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Blend of Nylon 6 - PET Waste

D. D. Kale* and A. Y. Kharade
UDCT, University of Mumbai, India
Jung Gyu Kim
Department of Chemical Engineering, Chosun University, Kwangju, Korea

Il Hyun Jung

Department of Chemical Engineering, Dankook University, Seoul, Korea
Received October 11, 1997

Abstract: Nylon 6 and waste PET were melt blended. Ethylene acrylic acid copolymer, EAA, poly-
carbonate, PC and stylene-ethylene-butylene-stylene copolymer, SEBS were used as-compatibilizers.
Blends prepared at higher speeds showed better properties. The water vapour permeability of the
blend was considerably lower than that of virgin nylon. Properties of the blend were correlated with

morphology.

Introduction

Nylon and PET are important polymers owing
to their excellent mechanical and barrier prop-
erties. Disposal of waste PET causes a major en-
vironmental problem. PET is difficult to recycle
due to its thermal and hydrolytic degradation.’
There are many ways in which recycling or uti-
lizing waste PET can be practised. Many of these
are described in patents.**

Nylon and PET are used as a barrier film in
multilayer packaging films. Nylon has lower ox-
ygen permeability than PET but both these val-
ues are fairly low. However, nylon has much high-
er water permeability than PET.* Therefore, ef-
fect of PET on the mechanical and barrier prop-
erties of Nylon can be interesting. Subramanian
et al’ and Kamal et al.° have shown that oxygen
permeability of HDPE can be reduced substanti-
ally by blending it with nylon. Since oxygen per-
meability of PET and nylon are close to each oth-
er and water vapour permeability of PET is
much lower, it is possible that blending PET with

nylon can result in the reduction in water vapour
permeability of nylon without much change in ox-
ygen permeability. There are no such data avail-
able. Therefore the present work investigate melt
blending of nylon 6 with recycled PET (bottle
and fibre waste) and effect of ethylene acrylic
acid copolymer (EAA), stylene-ethylene-buthyl-
ene-stylene copolymer (SEBS), polycarbonate
(PC) as possible compatibilizers on the mechan-
ical, rheological and barrier properties of the
resulting blend.

Experimental

Nylon 6{(Gujlon E 35), polyethylene tere-
phtalate (PET) waste, ethylene acrylic acid co-
polymer (EAA), stylene-ethylene-buthylene-styl-
ene (SEBS) and polycarbonate (Makrolon 2805)
were used in the present investigation. Nylon 6,
PET and PC were dried at 140°C for 6 h. The
dried polymers were cooled and stored in a cal-
cium chloride dessicator and used immediately.

The required quantities of polymers were weigh-
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ed and dry blended in a beaker prior to melt
blending. Melt blending was carried out in Haake
Rheomix 600 at 260°C at various rotor speeds.
The PET content was varied with 10, 20 and 30%
by weight. Effect of EAA, SEBS and PC, as pos-
sible compatibilizers on the properties of blends
was studied. The blend thus obtained in the lump
form was compression moulded at 260°C under
a pressure of 150kg/cm?® (Sterling Hydraulic
Press). The sheets thus prepared, were used for
the determination of mechanical, rheological, ther-
mal and morphological properties. Compression
moduled films were used to study the isobaric ox-
ygen permeability and water vapour permeability.

Tensile strength of the samples was evaluated
according to ASTM D 638 using R&D Electro-
nics Computerized Tensile Testing Machine at a
cross head speed of 50 mm/min. Impact strength
of Vertical Cantilever Beam {lzod test method
type - A} was measured using Avery Denison's
pendulum type impact tester, Model 6709 with
stricking velocity of 3.46 m/s. Melt rheology of
the samples was studied using Haake RT 10 par-
allel plate rheometer. The isobaric permeability of
polymer films was determined using Lyssy Ana-
lytic Gas Permeability Fractometer, Model GPM
200. Isobaric water vapour permeability was det-
ermined using gravimetric method. Morphology
of the samples was analysed using Scanning Elec-
tron Microscope, Jeol, Japan. The morphology of
the cryofractured surface was.observed.

Results and Discussion

Mechanical Properties. Initial blend of 80:20
composition of Nylon 6 : bottle waste PET was
prepared using different rotor speeds. Table I
shows the effect of blending speed on the me-
chanical properties of compatibilized and noncom-
patibilized blends. The properties of the blend
seem to be improved with an increase in blending
speed, and then more or less levelled off. Thus,
blends prepared at 60~80 rpm showed best prop-
erties.

All the compatibilizers appear to be effective in
improving the mechanical properties. PC seems
to be more effective than EAA in improving the
tensile strength while SEBS seems to improve %
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Table 1. Effect of Speed of Mixing on Mechanical
Properties of Nylon 6

Speed Blend Tensile % Impact

rpm Composition = Strength Elongation Strength

Nylon 6 PET  Kg/em” Jlem

100 0 555 195.5 31
20 80 20 a 403 189 14
40 80 20 a 397 18.8 1.6
60 80 20 a 436 20.2 19
80 80 20 a 420 19.1 1.8
20 80 20 b 436 20.7 2.0
40 80 20 b 450 221 21
60 30 20 b 463 339 2.1
80 80 20 b 458 279 2.2
20 80 20 ¢ 409 274 2.2
40 80 20 ¢ 399 254 2.2
60 80 20 ¢ 452 30.8 24
80 80 20 ¢ 391 209 26
20 80 20 d 370 20.2 2.1
40 80 20 d 372 17.7 24
60 80 20 d 403 22.5 29
80 80 20 d 529 24.3 3.0

a : Noncompatibilized blends, b:EAA compatibilized
blends, c:SEBS compatibilized blends, d:PC compati-
bilized blends.
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Figure 1. Effect of mixing speed on viscous behaviour of
noncompatibilised 80:20 blend. O: 20 rpm, A: 40 rpm, O:
60 rpm, <: 80 rpm.

elongation. It may be noted that the elongation of
the blend was significantly lower than that of the

Korea Polym. J., Vol. 6, No. 1, 1998



Blend of Nylon 6-PET Waste

virgin nylon. This may show that the system still
behaves as a two-phase system.

