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Thermoplastic elastomers based on
ionomeric polyblends of zinc salts of
poly(propylene-co-acrylic acid) and
carboxylated nitrile rubber
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lonomeric polyblends of zinc salt of carboxylated nitrile rubber, abbreviated as Zn-XNBR
and zinc salt of poly(propylene-co-acrylic acid), abbreviated as Zn-PPA, were prepared by
melt blending. The ionomeric polyblends of Zn-XNBR/Zn-PPA in the compositions of 90/10
and 80/20, parts by weight, behave as ionic thermoplastic elastomers and exhibit synergism
in properties. The ionomeric polyblend shows superior physical properties than the
corresponding non-ionomeric polyblend. The synergism and superior physical properties
of the ionomeric polyblends are attributed to the formation of strong intermolecular ionic
interactions between the component polymers, as observed by the infrared spectroscopic
studies. Dynamic mechanical thermal analyses reveal that besides glass-rubber transition
in the low temperature region, the neat ionomers and the ionomeric polyblends show a
high temperature transition owing to the relaxation of the restricted mobility chain
segments in the ionic cluster region. The reprocessability studies reveal the thermoplastic
elastomeric nature of the ionomeric polyblend. © 1999 Kluwer Academic Publishers

1. Introduction ionomeric polyblends of zinc oxide neutralized car-
The introduction of ionic functional groups to mod- boxylated nitrile rubber, abbreviated as Zn-XNBR and
ify the physical and mechanical properties of poly-zinc oxide neutralized poly(propylene-co-acrylic acid),
mers have received wide attention [1-5]. This classabbreviated as Zn-PPA.
of polymers, called ionomers, exhibit greater physical
properties and melt viscosities than the correspondin@. Experimental
non-ionic polymers, which is due to the interchain as-Details of the material used are given in Table I.
sociations of the ionic groups [2—4]. The strong inter-
molecular associations between the ionic groups lea.1. Preparation of ionomeric polyblends
to microphase separated ion-rich domains, often called = based on XNBR and PPA
ionic clusters, which show a high temperature relax-Formulations used for the blend preparation are given
ation process in the viscoelastic behaviour [3, 4]. in Table Il. lonomeric polyblends based on XNBR and
Besides improving the physical properties of thePPA were prepared in a Brabender Plasticorder, model
polymers, the ionic groups can improve the compatPLE-330 at 190C and at a rotor speed of 60 rpm. First
ibility in the polyblends, wherein intermolecular ionic PPA was allowed to melt for 5min. Then XNBR was
interactions facilitate the compatibilization [6, 7]. The added and mixed for 2 min. Finally, zinc oxide and
mechanical properties of the polyblends are dependerstearic acid were added and mixed for another 2 min.
on the interfacial adhesion between the two compo®Preliminary studies showed that 10 phr of ZnO was
nent phases and the specific interactions between thmufficient for the neutralization of the carboxylic acid
polymers are reported to promote the interfacial ad-groups presentin the polymers and 1 phr of stearic acid
hesion [8, 9]. There are several reports on compatiblevas found to increase the rate and extent of neutra-
blends involving ion-ion and ion-dipole interactions lization [24]. Stearic acid reacts with zinc oxide and
[10-18]. Recently, De and coworkers have developegroduces zinc stearate, which increases the solubi-
ionic thermoplastic elastomers from ionomeric poly-lity of zinc oxide in the polymer matrix. After mix-
blends [19-23]. ing the hot material was sheeted out in a two-roll mill.
The important objective of this paper aims at the de-The blends were then moulded at 2@ for 20 min
velopment of an ionic thermoplastic elastomer fromin an electrically heated hydraulic press at a pressure
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TABLE | Details of the materials used 2.4. Dynamic mechanical thermal analysis
Dynamic mechanical thermal analyses were carried out

