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ABSTRACT: A new class of ionomer was developed
through the grafting of acrylic acid onto a metallocene-
based poly(ethylene octene) elastomer, followed by its neu-
tralization with zinc acetate. The ionomeric product was
characterized through Fourier transform infrared spectros-
copy, small-angle X-ray scattering, and transmission elec-
tron microscopy studies. The effect of the crystallinity and
pendent chain length on the ionomeric modification was
also studied through the variation of the level and nature of
comonomer, respectively. The impact of these ionomeric
modifications on various physicomechanical properties was

thoroughly investigated with differential scanning calorim-
etry and mechanical, dynamic mechanical, and thermogra-
vimetric analysis, and the resulting properties were
correlated with the structure of the modified elastomers.
The ionomerization of the base elastomers caused a signifi-
cant improvement in the mechanical and thermal properties
compared to the corresponding pristine elastomer. © 2009
Wiley Periodicals, Inc. ] Appl Polym Sci 114: 3906-3914, 2009
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INTRODUCTION

Chemical modification is a useful technique for alter-
ing the structure and physicomechanical properties
of existing polymers." In recent years, much atten-
tion has been given to the ionomeric modification of
the polymers.” Polymers that contain up to about 10
mol % ionic groups randomly distributed and pend-
ent to a hydrocarbon polymer chain are usually
known as ionomers.> The introduction of a small
amount of these pendent ionic groups causes a dra-
matic improvement in the polymer properties,
including the tensile strength, modulus, abrasion
resistance, tear resistance, and impact strength,
through ionic interactions.* These features have
led to an exploration of a variety of applications for
ionomers, ranging  through  electrochemical,
petrochemical, mechanical, and biotechnical venues.’

Recently, metallocene-based poly(ethylene octene)
(POE) and poly(ethylene butene) (PBE) elastomers,
developed by DuPont Dow, have received much
attention because of several advantages they have
over other polyolefins, which arise from their unique
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uniform distribution of comonomer content and nar-
row molecular weight distribution.® However, some
applications are still restricted for these elastomers,
mainly because of their nonpolar nature.” Therefore,
these elastomers have been modified by polar
groups through the grafting of acrylic acid (AA) for
the enhancement of their oil resistance and adhesion
toward polar substrates and also for better compati-
bility with polar polymers and fillers such as silica.®
However, the loss of crystallinity in POE and PBE due
to grafting, especially in high-crystallinity grades, dis-
plays a reduction in the overall strength and tough-
ness of the modified elastomers.” Not only this, their
thermal stability has not been too great, principally
because of the initial weight losses from the early deg-
radation of grafted free polar units from elastomeric
macrochains. Therefore, there is a scope of enhancing
the property spectrum of these functionalized elasto-
mers by their modification as ionomers through the
incorporation of ionic crosslinks via the neutralization
of the carboxylic acid groups of the modified elasto-
mers. These ionomers can have different potential
applications, such as golf ball covers, membranes,
food packaging materials, and adhesives.
Considering all these points, in this investigation,
we examined the preparation of ionomers through
the grafting of AA onto low-crystalline-grade POE,
followed by its neutralization with zinc acetate. The
variation of the level and nature of the comonomer
(i.e., the effect of crystallinity and pendent chain
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TABLE I
Compositions and Designations of the Base Elastomers, Ionomer Precursors, and Ionomers
Base elastomer matrices Ionomer precursors Tonomers
Crystallinity (%)/ Polar Amount of
Commercial comonomer modification ZnAc added
Nature grade content (wt %) Designation level Designation (wt %) Designation
POE Engage 8150 16/39 POE ¢ 6.2 wt % AA  POE;c—AA 9.0 POEs—~AA-ZnAc
elastomer grafting
Engage 8440 27/23 POE,, 7.0 wt % AA  POE,~AA 11.0 POE,,—~AA-ZnAc
grafting
PBE Engage 7380 16/42 PBEy¢ 6.5 wt % AA  PBE;c—AA 10.0 PBE;.~AA-ZnAc
elastomer grafting

length, respectively) on the ionomeric modification
was also investigated. The detailed physicomechani-
cal properties of all of these zinc ionomers are also
reported in this article and correlated with the
microstructure. To the best of our knowledge, this
kind of extensive study has not been reported so far
for these polymers.

