
 

145 

PREPARATION OF POLYPROPYLENE / MONTMORILLONITE 

NANOCOMPOSITES USING IONIZING RADIATION 
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Summary 

Polymer/clay nanocomposites are new generation materials that bring significant changes in 

mechanical, thermal and permeation properties of base polymers by low clay loading. In this 

study, polypropylene/montmorillonite nanocomposites were prepared by melt intercalation 

method by using batch type mixer. Two polypropylene samples with different melt flow 

indexes are used as the matrix, maleic anhydride grafted polypropylene (PP-g-MAH), and 

polypropylene granules oxidized by radiation/ozone are used as compatibilizer and 

unmodified clay (Na
+
 montmorillonite, MMT) as the filler. Aim of this study is to examine 

the effect of different compatibilizers in the mechanical properties of polypropylene 

composite. Firstly, PP/clay samples were prepared and the effect of clay was examined, then 

5, 10, 20kGy oxidized/degraded polypropylenes were used as compatibilizer and, 10 kGy was 

determined to be the most suitable irradiation dose for the best compatibilizing effect. 

Polypropylene granules were ozonated until they contained carbonyl groups equivalent to 

10kGy oxidized PP, which was checked by FTIR-ATR spectroscopy. UV-visible reflectance 

measurements were also made on film samples and no significant changes were observed in 

visible region. 

Nano structures of some nanocomposites were characterized by PALS (Positron Annihilation 

Lifetime Spectroscopy) where it was observed that the addition of clay decreased the number 

of free volume holes and free volume hole radia. The dispersion state of MMT within 

polymer matrix was analyzed by XRD (X-ray diffraction). 

Tensile tests were made and the effect of the addition of clay and compatibilizers investigated. 

At low melt flow index PP, 1% MMT of PP/10kGyPP/MMT nanocomposite showed an 

increase in E-modulus 26% and in tensile strength 8% as compared to those of pristine PP. In 

conclusion radiation degraded (chain scissioned and oxidized) PP has been found to show 

very good compatibilizing effect for the natural montmorillonite/polypropylene composites. 

1. Introduction 

In general the properties of polymers are significantly improved by the addition of clay. The 

addition of nanoclays to a polymer matrix has been proven to bring large improvement in the 

mechanical properties, thermal stability, fire resistance, gas barrier properties of starting 

polymeric materials [1]. The interest in polymer/clay nanocomposites however, did not 

emerge from the academic circles but from the commercial interest of Toyota Company by 

using nylon/clay nanocomposites in their cars first time in 1989.  Heat distortion temperature 

of Nylon6 has been shown to be increased from 60 
o
C to 150 

o
C with the addition of a few 

weight percent of montmorillonite [2]. Modest addition of clay provided substantial increases 

in tensile strength, tensile modulus and storage modulus with almost no decrease in impact 

resistance. Polymer/clay composites based on layered silicates are generally classified into 

three types depending on the extent of separation of silicate layers and interspersing of 

polymer chains. These are conventional composites, intercalated nanocomposites and 

exfoliated nanocomposites. If the clay layers are completely separated from each other to 

create a disordered array with polymer chains entering into galleries, the composite is said to 

be exfoliated. The extent of dispersion of clay in polymer matrix depends on the properties of 
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polymer and clay, interactions between polymer, clay, and modifying agents, processing 

conditions. 

The significant improvement in mechanical properties of Nylon6/clay nanocomposites was 

explained to be due to the presence of an exceptionally high interfacial surface area generated 

by exfoliation and to the formation of ionic and/or hydrogen bonding between the organic 

polymer and inorganic silicate. When polymer and clay are used without being modified 

however, the interaction and dispersion becomes less likely due to the incompatibility of the 

two. The preparation of fully exfoliated polymer/clay nanocomposites therefore depends on 

the successful modification of polymer and/or clay to make them compatible[3]. The 

inorganic and hydrophilic nature of clay layers can be modified by exchanging of cations in 

the galleries by quaternary ammonium compounds whereas organic and fully hydrophobic 

nature of polymers such as PE, PP can be modified by grafting of these polymers with 

suitable monomers such as maleic anhydride. 