Materials Properties Source . ; .
in a Dynamic Mechanical Thermal Analyser (DMTA
Carboxylated nitrile ~ Grade X48/1 Goodyear model No. MK-II, Polymer Laboratory, UK). The test-
rubber, abbreviated Acrylonitrile content, 29% Rubber and mg was performed in bending mode with a frequency
as, XNBR Carboxylic monomer, 1% Tyre Co,, of 3Hz over a temperature range-660°C to 150°C
Mooney viscosity Akron, USA d at a heati te of&/mi
ML (1.4) at 100°C, 40 and at a heating rate oPZ/min.
Poly(propylene-co- Acrylic acid content, 6%  Uniroyal
acrylic acid), Molecular weight, Chemical Co., HE :
abbreviated as PPA (Mw) 240,000 USA 2.5. Processabl.“ty Studles . .
(trade name, Melt flow rate at 23, The processability studies were carried out using
polybond 1002) 20 g/10 min Monsanto Processability Tester (MPT), model 83077,
Zinc oxide Rubber grade, E.MerckLtd,  atthe shearratesof 7.7, 15.4,'30.8 and 61léwd ata
Specific gravity, 5.6 Mumbai, India temperature of 230C. The capillary length (32 mm) to
Stearic acid Rubber grade, Obtained diameter (2 mm) ratiol(/ D) was 16. The preheat time
Melting point, 76°C locally for each sample was 5 min.
TABLE Il Formulations of the blends 2.6. X-ray studies

X-ray studies of the samples were performed with
Philips X-ray diffractometer (type PW-1840) using a
Ingredients BO Bl B2 B3 B4 B5 B6 B7 hickelfiltered CK, radiation from Philips X-ray gen-

erator (type PW-1729). Accelerating voltage and elec-

Blend number

XNBR 100 %0 80 70 60 50 0 80 tric current were 40 kV and 20 mA respectively.
PPA 0 10 20 30 40 50 100 20

Zno 10 10 10 10 10 10 10 O

Stearic acid 1 1 1 1 1 1 1 0

2.7. Scanning electron microscopic studies
Scanning electron micrographs of the tear fractured
and cryogenically fractured blends were taken with
of 5MPa. After moulding was over the blends were scanning electron microscope (Hitachi, model S-415A,
cooled to room temperature by the circulation of coldJapan). Accelerating voltage was 15 kV. The magnifi-
water through the platens. cation of the samples were X300 and X500.

2.2. Measurement of physical properties 2.8. Reprocessability studies

The stress-strain properties were measured with dumbFhe reprocessability studies of the 80/20, Zn-XNBR/
bell samples according to ASTM D412 (1987) in aZn-PPA blend (blend B2) was studied by melting the
Zwick Universal Testing Machine (UTM), model 1445, moulded sample inthe Brabender Plasticorder for 6 min
at a crosshead speed of 500 mm/min. Tear strength was 190°C and at a rotor speed of 60 rpm. The sample
also measured in a Zwick UTM, model 1445, using 90 was then remoulded in the electrically heated hydraulic
nick-cut crescent samples according to ASTM D624press for 20 min at 200C. The process of melting and
(1986). The hardness was determined as per ASTNhoulding was repeated upto 3 cycles.

D2240 (1986) and expressed in Shore A units. The

tension set at 100% extension was determined as per . .
ASTM D412 (1987) 3. Results and discussion

3.1. Physical properties

The physical properties of the neat ionomers and the
2.3. Infrared spectroscopic studies ionomeric polyblends are given in Table Ill. Fig. 1
Infrared spectroscopic studies on the compressioshows the variation of tensile strength, tear strength
moulded thin films of the samples were carried out us-and hardness with blend composition. Itis apparent that
ing Perkin-Elmer 843 spectrophotometer, with a resothe modulus, hardness and tension set increase with in-
lution of 3.2 cnT?. crease in PPA content. However, tensile strength, tear

TABLE |1l Physical properties at 25C

Blend number

Properties BO B1 B2 B3 B4 B5 B6 B7
Modulus at 50% elongation (MPa) 1.6 4.2 8.5 7.1 — — — 1.2
Modulus at 200% elongation (MPa) 2.0 9.0 12.4 — — — — 2.8
Tensile strength (MPa) 13.0 34.5 22.6 8.0 8.8 11.7 16.9 3.1
Elongation at break (%) 852 630 400 106 30 10 5 480
Tear strength (kN mt) 485 84.5 100.2 53.0 46.9 56.2 60.4 26.5
Hardness (shore A) 55 67 78 82 85 87 90 50
Tension set at 100% elongation (%) 7 10 25 03 — — — 33
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Figure 2 Scanning electron photomicrograph of the tear fractured sur-
faces of (a) blend B2 (b) blend B7.
[=}
z of the tear fractured surfaces of blend B2 and blend B7.
- The fractogragh of blend B7 shows a straight tear path
= which propagated from one end to the other end, indi-
2 cating poor tear resistance. On the other hand, the frac-
P tograph of blend B2 shows tear path with multiple de-
" viations, indicating greater energy required for tearing.
w The ionic domains present in the blend B2 act as tear
i deviators and thereby enhances the tear resistance. The
= higher hardness and lower tension set of blend B2 is also
- the consequence of presence of ionic aggregates, which
play the role of reinforcing filler and also act as physical

