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Abstract : Blends of nylon-6/ethylene-propylene rubber(EPR)/ethylene-acrylic ester-maleic anhyd-
ride copolymer(EAM) in which the EPR and the EAM were used as impact modifiers were prepared
by melt blending and the structure-property relationships of the blends were studied. It was observed
that the size and the number of discrete particles were decreased as the EAM content was increased
at the fixed levels of the 20 wt% modifiers. Graftomers seemed to be formed from the reaction bet-
ween the nylon-6 and the EAM and the dispersion of the modifiers was improved. The impact stre-
ngth of the blends showed maximum as the EAM content was increased. It is postulated that the
synergistic toughening of the nylon-6 by the modifiers is attributable to the relatively large particles
of the EPR effective for craze formation as well as the fine dispersion of the EAM favoring shear

yvielding. Tensile properties and crystallization behaviors of the blends depending on the EAM content

are discussed based on the morphology of the blends.
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INTRODUCTION

Various rubbers are often employed as impact
modifiers of plastics. In order to improve the tou-
ghness of brittle plastics efficiently, particle size of
the rubber and the rubber-matrix adhesion are re-
ported to be important factors by many resear-
chers.'? According to Wu, impact energy is dissi-
pated by crazing as well as shear vielding of the
matrix in case of nylon-6,6> He also pointed out
that the distance between rubber particles must be
smaller than the critical value for rubber modified
nylon-6,6 to dissipate the impact energy efficiently
by matrix yielding* Morphology of rubber modli-
fied plastic may be determined by the rheological
properties and the compatibilities of the constitue-
nts. The compatibility between rubbers and polya-
mides are reported to be improved by functionali-
zation of the rubber with maleic anhydride which
readily forms imide linkage with amine groups of
the polyamides during melt mixing® As an effort
to improve the toughness of the nylon-6, ethylene-
propylene rubbers(EPR) and ethylene based mul-
tifunctional copolymer were employed as impact
modifiers and structure-property relationships of
the modified nylon-6 are reported in this paper.

EXPERIMENTAL

Commercial polymers were used in this study.
Characteristics of the polymers are summarized in
Table 1. Both EPR(I) and EPR(I) are immiscible
with nylon-6 and the viscosity of the EPR(I) is lo-
wer than that of EPR(II). An ethylene based mul-
tifunctional copolymer was employed as impact
modifiers as well as compatibilizers of the nylon-6
/EPR blends. According to the resin maker, the
ethylene based multifunctional copolymer is ethy-
lene-acrylic ester-maleic anhydride copolymer
(EAM) in which the acrylic ester is ethyl acrylate
or butyl acrylate and the comonomer content is 32
% and acid value of which is 11 mg KOH/g. The
acid value of the EAM corresponds to the maleic
anhydride content of 1.0%. Various blends of ny-
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Table 1. Characteristics of Polymers Used in the Pre-
paration of the Blends

s Manufacturer . .
Polvmer (Grad ) Characteristics
srade name

nylon-6 Tongyangnylon Medium viscosity for
(TOPLAMIDE-  injection molding, M, =
1021) 25,000

EPR(I) Kumho EP Rub- Ethylene-propylene co-
ber(KEP-070) polymer, Moony Visco-

sity(100C) 24 1b. in
EPR{) Kumho EP Rub- Ethylene-propvlene-
ber(KEP-570) cthylene  norbornene
copolymer Moony Vis-
cosity(100C) : 83 1b. in
EAM Ato  Chem(LO- Ethylene-acrylic ester-
TADER 4700) maleic anhydride copo-

lymer

lon-6, EPR, and EAM were prepared employing si-
ngle screw extruder(barrel diamter . 40 mm, ratio
of length to diameter : 24). The temperature of
the melts in the die head was 240C. The content
of EPR and/or EAM used as impact modifiers was
fixed to be 20% by weight in this study and the
ratios of EPR and EAM were varied. Compositions

.of the blends investigated are given in Table 2.

