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SILVIA CARLA GOÓS DA COSTA, MARIA ISABEL FELISBERTI

Instituto de Quı́mica, Universidade Estadual de Campinas, C.P. 6154, 13083-970, Campinas, SP, Brazil

Received 2 July 1998; accepted 22 October 1998

ABSTRACT: The mechanical blending of polyamide 6 and epichlorohydrin elastomers,
polyepichlorohydrin, PEPI, and poly(epichlorohydrin-co-ethylene oxide), ECO, is ac-
companied by grafting copolymerization. In this work the influence of the graft co-
polymer on the thermal and mechanical properties of the blends is investigated. The
blends are immiscible and the crystallinity degree normalized to the polyamide 6
contents in the blends is higher than expected. The X-ray diffraction results show that
the grafting copolymer is also crystalline; hence, the presence of crystalline phase of
copolymer can be responsible for the apparent enhancement of crystallinity. The DMA
analysis reveals the presence of a shoulder in the peak corresponding to the PA 6 glass
transition, as observed by loss modulus curves, which was assigned to relaxations of the
grafting copolymer. Tensile tests show that the blends are more fragile than the PA 6,
despite the graft copolymer. These results were attributed to the mechanical fragile
interface constituted by a network type structure of the graft copolymer. © 1999 John
Wiley & Sons, Inc. J Appl Polym Sci 72: 1835–1841, 1999
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INTRODUCTION

The physical blending of two or more polymers to
obtain new products has a great technical and
commercial importance, particularly when the de-
velopment of new polymers becomes cost ineffec-
tive and is environmentally unfavorable.

There are some heterogeneous polymer blends
systems that have commercial success; for exam-
ple, impact polystyrene and poly(acrylonitrile-
butadiene-styrene) (ABS).1

Most of the articles concerning this subject in-
dicate that the presence of the third component
acting as a compatibilizer can stabilize the second
phase and induce changes in both rheological and

mechanical properties. These effects were attrib-
uted to the reaction during melt mixing between
the pure polymers and the functional groups
present in the compatibilizer, giving rise to copoly-
mers that bridge the phases2 or to the specific
interactions between the components.

Presently, an attractive alternative to compati-
bilize blends is the formation of the block or graft
copolymer in situ during blend preparation
through an interfacial reaction of functionalized
polymer components. Examples of in situ com-
patibilization have concentrated mainly in blends
of different polyamides and maleic anhydride
(MA)-grafted polyolefins, where the reaction be-
tween anhydride and the —NH2 end groups of
polyamides is possible.3

Chiang and et al.4 studied polymer blends of
polyamide 6 (PA 6) and poly(phenylene oxide),
PPO, compatibilized by the poly(styrene-co-glyci-
dyl methacrylate), (SG). PS is miscible with PPO,
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and the epoxy groups of the SG copolymers can
react with the amine group and carboxylic end
groups of PA 6 in the interface to form a graft
copolymer, SG-g-PA 6, which tends to anchor
along the interface acting as a compatibilizer of
the blends. The optimum glycidyl methacrylate
content in SG copolymer for PA 6/PPO compati-
bilization is about 5%. In this case, smaller do-
mains, higher viscosity in the melting, and im-
proved mechanical properties are observed. Fur-
ther, an increase of GMA content results in
numerous grafts points per chain, forming type-
pinning structures with small styrene segments
penetrating into the PPO phase, which results in
less interfacial adhesion.

Cho and colleagues5 have studied blends of
linear low-density polyethylene (ethylene–oc-
tene-1 copolymer) and ethylene–propylene–
butene-1 terpolymer (ter-PP) mixed mechani-
cally. Although these blend systems are immisci-
ble in the solid and in the melt states, addition of
ter-PP up to 20 wt % in the blend is viable for
engineering applications with the advantages of
improved processibility and mechanical proper-
ties. This is attributed to interfacial interaction
between the components.

In a previous article6 we described the melt
blending of Polyamide 6 (PA 6) with polyepi-
cholorohydrin (PEPI) and with equimolar copoly-
mer poly(epichlorohydrin-co-ethylene oxide) (ECO),
accompanied by chemical reactions between the
components with the formation of the graft copoly-
mer, PA 6-g-elastomer.

The aim of the present work is to determine the
thermal and mechanical properties of the PA

6/epichlorohydrin elastomers blends, and to ana-
lyze the influence of the graft copolymer on these
properties.

EXPERIMENTAL

Materials and Blends Preparation

The blends preparation was described in our pre-
vious article.6

Differential Scanning Calorimetry (DSC)

DSC measurements were carried out in an inert
atmosphere using a DSC 2910 equipment (TA
Instruments). Sample weights were about 10 mg,
and the heating rate was 20°C z min21. The sam-
ples were quenched to 280°C, heated to 260°C,
and kept at this temperature for 2 min, quenched
again to 280°C, followed by heating to 260°C. The
second heating scan was recorded.