EXPERIMENTAL
Materials

Different grades of polyolefin elastomers were
obtained from DuPont Dow Chemical Corp. (now
Dow Chemical Co., Wilmington, DE). Two different
grades of lower and higher crystallinities from the
POE elastomer group (POE;s and POE,;, respec-
tively, in Table I) were taken to study the effect of
crystallinity on the ionomeric modification. To study
the effect of pendent chain length, one more grade
with a similar crystallinity to POE;s was taken from
the PBE elastomer group (PBE;¢). All of the elasto-
mers were polar-modified through the grafting of
AA by a solution process. The preparation and prop-
erties of these polar-modified elastomers were dis-
cussed in our earlier communications.®’ These
polar-modified elastomers were used as ionomer
precursors for this investigation. The composition
and designation of these precursors are reported in
Table I. For AA grafting, AA (density = 1050 kg/
m?®, Aldrich, St. Louis, MO) was used after the re-
moval of the inhibitors by vacuum distillation, and
benzoyl peroxide (BPO; 98% purity, Aldrich) was
used as the free-radical initiator. The solvent, labora-
tory-grade toluene (E. Merck, Mumbai, India), was
used as received. Zinc acetate dihydrate (ZnAc; E.
Merck) was used for the neutralization of the car-
boxylic acid groups of the ionomer precursors.

Preparation of the ionomers

Preparation of the ionomer precursors

The optimization of the reaction parameters was dis-
cussed in detail in our earlier communications.®’

However, for convenience, the optimized experimen-
tal procedure for the polar modification through
grafting of AA is described here also.

Grafting of AA onto the polyolefinic elastomer. POE or
PBE (5 g) was placed in 100 mL of toluene and stirred
for 1 h at room temperature. Once the mixture was
homogenized, the solution was heated to 70°C and
purged with nitrogen throughout the reaction time.
Then, 10 wt % of AA was added dropwise to the
reaction mixture. After AA was added, when the
mixture was again homogenized, 0.3 wt % of BPO
was added as an initiator to the reaction mixture, and
the mixture was stirred for 6 h at that temperature.
Finally, the samples were collected and dried in vacuo
for 48 h at 40°C for complete removal of the solvent.
Grafting  percentage  measurements. The  solution-
grafted samples were taken in a filter paper and
extracted in a Soxhlet apparatus for 24 h with water
as the extracting medium for complete removal of
unreacted AA and any homopolymer of AA formed
during the reaction. After the extraction, the samples
within the filter paper were vacuum-dried at 70°C to
a constant weight. The extent of grafting was calcu-
lated from the weight gain of the samples with the
following equation:

Grafting (%) = [(W, — Wq)/Wo] x 100 (1)

where W, is the weight of the POE or PBE after
grafting and W, is the weight of the POE or PBE
before grafting.

The optimum levels of grafting for AA-grafted
POE16 (POE16—AA), AA—grafted POE27 (POE27—AA),
and AA-grafted PBE;s (PBE1s—AA) were found to be
6.2,7.0, and 6.5 wt % AA, respectively (Table I).

Preparation of the ionomers from the ionomer
precursors (POE;—AA, POE>—~AA, and PBE;-AA)

The ionomers were prepared by the neutralization of
the ionomer precursors with ZnAc through melt
process. In the melt process, the ionomer precursors
were mixed with ZnAc in a CSI MAX mixing
extruder (model CSI-194, S/N-296, Custom Scientific
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Instruments, Inc., Whippany, NJ). The mixing tem-
perature was kept at 120°C, and that of the header
was kept at 125°C. The extrudate was obtained at
the aforesaid temperature with the constant addition
of ZnAc to keep the output fixed at 5 g/10 min. The
extrudate was pelletized and re-extruded five times
under identical conditions for homogeneous neutral-
ization by the ZnAc. Finally, the pelletized extru-
dates were compression-molded into a sheet about
0.5 mm thick at 125°C for 4 min in a Moore hydrau-
lic press at a pressure of 5 MPa and subsequently
cooled to room temperature with the pressure con-
stant maintained.

