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1. Introduction 

About 25-30 years ago the results of the Toyota group created much in-

terest among researchers all over the world and initiated intensive research on 

layered silicate nanocomposites1,2,3. Many research groups launched projects re-

lated to layered silicates and even companies started to show interest in these 

new materials. The general idea of polymer nanocomposites is based on the con-

cept of creating a very large interface between the nano-sized heterogeneities 

and the polymer matrix by the homogeneous distribution of the clay in the pol-

ymer, in the form of individual layers (exfoliation). This large interface and the 

corresponding interphase are supposed to result in exceptional properties such 

as large reinforcement at very small nanoparticle content which is not possible 

to reach with traditional particulate filled polymers. Unfortunately nanocompo-

sites often did not and still do not fulfill the expectations and possess much worse 

properties than expected. The main reason for the inferior properties is that the 

basic idea usually does not work and the large interface necessary for efficient 

reinforcement cannot be created. The problems arise mostly from the fact that 

complete exfoliation can practically never be achieved, structure is not con-

trolled or even known and in spite of their importance very little is known about 

competitive interactions prevailing in such composites. 

The results of the research obtained up to now strongly indicated that 

nanocomposites probably will never be used in structural applications in large 

quantities because of their inferior properties or prohibitive price. On the other 

hand, it turned out that functional nanocomposites might find application in 

niche areas and these special materials are already applied in industry in increas-

ing amounts. Food packaging is a possible application field, but the conductivity 

of carbon nanotubes as well as graphene can be utilized in antistatic and conduc-

tive composites. Very intensive research is going on on the use of nanosized 

carrier materials, mainly nanotubes in controlled release applications. Most often 

drugs are filled into nanotubes like halloysite, but other active components can 

be also included into them in order to use the complex devices in paints, water 

treatment or corrosion protection. Medical applications usually can tolerate the 

larger expense related to the nanomaterials, but it can be accepted in most spe-

cific applications. It is obvious that functional nanocomposites offer enormous 

possibilities, but further research must be carried out to exploit them. 

The Laboratory of Plastics and Rubber Technology of the Department of 

                                                 
1 Fukushima, Y., Inagaki, S., J. Inclusion Phenom.  5, 473-482, (1987) 
2 Fukushima, Y., Okada, A., Kawasumi, M., Kurauchi, T., Kamigaito, O., Clay Miner.  23, 27-34, 

(1988) 
3 Usuki, A., Kojima, Y., Kawasumi, M., Okada, A., Fukushima, Y., Kurauchi, T., Kamigaito, O., J. 

Mater. Res.  8, 1179-1184, (1993) 
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Physical Chemistry and Materials Science at the Budapest University of Tech-

nology and Economics together with the Institute of Materials and Environmen-

tal Chemistry at the Hungarian Academy of Sciences have considerable experi-

ence in the modification of polymers. The group intensively studied particulate 

filled polymers and polymer blends for years and gained extensive knowledge 

about the structure-property correlations of and interfacial interactions in such 

materials. Based on this experience a project was started on layered silicate nano-

composites which resulted in the preparation of three PhD theses4,5,6. As a result 

of these studies, most problems related to layered silicate nanocomposites sur-

faced and the crucial questions which need further attentions have been identi-

fied. 

 

2. Background 

2.1. Structure of nanocomposites 

Nanocomposites can be classified in many ways; in this work we discuss 

them according to the dimensionality of the nano-sized heterogeneity. The size 

is in the nanometer range in all three dimensions for particles like silica (SiO2), 

titanium-dioxide (TiO2), calcium carbonate (CaCO3) or polyhedral oligomeric 

silsesquioxane (POSS). Nanotubes and fibers (carbon nanotubes (CNT); hal-

loysite nanotubes (HNT)) are small in two dimensions, but can be micrometer 

long, while the individual platelets of layered minerals [montmorillonite 

(MMT); layered double hydroxide (LDH)] are approximately 1 nm thick, but 

their other two dimensions are usually much larger. 

The structure of nanocomposites containing plate-like reinforcements 

differs in two aspects from that prepared with other reinforcements i.e. nanotubes 

or fibers, and spherical particles. In order to prepare composites reinforced with 

plates, the original particles must be exfoliated, separated to individual layers. 

These composites also may contain several structural entities with different di-

mensions thus structure must be considered and studied in a very wide length 

scale from the nanometer range to microns7. 