Dynamic Mechanical Analysis (DMA)

The DMA were carried out by using a DMA Model
983 from TA Instruments, in the temperature
range from 260–300°C under nitrogen atmo-
sphere, at 1-Hz frequency, and 0.2-mm amplitude
sinusoidal. The dimensions of the specimens used
were 8.0 3 1.5 3 5.0 mm. The samples were
heated in steps of 3°C, remaining at each temper-
ature for ca. 1 min to achieve thermal equilib-
rium.

Figure 1 DSC curves for PA 6/PEPI blends.

Figure 2 DSC curves for PA 6/ECO blends.
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Mechanical Properties

The mechanical properties of the blends were
evaluated by tensile tests according to the ASTM
D1708-66 using an EMIC-2000 universal testing
machine. The crosshead speed was 5 mm z min21.
The results were averaged with at least seven
measurements.

RESULTS AND DISCUSSION

Figures 1 and 2 show DSC curves for blends of
PA 6 with PEPI and ECO elastomers, respec-
tively.

The PA 6 is a semicrystalline polymer pre-
senting glass transition at 57°C and melting
point at 224°C. PEPI is an amorphous polymer,
exhibiting glass transition at 218°C (Fig. 1).
ECO is a semicrystalline polymer, with glass
transition at 236°C and melting point at 107°C
(Fig. 2). DSC curves of the polyamide/elas-
tomers blends reveal two glass transitions at
temperatures corresponding to the transitions
of the pure polymers, and an endothermic peak
due to melting of the PA 6 crystalline phase.
This indicates immiscibility in the whole range
of compositions studied.

The glass transition temperature (Tg), melting
point (Tm), fusion enthalpy (DHm), and the fusion
enthalpy normalized with respect to the percep-
tual of polyamide in the mixture, DHmN, are
shown in Tables I and II for blends of PA 6/PEPI
and PA 6/ECO, respectively.

The DHmN increases with a decrease of poly-
amide concentration in the mixture. Apparently
this result is unexpected, because the poly-
amide is the principal crystalline component in
the blends. The melting temperature is practi-
cally independent of the blend composition. X-
ray diffractometry showed that the presence of
epichlorohydrin elastomers changes the diffrac-
togram pattern of PA 6, and that the PA 6-g-
elastomer copolymer is also crystalline.6 There-
fore, the DSC results can also reflect the pres-
ence of the graft copolymer or the crystallization of
PA 6 induced by the presence of graft copolymer, or
both effects.

The loss modulus vs. temperature curves
(Log E0 vs. T) obtained from DMA experiments
of the homopolymers and PA 6/elastomers
blends containing 5, 20, and 40 wt % in elas-
tomers are illustrated in Figures 3 and 4. PA 6
shows three peaks: the most intense peak with
maximum at 57°C is attributed to the glass

Table I Data Obtained from DSC Curves for PA 6/PEPI Blends

PEPI (wt %) Tg PEPI Rich Phase (°C) Tg PA 6 Rich Phase (°C) Tm (°C) DHm (J/g) DHmN (J/gPA 6)

0 — 57 224 52 52
5 216 57 224 51 54

10 222 59 223 58 64
20 224 55 225 46 58
30 220 61 224 43 61
40 220 59 223 28 47

100 218 — — — —

Table II Data Obtained from DSC Curves for PA 6/ECO Blends

ECO (wt %) Tg ECO Rich Phase (°C) Tg PA 6 Rich Phase (°C) Tm (°C) DHm (J/g) DHmN (J/gPA 6)

0 — 57 224 52 52
5 241 55 227 53 56

10 241 60 226 54 60
20 240 56 225 41 51
30 239 62 224 37 53
40 238 55 224 33 55

100 236 — 107 0.98 —
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transition; the b relaxation at about 255°C cor-
responds to the relaxations of hydrogen bonded
amide groups; and the melting is observed at

224°C. PEPI and ECO elastomers exhibit peaks
with maximal at 229 and 244°C, respectively,
attributed to glass transition. Two glass transi-

Figure 3 Loss modulus as a function of the temperature for PA 6/PEPI blends: ‚—0;
E—5; z z z —20; F—40; and —100 wt % PEPI.

Figure 4 Loss modulus as a function of the temperature for PA 6/ECO blends: ‚—0;
E—5; z z z —20; F—40; and — 100 wt % ECO.
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tions were observed for the blends, as expect
from the DSC data.