For comparative study, ZnAc was used in such a

way that, for all the cases, the theoretical value of
the degree of neutralization (DN) was 100%, and the
amount of ZnAc required for that was calculated as
described later."
Expression of the acid content [y, (equiv/kg)]. A practi-
cal unit to express y, for a polar (acid)-modified
elastomer is equivalents of acid per weight unit of
the polymer (equiv/kg). The conversion of the
degree of AA grafting [DG (wt %)] to equivalent
acid per weight unit of the polar modified elasto-
mers was done as follows:

%a = (DG/100%) x (1000/M,) )

where M, is the molecular weight of the grafted AA
(72 g/mol). As per Table I, the DG values for
POE;s-AA, POE,—~AA, and PBE;c—AA were 6.2, 7.0,
and 6.5 wt % AA, respectively. Therefore, as per
eq. (1), the y, values for the said ionomer precursors
were 0.86, 0.97, and 0.90 equiv/kg, respectively.

DN. DN is defined as the fraction of acid groups
that is converted into the metal carboxylate. Thus,
DN is the actual amount of neutralized acid groups
divided by the total amount of available acid groups
for neutralization. DN was calculated as follows:

(v X Mznac x 1000)
(MZnAc X Yg X mip)

DN = x 100% 3)

where v is the valency of the metal ion (in the case
of zinc, v = 2), Mznac is the mass of ZnAc required
(8), Mznac is the molecular weight of ZnAc (219.50
g/mol), and m;, is the mass of the ionomer precur-
sor (g). Therefore, as per eq. (2), for the neutraliza-
tion of POE;s—AA, POE,~AA, and PBEc-AA, 9, 11,
and 10 wt %, respectively, of ZnAc were added.

Characterization

Fourier transform infrared (FTIR) spectroscopic
studies

FTIR studies were carried out in dispersive mode on
the thin-film samples (~ 100 pm) with a PerkinElmer
FTIR spectrophotometer (model spectrum RX 1,
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PerkinElmer, Waltham, MA), within the range 400-
4400 cm ™! with a resolution of 4 cm™'. An average
of 16 scans is reported for each sample.

Small-angle X-ray scattering (SAXS) studies

SAXS was conducted with a Rigaku RU-H3R rotat-
ing-anode generator (Rijaku Corporation, Tokyo,
Japan) producing Cu Ko radiation (wavelength =
0.154 nm). The data were collected with a two-dimen-
sional GADDS/Hi-Star area detector (Siemens) con-
sisting of an array of 512 x 512 wires. All
experiments were conducted at 25°C in an evacuated
flight path at a sample-to-detector distance of 63.8 cm.
The scattering vector (q) was calculated with eq. (4):

q = (4nsin0)/r 4)

where A is the wavelength and 20 is the scattering
angle.

Transmission electron microscopy (TEM) studies

Sample preparation included cryomicrotomy at
—130°C and ambient sectioning on the sample faces.
The images were acquired with a Gatan Multiscan
charged coupling device on a JEOL 2000fx transmis-
sion electron microscope (JEOL Ltd., Tokyo, Japan)
at 200 kV with a magnification of 320,000x.

Physicomechanical properties

Observation of the thermal transition with
differential scanning calorimetry (DSC) analysis

DSC studies were carried out on a TA Instrument
model Q100 V 8.1 (TA Instruments, New Castle, DE)
at a heating rate of 10°C/min under a nitrogen
atmosphere in the temperature range —100 to 100°C.
The second heating scans of all of the samples were
reported to nullify the thermal history.

Dynamic mechanical properties

The dynamic mechanical spectra of the samples
were obtained with a dynamic mechanical thermal
analysis (DMTA) machine [TA Instruments (model
2980 V1.7B)] in the temperature range —100 to
100°C. The specimens were analyzed in tension
mode at a constant frequency of 1 Hz with a 0.01%
strain at a heating rate of 2°C/min.

