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Abstract

The Polypropylene (PP) was initially modified by y radiation or high melt strength PP.
HMS-PP/ Cloisite 20 nanocomposites processed by melt mixing in twin-screw extruder
derived samples to evaluate under environmental and thermal degradation conditions.
PP-g-MA was the compatibilizing agent. The tests were conducted on dumbbell shaped
samples under two different ageing conditions of degradation: environmental exposition
and accelerated exposition. The morphology of aged samples was evaluated by XRD.
TEM microscopy showed intercalation and exfoliation. Thermal degradation was
studied by TGA. The DSC and the results showed decrease of melting point and
increased crystallization under ageing conditions. The FTIR results showed the increase
of carbonyl index related to the surface oxidation of the nanocomposites.

Introduction
Polypropylene is a polymer widely used in many applications, and their thermal,
rheological, mechanical, and gas permeation properties need to be improved. A large
number of studies have been focused in the promotion of a range of capabilities for
automotive industries and with great potential for use in the aeronautical field [1].
The Toyota group reported formation of Polypropylene (PP) nanocomposites by direct
melt mixing of organoclays based on montmorillonite (MMT) and PP grafted with
maleic anhydride (PP-g-MA) [1].
The ageing process of the PP nanocomposites under environmental conditions has been
studied by diverse researchers. Through those studies it was found that incorporation of
nanoclays does not change the ageing mechanism of the composite, but rather decreases
its induction time, meaning that MMT can accelerates the oxidation process. In other
hand, the thermo-oxidation is induced by temperature. Concerning the ageing kinetics
of nanofilled PP there are only a small number of studies in the literature [2].
In the present work the synthesis of nanocomposite used the High Melt Strength
Polypropylene (HMSPP), obtained by gamma irradiation under acetylene atmosphere
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[3]. The HMSPP/ nanocomposites were prepared by melt-blending in order to solve the
lack of compatibility between the HMSPP and the MMT [4].

The samples were submitted to environmental and accelerated assay. The UV —
radiation would cause a serious degradation in the nanocomposites and consequently
weaken the strength of the material. It leads to the formation of free radicals that react
by scission, causing brittleness. Consequently, it lowers the molecular mass of chains
[S5, 6]. As a result, physical changes can be seen on the degraded specimens or products
such as change of color to yellowish or brown and formation of cracks.

Experimental

Materials and methods

The iPP pellets were manufactured by Braskem and added of compatibilizer agent,
propylene maleic anhydride graft copolymer (PP-g-MA) supplied by Addivant
(Polybond 3200). The clay filler was Cloisite 20 by BYK Additives Company, a
montmorillonite clay modified with quaternary ammonium salt (95meq/100g). The iPP
was placed in plastic bags with acetylene and irradiated in “°Co gamma source at dose
of 12.5 kGy in order to obtain the HMSPP. Two different formulations containing the
clay were prepared and are represented in Table 1. The samples were prepared in
molten state using a twin-screw extruder (Thermo Haake Polymer Laboratory) to
incorporate the clay in the polypropylene. The operation temperatures were 170-200 °C
and speed ranging from 30 to 60 rpm. The dumbbell samples for testing were obtained
from thermal molding pressure (80 bar and 190 °C), for type IV dimensions according
to ASTM D638-2014 [7]. After molding, the dumbbell samples were mounted in
appropriated device for environmental and thermal ageing, as illustrated in Figure.1.

Table 1. Content of clay and compatibilizer used in the samples

Samples Matrix PP-g-MA /% Cloisite 20 / %
H1 HMSPP - -
NC1 HMSPP 3 1
NC2 HMSPP 3 10

ageing exposed outside at the IPEN/CQMA, and (B) nanocomposite samples in air
circulation stove at the temperature of 110 °C

X-ray diffraction (XRD)

X-ray diffraction measurements were carried out in the reflection mode on a Rigaku
diffractometer Mini Flex II (Tokyo, Japan) operated at 30 kV voltage and a current of
15 mA with CuKo radiation (A = 1,541841 A).
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Transmition Eletronic Microscopy - TEM

Samples prepared by crioultramicrotomy using a diamond knife cooled at -60°C used
Leica Ultra Crio Microtomo - Reichert Ultracuts FC S. The transmission electron
microscopy (TEM) image was obtained at 80 kV with a JEOL JEM-2100 in samples of
50nm.

