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Abstract. In the last few years a huge number of papers were published in the topic of 

nanocomposites. Mixing some kind of nanoscale additive into a polymer matrix provides an 

extra advantage to create polymer-based nanocomposites with better properties. The clay 

particles, like montmorillonite, can improve thermal, mechanical, rheological and barrier 

properties and conductivity, although the structure of the platelets greatly influence their 

behaviour. Moreover, nucleating and synergetic effect can occur, which also accomplish the 

properties. This review discusses the properties changes of the polymer nanocomposites 

reinforced with montmorillonite (MMT). 

1. Introduction 

Polymer nanocomposites can be widely used in many applications in the vehicle industry. The 

nanoadditive have at least one dimension smaller than 100 nm. The nanoscale dimensions make the 

macroscopic properties dimension-depending ones. The properties can be changed easily with only few 

percent of nanoparticles [1-3]. Some parts of the mechanism of the nanomaterial effect have been 

revealed, but not at all.  

The influential factors come from both the matrix and additive properties, their proportion in the 

mixture, the processing technology and parameters, e.g. processing temperature, applied pressure [4-7]. 

The cohesion between the matrix and the additive materials is essential. For this reason surface treatment 

is required of the nanoadditives [8-10]. Carbon nanotube, graphene and several sort of clay particles 

(ceramics) are used as nanoscale additives. Montmorillonite is mostly used and also kaolinite, bentonite, 

hectorite, sepiolite, laponite etc. are used as nanoclay [11-12].  

This work also summarises the main property changes in the nanocomposites and marks out a new 

way for our research. 

2. Structure of MMT 

MMT is a very soft, fine-grained phyllosilicate, member of the smectite group. It has sandwich shape 

from silica and alumina sheets. In Figure 1. its structure is shown in scanning and transmission electron 

microscopic (SEM, TEM) pictures. 
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Figure 1. Pictures of MMT: a) SEM, b) TEM [13-14] 

It can form by precipitation from water solution as microscopic crystals. Chemically, it is hydrated 

sodium calcium aluminium magnesium silicate hydroxide (Na,Ca)0.33(Al,Mg)2(Si4O10)(OH)2·nH2O. It 

can contain other cations, like potassium or iron [15].  

The structure and dispersion of the clay will affect the properties of the nanocomposite. According 

to the state of dispersion, the clay can be in immiscible, intercalated or exfoliated form (Figure 2.) [16].  

 
Figure 2. The structure and dispersion of the clay in polymers [16] 

The immiscible particles have the worst properties, because the matrix material cannot get into the 

clay platelets. Intercalated form means a well-ordered structure with interaction between the layers and 
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the matrix material. Exfoliated montmorillonite has delaminated form, the additive can disperse in the 

matrix well. The state of the clay can be organophilized or as it is (native). The clay is mined, and it can 

be modified by organic substances in order to achieve better interaction between the materials [3, 6]. 

3. Matrix polymers 

Matrix material can be thermoset (epoxy or polyester resin) or thermoplastic [17-18]. In the field of 

thermoplastics, the most used polymers are polystyrene (PS), poly(lactic acid) (PLA), polyethylene 

terephthalate (PET), polypropylene (PP), polyamide (PA), polymethyl methacrylate (PMMA), poly e-

caprolactone (PCL), polyvinylidene fluoride (PVDF), polyethylenglykol (PEG), polyethylene (PE), 

acrylonitrile butadiene styrene (ABS), polyvinyl acetate (PVA), polyethylene oxide (PEO), polyimide 

(PI), etc. [19-24]. Matrix polymers influence the processing technology and determine the application 

field (e.g. the operating temperature). 

Preparing polymer-based nanocomposites can be in different methods. Precipitation means that a 

suspension or solution of modifier is added to the polymer solution. The solution should not dissolve 

the polymer. In sol-gel reaction, the nanocomposites are made by crosslinking from polymer/oligomer 

solution. With in-situ polymerisation, layered silicate nanocomposites can be prepared. In this reaction 

the monomers transform into polymer chains among the layers. Melt intercalation means that polymer 

powder or granulates and silicate are mixed together while the polymer is melting. An often-used method 

is also the exfoliation, in which nanoadditives are mixed to the polymer melt. The shear forces separate 

the silicate layers, so the cohesion between the matrix polymer and additive are assured [16]. 

4. Properties of the nanocomposites 
Montmorillonite-based nanocomposites are relatively new materials, so the behavioural changes of the 

properties should be investigated. 