0 20 40 60 80 100 crosslinks and thereby minimizes the set properties.
XNBR {WEIGHT %)

Figure 1 Variation of (a) tensile strength, (b) tear strength, (c) hardness3.2. Infrared spectroscopic studies
v_vith blend compositionA, observed values at 2&; ----- , additivity The infrared spectra of the neat ionomers, (Zn-XNBR
line. and Zn-PPA) are shown in Fig. 3. The spectrum of Zn-
XNBR shows a weak band at 1666 ctawhich is in-
strength and elongation at break decrease sharply béicative of the—C=C— stretching mode [25, 26]. The
yond 20% of PPA in the blends. Itis also interesting toasymmetric carboxylate stretching region of the spec-
note that blends of Zn-XNBR and Zn-PPA show syner-trum shows a doublet at 1591 and 1538¢f25, 27].
gismintensile strength and tear strength in the composithe splitting of COO stretching vibration is believed
tions of 90/10 and 80/20, parts by weight. Furthermoreto be due to the existence of different co-ordinated struc-
hardness shows synergism in all blend compositionsure of zinc cation [28, 29]. The band at 1591 This
studied. It is also evident that the 80/20 Zn-XNBR/Zn- assigned to the tetrahedral zinc carboxylate stretching,
PPA composition (blend B2) exhibits higher physical whereas the band at 1538 chmay be due to the oc-
properties than the corresponding non-ionomeric blendahedral zinc carboxylate stretching [28, 29]. The band
of 80/20 XNBR/PPA (blend B7). This is believed to at 1591 cnt is strong and intense as compared to the
be due to the interfacial ionic crosslinks, which en-band at 1538 cmt. The band at 1438 cnt is the char-
hance the compatibility by improving the interfacial acteristic of various-C—H vibrations [26]. The band at
adhesion between the two component phases [19-23]1415 cnt! denotes the symmetric carboxylate stretch-
Fig. 2 shows the scanning electron photomicrographig and aweak band at 1355 cfrindicates the-CH,—
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Figure 3 Infrared spectra of (a) Zn-XNBR and (b) Zn-PPA in the range FREQUENCY (cm ")

1
of 18001200 cm-. Figure 4 Infrared spectra of (a) blend B7, (b) blend B2 and (c) difference

spectrum in the range of 1800-1200¢n

wagging vibration [25, 26]. The spectrum of Zn-PPA

shows a broad band with a peak at 1547 ¢rand a 1538 cn? as explained earlier, indicate the metal car-
shoulder band at 1588 cth indicating the asymmetric  poxylate stretching vibration [25, 27]. A weak band at
metal carboxylate stretching. The strong band observegly15 cnr! denotes the symmetric metal carboxylate
at 1458 cnm* may be due to the coupled vibration of yibration. Appearence of these bands in blend B2 indi-
—CHz— bending and-CHz asymmetric deformation.  cate the formation of metal carboxylate ions by the neu-
An intense and sharp band at 1375Cris ascribed to  trajization of carboxylic acid groups, present in blend
the—CHz symmetric deformation [24, 25]. B7. Fig. 3c shows the difference spectrum. The differ-

_ Fig. 4 shows the infrared spectra of the 80/20 nonence spectrum was obtained by substracting the sum-
ionomeric polyblend (blend B7) and the correspondingmation spectrum (that is, weighted addition of the spec-
80/20 ionomeric polyblend (blend B2). The spectrumyra of the neat ionomers) from blend B2. It is seen that
of B7 shows a doublet at 1730 and 1697 crindicat-  the difference spectrum shows a positive absorption at
ing the presence of carboxylic acid groups. The band 588 cnr! and a negative absorption at 1536 ¢m

at 1730 cm* is attributed to the presence of free car-Thjs is indicative of the changes in spectral profile in
boxylic acid groups and the band at 1697 ¢nac-  the plend, due to the intermolecular interaction of zinc

counts for the hydrogen bonded carboxylic acid pairsarhoxylate ions in the neat ionomers.
[25,27]. The band at 1697 crh may also be coupled