                                                 
4 Pozsgay, A., Gy. In Polymer nanocomposites; preparation, structure and properties; Budapest 

University of Technology and Economics: Budapest, 2003. 
5 Százdi, L., T. In Structure - property relationships in polymer/layered silicate nanocomposites; 

Budapest University of Technology and Economics: Budapest, 2006. 
6 Dominkovics, Z. In Polymer/layered silicate nanocomposites: structure formation, interactions 

and deformation mechanisms; Budapest University of Technology and Economics: Budapest, 

2011. 
7 Ábrányi, A., Százdi, L., Pukánszky, B., Vancsó, G. J., Macromol. Rapid Commun.  27, 132-135, 

(2006) 
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2.2. Filler characteristics, interactions and composite properties 

Although nanocomposites might have particular differences compared to 

traditional microcomposites, the general rules of heterogeneous materials apply 

also for them and their properties are determined by the same four factors, i.e. 

component properties, composition, structure and interactions. Because of their 

increased importance in nanocomposites the attention must be focused mainly 

on structure and interfacial interactions. Structure is not characterized properly 

in a large number of studies, usually the formation of an intercalated/exfoliated 

structure is claimed in layered silicate nanocomposites without defining the ex-

tent of exfoliation or looking for other structural units. Similarly, interactions are 

treated in very general terms using expressions like compatibility, miscibility, 

hydrophobicity, polarity, etc. without their definition or quantitative characteri-

zation8,9. 

Presently organically-modified silicates are used in the largest amount for 

the preparation of nanocomposites. The majority of papers published on poly-

mer/layered silicate nanocomposites containing an organically-modified silicate 

claim that surface modification renders the hydrophilic silicate hydrophobic, de-

creases its polarity, facilitates intercalation and exfoliation, improves wetting 

and the compatibility of the phases, and results in advantageous properties10,11. 

It is completely true that the treatment of silicates renders them hydrophobic and 

decreases their polarity. However, the claim that decreased polarity leads to bet-

ter compatibility and wetting is false. Organophilization decreases the surface 

energy of the fillers leading to the decrease of the strength of interaction between 

the filler and the polymer12. 

The role of interactions and their modification are relatively simple in 

nanotube and spherical nanoparticle modified polymers and very similar to other 

heterogeneous polymer systems (for instance microcomposites) in spite of the 

nanometric dimensions of these reinforcements. However, particle-particle in-

teractions play a much more important role in the case of nanofillers than for 

traditional reinforcements. Interactions are much more complicated in nanocom-

posites containing plate-like reinforcements, since they influence exfoliation and 

structure and the number of possible competitive interactions can be also much 

larger in them than in composites containing other, non-layered reinforcements. 

The thermodynamics of exfoliation and component interactions was considered 

                                                 
8 LeBaron, P. C., Wang, Z., Pinnavaia, T. J., Appl. Clay Sci.  15, 11-29, (1999) 
9 Vaia, R. A., Giannelis, E. P., Macromolecules  30, 8000-8009, (1997) 
10 Sinha Ray, S., Okamoto, M., Prog. Polym. Sci.  28, 1539-1641, (2003) 
11 Reichert, P., Nitz, H., Klinke, S., Brandsch, R., Thomann, R., Mulhaupt, R., Macromol. Mater. 
Eng.  275, 8-17, (2000) 
12 Fekete, E., Pukánszky, B., Tóth, A., Bertóti, I., J. Colloid Interface Sci.  135, 200-208, (1990) 
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by several groups13,14,15. The interactions developing in layered silicate polyam-

ide (PA) nanocomposites were analyzed by molecular dynamics modeling by 

Sikdar et al.16. According to these results we can conclude that various functional 

groups of the polymer and the surfactant interact with each other, and the pres-

ence of additional components like solvents, additives and compatibilizers in-

crease the number of possible interactions even more. Obviously, various groups 

of the components compete for active sites on the silicate surface, but also inter-

act with each other and these competitive interactions determine the extent of 

exfoliation, the developed structure, polymer/silicate adhesion and finally the 

properties of the composites. 

Although an enormous number of papers have been published on layered 

silicate composites prepared from a wide variety of silicates and polymers up to 

now, very few of them compare the influence of the same silicate on composite 

structure and properties in different polymers17,18. However differences in the 

structure of the matrix polymer lead to dissimilar interactions and thus to differ-

ent structure and properties. Authors do not offer a real comparison with tradi-

tional reinforcements. For example the paper written by the Toyota group19 

shows the considerable increase of heat deflection temperature with increasing 

silicate content, but the comparison of nano- and traditional reinforcing effect is 

missing from the work. The paper of Fornes and Paul20 cited even more often 

compares glass fiber reinforced PA to a composite reinforced with montmoril-

lonite. However, the comparison is made again on the basis of results obtained 

from different sources and nothing is said about the properties of the PA6 used 

for the generation of the results, processing conditions, structure, interactions, 

etc. Accordingly the comparison and the advantage of the silicate is somewhat 

questionable. 