4.1. Thermal properties 

Generally, MMT increases the heat stability, while the incorporation of nanoclays reduces the mobility 

of the polymer chains [25]. Nanoclays also hinder the out-diffusion of the volatile substances [2]. As it 

is shown in Figure 3., the same percent of weight loss occurs at higher temperature adding MMT to 

polystyrene (PS). The number after PS means the MMT content, and FPS5 was made by another 

preparing method (dry mixing) with 5 wt% of MMT. The other three sample were prepared by solution 

blending method. 

 
Figure 3. TGA curves of MMT filled PS [2] 

In several cases intercalated MMT accelerates biodegradation of compostable materials (PLA), 

because the clay accumulates heat, so it functions as heat source [26]. The characteristic temperature 
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values can also change, e.g. glass transition temperature (Tg) or melting temperature (Tm). The 

segmental motion occurs only at higher temperatures at an increased Tg, so the matrix material will be 

stiffer in this region. 

 
Figure 4. DSC curves of polypropylene (PP) with different clays [26] 

In Figure 4. the melting ranges can be seen by Differential Scanning Calorimetry (DSC) method. 1 

is for PP without clay, the other three curves for PP with clay: 2 for 16.9 wt% of Cloisite 30B, 3 for 

1.1wt% of Cloisite 15A, 4 for 9.9 wt% of Claytone HY. Adding clay to the matrix polymer, the melting 

range is broadening and also the crystalline structure changes [26].  

4.2. Barrier properties 

The increased barrier property means reduction in gas (oxygen or carbon dioxide) or water vapor 

permeability [27]. The oxygen permeability plays an important role in oxidative degradation.  

 
Figure 5. Oxygen permeability of PA/LLDPE blends with and without clay [28] 

In Figure 5 and 6, it can be seen that with addition of clay, the oxygen permeation and the water 

vapor permeation of polyamide 6 (PA6)/linear low density polyethylene (LLDPE) and poly(m-xylene 

adipamide) (MXD6)/LLDPE blends reduces at least by 50% and by 27%, respectively [28].  
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Figure 6. Water vapour transmission rate of PA/LLDPE blends with and without clay [28] 

PVA membranes with chitosan and MMT content show improved methanol barrier properties [29]. 

Adding MMT is also an efficient method to prevent water uptake, which tenderize plastics [30]. Clay 

can block the flow of water the same way, as it does with heat. 

4.3. Nucleation effect 

Montmorillonite can function as nucleation agent. In general, crystallinity in polymers will be more 

dispersed and occurs at higher temperature [26, 31, 32]. In some cases, crystallinity slightly increases 

[32-33]. It is revealed that nanofiller content decrease the characteristic time of crystallisation of the 

polyamide (PA11) matrix in isothermal conditions, and that the nucleation efficiency of organophilized 

montmorillonite (OMMT) is higher than of sepiolite (Figure 7.) [34].  

 
Figure 7. Peak temperature (a) and enthalpy of crystallisation (b) of PA11/clay nanocomposites [34] 

During non-isothermal measurements, nanoclays are also effective nucleating agents, so their 

presence reduces the degree of super cooling required for crystallisation [35]. 

4.4. Mechanical properties 

Mechanical properties of polymer/MMT nanocomposites are the most investigated ones. Tensile 

properties significantly depend on the dispersion characteristics of montmorillonite particles in polymer 
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matrix [36]. The MMT improves the macro- and microstructure of the composite. The tensile properties 

will be better, both tensile strength and elongation at break increases (Figure 8.) [37].  

 

 
Figure 8. Tensile strength (a) and elongation at break (b) of MMT loaded PLA [37] 

Adding MMT into PA6, the creep recovery, storage modulus and also loss factor decreases, 

explained by the reduced molecular motion [38]. Properties, like Young’s modulus is seem to have a 

maximum value, which occurs at 3-5 wt% MMT content (Figure 9.) [37, 39].  

 
Figure 9. Young’s modulus of MMT loaded PLA [37] 

The structure is likely to transform above a certain percentage of clay, from intercalated or exfoliated 

into aggregated parts. However, MMT is a soft clay, the hardness and the fracture toughness of the 

composites changes [40-42]. 

4.5. Rheological properties 

The melt flow index (MFI) decreases with the increased filler content (Figure 10.) [31]. The nanofillers 

were bentonite (Nanoclay 1) and montmorillonite (Nanoclay 2). It means that the viscosity increases in 

this region. In low frequency region, higher complex viscosity of the nanocomposites is observed 

compared to the neat polymer, while there is strong interaction between the matrix and the clay [21]. 

