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and Reinforced with Nanoclay
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This paper presents the development of dynamically cured polymer composites and nanocomposites based
on plastomer - PP (polypropylene) and EPDM elastomer (ethylene-propylene-diene-terpolymer)
compatibilized and reinforced with nanometric particles-MMT (montmorillonite, chemically modified layered
clay) in two stages, by extrusion-granulation and mixing. Nanoparticles increase the thermal resistance of
dynamically cured polymer nanocomposites. By means of compatibilization and dynamic curing, elastomer
particles - EPDM are more easily dispersed in the mixture. The materials obtained were tested
physicomechanically (Melt Flow Index) and morpho-structurally (FT-IR and DSC).
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In recent years, research has led to new advanced
polymer materials, starting from existing polymers, which
are mechanically and chemically processed resulting in
polymer composites with advanced properties. In elasto-
plastic alloys, the elastomer (rubber) may be vulcanized
with various crosslinking agents in order to obtain new
polymer materials with superior physicomechanical
characteristics and properties compared to classical
polymers [1-4].

Uniroyal Chemicals Corporation was the first company
that brought dynamically cured thermoplastic mixtures to
the market. Dynamic vulcanizates are a category of melt
mixing with thermoplastic elastomer. In 1971 W.K. Fischer
[5] used for the first time the elastomer/plastomer mixture
(EPDM/PP) crosslinking technique with peroxides, and in
1978 Coran and Patel [6] developed and improved this
technique. Selection of the crosslinking system is very
important in obtaining thermoplastic materials, since it
provides them with elasticity, but also influences
physicomechanical characteristics, humidity and
adherence between EPDM and PP phases [7-10].

In order to obtain dynamically cured polymer composites
compatibilized and reinforced with nanoparticles,
elastomers (ethylene-propylene-diene-terpolymer rubber
- EPDM), and plastomers (polypropylene, PP) were used.
[11-15] The resulting materials were compatibilized with
polypropylene-graft-maleic anhydride - PP-g-MA,
crosslinked with dicumyl peroxide - DCP and reinforced
with nanometric particles of chemically modified layered
clay - MMT (montmorillonite) [16-20].

The paper presents technologies for developing
dynamically cured polymer composites and
nanocomposites by extrusion-granulation and mixing,
taking samples to determine physicomechanical
characteristics - melt flow index and morpho-structural
characteristics (FT-IR spectrometry and Differential
scanning calorimetry - DSC).

Experimental part
Materials
The following materials were used in the study:
-Elastomer: ethylene-propylene-diene-terpolymer
rubber- NORDEL IP 4760 (EPDM) from DuPont, Dow
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Elastomer, USA (specific gravity - 0.872, Mooney viscosity
-60 MU, ethylene content - 67.5 wt%, ethylidenenorbornene
(EBN) contents - 5.0 wt%, molecular weight distribution-
medium, propylene content - 27.5 wt%);

-Plastomer: polypropylene Tipplen K 948(PP) from
Tiszai Vegyi Kombinat RT, Hungary, (polypropylene impact
copolymer, melt mass-flow rate (MFR) (230°C/2.16 kg) -
45 ¢/10 min; processing (melt) temperature - 190 to 240°C);

-Compatibilizer: polypropylene-graft-maleic anhydride
(PP-g-AM)from Sigma Aldrich, Germany (specific gravity
- 0.934 g/cm?®average Mw~9.100 by GPC, average
Mn~3,900 by GPC, maleic anhydride 8-10 Wt);

-Nanoclay: MMT - chemically modified montmorillonite
Nanoclay 1.31.PS from SigmaAldrich (modified surface
contains 0.5-5wt% aminopropyltriethoxysilan, 15-35wt%
octadecylamine, di(tert-butylperoxyisopropyl)benzene
(powder 40% with calcium carbonate and silica);

-The vulcanizing agent: dibenzoyl peroxide Perkadox 14-
40B from Akzo Nobel Chemicals (density 1.60 g/cm?, 3.8%
active oxygen content, 40% peroxide content, pH 7).

Nanocomposite preparation

-Polymer composites and nanocomposites were
obtained in two stages. In the first stage thermoplastic
olefins elastomers were obtained based on PP/EPDM, with
and without PP-g-MA by melt mixing in a TSE 35 co-rotating
twin screw extruder granulator (fig. 1). Polymer composites
based on PP/EPDM and PP/PP-g-MA/EPDM developed
using an extruder-granulator, were made based on the
following methodology: raw materials were dosed
according to formulations for elasto-plastic materials
presented in table 1; components were mixed manually
or using a paddle mixer with plastic recipients of varying
weights, taking into account the amount of component
added to the mixture; polypropylene is introduced when
extruder temperature has reached 150°C (optimal
temperature for polypropylene plasticization) and 150-200
rotations/min and is mixed until it is easy to process, at
these parameters the plastic material is plasticized; after
PP plasticization the temperature is raised to 175°C, the
elastomer - EPDM and compatibilizer - PP-g-MA are added
continuing mixing at 250-280 rotations/minute until
ingredients are dispersed and the mixture is homogenous;