Thermal stability

The thermal stability was studied through thermog-
ravimetric analysis (TGA) and derivative thermog-
ravimetry (DTG) analysis, which were carried out on
a TA Instruments model Q50 at a heating rate of
10°C/min under a nitrogen atmosphere from room
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Figure 1 Comparative FTIR spectra of unmodified POE,
POE;-AA, and POE;.—AA-ZnAc samples after normaliza-
tion against the peak at 720 cm .

temperature to 600°C. Around 5 mg of the material
was used for the TGA and DTG study.

Mechanical properties

The tensile stress—strain analysis and tension set at
100% extension were performed as per ASTM D 412
in a Hounsfield H10KS universal testing machine
(Horsham, PA) at a crosshead speed of 500 mm/min
at 25 £ 2°C. An average of three test results was
reported for analysis.

RESULTS AND DISCUSSION
Characterization of the synthesized ionomers

FTIR spectroscopic studies

Figure 1 represents the FTIR spectra of the unmodi-
fied POE4, POEc—AA, and POE;,—AA-ZnAc after
normalization against the characteristic peak of
virgin POE;¢ at 720 cm ™! In addition to all of the
characteristic peaks of the virgin POE;,, there were
two additional peaks observed at 1710 and 1247
cm ' in POE;s~AA because of C=0 and C—O
stretching vibrations, respectively, for the grafted
AA moieties.*” These two peaks were also present
after the neutralization of POE;c~AA with ZnAc
(Fig. 1). This may have due to liberation of acetic
acid in the reaction medium upon the chemical reac-
tion between metal acetate and carboxylic acid.'
Nevertheless, there were three more peaks in
POE ,—AA-ZnAc after the neutralization of POE 4
AA with ZnAc at 1608, 1350, and 952 cm ™' (Fig. 1)
due to asymmetric and symmetric —CO; stretching
vibrations of carboxylated acid salt and symmetrical
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attachment of Zn*' to the carboxylate ion, respec-
tively.'? The presence of these three additional peaks
in the POE;.~AA-ZnAc sample confirmed the
formation of ionomer after the neutralization of
POE,—AA with ZnAc. Similar results were found
for POE27 and PBE16.

SAXS studies

To elucidate the morphological structure of the
ionomers, SAXS measurements were carried out at
room temperature (25°C). The choice of room tem-
perature probably ensured the retention of crystal-
line and ionic arrays in the ionomers. The
representative small-angle-scattered intensity plots
of POE;s~AA and POE;4—~AA-ZnAc are displayed in
Figure 2. All of the scattering intensities were meas-
ured as a function of the magnitude of q.

The ionomer precursor (POE;4-AA) did not
exhibit any characteristic peak in the scattering pro-
file because of its apparent homogeneous structure,
whereas the carboxylated ionomer (POE;c—AA-
ZnAc) showed a broad scattering peak at q =
0.07 A~'. This was probably because of microphase
separation in the ionomer (POE;s~AA-ZnAc) caused
by ionic domain formation. This scattering peak is
often named the ionic peak in the literature.'® Similar
results have also been observed for other ionomer
systems.

TEM studies

The morphological features of the representative ion-
omer (POE,c~AA-ZnAc) and its respective ionomer
precursor (POE,c—AA) were observed via TEM.
These are shown in Figure 3(a,b), respectively. The
formation of ionic clusters was clearly visible in the
POE c—AA-ZnAc sample as spherical dark domains

m
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Figure 2 Comparative SAXS plots for POE;c—AA and
POE;c—AA-ZnAc samples.
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(b)

Figure 3 TEM micrographs of (a) POEc~AA-ZnAc and
(b) POE16—AA samples.

[Fig. 3(a)]. The ionic clusters were naturally more
dense than rest of the unclustered and unassociated
elastomer domains and were, therefore, observed as
dark features in the TEM photograph [Fig. 3(a)]. The
average diameter of the domains, as calculated from
this photograph, was between 4 and 8 nm. Similar
observations were made for the other two ionomer
systems.

The morphology of the ionic clusters as spherical
dark domains in Figure 3(a) (for the POE;-~AA-
ZnAc sample) may be explained with the help of
Yarusso and Cooper’s model'* through Scheme 1. Tt
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can be described by a dense core of ionic groups
(region I, Scheme 1) surrounded by a layer of
restricted mobility (region II, Scheme 1). This layer
of restricted mobility was a result of the polymer
chains attached to the ionic groups in the aggregates,
as depicted in Scheme 1. The aggregates were
dispersed in a matrix of polymer chains (region III,
Scheme 1).