  

                                                 
13 Jang, B. N., Wang, D. Y., Wilkie, C. A., Macromolecules  38, 6533-6543, (2005) 
14 Vaia, R. A., Giannelis, E. P., Macromolecules  30, 7990-7999, (1997) 
15 Balázs, A. C., Singh, C., Zhulina, E., Macromolecules  31, 8370-8381, (1998) 
16 Sikdar, D., Katti, D. R., Katti, K. S., Bhowmik, R., Polymer  47, 5196-5205, (2006) 
17 Mesbah, A., Zaïri, F., Naït-Abdelaziz, M., Gloaguen, J. M., Anoukou, K., Zaoui, A., Qu, Z., 
Boukharouba, T., Lefebvre, J. M., Compos. Sci. Technol.  101, 71-78, (2014) 
18 Stoeffler, K., Lafleur, P. G., Perrin-Sarazin, F., Bureau, M. N., Denault, J., Composites Part A  

42, 916-927, (2011) 
19 Fukushima, Y., Inagaki, S., J. Inclusion Phenom.  5, 473-482, (1987) 
20 Fornes, T. D., Paul, D. R., Polymer  44, 4993-5013, (2003) 
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2.3. Possible applications, functionality 

Cost is an important attribute of every engineering material and it de-

creases with increasing filler content in traditional composites, but usually in-

creases in nanocomposites. Moreover, decreasing polymer prices and increasing 

compounding costs make any composites competitive only if technical benefits 

are utilized in their full extent. 

One of the first target areas of most composites prepared with anisotropic 

particles (fibers, tubes, plates) is their use as load-bearing parts utilizing the large 

surface area, stiffness and aspect ratio of these reinforcements. In the case of 

nanocomposites serious obstacles were met during the production of parts with 

the desired properties for several reasons i.e. difficulties with the control of struc-

ture, dispersion, orientation, adhesion and last, but not least price. Nanocompo-

sites can be used as structural elements in certain areas, but the real potentials of 

these materials are in special, niche application utilizing their functional proper-

ties in membrane technology, electronics, as well as biomedical and environ-

mental devices. 

Controlled drug release and targeted drug delivery are promising fields 

in which nanocomposites may play a role in the future. Nanoparticles are used 

in increasing quantities also in various drug formulations. For instance halloysite 

nanotubes are thought to slow down and regulate drug release. HNT is a natu-

rally occurring aluminosilicate clay with tubular structure. Due to their high me-

chanical strength, thermal stability, biocompatibility, HNTs have a number of 

exciting potential applications in controlled release devices. Numerous attempts 

have been made to use halloysite nanotubes as carriers for all kinds of bioactive 

molecules 21. However, besides medical applications, halloysite nanotubes are 

used as supports in other areas as well. Shchukin et al. developed an anticorro-

sion agent in which halloysite nanotubes contain the inhibitor that is released in 

a controlled way during a certain period of time22,23. Fu et al. used halloysite as 

a carrier for N-isopropyl-N'-p-phenylenediamine antioxidant to increase the sta-

bility of styrene-butadiene rubber24. Although the potentials of nanocomposites 

are great, several outstanding issues (competitive interactions, optimum proper-

ties) need resolution in the future. 

  

                                                 
21 Liu, M., Jia, Z., Jia, D., Zhou, C., Prog. Polym. Sci.  39, 1498-1525, (2014) 
22 Shchukin, D. G., Mohwald, H., Adv. Funct. Mater.  17, 1451-1458, (2007) 
23 Shchukin, D. G., Lamaka, S. V., Yasakau, K. A., Zheludkevich, M. L., Ferreira, M. G. S., 

Mohwald, H., J. Phys. Chem. C  112, 958-964, (2008) 
24 Fu, Y., Zhao, D. T., Yao, P. J., Wang, W. C., Zhang, L. Q., Lvov, Y., ACS Appl. Mater. 

Interfaces  7, 8156-8165, (2015) 
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In view of existing contradictions and open questions, we decided to ex-

plore problems largely unattended up to now. Literature search showed that the 

nano hype was based mainly on assumptions and pure belief and even the 

claimed benefits of nanocomposites over traditional microcomposites have ba-

sically never been checked. As a result, first we compared layered silicate nano-

composites to traditional particulate filled and fiber reinforced materials. Since 

previous research proved that interfacial interactions play a crucial role in the 

determination of composite structure and properties, we studied the effect of ma-

trix/filler interactions in these materials. Finally, we looked for alternative fillers 

and functional applications and investigated the use of halloysite nanotubes as 

controlled release carrier material. This thesis summarizes the most important 

scientific results of the research done lately, its main conclusions and further 

potentials. 