http://www.revmaterial eplastice.ro 335



Fig. 1. Co-rotating twin screw
extruder granulator, TSE 35 (A
and B extruder granulator

details)
Sample code
Material UM M; M zes J R O] MMz Mi1sMs
FP(phr) © % 30 0 30 0 0 0 Table 1
EPDNIphr) ° Ta 30 30 B 30 30 30 FORMULATIONS
PP-z-MA(phr) % R 3 3 3 3 3
RIMT (phr) 2 % - - - I 3 7
PD phr)~ 3 3 3 3 3

the thread is cooled and dried, then inserted in the grinder
and the granule length is set; the homogenous mixture is
obtained in the form of cylindrical granules of 3mm x 3mm.

Figure 2 shows polymer composite mixtures obtained
in granular form, made using the extruder granulator, and
used in obtaining dynamically cured polymer
nanocomposites.

-Optimal work parameters on the extruder-granulator,
set after testing, are presented in table 2.

-The second stage consists in processing granules
obtained in a Plasti-Corder Brabender Mixer 350 E (fig. 3),
in order to obtain dynamically crosslinked nanocomposites.

Nanocomposites are obtained by introducing PP/EPDM/
PP-g-MA granules at the temperature of 165°C (area 1)/
175°C (area 2)/175°C (area 3), with the maximum rotation
speed of 280 rot/min , mixing time 3 min. MMT and DCP
are added and mixing continues for 3 min.

Iphr — parts per 100 parts polymer (elastomer and plastomer)

-Samples for characterization are obtained using an
electrically heated press, TP 600 Fortijme Grotness,
Netherlands, by compression method, at 150KN-pressure
and 165°C - temperature, pre-heating time 2, 10 min and
10 min cooling with water.

Characterization

Polymer composite and hanocomposite samples have
been tested physicomechanically (determining flow
indexes area) and morpho-structurally (FT-IR and DSC).

- The Melt flow index- MFI was determined on a
THERMO- HAAKE 2000 Melt Flow (Thermo Electron
Corporation, Germania) at a temperature of 175°Cand a5
kg load, according to ISO 1133/2003. The maximum
amount of material introduced is 6 g.

-FT-IR spectrometry was done using a double-beam
molecular absorption IR spectrometer, in the range of 4000-
600 cm?, using the FT-IR Able Jasco 4200 device equipped

Fig. 2. Mixtures of polymer composites obtained using
the extruder granulator (M, - 50% EPDM/50%PP and
50% EPDM/50%PP with 5 % PP-g-MA)

M; - 50% EPDM/50%PP

Maj - 50% EPDM/50%PP cu 5 % PP-g-

Table 2
TECHNOLOGICAL PARAMETERS OF DEVELOPING
POLYMER COMPOSITES AND NANOCOMPOSITES

MA
HNo. Technological parameter UM Values
I. Temperature m: o
Area] 150-140
Areall 160-165
Arez 1T 165-170
Area IV 165-170
Area V 170-175
Area VI 170-175
Area VI 165-170
Area VI 160-150
Area I 110-100
I Screw rotation speed Fot/min. 150-280
3 Screw-feed dispenser speed Fot'mm 2210
S Azl pressure EN ENE
3. Adelt pressure Ear 50-a80
. Melt temperature (nozzle) C 130-173
7. Intensity of power A pES
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Detail - A

with ATR with diamond crystal and sapphire head, suitable
for determinations on rigid and semi-rigid samples.

-Differential scanning calorimetry -DSC analysis was
conducted using a Netzsch 449CSTA Jupiter device.
Measurements were made in a temperature range of 120-
190°C, the area was measured in the temperature range of
130-180°C. The basic material in which the other
ingredients are dispersed is PP and thus tested samples
were reported to differential scanning calorimetry (DSC)
analysis of the plastomer - polypropylene.

Results and discussions
Melt Flow Index

Table 3 presents results of flow indexes of dynamically
cured polymer composites and nanocomposites after
conditioning for 24 h at the temperature of 20+2°C,
according to the standard in force.

Fig. 3. Plasti-Corder Brabender Mixer 350 E (a and
b mixer details)

Detail - B

When adding 50% EPDM elastomer and 50% PP
plastomer in equal proportions, flow index values decrease
compared to the reference PP sample, due to increased
melt viscosity. Melt viscosity was strongly influenced by
the presence of the crosslinking and reinforcing agent
therefore flow index values are slightly higher in the case
of the polymer nanocomposites tested (M, .MM, .M,,
M, .M.). We can thus affirm that polymer nanocomposnes
with 16w flow indexes may be processed only by pressing.