Polymers and clay are not generally fully interspersed to form nanocomposites and 

modification of either the clay or the polymer is mostly necessary. Montmorillonite (MMT), 

frequently used clay for example in polymer/clay nanocomposites is modified by quaternary 

ammonium compounds to make an intercalated nanocomposite exfoliate. Clays are generally 

modified by cation exchange. As for the modification of polymers, grafting of maleic 

anhydride onto PE or PP enhances the compatibility of these fully hydrophobic polymers with 

unmodified clay[4]. In either approach the main goal is to increase the dispersion of polymer 

chains within the layered structure of silicates. 

In this work for the preparation of Polypropylene/MMT nanocomposites, radiation 

degraded/oxidized PP has been planned to be used as the compatibilizer between the PP 

matrix and unmodified MMT. The level of chain scission and oxidation induced in PP can be 

controlled by gamma irradiation in air of PP granules to optimize the formulations for 

improving the mechanical properties of a ternary mixture of PP/-PP/MMT.  In this approach 

host polymer itself was aimed to be modified by ionizing radiation to enhance compatibility 

by lowering  molecular weight of the pristine polymer as well as its surface oxidation. A 

different approach has been considered for the preparation of EVA/clay nanocomposites by 

radiation-induced polymerization of vinyl acetate absorbed inside the galleries of 

montmorillinite thus making the clay more compatible for further mixing with the EVA 

copolymer.  The improvement in mechanical properties has been followed by mechanical 

tests and newly acquired properties were explained by structural analysis of nanocomposites 

by employing Small Angle X-Ray Scattering (SAXS), Positron Annihilation Lifetime 

Spectroscopy (PALS), X-Ray Diffraction (XRD) and Differential Scanning Calorimetry 

(DSC) techniques. 

2. Experimental part 

2.1. Materials 

As polymeric matrix polypropylene with two different melt flow rates were used namely, 

PETOPLEN MH 418 and PETOPLEN EH 102 from PETKIM company, Turkey, with MFIs 

4-6 g/10 min and 9-13 g/10 min respectively both measured at 2.16 kg/230
o
C conditions. 

Unmodified montmorillonite was obtained from Nanomer/PFV company. To compare the 

compatibilizing effect of irradiated PP a commercially available pp compatibilizer namely 

Polypropylene-g-Maleic Anhydride obtained from Exxelor PO with the code 1015 MAPP 

was used. 
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2.2. Preparation of Nanocomposites 

To increase the surface area of commercial PP granules they were first extruded using 

Thermo Scintific Measuring Mixer and Extruder System, Haake Polylab OS to approximately 

1mm diameters. Mixing of PP granule with clay was accomplished at 1.0, 2.0, 3.0, and 5.0% 

clay contents at 180
o
C, 100pm for 4 minutes. 

In order to make pristine PP compatible with montmorillonite commercially available PP-g-

MA was used at 20%by weight in the ternary mixture of PP/Clay/PP-g-MA, considering 

different amounts of clay used the total weight was made up to 100 in each case. Finely 

ground PP granules were irradiated in air in a GammaCell 220 
60

Co gamma irradiator at a 

dose rate of 0.08 kGy/h to three different total absorbed doses of 5, 10 and 20 kGy. By 

irradiating in air PP was simultaneously oxidized and extensively chain scissioned. In order to 

investigate the possibility of using ozidized PP only as a compatibilizer for the ternary 

mixture, the fine PP granules were contacted with freshly prepared ozone gas for different 

periods to introduce varying degrees of oxidation products onto PP surface. 

PP/Clay/compatibilizer ternary systems were thus prepared by using 20% by weight 

compatibilizer [either PP-g-MA or gamma irradiated PP(-PP)], 1-5% clay and pristine PP to 

make up the total 100. The table below shows the change in the MFR values of PP samples 

upon irradiation in air to the stated doses and the effect of ozonation. 