Rheology. Figures 1 and 2 show the effect of
blending speed on the rheology of PC com-
patibilized 80:20 blend. It is interesting to note
that melt viscosity of the blend prepared at 20
rpm was lower than those prepared at higher spe-
ed. The difference in the viscosities of the blends
prepared at 60~80 rpm was not very significant.

The rheology of blends using other com-
patibilizers as well as that of noncompatibilized
blends also showed similar trend. The increase in
viscosity due to increased speed of blending may
be due to finer dispersion of the dispersed PET
phase.

Morphology. Figures 3 to 6 show the SEM
photographs of 80:20 blends prepared at dif-
ferent speeds. The effect of compatibilizer can
also be very clearly seen as the droplet size of
compatibilized blends was much smaller than that
of noncompatibilized blend. The blend prepared
at 80 rpm shows very fine dispersion of PET
{average size 0.25 microns). The domain size of
dispersed phase became progressively smaller
with increasing speed. These morphological
changes can explain the change in mechanical
and rheological properties.

Effect of Composition. Based upon the
results obtained so far, other blends of 90:10
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Figure 2. Effect of mixing speed on viscous behaviour of
PC compatibilised 80:20 blend. 0: 20 rpm, A: 40 rpm, O:
60 rpm, <: 80 rpm.
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and 70:30 compositions were prepared at higher
speeds. The mechanical properties of these blends
are shown in Table II. It is clear that com-
patibilized blends showed better properties than
noncompatibilized blends up to 80:20 com-
positions. The properties of 70: 30 blend were in-
ferior. Perhaps still higher speeds may be neces-
sary to improve the properties of this blend. Due
to limitations of existing facility, these ex-
periments could not be conducted.
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Speed of mixing, 60 rpm Speed of mixing, 80 rpm

Figure 3. Effect of speed of mixing on morphology of non-
compatibilized Nylon 6 /PET (bottle) waste 80 : 20 blend.
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Figure 4. Effect of speed of mixing on morphology of EAA
compatibilized Nylon 6 / PET(bottle) waste 80 : 20 blend.
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Speed of mixing, 60 rpm Speed of mixing, 80 rpm

Figure 5. Effect of speed of mixing on morphology of PC
compatibilized Nylon 6 / PET(bottle) waste 80 : 20 blend.

Figure 6. Effect of speed of mixing on morphology of
SEBS compatibilized Nylon 6/PET(bottle) waste 80:20
blend.

Barrier Properties. Table Il shows the effect
of PET on the water vapour permeability and
oxygen permeability of Nylon 6. The oxygen per-
meability of the blend increased slightly with
increase in PET content. However. it was still less
than that of PET. The type of PET waste does
not also seem to have significant effect on the ox-
ygen permeability. Bottle waste PET. however.
had marginally lower oxygen permeability.

The waste vapour permeability seems to be de-
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Table II. Effect of Speed of Mixing on Mechanical
Properties of Different Blend Compositions

Blend Tensile Strength 9 Impact

Composition Ka/cm® Elon Oa tion Strength
Nylon 6 PET  at 60/80 rpm S Jlem
100 0 555 195.5 3.1
90 10 a 449 354 0.7
80 20 a 435 20.2 14
70 30 a 390 152 0.7
90 10 b 498 39.8 2.3
80 20 b 463 339 2.0
70 30 b 389 14.3 1.0
90 10 ¢ 495 40.2 2.7
80 20 ¢ 452 308 22
70 30 ¢ 390 18.8 1.2
90 10 d 549 30.1 24
80 20 d 529 24.3 21
70 30 d 359 19.1 10

a ' Noncompatibilized blends, b:EAA compatibilized

blends. ¢ : SEBS compatibilized blends. d:PC compati-
bilized blends.

Table 1ll. Effect of Waste PET on Oxygen
Permeability* and Water Vapour Permeability™®
through Nylon 6

Con?:)egs(ijtion Without With With  With
Nylon 6 PET Compatibilizer EAA SEBS PC

Oxygen Permeability

100 0 1.87 231 2.25 231
0 100 a 2.87 - - -

90 10 a 2.00 2.38 1-93 212
80 20 a 2.16 202 -.200 221
70 30 a 2.24 231 2.14 2.30
90 10 b 1.98 1.59 1.95 2.01
80 20 b 2.05 1.99 2.02 2.10
70 30 b 2.19 2.01 2.19 224
Water Vapour

100 0 16143 16804 16549 16132
0 100 b 1850 - - -

90 10 a 13244 15215 14370 12141
80 20 a 10293 13120 13390 11215
70 30 a 8555 10630 11210 9989
90 10 b 11396 14510 14223 13139
80 20 b 8556 12758 11866 11095
70 30 b 6196 10841 9111 10135

a : PET fibre waste. b : PET bottle waste.
“Expressed in 10" (cm” min)/{cm®s.cm.Hg).
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creasing considerably with the increase in PET
content. Effect of compatibilizers seems to in-
crease the water vapour permeability over non-
compatibilized blends, but it still was much less
than of that virgin nylon.

Conclusions

Blends of nylon and waste PET have much low-
er water vapour permeability. The blends prep-
ared at higher shear rates resulted in better prop-
erties. PC and EAA can act as compatibilizers.
Blends with higher PET content, prepared at high
speeds and perhaps with compatibilizers of ap-
propriate molecular weights/mixing times may
be prepared.
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