These interaction hinder the motion of polymer chains. The nanocomposites show dominant shear 

thinning behavior. Therefore at higher frequencies, the viscosity curve sharply decreases. 
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Figure 10. MFI values of poly(vinylidene fluoride-

co-hexafluoropropylene with clay content [31] 

Figure 11. Dc-conductivity of PEG-

PU/PMMA-LiClO4/MMT composite with 

clay content [43] 

4.6. Conductivity 

Ionic conductivity increases up to 5 wt% MMT content, then it decreases (Figure 11.) [43]. In solid 

polymer-salt-clay electrolytes, ionic transport is associated with the segmental motions [44]. The 

intercalated MMT structure is more favorable for high conductivity, while exfoliated MMT can be used 

for low permittivity ion conducting electrolytes [5, 45]. Also proton conductivity increases adding 

montmorillonite [30]. 

4.7. Synergistic with other additives 

Montmorillonite is often used with other additives, e.g. flame retardant, carbon nanotube, graphene, 

silver to reach the synergetic effect. Addition of secondary filler can provide additional functionalities 

to the matrix [24]. For instance, MMT improves the compatibility between the polymer and alumina 

trihydrate (flame retarder), so the flammability is ameliorated [46]. Moreover the antibacterial effect of 

silver (Ag) containing film can be improved [47]. The same way, electrical, barrier or mechanical 

properties can be modified by synergetic effect [11, 48].  

In Figure 12. the voltage amplitude is shown in function of time. Sepiolite and montmorillonite was 

added to low density polyethylene (LDPE). The overall clay content was 5 wt%. The lifetime of the 

nanocomposites increases with clay content. Moreover with the use of more types of clay (with the same 

overall clay content) higher values are shown [11].  
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Figure 12. The lifetime diagrams of LDPE/clay composites [11] 

5. Conclusion 

Clay particles, like MMT, can improve thermal, mechanical, rheological, barrier properties and 

conductivity, although the structure of the platelets greatly influences their behaviour. Moreover, 

nucleating and synergetic effect can occur, which also improve the properties. The evaluated papers 

provide a solid foundation for the investigations. In conclusion, 3-5 wt% additive is enough for the 

modification, above this percentage the structure of MMT can transform. The most used polymers are 

polyamide (PA) and polypropylene (PP). 

References 

 

[1] Naderi-Samani H et al. 2017 The effect of organoclay on the morphology and mechanical 

properties of PAI/clay nanocomposites coatings prepared by the ultrasonication assisted process 

Ulrasonics Sonochemistry Vol. 38. 306-316. 

[2] Bilgic C and Karakehya N 2016 Inverse gas chromatographic characterization of polystyrene and 

organo-montmorillonite/ polystyrene nanocomposites Journal of Adhesion Science and 

Technology Vol. 30. 1945-1956. 

[3] Carrasco F et al. 2015 Kinetics of the thermal degradation of poly(lactic acid) obtained by reactive 

extrusion: Influence of the addition of montmorillonite nanoparticles Polymer Testing 48. 69-81. 

[4] Chatterjee U et al. 2017 High energy ball milling for the processing of organo-montmorillonite 

in bulk Applied Clay Science Vol. 140. 10-16. 

[5] Dhatarwal P et al. 2017 Effect of intercalated and exfoliated montmorillonite clay on the 

structural, dielectric and electrical properties of plasticized nanocomposite solid polymer 

electrolytes Composites Communications Vol. 5. 1-7.  

[6] Lei F et al. 2014 Exfoliation of organic montmorillonite in iPP free of compatibilizer through the 

multistage stretching extrusion Polymer Bulletin Vol. 71. 3261-3273. 

[7] Shishavan S M et al. 2014 Investigation of the effect of nanoclay and processing parameters on 

the tensile strength and hardness of injection molded Acrylonitrile Butadiene Styrene-organoclay 

nanocomposites Materials and Deign Vol. 58. 527-534. 

[8] Li X et al. 2014 Influence of organic Intercalants on the morphology and dielectric properties of 

XLPE/ montmorillonite nanocomposite dielectrics IEEE Transaction on Dielectrics and 

Electrical Insulation Vol. 21, No. 4. 1705-1717. 



9

1234567890‘’“”

XXIII International Conference on Manufacturing (Manufacturing 2018) IOP Publishing

IOP Conf. Series: Materials Science and Engineering 448 (2018) 012021 doi:10.1088/1757-899X/448/1/012021

 

 

 

 

 

 

[9] Liao X et al. 2015 Nanocomposite membranes based on quaternized polysulfone and 

functionalized montmorillonite for anion-exchange membranes Journal of Power Sources Vol. 