TABLE 1. THE CHANGE OF MELT FLOW RATE OF GAMMA IRRADIATED AND OZONE TREATED 

POLYPROPYLENE WITH ABSORBED DOSE AND OZONATION TIME 

Type of PP 
Irradiation dose/ 

Ozonation(min) 
MFR (g/10min) 

EH102 

0 kGy 3,79 ±0,03 

5 kGy 13,23 ±0,71 

10 kGy 58,36 ±3,13 

20 kGy 95,10 ±7,14 

360 min 5,12 ±0,02 

MH418 

0 kGy 2,10 ±0,05 

5 kGy 10,65 ±4,42 

10 kGy 32,12 ±4,79 

20 kGy 41,80 ±4,86 

360 min 2,70 ±0,03 

PP-g-MAH 
 

40,26 ±3,08 

As seen from this table MH418 sample has a high molecular weight and its MFR value 

becomes almost equal to that of PP-g-MA after irradiation to 20kGy. This is important 

because 20kGy irradiated PP and maleic acid modified PP have almost the same sizes. Thus it 

will be easy to compare their compatibilization effect from the point of view of their equal 

small sizes. Upon ozonation however although extensive oxidation is obtained on PP as 

revealed by FTIR studies, the MFR of ozone tyreated sample has almost the same MFR as 

that of unirradiated PP MH418. This means that while PP is oxidized upon ozonation, such a 

process did not cause significant chain scission on the polymer. This is very interesting since 
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this will allow us to compare the compatibilization effect of oxidation only but not reduced 

molecular weight when ozone treated PP was used as compatibilizer in the ternary mixtures. 

2.3. Characterization of properties 

The most important property to be investigated to see the effect of modes of preparation of 

ternary blends is their mechanical properties. Stress-strain tests were carried out by using a 

universal mechanical testing device, ZWICK Z010 following the ASTM D638 standard.  

The oxidation of PP granules either due to irradiation or ozonation was determined by using a 

Nicolet iS10 Diamond ATR-FTIR spectrometer. 

The Melt Flow Rates of original and irradiated and ozon treated PP samples were measured 

by using CEAST Modular Melt Flow Rate apparatus at 190 
o
C and 2.16 kg operational 

conditions. 

The free volume holes generated during processing and irradiation of PP composites were 

determined by an ORTEC Positron Annihilation Lifetime Spectrometer using ~30Ci 
22

NaCl 

as positron source in sandwich formation (sample-source-sample). Spectra were analyzed by 

LT9 program available in the software of the system. 

3. Results and discussion 

Polyolefines and clay are not fully interspersed to form nanocomposites and modification of 

either the clay or the polymer is mostly necessary. Montmorillonite (MMT), frequently used 

clay for example in polymer/clay nanocomposites is modified by quaternary ammonium 

compounds to make an intercalated nanocomposite exfoliate. Clays are generally modified by 

cation exchange. As for the modification of polymers, PE or PP grafted with maleic anhydride 

enhances the compatibility of these fully hydrophobic polymers with unmodified clay. In 

either approach the main goal is to increase the dispersion of polymer chains within the 

layered structure of silicates to form exfoliated layers providing maximum interaction of the 

polymer with the silicate layers shown below (Fig. 1). 
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Fig. 1. Caption? 

The success of preparing polyolefin/clay nanocomposites relies totally on the extent of 

insertion of polymer chains into layer occupied by the exchangeable cations. Organo-

modified clays are generally prepared by replacing exchangeable cations (Na
+
 or K

+
) by 

quaternized alkyl ammonium salts, phosphonium salts, etc. as shown below (Fig. 2) [5]. 

 

Fig. 2. Caption? 

Commerially available organo-modified clays are being used extensively in the preparation of 

polymer/clay composites[6]. If natural, unmodified clays are to be used, then a polymeric 

compatibilizer with essentially the same structure as that of polymer are generally used in 

composite formulation. To introduce polar groups onto fully nonpolar structures of 

polyolefines they are grafted with maleci acid. Such compatibilizers are also available 

commercially[7]. 
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In this strudy we have tried to use PP irradiated with gamma rays at low dose rate with the 

anticipation of obtaining highly oxidized polypropylene samples with lowered molecular 

weights. As shown in Table 1, the MFR of PP is significantly reduced upon irradiation in air. 