 

3. Materials and methods 

In our study several micro [glass bead (GB) and fiber (GF), wood flour 

(WF)] and nanofillers [sodium (NaMMT) and organophilized montmorillonite 

(OMMT)] were used for the preparation of composites in different matrices such 

as polypropylene (PP) with and without a maleated polypropylene coupling 

agent (MAPP), polyamide (PA6) and polylactic acid (PLA). The components 

were homogenized by twin-screw extrusion. The granulates produced in the 

compounding step were injection moulded into tensile bars. 

In the investigation of the possible functional application of nanocompo-

sites, halloysite (HNT) nanotubes were used as controlled release carriers, and 

an active agent, a natural antioxidant (quercetin) was applied for filled into the 

nanotubes. We used a range of solvents during the characterization of the ad-

sorption and desorption of the antioxidant onto and from the halloysite and UV-

Vis spectrometry was applied to follow kinetics. Stabilization experiments were 

carried out using the nanotubes filled with quercetin. “Phillips” type polyeth-

ylene (PE) was applied as matrix polymer in these investigations and the com-

ponents were homogenized by single screw extrusion. 

The morphology of the composites and nanofillers were characterized by 

transmission (TEM) and scanning electron microscopy (SEM). Gallery distance 

and structure were investigated by XRD measurements. The possible formation 

of a silicate network in the nanocomposites was checked by rotational viscome-

try. Fillers were characterized by thermogravimetric analysis (TGA) to measure 

their water content and the amount of the surface modifier. The specific surface 

area, pore size and volume were determined by nitrogen adsorption. Average 
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particle size and the distribution were measured by laser light scattering and mi-

croscopy. Surface tension was determined by inverse gas chromatography 

(IGC). Fourier transform infrared spectroscopy (FTIR) and X-ray photoelectron 

spectroscopy (XPS) were also used for the characterization of the nanotubes. 

Molecular modelling (Mercury package, DFT) was carried out to estimate the 

strength of quercetin/halloysite interaction and to determine the arrangement of 

the molecules on the halloysite surface. 

The mechanical properties of the composites were characterized by ten-

sile testing and local processes taking place during deformation were detected 

by acoustic emission (AE) and volume strain (VOLS) measurements. In the in-

vestigation of the functional application of HNT the residual thermo-oxidative 

stability of PE was characterized by the oxidation induction time (OIT). 

 

4. Results  

4.1. Reinforcing effect of various micro- and nanofillers 

The comparison of the effect of various micro- and nanofillers on the 

properties of PA6 composites showed that properties can be modified in a rela-

tively wide range. True reinforcement 

can be achieved with glass fibers, but 

the influence of all traditional fillers 

can be predicted with large certainty, 

because their structure can be con-

trolled quite well. Although layered 

silicates reinforce polyamide even 

better, but only in a very narrow com-

position range because of structural 

effects (Figure 1.). The extent of exfo-

liation is not sufficiently large in pol-

yamide/organophilized clay compo-

sites and the structure cannot be con-

trolled in the desired extent, thus prop-

erties cannot be predicted and repro-

duced for practical applications. Nu-

merous local deformation processes 

take place during the deformation of 

PA composites, like cavitation and 

shear yielding of the matrix, as well as 

particle related processes. The proper-

Figure 1. Composition dependence of 

the reduced tensile strength of PA 

composites, the slope of the straight 

lines is proportional to the load bear-

ing capacity of the fillers. Symbols: 

() NaMMT, () OMMT, () GB, 

() WF, () GF. 
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ties of PA composites are not determined by these latter, but by those taking 

place in the matrix. The properties of PA composites can be adjusted in a wide 

range, but the routine use of layered silicates needs further efforts. 

 

4.2. Competitive interactions, structure and properties in polymer/layered sili-

cate nanocomposites 

The comparison of polymer/OMMT composites prepared with four ma-

trices of different chemical structure showed that competitive interactions 

among silicate layers and between the silicate and the polymer determine the 

extent of exfoliation and structure generally. The morphology of the composites 

is complicated, various structural entities can be present in them. Exfoliation is 

never complete, besides individual silicate layers, the composite can contain a 

silicate network, stacks of silicate plates and larger particles in various amounts. 

Several local deformation processes can take place around these structural enti-

ties as well as in the matrix. The dominating process depends on interactions, 

and on the size and amount of the heterogeneities. The main particle related pro-

cesses are particle fracture and debonding, while cavitation takes place in the 

polymer, at least in PA and PLA matrices. The macroscopic properties of layered 

silicate composites are determined by the balance of the extent of exfoliation and 

interfacial adhesion that decreases upon organophilization. Increased reinforce-

ment and improved composite properties can be achieved only by the proper 

control of all interactions prevailing in the composite. 