286. 258-263. 

[10] Weltsch Z and Lovas A 2013 The relation between the surface tension and the bulk properties of 

diluted silver based melts Material Science Forum Vol. 729. pp. 19-24. 

[11] Guastavino F et al. 2014 Insulation properties of LDPE nanocomposites obtained by the 

dispersion of different nanoparticles IEEE Transaction on Dielectrics and Electrical Insulation 

Vol. 21. No. 2. 444-451. 

[12] Mauroy H et al. 2015 Anisotropic clay-polystyrene nanocomposites: Synthesis, characterization 

and mechanical properties Applied Clay Science Vol. 108. 19-27. 

[13] Belessi V, Lambropoulou D, Konstantinou I, Katsoulidis A, Pomonis P, Petridis D, Albanis T 

2007 Structure and photocatalytic performance of TiO2/clay nanocomposites for the degradation 

of dimethachlor, Applied Catalysis B: Environmental 73 292-299 

[14] http://nanotech.sc.mahidol.ac.th/center/research.html   

[15] https://www.mindat.org/min-2821.html 

[16] Paul D R et al. 2008 Polymer nanotechnology: Nanocomposites Polymer Vol. 49. 3187-3204. 

[17] Guevara-Morales A et al. 2013 Mechanical and dielectric properties of epoxy-clay 

nanocomposites Journal of Materials Science Vol. 49. 1574-1584. 

[18] Laatar F et al. 2016 Preparation of nanocomposite by adding of Tunisian nanoclay in unsaturated 

polyester matrix: mechanical and thermal study Journal of Polymer Research Vol. 23:239 

[19] Achilias D S et al. 2015 Effect of organoclays type on solid-state polymerization (SSP) of 

Poly(ethylene terephthalate): Experimental and modeling European Polymer Journal 63 156-167. 

[20] Beuguel Q et al. 2016 Influence of clay mineral structure and polyamide polarity on the structural 

and morphological properties of clay polypropylene/polyamide nanocomposites Applied Clay 

Science Vol. 135. 253-259. 

[21] Fereydoon M et al. 2013 Rheological, crystal structure, barrier, and mechanical properties of PA6 

and MXD6 nanocomposite films Polymer Engineering and Science Vol. 54. 2617-2631. 

[22] Maisanaba S et al. 2017 Development, characterization and cytotoxicity of novel silane-modified 

clay minerals and nanocomposites intended for food packaging Applied Clay Science Vol. 138. 

40-47. 

[23] Mansoori Y and Masooleh T M 2014 Polyimide/organo-montmorillonite nanocomposites: A 

comparative study of the organoclays modified with aromatic diamines Polymer Composites Vol. 

36. 613-622. 

[24] Nasiri A et al. 2016 Effect of nanoclay on the transfer properties of immanent additives in food 

packages Journal of Materials Science Vol. 51. 9732-9748. 

[25] Arunachalam S et al. 2015 An investigation of mechanical and thermal properties of 

polypropylene clay nanocomposites containing different nanoclays Macromolecular Materials 

and Engineering 300. 966-976. 

[26] Almeida L A et al. 2015 Synthesis of polypropylene/organoclay nanocomposites via in situ 

polymerization with improved thermal and dynamic-mechanical properties Journal of 

nanoscience and Nanotechnology Vol. 15. 2514-2522. 

[27] Annamalai P K and Martin D J 2014 Can clay nanoparticles accelerate environmental 

biodegradation of polyolefins? Materials Science and Technology Vol. 30. No. 5. 593-602. 

[28] Fereydoon M et al. 2014 Properties of co-extruded nanoclay-filled aliphatic nylon (PA6)/linear 

low-density polyethylene and aromatic nylon (MXD6)/ linear low-density polyethylene 

multilayer films Journal of Plastic Film and Sheeting Vol. 31. 1-33. 

[29] Gaur S S et al. 2014 Prospects of poly (vinyl alcohol)/chitosan/poly (styrene sulfonic acid) and 

montmorillonite Cloisite® 30B clay composite membrane for direct methanol fuel cells Journal 

of Renewable and Sustainable Energy Vol. 6. 

[30] Hu Z et al. 2013 Montmorillonite-reinforced sulfonated poly(phthalazinone ether sulfone ketone) 

nanocomposite proton exchange membranes for direct methanol fuel cells Journal of Applied 

Polymer Science Vol. 131. 



