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Introduction 
 
 

Polymers are being utilized in increasing amounts worldwide. The 

synthesis and development of processing technologies for new polymers 

is becoming more and more difficult, thus the modification of already 

existing polymers with fillers or polymers is applied more and more fre-

quently to create new materials with desired properties. Heterogeneous, 

multicomponents systems gain application in many fields, because com-

pletely new materials having exceptional properties can be developed 

relatively simply and rapidly by the proper combination of materials 

 

The properties of composites are determined by the characteristics 

of both the filler and the polymer. It is difficult however, to determine the 

effect of the individual components on composite properties, since they 

are influenced simultaneously by several factors. Besides the chemical 

characteristics of the components, particle characteristics, composition 

and other factors, polymer/filler interfacial interactions also influence the 

properties of composites. 

 

In spite of the long history and extensive use of these materials, 

numerous questions related to structure formation and interactions have 

not been answered yet. As a consequence my thesis focus on to these 

questions, on the reliable and accurate characterization and modification 

of the surface of fillers, the determination of the relations between the 

strength of interaction and the properties of the interface and finally on 
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interaction–structure–property relationships and on the determination of 

quantitative correlations among them. 

 

Methods
 

• The surface tension, acid-base characteristics and surface coverage 

of fillers were determined by inverse gas chromatography. 

• The surface characteristics of fillers were modified by a dry blend-

ing process. 

• Homogenization was carried out by using a Brabender internal 

mixer or a Brabender twin-screw extruder, then specimens were 

prepared by compression or injection molding, respectively  

• The mechanical properties of composites were characterized by 

tensile and instrumented impact testing. 

• The amount of irreversibly bonded surfactants was determined by 

desorption measurements (dissolution technique). 

• The amount of surfactants in solution was determined by FTIR 

spectroscopy. 

• Surfactants coated adsorbed on surface of fillers as well as the crys-

tallization and melting characteristics of composites were studied 

by differential scanning calorimetry (DSC). 

• The structure of composites was characterized by optical micros-

copy combined with image analysis. 

• Micromechanical deformation processes were followed by the 

measurement of volume increase during deformation as well as by 
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scanning electron microscopy (SEM) using micrographs taken 

from fracture surfaces. 

 

 

New scientific results
 
 
1. We proved unambiguously that the determination of the surface 

characteristics of particulate fillers is difficult because of the adsorp-

tion of water by the high energy surface. As a consequence, the de-

termined quantities are not material constans. However, comparison 

of different type or grade of fillers, or the effect of coating is possi-

ble under standard conditions, and we proposed conditions for the 

characterization of CaCO3. The use of the same conditioning and 

measurement temperature eliminates the effect of measurement time. 

2. We analyzed the approaches and data available in the literature on 

the acid-base character of fillers, pointed out the pitfalls of evalua-

tion and proposed the most reliable approach to determine acid-base 

interactions. The enthalpy change of acid-base interaction can be de-

termined the most accurately from measured ∆GA
ab values by using 

the quantity aLV(γLV
d)1/2, which describes the dispersion potential of 

the probe. The acid-base constants of the filler must be derived from 

the corrected acceptor number (AN-ANd, AN*) of Riddle and Fowkes 

and from Guttmann’s donor numbers (DN, DN**). 

3. We showed that the amount of monocarboxylic acids needed for the 

monolayer coverage of a filler depends on the chemical structure of 
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the surfactant. Linear chains are assumed to be orientated vertically 

to the surface, and increasing chain length, branches as well as un-

saturations lead to a less regular arrangement of the molecules, to a 

looser structure. We pointed out in the first time that the surface ten-

sion of the filler covered by aliphatic monocarboxylic acids is the 

same for all compounds at the same surface coverage. 

4. We proved that only the consideration of acid-base interactions gives 

an acceptable estimate of interfacial adhesion in particulate filled 

polymers. We were the first to establish quantitative correlation be-

tween the thickness of the polymer layer with decreased mobility 

and the strength of interfacial adhesion. We also showed that the 

treatment of CaCO3 with a surfactant decreases the strength of inter-

action, and changes both the thickness and the properties of the in-

terphase. 

5. We demonstrated that structure-property correlations are extremely 

complicated in particulate filled polymers having a crystalline ma-

trix. The results indicated that not the nucleating effect, but the ani-

sometric particle geometry of talc results in its strong reinforcing ef-

fect. Processing technology determines the structure of the matrix 

and the orientation of anisotropic particles; both influence properties 

significantly. We proposed a simple quantitative method which 

makes possible the separation of the various effects influencing the 

properties of the composites.  

6. It has been known earlier that optical microscopy combined with 

image analysis is a useful way to characterize the structure of par-

ticulate filled polymers. However, we called attention to the fact that 
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the relative area of aggregates is not the only factor which deter-

mines composite properties. We proved that fillers behave similarly 

in all media, in bulk, suspension or in the composite. Numerous fac-

tors, including the particle size distribution of the filler, influence the 

extent of aggregation and composite properties may depend also on 

the internal structure and strength of the aggregates. 

7. We showed that debonding might be the dominating micromechani-

cal deformation process in particulate filled polymers, but in ther-

moplastic matrices considerable shear yielding of the polymer also 

takes place. The relative magnitude of the two processes strongly in-

fluences the number and size of the voids formed. Because of this 

competition and due to the wide particle size distribution of com-

mercial fillers, only a fraction of the particles initiate the formation 

of voids. We proved that in soft matrices the number of voids is 

smaller and their size is larger at the same deformation and filler 

content than in polymers with larger inherent modulus. 
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