Table 2. Composition of the Nylon-6/EPR/EAM Ble-
nds Studied

Sample Blend
i Ingredient ratios
code )
(by wt.)
A-0 Nylon-6/EPR(KEP-070)/EAM 80,20/0
A-4 Nylon-6/EPR(KEP-070)/EAM 80,/16/4
A-8 Nylon-6/EPR(KEP-070)/EAM 80/12/8
A-12 Nylon-6/EPR(KEP-070)/EAM 80/8/12
A-16  Nylon-6/EPR(KEP-070)/EAM 80/4/16

A-20  Nylon-6/EAM 80720

B-0  Nylon-6/EPR(KEP-570)/EAM 80720/0
B-4 Nylon-6/EPR(KEP-570)/EAM 80/16/4
B-8 Nylon-6/EPR(KEP-570)/EAM 80/12/8
B-12  Nylon-6/EPR(KEP-570)/EAM 80/8/12
B-16  Nylon-6/EPR(KEP-570)/EAM 80/4/16
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The blends were injection molded for tests of ten-
sile strength, elongation at break, and notched Tzod
impact strength accroding to ASTM D 638 and D
256. The morphology of the blends was studied
with cryogenically fractured specimens followed by
etching with xylene. The etched fracture surface
were coated with gold in vacuum and observed
using scanning electron microscope(SEM : Hitachi
X-650). The blends were dissolved in 80% formic
acid solution dissolving nvlon as well as rubbers
to check formation of graftomers by Molau test.’
Crystallization of the nylon-6 in the blends was
studied employing differential scanning calorime-
ter(DSC : DuPont 910).

(c)

Fig. 1. SEM micrographs of cryogenically fractured surface of various nylon-6/EPR(I)/EAM blends : (a)

A-0: (b) A4 (¢) A-12: (d) A-20.
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RESULTS AND DISCUSSION

In Fig. 1 and 2, SEM pictures of the fracture sur-
faces of the nylon-6/EPR/EAM blends are shown.
It is believed that the discrete phases are the EPR’
s and the EAM as they are soluble in xylene and
must be etched. It is observed that the size of the
discrete domain decreases as the content of the
EAM is increased. It is worthwhile to note that the
domain size of the discrete phase of the nylon-6/
EPR(I)/EAM blends is smaller than that of nylon-
6/EPR(II)/EAM. According to Han, the size of dis-
crete phase in polymer blend is determined by the
viscosity ratio of the polymers as well as interfacial
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Fig. 2. SEM micrographs of ciyogenically fractured surface of various nylon-6/EPR(II)/EAM blends : (a)

B-0: (b) B-4; (¢) B-12; (d) B-16.

properties.” It seems that the larger discrete do-
main of the nylon-6/EPR(II)/EAM blend resulted
from the higher viscosity of EPR(Il) than that of
EPR(D). In Molau test, the blends without EAM
formed clear supernatant solution of nylon-6 while
the blends containing the EAM formed milky su-
pernatant. Cinnamon and his coworkers reported
that the milky colloids are due to graftomers for-
med by the reaction between amine groups of
polyamide and maleic anhydride of maleated modi-
fier.® It is postulated that the graftomers were for-
med from the in-situ reaction between the EAM
and the nylon-6 during blending and reduced the
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size of dispersed modifiers acting as compatibili-
zers of the nylon-6/EPR/EAM blends. It is also
observed that the number of relatively large disc-
rete particles in the SEM pictures decreases as the
EAM content is increased in the blends. It seems
that the EPR forms relatively large particles the
size of which is reduced as the EAM content is in-
creased while the EAM forms graftomers and is
dispersed finely in the blends. However, it is not
clear if EPR and EAM form seperate domain at
this moment. In order to elucidate the dispersion
of the EPR and the EAM, further morphological
studies may be required.
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In Fig. 3, notched Izod impact strength(NI) as
a function of EAM content of the blends is given.
It is observed that the NI's of the nylon-6/EPR(I)
/EAM blends are higher than those of nylon-6/
EPR(II)/EAM blends. It seems that the NI's of the
nylon-6/EPR(I)/EAM blends are higher than
those of nylon-6/EPR(II)/EAM blends due to the
smaller size of d:screte particles and shorter inter-
particle distance of the nylon-6/EPR(1)/EAM
blend which is effective for energy dissipation by
shear yielding. It is of interest to note that the NI’s
of the blend shew maximum as the EAM content
of the blends are increased. Paul and his cowor-
kers reported that synergistic toughening effect
was observed for styrene-acrylonitrile copolymer
with mixture of fine emulsion particles of methyl
methacrylate-butadiene-styrene copolymer and re-
latively large particles of styrene-butadiene-sty-
rene block copo]ymer.8 Such synergistic tougheni-
ngs were attributed to the presence of relatively
large particles and fine particle which are efficient
for craze formation and shear yielding respecti-
vely. It is speculated that the NI's of the nylon-6
/EPR/EAM blends also show maximum due to sy-
nergistic toughening effects by the presence of re-
latively large particles of the EPR as well as fine
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Fig. 3. Notched izod impact strength(NI) vs. EAM
content for various nylon-6/EPR/(1)/EAM blends(()
and nylon-6/EPR(II)/EAM blends(A).
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dispersion of the EAM in the blends.