Effect of the ionomeric modifications on the
ph%rsicomechanical properties of the
polyolefinic elastomers

Effects on the thermal transition behavior

DSC analysis. The DSC second heating scans of the
acrylated low-crystalline carboxylated ionomer sys-
tem (composed of virgin POE;s,, POE;s-AA, and
POE;s—~AA-ZnAc samples) are stacked in Figure 4.
The glass-transition temperature (T,), melting tem-
perature (T,,), and AH values (AH is the change in
heat of enthalpy of the sample obtained from the
DSC second heating scans) of all of the carboxylated
ionomers, along with their respective ionomer
precursors and virgin elastomers, are reported in
Table II. The T, increased with ionomeric modifica-
tion in all cases. This was possibly explained by the
fraction of elastomer domains arrested in ionic

Scheme 1 Model of the ionomer morphology showing
the restricted mobility layer (region II) surrounding the
core (region I) of high electron density in the ionic aggre-
gates dispersed in the polymer matrix (region III).
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Figure 4 DSC second heating scans for virgin POE,
POE;s-AA, and POE;c—AA-ZnAc samples.

clusters via strong secondary interaction (ionic cross-
links); this, thereby, showed a delayed thermal
response. All of the ionomers showed a shift in T,
toward the higher side because of the incorporation
of metallic ions and the formation of ionic crosslinks.
The metal ions acted as heat sinks, whereas the ionic
crosslinks required additional energy to disintegrate,
and these increased the energy intake level required
for melting. AH decreased on ionomeric modification
in all cases, which resulted in a further reduction of
crystallinity. This may have been due to the intro-
duction of ionic domains as defects within the elas-
tomer matrices, which hindered the chain
orientation during cooling, and the crystallinity was
reduced further. In comparison to the respective ion-
omer precursors, the amount of change in T, and T,
were greater in the cases of POE,;—AA-ZnAc and
PBEs~AA-ZnAc with respect to the POE;—AA-
ZnAc system because ionomeric aggregation was
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stronger because of the higher grafting percentage of
AA (Table I) and lower steric hindrance in compari-
son to the POE;;—~AA-ZnAc system.9 For POE,—
AA-ZnAc, the steric hindrance was lower because
of the decreased comonomer content in POE,; com-
pared to POE;¢ (Table I). The pendent side chains in
PBE;s were of shorter length than those in POE;¢, as
shown in Scheme 2. Smaller pendent side groups in
the PBEj;s-based ionomer precursor (PBE;s—AA)
offered less steric hindrance compared to the POE,-
based ionomer precursor (POE;s—~AA), which
resulted in better ionic aggregation. Not only that,
because of the greater +I effect for the conjugation
of a greater number of —CH, groups in the pendent
chain length (Scheme 2), POE;,—AA™ (ion) was more
stable than PBE;c—~AA ™~ (ion).” Because of this lower
stability of PBE;c—AA™ (ion), it would also be more
active in the system than the POE one and, hence,
offered stronger ionic aggregation than the latter.
DMTA. Figures 5 and 6 demonstrate the variation in
the storage modulus (E’) and loss tangent (tan &)
values against temperature, respectively, for the
low-crystallinity carboxylated ionomer system (com-
posed of the Virgin POE16, POElé—AA, and POE16—
AA-ZnAc samples). Table II provides the E’ [below
T, (-60°C, glassy state) and above T, (-20°C,
rubbery state)], tan Onma.., and Ts, values obtained
from the dynamic mode for all of the virgin elasto-
mers, ionomer precursors, and ionomers.