with —C=C— stretching. The strong band at 1448Tm

is associated with the coupled vibration eCH,—  3.3. Dynamic mechanical thermal analysis
bending and-CHz asymmetric deformation. The sharp Fig. 5 shows the plots of tatwersus temperature of the
band at 1375 cm' is assigned to theCHz symmetric  neat ionomers and the ionomeric polyblends. The re-
deformation. There exists a marked difference betweesults of dynamic mechanical thermal analyses are given
the spectra of blend B7 and blend B2. It is seen thatn Table IV. It can be seen that Zn-XNBR shows a main
instead of a doublet at 1730 and 1697 ¢rin the case  glass-rubber transitionTg) at 4°C and another tran-

of blend B7, the spectrum of blend B2 shows a dou-sition at 50°C. The high temperature transition is at-
blet at 1588 and 1538 cmh. The bands at 1588 and tributed to the presence of ionic clusters in Zn-XNBR.
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TABLE 1V Results of dynamic mechanical thermal analyses 120
Blend number Ty (°C) tans at Ty Ti (°C) tans atT;

"o
BO 4 0.531 50 0.357
B1 8 0.465 50 0.322
B2 10 0.390 56 0.270 100
B3 5 0.317 57 0.212
B4 4 0.210 72 0.162 E
B5 5 0.177 70 0.156 =~
B6 9 0.067 75 0.104 w90
B7 -1 0.510 — — S

8.0

0.70

1.0

0.56 — 6.0 | | ]

-50 0 50 100 150
TEMPERATURE {°C }

0.42 Figure 6 Plots of logE’ versus temperature of Zn-XNBR (—); Zn-PPA
© (= --); blend B1 (—e —); blend B3 (—~—) and blend B5 (= -).
z
<
-

0.28 Fig. 6 shows the plot of lodg" versus temperature

of the neat ionomers and the ionomeric polyblends.
Zn-mPP shows relatively high modulus due to its crys-
tallinity, whereas Zn-XNBR shows relatively low mod-
ulus owing to its amorphous nature. The existence of
a rubbery plateau over a wide temperature span is be-
lieved to be due to the presence of ionic crosslinks in
Zn-XNBR. As expected the modulus of the blends in-
crease with increase in PPA content. Fig. 7 shows the
Figure 5 Plots of tars versus temperature of Zn-XNBR (—); Zn-PPA  variation of log E’ with blend composition at 30, 70
(=--); blend B1 (—s—); and blend B4 (). and 100°C. It is interesting to note that, as observed
in the case of hardness, the blends show synergism in
storage modulus at all temperatures. This may be due
The temperature corresponds to the high temperatuig the reinforcing ability of the ionic domains present
transition is hereafter abbreviatedlsitis knownthat  jn the blends [4].
in the case of ion-containing polymers ion-pairs segre- Finally, in order to confirm the role of ionic ag-
gate to form a separate rigid phase, which contains regregates on the reinforcing ability and the high tem-
stricted mobility segments of the polymer chains alongperature transition, we have studied the dynamic
with the ionic aggregates [30, 31]. The high temperaturgnechanical properties of blend B2 and the correspond-
transition is due to the relaxation of the segments of thgng non-ionomeric polyblend (that is, blend B7). Fig. 8
restricted mobility polymer chains in the ionic cluster shows the plot of tas and logE’ versus temperature
region [31]. Zn-mPP shows a glass-rubber transition apf plend B2 and blend B7. It is interesting to note that
9°C and the high temperature transition atZ The  plend B2 exhibits higher modulus at all temperatures
Ty values of the neat polymers are very close, and therehan blend B7. It is also seen that taat Ty of blend
fore, the criterion of a single composition-dependgnt - B2 is much less than blend B7. This is attributed to the
could not be used to assess the miscibility of the blendgresence of intermolecular ionic interactions, which in-
[16]. There occurs a marginal increase in lg®df Zn-  crease the stiffness and also slightly increased jtué
XNBR with the addition of PPA upto 20 parts, after that plend B2. Furthermore, the ionomeric polyblend shows
there occurs insignificant changes in thevalues. As 3 high temperature transition at 56, owing to the re-
expected, the tahat Ty of the blends decreases with |axation of the restricted mobility polymer chains in the

increase in PPA content in the blend. This is attributeqonic cluster region, whereas the same is absent in the
to the decrease in amOI’phOUS Zn-XNBR phase in th%orresponding non-ionomeric polyblend

blend, as well as due to the ionic interactions, which

increase the stiffness of the blends. As observed in the

case of neat ionomers, the ionomeric polyblends als@.4. Processability studies

exhibita high temperature transition. Thevalue ofthe  Fig. 9 shows the log-log plot of apparent viscosity
blends slightly increase with increase in PPA contentversus temperature of the ionomeric polyblend (blend
However, the ta# at Tj decrease with increase in PPA B2) and the corresponding non-ionomeric polyblend
content. Furthermore, it is also seen that the high tem¢blend B7). It is apparent that blend B2 shows higher
perature transition is broadened with increase in PPAnelt viscosity than blend B7. The higher melt viscosity
content. of the ionomeric polyblend is presumably due to the