Differential scanning calorimetry (DSC)

Thermal properties of specimens were analyzed using a differential scanning
calorimeter (DSC) 822, Mettler Toledo. The thermal behavior of the films was obtained
by the following program: heating from 25 to 280 °C at a heating rate of 10 °C min”!
under nitrogen atmosphere, according to ASTM D 3418-2015 [8]. The cristallinity was
calculated according to the equation (1):

AHF X100
AHp

Xe=P =

M

Where: AHyis melting enthalpy of the sample, P is the polymer fraction, AH is melting
enthalpy of the 100% crystalline PP which is assumed to be 209 kJ kg'1 [9, 10].

Thermogravimetric Analysis (TGA)

The TGA analysis was carried out in Mettler-Toledo TGA/SDTA 851 thermobalance
under oxygen atmosphere of 50 mL min”, in the range from 25 up to 650 °C at a
heating rate of 10 °C min™.

Fourier transformed Infrared spectroscopy (FTIR)
Infrared spectroscopy was performed at Thermo Scientific (Nico]et 6700) with ATR
accessory Smart Orbit Diamond, in the range from 400 to 4000 cm™.

X-ray fluorescence (XRF)

The sample of Cloisite 20 was placed in a crucible in a muffle furnace at 900 °C to
eliminate volatile components. One pastille, by pressing under one layer of boric acid
was analyzed in spectrometer Rigaku Fluorescence X-ray, model RIX.

Results
In the X-ray Fluorescence was evidenced the composition of clay mainly as: SiO,
(43%), AlL,O3 (16. 8%) and Fe,O3 (3.6%). Those metallic ions act as pro-oxidant agents
[11,12].
The extrusion of PP and clay in presence of compatibilizer promoted the intercalation
and exfoliation of the clay, according to the microscopy result, Figure 1.

Figure 2: TEM image of NC1 at 50 nm scale.
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The melting temperature (T,), and the crystallinity (X.) of the aged samples are
presented in the Table 2 and Table 3, respectively, after environmental and thermal
ageing. Two effects of the clay are operative on the nanocomposites ageing: one is the
barrier effect; and the second is the catalytic effect of the clay on the oxidation process.

Table 2: DSC of samples aged in environment for 6 months

T,/ °C X,/ %
Months zero 1 2 6 Zero 1 2 6
HI 160.1+0.11 161.240.14 160.5+0.13 153.440.11 46.140.1 45.240.6 45.140.4 | 45.00.5
NC1 159.440.12 152.140.13 146.240.13 145.8+0.13 44.140.4 47.6+0.7 39.940.6 | 45.5+0.6
NC2 162.840.13 161.540.15 163.740.15 156.140.14 48.240.5 45.040.5 462407 | 43.1x0.6
T,, = melt temperature; X = degree of crystallinity, as average of three samples.
Table 3: DSC of samples aged in stove with air circulation
I./°C X! %
Days Zero 7 14 £ 6 Zro 7 14 £ 56
H1 160.0£0.15 162.040.14 162.0£0.11 159.540.15 46.040.4 47.7£0.6 47.8 £0.6 49.8+0.8
NCI 159.440.13 159.110.15 141.0£0.10 = 44.110.5 49.840.5 46.8+0.7 N -
NC2 162.840.15 162.410.16 163.240.10 161.210.16 140.5+0.14 48.010.5 45.540.7 44.4+0.5 43.840.6 41.0:0.4

T,, = melt temperature; X = degree of crystallinity, as average of three samples.