Compared to the ionomer precursor, the respec-
tive ionomer in all of the systems showed a broad
rubbery plateau, with a higher E’ due to physical
crosslinking that arose out of the ionic aggregates.
Among the carboxylated ionomers, ionomers based
on POE27 and PBE16 (POEZTAA—ZHAC and PBE16—
AA-ZnAc, respectively) showed greater changes in
E’ (compared to their respective ionomer precursors)
than the POEqy4-based one (POE;s—AA-ZnAc). This
was again because of the stronger ionic interactions

TABLE II
Comparison of Different Properties (DSC, DMTA, TGA, and DTG) of All of the Virgin
and Modified Polyolefinic Elastomers

DMTA TGA DTG
DSC E

T, T, AH  —60°C  —20°C T, Tand T T, Tonax Rp

Sample 0 Q) (m)) (MPa)  (MPa) (°C) atT, (O (O Q) (%/°C)
POE 4 53 55 45 1125 50 -1 0.35 a 437 461 27
POEs-AA —49 48 34 1610 85 ~39 0.33 a 442 466 26
POE;-~AA-ZnAc  —46 61 29 1850 180 35 0.22 46 464 477 24
POE,, 43 106 76 1210 310 -31 0.17 a 400 467 28
POE,~AA ~39 95 62 811 308 ~20 0.16 a 436 472 26
POE,~AA-ZnAc  -34 110 56 1480 465 ~14 0.07 47 460 487 22
PBE1s -59 45 45 640 25 -33 0.28 a 422 439 38
PBE,~AA 49 37 33 1180 40 -31 0.25 a 426 441 36
PBE;AA-ZnAc  —43 57 27 1550 160 ~26 0.13 46 451 457 32

a = no high temperature (ionic) transition.
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Scheme 2 Structural differences between POE and PBE.

in the case of highly crystalline and butene-based
ionomer, which arose out of the higher level of AA
grafting, required a higher level of zinc acetate for
neutralization, and resulted in a higher crosslinking
density (proportional to the modulus) and also less
steric hindrance (Tables I and 1I).

The virgin elastomers and ionomer precursors
showed one tan & peak in the low-temperature
region (Fig. 6), which was ascribed to the glass-rub-
ber transition (T, values obtained from the dynamic
mode). In the case of all of the ionomers, the incor-
poration of ionic groups caused a shift in the T, (tan
Omax) toward the higher side (similar to the observa-
tion made in the DSC studies) and a decrease in the
low-temperature peak height (i.e., the magnitude of
tan 6 at T,; Table II). This was ascribed to a restric-
tion in the chain mobility imposed by the ionic
crosslinks within these systems. Furthermore, the
ionomers showed a clear high-temperature transi-
tion, also known as the ionic transition (T;),"> which
was attributed to the presence of a second phase
arising out of the immobile segments or the re-
stricted mobility regions adjacent to the ionic
domains (Fig. 6 and Table II).

Effects on the thermal stability

Figures 7 and 8 show the representative TGA and
DTG plots, respectively, for the low-crystallinity car-
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Figure 6 Tan O&-temperature plots for virgin POE,
POE;—-AA, and POE;,—AA-ZnAc samples.

boxylated ionomer system (composed of the virgin
POE;s, POE4-AA, and POE;s—~AA-ZnAc samples).
The decomposition onset temperature [i.e., the tem-
perature corresponding to the commencement of
rapid thermal degradation (T;), which was obtained
from the TGA plots], the maximum degradation
temperature [i.e.,, the temperature corresponding to
the maximum thermal degradation (Tax), which
was obtained from the DTG plots], and the maxi-
mum rate of degradation (Rp; obtained from the
DTG plots) for all of the virgin elastomers, ionomer
precursors, and ionomers are summarized in Table
II. The incorporation of ionic groups induced the for-
mation of physical crosslinking and networks with a
consequent improvement in T; for all of the ionom-
ers compared to their respective ionomer precursors.
The presence of metal ions (Zn*" jons in this case)
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Figure 5 Plots of E' against the temperature for virgin
POE;¢, POEs-AA, and POE;4—~AA-ZnAc samples.
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also helped, as it took up the good fraction of the
imposed heat energy and, thereby, resisted degrada-
tion of the weak elastomer matrix.

Ionic crosslinks showed tremendous resistance
against degradation and led to an improvement in the
maximum degradation rate and a steady positive shift
of the T« for all of the ionomers from that of their
respective ionomer precursors (Table II). Here also,
ionomers based on POE,,; and PBE;; showed better
thermal stabilities compared to their respective ion-
omer precursors than the POE¢-based one because of
the same reason discussed earlier (Table II).