 

4.3. Adsorption of a natural antioxidant on the surface of halloysite: interaction, 

orientation, consequences 

Quercetin is a very efficient natural antioxidant for PE, but its poor sol-

ubility and high melting temperature limits its application. The use of halloysite 

nanotubes as a support or carrier material seemed to be an obvious solution for 

the problem. Contrary to most works in this area the halloysite nanotubes used 

as potential carrier material for the controlled release of a stabilizer in polyeth-

ylene were thoroughly characterized with several techniques. Specific surface 

area, pore volume and surface energy determine the adsorption of the active mol-

ecule on the surface of the mineral. The high surface energy of the halloysite 

determined by IGC results in strong bonding of the additive onto the surface and 

difficult release as a consequence. FTIR spectroscopy confirmed strong interac-

tion, an energetically heterogeneous surface and the development of multilayer 

coverage at large loadings (Figure 2.). FTIR and XRD experiments proved the 

complete lack of intercalation and showed that below 3.5 wt% quercetin loading 

most of the molecules are located within the tubes. Molecular modelling of the 
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surface indicated the parallel orienta-

tion of quercetin molecules with the 

surface. Critical concentrations de-

rived from various measurements 

agreed well with each other further 

confirming that up to about 4.0 wt% 

loading, quercetin is bonded very 

strongly to the halloysite surface. As 

a consequence, the dissolution of the 

active molecules is very difficult or 

impossible, especially into apolar 

media like PE, thus neither stabiliza-

tion nor a controlled release effect 

can be expected below that concen-

tration. 

 

4.4. Competitive interactions and 

controlled release of a natural 

antioxidant from halloysite 

nanotubes 

Dissolution experiments car-

ried out for the determination of the 

effect of solvent characteristics on 

the amount of irreversibly bonded 

quercetin proved that adsorption and 

dissolution depend on competitive 

interactions prevailing in the system 

(Figure 3.). Solvents with low polar-

ity dissolve only surplus quercetin 

adsorbed in multilayers. Polyeth-

ylene does not contain functional 

groups, thus the polymer forms weak 

interactions with every substance; 

quercetin dissolves into it from the 

halloysite surface only above a criti-

cal surface coverage. Preliminary sta-

bilization experiments confirmed 

that strong adhesion prevents disso-

lution and results in limited stabiliza-

tion efficiency. At larger adsorbed 
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amounts better stability and extended effect were measured indicating dissolu-

tion and controlled release. 

 

4.5. Long term stabilization by the controlled release of a natural antioxidant 

from halloysite nanotubes 

In the presence of a phosphonate secondary stabilizer quercetin protects 

the polymer against degradation during processing already at 50 ppm concentra-

tion and renders it stable during use at 250 ppm. Since its solubility in PE is very 

limited, it forms a separate phase at very small concentration. The use of a hal-

loysite nanotube support results in 

more homogeneous dispersion and 

facilitates dissolution in the polymer. 

Because of the high energy of the hal-

loysite surface, the stabilizer adheres 

to it very strongly and does not dis-

solve in polyethylene below a critical 

concentration. Only stabilizer added 

above this amount, which is around 4 

wt% calculated for the halloysite, sta-

bilizes the polymer resulting in a loss 

of active additive. Nevertheless, the 

melt stabilization efficiency of quer-

cetin does not decrease in the pres-

ence of the halloysite support. The ef-

ficiency of long term stabilization de-

creases somewhat, but halloysite 

nanotubes pretreated with the stabi-

lizer possess controlled release func-

tion, ageing is slower in their pres-

ence than with separately dispersed 

components or in the absence of hal-

loysite (Figure 4.). It is a question of decision if controlled release and slower 

ageing are compensated by the loss of efficiency and smaller OIT in long term 

use. 

  

Figure 4. Effect of ageing time on the 

extent of OIT change compared to the 

non-aged sample. Symbols: () Q: 

contains quercetin; () Q, H: con-

tains quercetin and HNT separately 

dispersed; () Q/H: contains HNT 

loaded with quercetin. 
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5. New scientific results 
 

1. With the help of direct comparative measurements we could prove for the 

first time that although layered silicates reinforce polyamide even better 

than traditional glass fibers, they do this only in a very narrow composi-

tion range because of structural effects. The extent of exfoliation is not 

sufficiently large in polyamide/organophilized clay composites and be-

sides individual silicate layers a number of other structural entities are 

also present in the composite leading to a very complicated structure [1]. 

2. The same experiments showed that numerous local deformation pro-

cesses take place during the loading of PA composites, the cavitation and 

shear yielding of the matrix, as well as particle related processes. The 

properties of PA composites are not determined by these latter, but by 

those taking place in the matrix [1]. 