The catalytic effect of the clay, with chain scission and decrease of melt temperature,

was more evident in the NC1, in both conditions. The cristallinity decreased mainly in
the NC2 after 2 months of assay, as effect of dispersion of the clay in the matrix that
difficult the chain segments to move from amorphous phase to crystallize. Also this
result can be explained by formation of imperfects molecules; due to oxidation
degradation and that defects difficult the crystallization.
Under these conditions the H1 was more stable compared to NCI, on attempt to
catalytic effect of the ions in the clay. On the other hand the NC2 had more stability
than NC1, in thermal degradation, owing to the barrier effect.
On TGA analysis, these two effects are observed by Tonset, represented in Table 4.

Table 4: Values of initial temperature of decomposition (Tonse) in samples aged under

environmental or thermal conditions.

Environment H1 NC1 NC2

Assay/Months
Tonset /°C

Zero 251.9 2343 297.6

1 238.9 207.4 232.0

2 229.1 2144 224.3

6 225.2 213.2 215.0

Thermal Assay/Days Tonset / °C

7 2384 218.0 222.0

14 235.8 205.9 220.5

49 228.6 - 224.0

56 - - 213.3

Considering that the main difference between NC1 and NC2 is the clay content and that

thermal ageing is one drastic condition, in comparison with environmental condition,
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the observed effects on DSC results corroborated with that of TGA analysis. In the
environmental ageing, the barrier effect was more intense at 2 months in NC2 than in
NCI. In NC1, the decrease of Tonset, is due to the catalytic effect of the clay overlapping
the barrier effect, according to Table 4.

In the thermal assay, the catalytic effect is more intense due to constant temperature and
air circulation. In NC1, the assay stopped after 14 days, due to samples had disrupted in
the stove. In the sample NC2, the catalytic effect of degradation occurs, however, the
barrier effect was more intense. In fact, the higher content of clay can catalyze the
oxidation on the polymer matrix. One explanation for this fact is that the sample has
more exfoliated species than clusters [13].

On the H1 the Tonser decreases as effect of the chain scission caused by environment
condition (UV, rain, etc) and also by temperature effects (air circulation and constant
temperature in the stove).

With degradation of the polymer matrix, the formation of carbonyl species occurs. It is
usually measured by FT-IR in which carbonyl index is calculated by the ratio of the
absorbance area of carbonyl stretching at 1720 cm™ and absorbance area at 2720 cm™
[14]. The calculated values are showed in the Table 5.

Table 5: Carbonyl index of the samples calculated in FT-IR spectra

Environmental H1 NC1 NC2
assay/Months
1 0.7 0.5 1.9
2 0.6 6.9 1.8
6 18.7 4.9 9.7
Thermal Assay/Days

7 0 8.3 1.7
14 0 42 1.9
49 2.1 - 2.1
56 - - 2.9

Comparing the nanocomposites NC1 and NC2 with the polypropylene H1 is observed
that barrier effect of the clay protect against oxidation. On other hand, under thermal
ageing, in NC1 the higher carbonyl index can be justified due to the effect of the clay
ions while the barrier effect inhibits the formation of oxidative groups in NC2.

65



2500

—— Cloisite 20
—NC1
2000 M 3,21 nm NC2

1500

Intensity / cps

1000

500 -

el

T PRI
VA Sy At et A AR

2 Theta/®

Figure 3- XRD spectra of the samples H1, NC1 and NC2.

The spectra of XRD of the samples, Figure 3, showed the comparison of NC1 and NC2
clay dispersion. In both occurred intercalation of polymer in the clay and exfoliation in
the case of NC1 that corroborated with the TEM result (Figure 2).

Conclusion
In the thermal properties the nanocomposites has showed the competition of the effects
of the clay as barrier and oxidation promoter. In terms of dispersion, the NC1 has
showed better dispersion, as observed in the TEM image. The effects of this better
dispersion can be observed on DSC results, but on other hand, this lower content of
clay, promoted the acceleration of the oxidation process in thermal assay by insufficient
barrier effect.