FT-IR spectroscopy:

Recorded FT-IR spectra, figures 4 and 5, show the main
absorption bands of polypropylene and EPDM rubber, as
well as the assignment of their vibration bands: 1375cm’*

- (CH,) (CH), 1455 cm™* - (CH,) and (CH,), at 1167 cm™ -
the presence of the isopropyl group and for EPDM rubber,
absorption bands are the same as for dynamically cured
polymer composites: 721.247 cm™ - crystallinity CH,,

Table 3
VALUES OF FLOW INDEXES FOR POLYMER COMPOSITES AND NANOCOMPOSITES BASED ON PP/PP-g-MA/EPDM/MMT/PD
Sample code
Work temperature UM
FF Mz Mz Mz1s Mzishdy MaisMy Mlaishds
173°C, SR IS0 . ] e e .
113372015 2/10 min 45 7.03 11.0 237 216 16.4 35.83
[
-
I 4 .
o= Fig. 4. FT-IR spectrum for PP
& \ 2
A AN

Fig. 5. FT-IR spectrum for EPDM rubber
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Fig. 6. FT-IR spectrum for MMT nanoparticles

1 1. " o 2 E
e Lt el [ 1|
Sample code Frequency | Intensity Vibration assignments

133 145574 | 0.178386 | (CHy) and (CH3)
1375.83 | 0248778 | (CH) (CH)
123558 | 0021153 | (CH) (CH)
1166.33 0,0400114 | Presence of isopropyl group

EFDM 136371 | 01753108 | (CH:) CH:asymmetric Table 4
1375.96 | 00827913 | CHssymmetric VIBRATION ASSIGNMENTS AND IR FREQUENCIES OF
721247 | 00512599 | (CHy) erystallmity SAMPLES BASED ON PP/EPDM/PP-G-MA/MMT/PD

N 143686 | 0.174604 | (CHz) and (CH3)
1375.96 | 0136418 | CH; symmetric
126122 | 0116683 | (C-CH:) (CH3)
108958 | 0167128 | (CH:)(C-CH:)
721247 | 00202883 | (CHY) crystallinity

1375.9 cm* -symmetric deformation CH,, 1463,71 cm™* -
shearing vibrations CH,and CH asymmetrlc) Table 4 also
indicates the frequency and assrgnment of vibration bands
of the sample containing the maximum amount of
chemically modified layered clay (7% - M, .M.).

The FT-IR spectrum recorded for montmorllfonrte figure
6, shows the bands of the aluminosilicate network and
the most intense is the band at 993.16 cm-! (peak 14).
Bands noticed at 3177.15 cm? (peak 3) and 3245.61 cm'*
(peak 4) are characteristic to vibration assignments for
primary amines. Assignments of vibration bands at 795
cm?, 842.74 cm* and 916.022 cm™ are characteristic to
deformation bands involving hydroxyl ions. Bands at
2849.31 cm™ (peak 5) and 2922.59 cm? (peak 6) indicate
assignments of symmetric and asymmetric stretching
vibrations of methylene groups.

Differential scanning calorimetry - DSC:

Differential scanning calorimetry (DSC) analysis shows
an overall independent thermal behaviour of each
component (fig. 7-9). The EPDM phase barely shows on
the thermogram due to the lack of crystallinity and thus
the melting process does not show compared to that of
polypropylene. The presence of compatibilizer does not
significantly influence the thermogram due to the low
amount (5%) and occurrence only at the interaction of PP/
EPDM interface. Differential scanning analysis data show

T exo
0 b Areas T5TAmd
-2
-4
6
B Peak: 65.8 °C, -3.68 mW
-10
-12
A4 Peak: 16.2°C, -14.63 W

40 60 80 100 120 140 180 180 200
Temperature [*C

Fig. 7. DSC analysis of the PP sample
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Fig. 8. DSC analysis of the M., .M, sample
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Fig. 9. DSC analysis of the M, M, M, M, M, M., sample

3157727315 3!
the same aspect of mixtures containing DCP crosslinker
and nanometric reinforcing agent -MMT (M, .M.,
M,..M,) while at the same time one can see t?1at
temperatures decrease compared to PP sample, the
material in which components are dispersed.

Conclusions

Polymer composites and nanocomposites based on
dynamically cured PP/EPDM were prepared in two stages.
In the first stage, thermoplastic olefins elastomers based
on PP/EPDM, with and without PP-g-MA were obtained by
melt mixing. In the second stage dynamically cured
polymer nanocomposites reinforced with MMT
nanoparticles and crosslinked with DCP were obtained.
Flow indexes were determined according to standards in
force after conditioning at room temperature for 24 hours,
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establishing thus that mixtures with low flow indexes may
be processed only by pressing and extrusion. Differential
scanning analysis shows the same aspect of mixtures
containing DCP crosslinker and nanometric reinforcing
agent, and the relatively low presence of PP-g-MA does
not significantly influence recorded thermograms.
Recorded FT-IR spectra show the main absorption bands
of polypropylene and EPDM rubber, as well as the
assignments of their vibration bands, and also that
polypropylene is the material in which the other elements
are dispersed, as is confirmed by the presence of
characteristic peaks.

Dynamically cured polymer composites and
nanocomposites compatibilized and reinforced show
potential applications in the footwear industry, as well as
in the consumer goods industry.
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