3. The comparison of the structure and properties of polymer/organophilic 

montmorillonite composites prepared with matrices of different chemical 

structures showed that competitive interactions among silicate layers and 

between the silicate and the polymer determine the extent of exfoliation 

and structure generally. As a consequence, the macroscopic properties of 

layered silicate composites are determined by the balance of the extent of 

exfoliation and interfacial adhesion that decreases upon organophiliza-

tion [2]. 

4. Although considerable effort is done to use halloysite nanotubes as carrier 

material for the preparation of controlled release devices, very few at-

tempts are made to characterize the filler properly. Contrary to the general 

approach we characterized our halloysite nanotubes in detail and proved 

that it possesses an energetically heterogeneous surface, enters with the 

probe molecule, quercetin, into strong interaction leading to the develop-

ment of multilayer coverage at large loadings [3]. 

5. Structural investigations proved the complete lack of intercalation of 

quercetin into the galleries of the silicate and showed that below a critical 

concentration most of the probe molecules are located within the tubes 

with parallel orientation to the surface. Below this critical concentration 

the adhesion of the probe molecules to the surface is very strong and they 

do not dissolve easily into the surrounding matrix [3]. 

6. With the help of preliminary stabilization experiments we confirmed that 

strong adhesion prevents dissolution and results in limited stabilization 

efficiency. At larger adsorbed amounts better stability and extended ef-

fect were measured indicating dissolution and controlled release [4]. 
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7. A more detailed stabilization study showed that the melt stabilization ef-

ficiency of quercetin does not decrease in the presence of the halloysite 

support and halloysite nanotubes pretreated with the stabilizer possess 

controlled release function, ageing is slower in their presence than with 

separately dispersed components or in the absence of the halloysite [5]. 

 

6.  Publications 
(IF: impact factor, IC: independent citation) 

6.1. The thesis is based on the following papers 

1. Hári, J., Horváth, F., Renner, K., Móczó, J., Pukánszky, B.: Comparison of 

the reinforcing effect of various micro and nanofillers in PA6 in preparation 

2. Hári, J., Horváth, F., Móczó, J., Renner, K., Pukánszky, B.: Competitive 

interactions, structure and properties in polymer/layered silicate nanocom-

posites, Express Polym. Lett. 11, 479-492 (2017) (IF2015: 2,962, IC: 0)  

3. Hári, J., Polyák, P., Mester, D., Mičušík, M., Omastová, M., Kállay, M., 

Pukánszky, B.: Adsorption of an active molecule on the surface of halloysite 

for controlled release application: Interaction, orientation, consequences, 

Appl. Clay Sci. 132-133, 167-174 (2016) (IF2015: 2,586, IC: 0) 

4. Hári, J., Gyürki, Á., Sárközi, M., Földes, E., Pukánszky, B.: Competitive 

interactions and controlled release of a natural antioxidant from halloysite 

nanotubes, J. Colloid Interface Sci. 462, 123-129 (2016) (IF2015: 3,782, IC: 

1) 

5. Hári, J., Sárközi, M., Földes, E., Pukánszky, B.: Long term stabilization of 

PE by the controlled release of a natural antioxidant from halloysite nano-

tubes, to be submitted to Polymer Degradation and Stability 

6. Keledi, G., Hári, J., Pukánszky, B.: Polymer nanocomposites: structure, in-

teraction, and functionality, Nanoscale 4, 1919-1938 (2012) (IF: 5,91, IC: 

31) 

  



Ph.D. Thesis 

 
 

14 

6.2. Other publications 

1. Hári, J., Dominkovics, Z., Fekete, E., Pukánszky, B.: Kinetics of structure 

formation in PP/layered silicate nanocomposites, Express Polym. Lett. 3, 

692-702 (2009) (IF: 1,452, IC: 8) 

2. Hári, J., Dominkovics, Z., Fekete, E., Pukánszky, B.: Polipropilén/rétegszil-

ikát nanokompozitok termooxidatív stabilitása. Műanyag és Gumi 46(10), 

398-404 (2009) 

3. Hári, J., Dominkovics, Z., Renner, K., Móczó, J., Pukánszky, B.: A 

felületkezelés hatása a mikromechanikai deformációs folyamatokra PA6/ré-

tegszilikát nanokompozitokban. Műanyag és Gumi 48(6), 223-228 (2011) 

4. Dominkovics, Z., Hári, J., Fekete, E., Pukánszky B.: Thermo-oxidative sta-

bility of polypropylene/layered silicate nanocomposites, Polym. Degrad. 

Stab. 91, 581-587 (2011) (IF: 2,769, IC: 17) 

5. Naveau, E., Dominkovics, Z., Detrembleur, C., Jerome, C., Hári, J., Renner, 

K., Alexandre, M., Pukánszky, B.: Effect of clay modification on the struc-

ture and mechanical properties of polyamide-6 nanocomposites, Eur. 