A similar reduction in molecular weight as seen in the increase of MFR has been observed 

with ozone treatment. The oxidation of both gamma irradiated and ozone treated PP granules 

were followed by taken the ATR-FTIR spectra of samples. The carbonyl index of the samples 

were determined by calculating the ratio of absorbances at 1730cm
-1 

/ 1455cm
-1

. By 

comparing the carbonyl index values it has been seen that same extent of oxidation was 

reached in polypropylene irradiated to 10kGy dose and ozonated for 360 minutes.  

Ternary blends of PP/clay/g-PP were prepared by using PP MH418, natural montmorillonite 

and gamma-irradiated polypropylene. Fine PP granules irradiated to 5, 10 and 20 kGy doses 

were used as compatibilizer. PP nanocomposite sheets were prepared from ternary blends 

obtained in a double screw extruder for mechanical tests. The evaluation of stress-strain 

curves yielded the major mechanical properties such as elastic modulus, tensile strength and 

elongation at break. The Figures 3-5 show the changes in these mechanical properties as a 

function of clay composition in the range of 1-5% for PP compatibilizers irradiated to 5, 10 

and 20 kGy doses. E-modulus and tensile strength values for the ternary blends prepared by 

using 10 kGy irradiated PP show the best results, hence 10 kGy has been considered as the 

optimum dose in the preparation of ternary blends. Next step is to compare the mechanical 

properties of these blends with PP nanocomposites to be prepared using maleic acid grafted 

PP. Figs. 6-8 compares the mechanical properties of three different PP nanocomposites. 

 

Fig. 3. Change of E-modulus of PP/Clay/-PP nanocomposites. 
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Fig. 4. Change of tensile strength of PP/Clay/-PP nanocomposites. 

 

 

Fig. 5. Change of elongation at break values of PP/Clay/-PP nanocomposites. 

 



 

152 

 

Fig. 6. E-modulus values for three different PP nanocomposites. 

 

 

Fig. 7. Tensile strength values for three different PP nanocomposites. 

 

T
e

n
s
il
e

 S
tr

e
n

g
th

 



 

153 

 

Fig. 8. Elongation at Break values for three different PP nanocomposites. 

These three diferent PP nanocomposites were prepared by using the pristine PP as the major 

ingredient, clay in 1-5 % varying compositions.  One sample was prepared without 

compatibilizer (PP-MMT), the second one by using Maleic Anhydride grafted PP (PP-MAH) 

and the third one by using 10 kGy irradiated PP. As it is clearly seen from Figs. 4 and 5 the 

best results were obtained when 10 kGy irradiated PP was used as the compatibilizer. 

Nanocomposites prepared by using 1% clay show significant improvement in their E-modulus 

and Tensile strengths. The elongation at break values however were found to be inferior 

which is an expected result considering the inverse relation between the modulus and 

elongation. Since upon irradiation in air PP not only undergoes extensive chain scission but 

also oxidation. Irradiated PP therefore contain large amount of oxidized species in the form of 

aldehydes, ketones, carboxylated groups, etc. This would immediately bring a question as to 

whether the improved conpatibility is due to reduced chain lengths or highly oxidized form of 

the PP. In order to explain and differentiate these two effects from each other fine PP granules 

were treated with ozone gas at room temperature. Interesting anough the MFR value of 

ozonated PP MH 418 was found to be 2.70+/- 0.03 g/10 min whereas that of original PP 

MH418 was 2.10+/- 0.05g/10 min. This indicated that while PP was oxidized due to the 

action of ozone, its molecular weight remained almost unchanged. In this way by preparing a 

ternary blend from pristine PP, clay and ozone treated PP, we were able to investigate the 

compatibilizing effect of ozonated PP only from the point of view of its oxidized state, highly 

polar oxiginated compounds on its surface. The mechanical properties of these newly 

prepared PP nanocomposites were also determined and it was found that the extent of 

improvement in E-modulus and Tensile Strength were almost at the same level as that 

observed for maleic acid grafted PP. It is therefore quite clear that double action of irradiation 

by degrading PP and simultaneously oxidizing it transfomed origianl PP into a compatibilizer 

for its montmorillonite composites. 