The glass transition of PA 6 becomes broad
with the addition of the elastomers, and a shoul-
der appears at around 25°C. This shoulder can be
associated with the presence of the graft co-

polymer in the interface.6 In addition, the Tg of
the PA 6-rich phase shifts slightly to the lower
temperature. This fact was not observed in the
DSC data because of the poor definition of the
glass transition of PA 6. DMA technique is more

Table III Tensile Properties of the PA 6/PEPI
Blends

PEPI
(wt %)

Stress at
Break (MPa)

Strain at
Break (%)

Young’s Modulus
(MPa)

0 40 6 18 73 6 4 1293 6 111
5 45 6 8 11 6 4 1159 6 243

10 57 6 4 17 6 5 701 6 171
20 40 6 6 16 6 5 660 6 32
30 23 6 3 14 6 3 640 6 75
40 18 6 1 18 6 6 581 6 87

Figure 5 Loss modulus as a function of the temper-
ature for (- - -) PA 6/PEPI or (—) PA 6/ECO blends
containing: (A) 5, (B) 20, and (C) 40 elastomer (wt %).

Figure 6 Stress–strain curves: (A) PA 6/PEPI blends,
(B) PA 6/ECO blends.
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sensitive to detection of transitions and distur-
bances caused by chemical reactions and inter-
actions.

Loss modulus curves for blends with the same
compositions but different elastomers are shown
in Figure 5. The glass transition of the PA 6 in the
blends containing ECO shifts to lower tempera-
tures and the shoulder at 25°C becomes more
intense in comparison to PEPI blends. This result
is expected because the grafting degree is higher
for the ECO blends.6

The mechanical properties of the mixtures
were evaluated by tensile tests. The stress–strain
curves are shown in Figure 6 and the dates ob-
tained from them were recorded in Tables III
and IV.

The results of the tensile tests for the blends
reveal that Young’s modulus were reduced in
relation to the PA 6 pure. The elongation at
break and tensile strength of the blends were
significantly lower in comparison with PA 6,
indicating that the addition of elastomers do
not improve the tensile mechanical properties
of PA 6.

The copolymer PA 6-g-elastomer should con-
tribute to the interfacial adhesion, but its effi-
ciency to promote compatibilization in the PA
6 – epichlorohydrin elastomers blends depends
on the chemical structure, temperature, mixing
conditions, and the concentration of polymers
and reactive groups. The graft copolymer con-
centration in the PA 6/epichlorohydrin elas-
tomers blends is relatively high (ca. 6% for
blends containing 20% of PEPI, for example),6

and its structure should be very complex, be-
cause the reactive group chloromethylene is
present in each epichlorohydrin segment and
can participate in the graft reaction, forming a
network-type structure. High reactive group
concentrations induce high crosslinking den-
sity. As a consequence of this structure, the
elastomer segments lost flexibility and the abil-
ity to dissipate mechanical energy.

The graft copolymerization in the interface is
desired to promote adhesion and compatibiliza-
tion in blends, but the extension of the grafting
reaction and the structure of the copolymer are
decisive to improve the blend properties. High
concentration of graft copolymer brings process-
ing difficulties, because of their rheology. The
TEM micrographs for PA 6/epichlorohydrin
elastomers blends reported previously6 reveal a
heterogeneous morphology, with elastomers do-
mains of different dimensions and forms and a
poorly defined interface. This morphology is a
result of the complex rheological behavior of the
mixture, whose composition changes strongly
during the blending. In addition, copolymers
exhibiting network structures can act as a rigid
shell around the elastomer particle, hindering
the transference of mechanical energy between
the matrix and the dispersed phase observed by
tensile tests. Oshinski and colleagues7 observed
a similar behavior for PA 6,6/SEBS-g-MA
blends.

CONCLUSIONS

The PA 6–epichlorohydrin elastomers blends
show a lower tensile strength in comparison to
pure polyamide, despite the presence of graft co-
polymer PA 6-g-elastomer to promote interfacial
adhesion. It is suggested that the mechanical
properties of the blends are strongly influenced by
the interface, apparently more fragile. The per-

Table IV Tensile Properties of the PA 6/ECO Blends

ECO (wt %) Stress at Break (MPa) Strain at Break (%) Young’s Modulus (MPa)

0 40 6 18 73 6 4 1293 6 111
5 46 6 17 38 6 12 1127 6 318

10 43 6 10 34 6 7 742 6 154
20 38 6 13 10 6 5 1270 6 316
30 18 6 8 8 6 4 788 6 175
40 17 6 2 6 6 1 573 6 121
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formance of the graft copolymer for compatibili-
zation is determined by their concentration and
structure.
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