Polym. J. 47, 5-15 (2011) (IF: 2,739, IC: 31) 

6. Dominkovics, Z., Hári, J., Kovács, J., Fekete, E., Pukánszky B.: Estimation 

of interphase thickness and properties in PP/layered silicate nanocompo-

sites, Eur. Polym. J. 47, 1765-1774 (2011) (IF: 2,739, IC: 10) 

7. Hári, J., Pukánszky, B.: Nanocomposites: Preparation, Structure, Proper-

ties in Applied Plastics Engineering Handbook, ed. Myer, K., Elsevier, 

USA, 2011, vol. 8, pp 109- 143 (IC: 2) 

8. Polyák, P., Hári, J., Pukánszky, B.: A halloysit mint ásványi töltőanyag és 

polipropilén kompozitjainak tulajdonságai. Műanyag és Gumi 50(4), 156-

159 (2013) 

9. Dominkovics, Z., Naveau, E., Jérôme, C., Hári, J., Renner, K., Móczó, J., 

Alexandre, M., Pukánszky, B.: Effect of clay modification on the mecha-

nism of local deformations in PA6 nanocomposites, Macromol. Mater. Eng. 

298(7), 796-805 (2013) (IF: 2,338, IC: 2) 

10. Faludi, G., Hári, J., Renner, K., Móczó, J., Pukánszky, B.: Fiber association 

and network formation in PLA/lignocellulosic fiber composites, Compos. 

Sci. Technol. 77(1), 67-73 (2013) (IF: 3,328, IC: 8) 

11. Kenyó, Cs., Hári. J., Renner. K., Kröhnke, C., Pukánszky, B.: Effect of ma-

trix characteristics on the properties of high-impact polystyrene/zeolite 

functional packaging materials, Ind. Eng. Chem. Res. 53(49), 19208-19215 

(2014) (IF: 2,235, IC: 0) 



Ph.D. Thesis 

 
 

15 

12. Kocsis, K., Polyák, P., Hári, J., Janecska, T., Földes, E., Pukánszky, B.: 

Természete antioxidánssal módosított halloysit nanocső stabilizáló 

hatásának vizsgálata polietilénben. Műanyag és Gumi 51(10), 395-399 

(2014) 

13. Kirschweng, B., Bencze, K., Sárközi, M., Hégely, B., Samu, Gy., Hári, J., 

Tátraaljai, D., Földes, E., Kállay, M., Pukánszky, B.: Melt stabilization of 

polyethylene with dihydromyricetin, a natural antioxidant, Polym. Degrad. 

Stab. 133, 192-200 (2016) (IF2015:3,120, IC: 0) 

 

6.3. Conference presentations 

1. Hári, J., Dominkovics, Z., Fekete, E., Pukánszky, B.: Polipropilén/rétegszil-

ikát nanokompozitok termooxidatív stabilitása, MTA Műanyag és 

Természetes Polimerek Munkabizottsági ülés, 2009. április 23., Budapest 

2. Renner, K., Naveau, E., Dominkovics, Z., Jerome, C., Hári, J., Alexandre, 

M., Pukánszky, B.: Micromechanical deformation processes in PA6/layered 

silicate nanocomposites, Symposium on Nanostructured polymers/nano-

composites, May 18-19, 2010, Halle/Saale, Germany 

3. Hári, J., Dominkovics, Z., Fekete, E., Pukánszky, B.: Interfacial interactions 

in layered silicate polymer nanocomposites, Symposium on Nanostructured 

polymers/nanocomposites, May 18-19, 2010, Halle/Saale, Germany 

(poster) 

4. Naveau, E., Dominkovics, Z., Hári, J., Jérôme, C., Renner, K., Móczó, J., 

Alexandre, M., Pukánszky, B.: Effect of clay modification on the mecha-

nism of local deformations in PA6 nanocomposites, ECCM 14, June 7-10, 

2010, Budapest, Hungary 

5. Hári, J., Dominkovics, Z., Renner, K., Fekete, E., Pukánszky, B.: Interfaces 

and interphases in PP/layered silicate composites, ECCM 14, June 7-10, 

2010, Budapest, Hungary (poster) 

6. Hári, J., Dominkovics, Z., Fekete, E., Pukánszky, B.: Polipropilén/rétegszil-

ikát nanokompozitok termo-oxidatív stabilitása. MTA Kémiai 

Kutatóközpont szemináriuma 2010.október 12., Budapest 

7. Hári, J., Dominkovics, Z., Naveau, E., Jérôme, C., Renner, K., Móczó, J., 

Alexandre, M., Pukánszky, B.: A rétegszilikát felületmódosításának hatása 

a lokális deformációs folyamatokra PA6 nanokompozitokban. 