0.14

- 50 0 50 100 150
TEMPERATURE (°C )
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Figure 8 Plots of tar§ and logE’ versus temperature for blend B2

(~ee—) and blend B7 (4 -).
2558

11.0

LOG E' (Pa)

TABLE V Results of X-ray studies

Blend number

Property Bl B2 B3 B4 B5 B6 B7 PPA

Percent crystalinity (%) 3 8 14 18 25 43 12 52

4.5

L2k

3.9

3.6

LOG (APPARENT VISCOSITY), Pa-s

3.3 ] ] ] I |
0.7 0.9 1.1 13 1.5 1.7 1.9

LOG { SHEAR RATE), s™'

Figure 9 Log-log plots of apparent viscosity versus shear rate at 230
of blend B2 () and blend B7©).

occurrence of ionic crosslinks in the polymer chains
which resist the melt flow. The apparent viscosity of the
blends decreases with increasing shear rate, indicating
the pseudoplastic nature of the blends.

3.b. X-ray studies

Results of X-ray studies are givenin Table V. Itis known
thationomer formation decreases the crystallinity of the
polymer [4]. It is seen that ionomer formation causes
reduction in crystallinity of PPA and blend B7. Itis also
evident that blends B1 and B2 exhibit low crystallinity.
It is inferred that crystallinity has no role to play in the
properties of blends.

3.6. Scanning electron microscopic studies

Fig. 10 shows the scanning electron photomicrographs
of the ionomeric polyblend (blend B2) and the corre-
sponding non-ionomeric polyblend (blend B7). Itis ap-
parent that blend B2 is compatible, as indicated by the
homogeneity of the two phases with interpenetrating
type network, whereas the blend B7 is grossly incom-
patible, as indicated by the heterogeneity of the two
phases and roughness of the fracture surface.

3.7. Reprocessability studies

Results of reprocessability studies of the 80/20
Zn-XNBR/Zn-PPA blend (blend B2) obtained by re-
peated melting and moulding is given in Table VI. Itis

TABLE VI Results of reprocessability studies of blend B2 at 200

Number of Tensile strength Modulus at Elongation at
cycles (MPa) 200% (MPa) break (%)

1 22.6 12.4 400

2 20.1 12.8 380

3 21.3 13.2 385




Figure 10 Scanning electron photomicrographs of (a) blend B2 and (b) blend B7.

apparent that the modulus, tensile strength and elonga- Fig. 11 shows the schematic representation of forma-
tion at break of the blend remain constant, even aftetion of an ionic cluster in the ionomeric polyblend. The
three cycle of melting and moulding. This is indica- carboxylic acid groups present in the polymers are neu-
tive of the thermal stability as well as the thermoplastictralized by zinc oxide in presence of stearic acid, which
elastomeric nature of the blends. The reprocessabilityesults in zinc carboxylate ions. The ionic groups an-
of the blend is believed to be due to the thermolabilechor the polymer chains in their vicinity and form a
nature of the ionic and crystalline domains in the blend restricted mobility region.

e PPA
——— XNBR

Zn0+ stearic acid
mixing at 190°C
moulding at 200°C for 20 min.

Restricted
mobility region

4. Conclusions

The ionomeric polyblends of Zn-XNBR and Zn-PPAin
the compositions of 90/10 and 80/20, parts by weight,
behave as ionic thermoplastic elastomers, with syn-
ergism in physical properties. Infrared spectroscopic
studies reveal the formation of the ionomer as well as
the intermolecular ionic interactions in the blend. The
biphasic nature of the ionomeric polyblends is evident
from the dynamic mechanical thermal analyses, which
show an additional relaxation at high temperature due
to the presence of ionic domains. The ionomeric poly-
blend shows higher physical properties and melt viscos-
ity than the corresponding non-ionomeric polyblend.
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