Nylon 6,6 except a moderate
improvement in the tensile strength and

elongation.  Similar observations were also

found for Nylon 6,6 blended with SEBS,
except a better performance for PVB in
terms of tensile strength and elongation.
Unlike Cha’s finding [7], PVB offers better
performance than SEBS in terms of impact
resistance for their Nylon 6 blends system.
When SEBS-g-MA, a commonly used
compatibilizer and impact modifier for
Nylon 6,6, is also chosen for the comparison,
the mechanical properties for the resulting
blend (Nylon 6,6/SEBS-g-MA)
unexpectedly resembles to those of Nylon
6,6/PVB system. To further investigate the
role of PVB in those blends, tensile and
flexural properties with different amounts of
PVB are shown in Fig. 1 and 2.

Though the incorporation of PVB
seems to increase certain mechanical
properties of Nylon 6,6 blends, the impact
strength at various temperatures for Nylon
6,6/PVB are still 30% lower than for
unmodified Nylon 6,6.  Similar results are
found for Nylon 6,6/SEBS as shown in Fig.
3. SEBS-g-MA was therefore incorporated
to improve the interface interaction between
PVB dispersed phase and Nylon 6,6 matrix.
The impact strength for this compatibilized
system is higher than for the unmodified
system as shown in Fig. 4. With increasing
the compatibilizer content, the impact
strength was increased dramatically up to 20
times, ca. 800 J/m, esp. results at room
temperature.

When similar tests were performed at a
thickness of 1/4”, most samples failed in a
brittle behavior. Over the investigated
temperatures, the Nylon 6,6/ PVB system
without a compatibilizer still gave low
impact strength.  With increasing



compatibilizer content, the impact strength
increased slightly up to 4 times, reaching
150 to 200 J/m.  As the brittle-ductile
transition temperature (BDTT) is affected by
the sample thickness, the results for Nylon
6,6 blend containing various amounts of
elastomers (SEBS-g-MA) with two different
types of specimen, 1/8” and 1/4” thick are
shown in Fig. 6. For a fixed elastomer
modified systems, the BDTT is higher for
thicker sample. Furthermore, the
brittle-ductile transition temperature
increased dramatically with increasing PVB
content (or decreasing SEBS-g-MA content)
for a fixed elastomeric dispersed phase. It
implies SEBS-g-MA for this Nylon 6,6
/PVB blend system performs not only a
compatibilizer but also an impact modifier.
Results on the observations on fracture
surface will be published in a separable
paper.
Rheology:

Effects of SEBS-g-MA on the apparent
viscosity of Nylon 6,6/PVB blend system
are shown in Fig. 7. With increasing
SEBS-g-MA content, the melt viscosity
increased slightly at various shear rates. It
suggests the interfacial interaction has been
improved resulting from the chemical
reaction of maleic anhydride group of the
compatibilizer with the amine group on the
Nylon matrix.  This in turn improves the
mechanical properties of unmodified Nylon
6, 6/PVB blend.

Conclusions
The function of PVB resembles that
of a SEBS copolymer in a Nylon 6,6 blend

system regarding tensile strength, elongation

(8]

A SEBS-g-MA copolymer was

incorporated as a compatibilizer to improve

etc.

the compatibility between Nylon 6,6 and
PVB. As the content of the compatibilizer
increased, the impact resistance at all
investigated temperatures increased. A
brittle to ductile transition is sometimes
observed depending sample geometry.
Higher values of brittle-to-ductile transition
temperature were seen as the PVB content
increased.

Evaluations
Most of proposed works have been carried
out through this study and will be published.
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