Acknowledgements
The authors thank CAPES/PROEX, FAPESP (2014/26393-1) and Capes for grants in
SWB program, Centre of Science and Technology of Materials, the technicians Mr.
Eleosmar Gasparin and Nelson R. Bueno, for technical support; Dr. Lidiane Costa from
Sao Carlos University, for TEM samples preparation; BYK Additives Company;
Braskem; Centre Lasers and Applications, CLA/IPEN for X-ray fluorescence analysis
and CTR/IPEN for multipurpose gamma irradiation facilities.

References
[1T M. A. Perez, B. L. Rivas, S. M. Rodriguez, A. Maldonado, C. Venegas,
“Polypropylene/Clay nanocomposites. Synthesis and Characterization,” Journal of the

Chilean Chemical Society, 55(2010), 440 - 444.

[2] G. Gutiérrez, B. Fayolle, G. Régnier, J. Medina, “Thermal oxidation of clay-nano
reinforced polypropylene,” Polymer Degradation and Stability, 95 (2010), 1708-1715.

66



[3]L. G. H. Komatsu, W. L. Oliani, A. B. Lugao, D. F. Parra, “Environmental ageing of
irradiated polypropylene/montmorillonite nanocomposites obtained in molten state,”
Radiation Physics and Chemistry, 97(2014), 233-238.

[4] D. D. J. Rousseaux, N. Sallem-Idrissi, A. C. Baudouin, J. Devaux, P. Godard, J.
Marchand-Brynaert, M. Sclavons, “Water-assisted extrusion of polypropylene/clay
nanocomposites: A comprehensive study,” Polymer, 52 (2011), 443-451.

[51 M. K. A. Sofiah, O. H. Lin, H. M. Akil, A. R. Villagracia, “Effect of compatibilizer
on the accelerated weathering performance of polypropylene — silica nanocomposites,”
Materials Research Innovations, 18 (2014), 433-438.

[6] W. L. Oliani, D. M. Fermino, L. F. C. P. Lima, A. B. Lugao, D. F. Parra, “Effects of
accelerated thermal aging on polypropylene modified by irradiation process,” TMS
(Characterization of Minerals, Metals, and Materials), 2015, 651-658,
DOI:10.1002/9781119093404.ch82.

[71 ASTM D638 (2014) — Standard test method for tensile properties of plastics.

[8] ASTM D3418 (2015) - Standard test method for transition temperatures and
enthalpies of fusion and crystallization of polymers by differential scanning calorimetry.

[9]J. Brandrup; E. H. Immergut; E. A. Grulke. Polymer Handbook. Wiley Interscience;
1999.

[10] J. E. Mark, Crystallization kinetics of polymer in Physical Properties of Polymers
Handbook, Springer, Cincinnati - USA, 639, 2007.

[11] J. K. Pandey, R. Reddy, A. P. Kumar, R. P. Singh, “An Overview on the
degradability of polymer nanocomposites,” Polymer Degradation and Stability, 88
(2005), 234-250.

[12] S. Molart, B. Mailhot, D. Gonzales, J. L. Gardette, “Photo-oxidation of
polypropylene/montmorillonite nanocomposites. 1. Influence of nanoclay and
compatibilizing agent,” Chemistry of Materials, 16 (2004), 377-383.

[13] C. Zhao, H. Qin, F. Gong, M. Feng, S. Zhang, M. Yang, “Mechanical, thermal and
flammability properties of polyethylene/clay nanocomposites,” Polymer Degradation
and Stability, 87 (2005), 183 -189.

[14] V. Camontagne, P. Dumas, V. Mouillet, J. Kister. “Comparison by fourier

transform infrared spectroscopy (FTIR) of different ageing techniques: application to
road itumen’s,” Fuel, 80(2001), 483-488.

67