In Fig. 4, tensile strength(TS) of the nylon-6/
EPR/EAM blend as a function of EAM content is
shown. It is observed that the TS’s of the blends
increased and leveled off as the EAM content was
increased. The increase of TS is attributable to the
improved dispersion and adhesion between the di-
screte phase and the nylon-6 matrix in the blends
by the graftomers formed. In Fig. 5, elongation at
break(EL) of the nylon-6/EPR/EAM blend as a
function of EAM content is given. In case of the
nylon-6/EPR(I)/EAM blends, the EL’s did not
change very much depending on the EAM content.
However, significant increase of EL was observed
in the nylon-6/EPR(II)/EAM blends. It was obser-
ved from the morphology that the dispersion of
EPR(I) in B-0 is coarser than that of EPR(II) in
A-0 and seems that the graftomers from the reac-
tion between the EAM and the nylon-6 acting as
compatibilizers were very effective and the inc-
rease of EL was significant for the B-0.

Fig. 6 shows the heat of crystallization of the
nylon-6(AH.) in the nylon-6/EPR/EAM blends
depending on the EAM content. It is observed that
the AH, decreases as the EAM content is increa-
sed. The AH, was obtained by cooling the sample
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Fig. 4. Teusile strength(TS) vs. EAM content for va-
rious nylon-6/EPR(1)/EAM blends(()) and nylon-6/
EPR(II)/EAM blends(A).
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Fig. 5. Elongation at break(EL) vs. EAM content for
various nylon-6/EPR(I)/EAM blends(() and nylon-6
/EPR(II)/EAM blends(A).
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Fig. 6. AH. vs. EAM content for various nylon-6/EPR
(I)/EAM blends(() and nylon-6/EPR(II)/EAM ble-
nds(A).

at 5C/min, which was initially heated to 240C and
held for 3 minutes in DSC. It seems that the crys-
tallization of the nylon-6 is hindered in the blends
due to molecular irregularity introduced by the fo-
rmation of graftomers from the EAM and the ny-
lon-6.
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CONCLUSION

The impact strength of the nylon-6 modified by
the EPR and the EAM showed maximum at a cer-
tain content of the EAM in the blends. The size
and the number of discrete particles decreased as
the EAM content was increased. It is speculated
from the Molau test that graftomers were formed
from the reaction between the nylon-6 and the
EAM and improve the dispersion of the modifiers.
The synergistic toughening of the nylon-6 by the
EPR and the EAM was attributed to the relatively
large particles of the EPR and the fine dispersion
of the EAM in the blends. Tensile strength and
elongation at break of the nylon-6/EPR/EAM ble-
nds increased as the EAM content was increased
possibly due to the improved dispersion and adhe-
sion of the modifiers in the blends.
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