10

1234567890‘’“”

XXIII International Conference on Manufacturing (Manufacturing 2018) IOP Publishing

IOP Conf. Series: Materials Science and Engineering 448 (2018) 012021 doi:10.1088/1757-899X/448/1/012021

 

 

 

 

 

 

[31] Atanassov A et al. 2012 Properties of clay nanocomposites based on poly(vinylidene fluorid-co- 

hexafluoropropylene) Journal of Thermoplastic Composite Materials 1-16. 

[32] Benhacine F et al. 2015 Development of long-term antimicrobial poly (ε-caprolactone)/silver 

exchanged montmorillonite nanocomposite films with silver ion release property for active 

packaging use Polymer Bulletin Vol. 73. 1207-1227. 

[33] Arslan M et al. 2015 Poly(epsilon caprolactone)/ clay nanocomposites via host-guest chemistry 

European Polymer Journal Vol. 71. 259-267. 

[34] Jariyavidyanont K et al. 2016 Crystallization kinetics of polyamide 11 in the presence of sepiolite 

and montmorillonite nanofillers Colloid and Polymer Science Vol. 294. 1143-1151. 

[35] Sahoo R K et al. 2015 Effect of nanoclay on the nucleation, crystallization and melting behavior 

of polypropylene: A study on non-isothermal crystallization kinetics Journal of Thermoplastic 

Composite Materials Vol. 29. 

[36] Ejder-Korucu M et al. 2016 Poly(ethylene oxide)/clay nanocomposites: Thermal and mechanical 

properties Applied Surface Science Vol. 378. 1-7. 

[37] Jalalvandi E et al. 2013 Effects of montmorillonite (MMT) on morphological, tensile, physical 

barrier properties and biodegradability of polylactic acid/starch/MMT nanocomposites Journal of 

Thermoplastic Composite Materials Vol. 28. 

[38] Magniez K et al. 2014 Structure-property relationships in Nylon 6 nanocomposites based on 

octaphenyl-, dodecaphenyl-POSS, montmorillonite, and their combinations Polymer Composites 

Vol. 36. 153-160. 

[39] Malkappa K et al. 2016 Functionalized polybutadiene diol based hydrophobic, water dispersible 

polyurethane nanocomposites: Role of organo-clay structure Polymer Vol. 99. 404-416. 

[40] Francis V and Jain P K 2016 Experimental investigations on fused deposition modelling of 

polymer-layered silicate nanocomposite Virtual and Physical Prototyping Vol. 11. 109-121. 

[41] Gao G et al. 2015 Self-healable, tough, and ultrastretchable nanocomposite hydrogels based on 

reversible polyacrylamide/montmorillonite adsorption Applied Materials and Interfaces Vol. 7. 

5029-5037. 

[42] Cumkur E A et al. 2015 Poly(lactic acid)-layered silicate nanocomposites: The effect of modifier 

and compatibilizer on the morphology and mechanical properties Journal of Applied Polymer 

Science 132. 42553. 

[43] Chilaka N and Ghosh S 2014 Dielectic studies of poly (ethylene glycol) -polyurethane/poly 

(methylmethacrylate)/montmorillonite composite Electrochimica Acta Vol. 134. 232-241. 

[44] Dam T et al. 2014 Observation of ionic transport and ion-coordinated segmental motions in 

composite (polymer-salt-clay) solid polymer electrolyte Ionics Vol. 21. 401-410. 

[45] Sengwa R J and Choudhary S 2014 Dielectric properties and fluctuating relaxation processes of 

poly(methyl methacrylate) based polymeric nanocomposite electrolytes Journal of Physics and 

Chemistry of Solids Vol. 75. 765-774. 

[46] Bee S-T et al. 2014 Dispersion and roles of montmorillonite on structure, flammability, thermal 

and mechanical behaviours of electron beam irradiated flame retarded nanocomposite 

Composites: Part B 61. 41-48. 

[47] Savas L A and Hancer M 2015 Montmorillonite reinforced polymer nanocomposite antibacterial 

film Applied Clay Science Vol. 108. 40-44. 

[48] Kelnar I et al. 2016 Influence of clay-nanofiller geometry on the structure and properties of 

poly(lactic acid)/thermoplastic polyurethane nanocomposites RSC Advances 6. 30755-30762. 

 

Acknowledgments 

This research is supported by GINOP-2.2.1-15-2017-00077 "New developed materials: the use of 

nanocomposites in compressed air breaking and auxiliary systems" project. The Project is supported by 

the Hungarian Government and co-financed by the European Social Fund. 