Mechanical property studies

The stress—strain behavior of the low-crystallinity
carboxylated ionomer system (composed of the
virgin POE;s, POE;-AA, and POE;c—AA-ZnAc
samples) is shown in Figure 9. The mechanical prop-
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Figure 9 Comparative tensile stress—strain plots for virgin
POE4, POE —AA, and POE;4—~AA-ZnAc samples.

erty data [tensile modulus at 100, 200, and 300%,
tensile strength, elongation at break (%), and tension
set] for all of the virgin elastomers, ionomer precur-
sors, and ionomers are registered in Table III. The
ionomers showed higher modulus, tensile strength,
and elongation at break and lower tension set values
compared to their respective ionomer precursors.
The enhanced mechanical properties for the ionom-
ers were due to the formation of physical crosslinks
through ionic associations, as discussed earlier.
Although there was a further reduction in the crys-
tallinity due to ionomeric modification, ionic cross-
links were formed between newly formed ionic
domains. As a result, the highly crystalline carboxy-
lated ionomer (POE,—AA-ZnAc) not only compen-
sated for the loss in tensile strength of its respective
precursor (due to AA grafting) but also showed
even better mechanical properties than its base elas-
tomer (Table III).

TABLE III
Comparison of the Mechanical Properties of All of the Virgin and Modified Polyolefinic Elastomers

Mechanical properties

Tensile modulus (MPa)

100% 200% 300% Tensile Elongation Tension
Sample elongation elongation elongation strength (MPa) at break (%) set (%)

POE ¢ 1.6 + 0.1 2.0+0.2 25+ 0.1 155+ 0.3 1796 + 16 13.7 + 0.1
POEc—~AA 19 +£03 3.5+0.1 43 +03 257 £ 04 1515 £ 17 143 £ 0.2
POEs—~AA-ZnAc 25+03 46 +0.1 56 + 0.3 402 £ 04 1701 + 19 89 + 0.2
POE,; 6.0 +£0.1 6.5+ 02 71+0.1 41.0 £ 0.3 1792 + 14 223 +02
POE,—~AA 6.5+ 0.3 7.0+ 0.1 75+03 323+ 04 1446 + 12 245 £ 0.1
POE,,~AA-ZnAc 105 +£ 0.3 11.2 + 0.3 12.1 £ 0.3 493 £ 0.3 1712 £ 21 187 +£ 0.2
PBE;¢ 22 +04 3.0+03 38 +£02 17.0 + 0.4 972 + 13 129 + 0.1
PBE;c~AA 2.6 +£0.2 3.7+0.2 47 £0.1 221 £ 0.3 930 + 11 13.2 £ 0.2
PBE;c~AA-ZnAc 33+03 48 +£0.2 6.1 +£0.1 38.1+03 1140 + 11 7.8 £0.1
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CONCLUSIONS

A new class of ionomers was synthesized via the
grafting of AA onto metallocene-based POEs and
PBE followed by their neutralization with zinc ace-
tate. The nanometric ionic domains (as evident from
the TEM micrographs and SAXS) formed strong
secondary crosslinks and resulted in a significant
improvement in the mechanical and thermal proper-
ties compared to the corresponding virgin and
carboxylated elastomers. For example, in the case of
the high-crystalline-grade POE (POE,;), the tensile
strength of the ionomer was 49 MPa compared to 32
and 41 MPa for the respective ionomer precursor
and base elastomer. Thereby, it not only compen-
sated for the loss in physicomechanical properties
due to polar modification (AA grafting) but also
imparted better thermomechanical properties com-
pared to the pristine elastomers. In comparison to
the respective ionomer precursors, the amount of
change was slightly greater in the case of POEy—
AA-ZnAc and PBE;s~AA-ZnAc compared to the
POE;s-AA-ZnAc system (e.g., the changes in tensile
strength were 17, 16, and 15 MPa, respectively)
because of stronger ionomeric aggregation as a
result of the higher grafting percentage of AA and
less steric hindrance.
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