Exactly similar results were obtained when a PP sample with higher MFR (3.79 +/- 0.03 

g/10min) was used in nanocomposite formulations.  

Positron Annihilation Lifetime Spetroscopy was used to see the changes taking place in the 

sizes and distribution of free volume holes in the PP nanocomposites. A typical PALS 

spectrum recorded for the composite prepared from PP MH418 with 20% 10kGy iradiated PP 

and 3% montmorillonite is shown below in Fig. 9. When the master curve composed of data 
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points, uppermost curve was deconvoluted to separate the contributions coming from 

amorphous and crystalline portions of PP nanocomposite, respective free volume hole radii 

were determined for these two domains. The results of data analysis of similar PALS spectra 

obtained for every composition of PP nanocomposites are collected in the Table 2 given 

below. Here  is the annihilation lifetime of ortho positronium in crystalline domains and   

in amorphous domains. R1 and R2 are the average radia of respective holes. 

 

Fig. 9. PALS spectrum drawn as counts vs. time of PP MH 418- 20% 10kGy -irradiated PP 

and 3% natural montmorillonite. Yellow curve is due to crystalline part and grey for the 

amorphous part of PP. 

 

TABLE 2. CAPTION? 

 
Crystalline Domain Amorphous Domain 

SAMPLE 
3
(%) 

3 
(ns) R

1
 (nm) 

4
(%) 

4 
(ns) R

2
 (nm) 

PPMH418 9,69 ±0,52 1,273 ±0,019 0,206 ±0,003 20,6 ±1,2 2,481 ±0,006 0,325 ±0,004 

PPMH418-1%MMT 10,18 ±0,15 1,26 ± 0,01 0,204 ±0,003 20,00 ±0,06 2,503 ±0,003 0,327 ±0,003 

PPMH418-2%MMT 10,6 ±1,4 1,44 ±0,15 0,227 ±0,019 18,7 ±1,7 2,554 ±0,063 0,331 ±0,003 

PPMH418-3%MMT 10,27±0,78 1,40 ±0,11 0,221 ±0,014 18,5 ±1,1 2,543 ±0,045 0,330 ±0,003 

PPMH418-

20%10kGyPP 
11,3 ±2,3 1,54 ± 0,19 0,238±0,023 16,5±2,7 2,59±0,10 0,333±0,008 



 

155 

PPMH418-

20%10kGyPP-

1%MMT 

9,43 ±1,50 1,46 ±0,14 0,228 ±0,017 17,3 ±1,7 2,482 ±0,065 0,325 ±0,005 

PPMH418-

20%10kGyPP-

2%MMT 

9,6 ±1,2 1,43 ±0,18 0,225 ±0,023 17,8 ±1,9 2,52 ±0,06 0,328 ±0,005 

PPMH418-

20%10kGyPP-

3%MMT 

8,8 ±0,3 1,22 ±0,15 0,199 ±0,022 20,1 ±1,5 2,438 ±0,035 0,322 ±0,003 

We can conclude from the PALS data that the free volume holes are smaller in the crystalline 

parts as compared to amorphous regions for both PP/MMT binary and PP/MMT/-PP ternary 

nanocomposites. A significant reduction in free volume hole radii of PP MH418-20% 10 kGy 

-PP binary system has been observed upon incorporating MMT into these systems as can be 

seen by comparing the last four lines of the Table2. The reduction in free volumes caused by 

the presence of MMT in the PP blends is a structural proof of increased E-modulus and 

Tensile Strength in these ternary blends. 

4. Conclusions 

 Radiation degraded and oxidized PP has been shown to provide compatibility for the 

formation of MMT/PP nanocomposites. 

 PALS investigation has shown a decrease in the free volume hole radia upon clay 

loading. 

 SAXS results not shown here indicated the formation of nanostructures. 

 Compatibilizing effect of irradiated PP has been found to be due to significant reduction 

in the size of the chains as well as polarity induced by oxidation of polypropylene. 

 25% increase has been observed in tensile strength and modulus by incorporating 1% 

MMT into PP/irradiated PP binary systems. 
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