Kutatóközponti Tudományos Napok 2010. november 23-25. Budapest 

8. Dominkovics, Z., Naveau, E., Jérôme, C., Hári, J., Renner, K., Móczó, J., 

Alexandre, M., Pukánszky, B.: Local deformations in PA6 nanocomposites: 



Ph.D. Thesis 

 
 

16 

Effect of clay modification, 9th EUROFILLERS, Augustus 21-25, 2011, 

Dresda, Germany (poster) 

9. Hári, J., Renner, K., Móczó, J., Pukánszky, B.: Lokális deformációs folyam-

atok rétegszilikát nanokompozitokban. Oláh IX. György Doktori konferen-

cia, 2012. május 17. Budapest 

10. Polyák, P., Horváth, Zs., Hári, J., Pukánszky, B.: PLA/halloysite nanocom-

posites: structure and properties, BIPOCO, May 27-31, 2012, Siófok, Hun-

gary (poster) 

11. Hári J., Renner K., Móczó J., Pukánszky B.: Hagyományos és rétegszilikát 

polimer kompozitok- a tönkremenetel és a lokális deformációs folyamatok 

kapcsolata. Anyag- és Környezetkémiai szeminárium, 2012. október 9. Bu-

dapest 

12. Polyák, P., Horváth, Zs., Hári, J., Pukánszky, B.: PLA/halloysite nanocom-

posites: structure and properties, Oláh György doktori konferencia, 2013. 

február 7., Budapest (poster) 

13. Polyák, P., Hári, J., Pukánszky, B.: Funkcionális tulajdonságokkal rendel-

kező halloysit nanocsövek előállítása polimer nanokompozitok fejlesztése 

céljából. MTA Műanyag és Természetes Polimerek Munkabizottságok 

ülése, 2013. május 14, Budapest 

14. Hári, J., Polyák, P., Pukánszky, B.: Halloysite nanotubes as functional filler 

in polymer nanocomposites, Eurofillers 2013, August 25-29, 2013, Brati-

slava, Slovakia (poster) 

15. Polyák, P., Vágó, B., Hári, J., Tátraaljai, D., Földes, E., Pukánszky, B.: Hal-

loysite nanotubes as support for quercetin, a novel natural antioxidant for 

PE, Polymer Degradation Discussion Group Conference 2013, September 

1-4, 2013, Paris, France 

16. Hári, J., Pukánszky, B.: Polimer nanokompozitok. Magyar Tudomány 

Ünnepe, MTA KTO, 2013. november 6., Budapest 

17. Hári, J., Polyák, P., Pukánszky, B.: Halloysite nanotubes as functional filler 

in polymer nanocomposites, Oláh György Doktori Konferencia, 2014. 

február 6., Budapest (poster) 

18. Polyák, P., Hári, J., Omastová, M., Mičušík, M., Pukánszky, B.: Halloysite 

nanotube as functional filler in polymer nanocomposites, BYPOS 2014, 

June 16-20, 2014, Zázrivá, Slovakia 

19. Miskei, Cs., Horváth, Zs., Hári, J., Pukánszky, B.: PLA/halloysite nanocom-

posites - effect of processing conditions on the structure and properties, BI-

POCO 2014, August 24-29, 2014. Visegrád, Hungary (poster) 



Ph.D. Thesis 

 
 

17 

20. Major, L., Kárpáti, L., Hári, J., Pukánszky, B.: Dispersion polymerisation 

of poly(methyl-methacrylate): examination of growth of particles and the 

effect of the crosslinker, Students for Students XII. International Confer-

ence, April 22-26, 2015 Kolozsvár, Romania (poster) 

21. Kárpáti, L., Hári, J., Pukánszky, B.: Preparation possibilities of cross-linked 

model filler with narrow size distribution, Students for Students XII. Inter-

national Conference, April 22-26, 2015 Kolozsvár, Romania 

22. Polyák, P., Sárközi, M., Hári, J., Földes, E., Pukánszky, B.: Halloysite nano-

tube as functional filler in polyethylene nanocomposites, EUROFILLERS 

2015, April 26-30, 2015, Montpellier, France 

23. Kirschweng, B., Hári, J., Tátraaljai, D., Zsuga, M., Földes, E., Pukánszky, 

B.: Effect of the chemical structure of some flavonoid type natural antioxi-

dants on the melt stability of PE, 31th PDDG Meeting, Augustus 30-Sep-

tember 3, 2015, Stockholm, Sweden 

24. Hári, J., Földes, E., Pukánszky, B.: Halloysite nanotube: filler for controlled 

release application of a natural antioxidant, BIPOCO 2016, August 28-Sep-

tember 1, 2016. Szeged, Hungary (poster) 


