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Abstract: The addition of inorganic phase consisting of Ce-doped PbZrO3, a promising solution to 

increase the thermal and radiation strengths of electroinsulating alkyd resin EZ 528 used in rotating 

machines is studied. The delay of oxidation of filler is based on the electronic interaction between the 

former degradation intermediates and lattice defects.  
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1. Introduction 
The durability of any organic material depends on its stability strength against degradation. The 

main factors that influence the product life time are related to the material structure and the 

consistency as well as the presence of protecting formulation component diminishing the aging rate of 

substrate and extend the oxidation induction time. There are several alternatives through which the 

oxidation process of organic compounds can be efficiently delayed: the increase in the crosslinking 

degree [1, 2], the addition of various classes of antioxidants [3-7], the loading with proper structures 

like nanoparticles [8-10], inorganic complexes [11], blending component [12, 13]. 

Because the oxidation degradation of organic material: polymers, lacquers, vanishes, resins, paints, 

occurs by the formation of peroxyl radicals as the propagation intermediates during the self-catalytic 

process, the blocking of primary step consisting the reactions between free radicals and diffused 

molecular oxygen is mandatory. A new procedure applicable for the increase of oxidation induction 

periods is the inclusion of doped inorganic compounds [14, 15]. The lattice defects appeared by the 

presence of doping atom makes possible the scavenging of free radicals, the moieties with unpaired 

electrons, in the existing traps. The caught radicals become unavailable for oxidation and the 

degradation process is consequently delayed. 

As it was previously proved in the cases of polymers [16, 17], cerium showed the most relevant 

efficiency in the protection against oxidation. The extension of this activity over other classes of 

organic structures like electroinsulating resins represent a reliable solution for the extension of 

operation life time and an easy applicable procedure for material quality improvement. The addition of 

this kind of filler could be recommended for the manufacture of rotating devices as well as the large 

applications in building erection because the interaction between the insulation sheets (sealants, 

electrical cables, window frames,) and construction materials does not affect the life time of polymer 

products. 

The purpose of this study is the identification of optimal conditions for the amelioration of 

oxidation strength of EZ 528 alkyd resin used for the impregnation of rotors in microelectrical devices. 

The new proposed procedure for attaining high thermal durability represents a novel direction in the 

improvement of functional features of organic electrical insulators. The engineering effect of this type 

of inorganic filler is described by the delay of ageing under various energetic conditions, which cause 

the diminution of material life time. 
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Though the oxidative degradation mechanism of alkyd resins is essentially based on the scission of 

C – O bonds [17] and the majority of radicals are oxygen centered configurations, the presence of 

natural and induced defects acting as traps in the doped inorganic lattice (ZrPbO3) allows the 

inactivation of former intermediates against their reactions with oxygen. The stabilization effect of 

doped inorganic phase is based on the energetic considerations, namely the difference that exists 

between the conduction bands of dopant and lattice [18]. The accelerated degradation initiated by γ-

exposure can be efficiently inhibited by this kind of stabilization system, which has proved the reliable 

alternative for the improvement of operation quality of polymers [16]. 

 

2. Materials and methods  
The inorganic phase added in the synthesized formulations contains (1-x) PbZrO3 and x doping 

atoms, in our case – Ce, where x = 0.01. The dopant was added as CeO2. All reagents are of p. a. 

grades provided by Merck Co. The stabilizing powder was obtained by solid state reaction technique in 

two steps. In the first step the PbZrO3 powder was obtained. The technology applied to this powder 

has been described elsewhere [14].  

In the second step the ceramic powder was prepared from stoichiometric mixtures of PbZrO3 

powder and doping oxide (CeO2). The technology of obtaining ceramic powder was carried out using 3 

steps of milling and 2 steps of sintering. The powders were homogenized in a planetary mill (Fritsch 

mill) for 6 h. The resulting mixture was dried in an electrical oven at 80 °C, calcined at 800 °C for 4 h 

and then re-milled for 10 h and re-calcined at 1120 °C for 2 h. After the second calcination the mixture 

was milling again for 10 h, then dried and sieved. The ceramic powder thus obtained was further used 

for the further stage of hybrid preparation. 

The samples were obtained by the solvent evaporation from EZ 528 alkyd resin, where 1 % wt 

filler is present, except control (the resin free of zirconate powder). The wet samples placed in 

aluminum pans were placed in an electrical oven at 150 °C for 1.5 h. During this time the materials 

were cured.  

For the accelerated degradation the -processing was achieved in an irradiation machine Ob-Servo 

Sanguis, (Hungary) at 50 kGy (Dose rate: 0.9 kGy/h). The samples were analyzed soon after the 

elapsing irradiation period. 

The radiation thermoluminescence spectrum that represents the glow curve of the inorganic 

component irradiated at 50 kGy was recorded on TLM equipment produced by Fimel (France) using 

the following conditions: temperature range: 35-450 °C; heating rate: 2 °C/s and PM voltage: 850 V. 

The oxidation resistance was evaluated by chemiluminescence (CL) measurements, either by 

isothermal heating at 110 °C or by nonisothermal investigations at four heating rates (3.7, 5.0, 10.0 and 

15.0 °C min-1). From these results activation energies for the degradation of EZ 528 resin and hybrid 

material containing Ce doped ZrPbO3 were calculated. 

 

3. Results and discussions 
The powder phase that is added to the EZ 528 alkyd resin presents several defects by which it acts 

as the stabilizer against oxidation [16]. The inorganic blending component of EZ 528 resin hybrids has 

various trapping points where free radicals are scavenged and blocked against their reactions with 

oxygen molecules. As it can be expected, the concentration of filler is one of the most important factor 

that states the stabilization level effect [14]. The increase in the filler loading enhances the probability 

of scavenging. It awas proved that the blocking action on radical reactivity is proportional with the 

concentration of traps and, consequently with the amount of doped filler. The most active trap 

corresponds to the radio thermoluminescence (RTL) photon emission occurred at 150 oC (Figure 1). 

The glow curve recorded on irradiated Ce-doped lead zirconate shows an emission maximum at 142 
oC. This temperature is far from room temperature that demonstrates a good stability of trap 

distribution along the handling period. The favorable value of this temperature tells us the possibility 

of activity at moderate high temperatures and the defects are not recombined outside the stabilization 
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process. The second peak placed at 395 oC can be considered as a dosimetric shoulder. The traps that 

are recombined for this emission are very stable and they may be considered as the main way through 

which the free radicals generated by the degradation of alkyd resin are blocked against oxidation. 
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Figure 1. Glow curve recorded on Ce doped PbZrO3 

powder irradiated at 50 kGy 

 

The efficiency of oxidation blocking activity depends intrinsically by the electron surrounding of 

doping atoms. Consequently, the development of degradation occurs specifically in relation with the 

type of chemical features of dopant atoms, because the trapping effects depend strongly on the 

electronic density of host lattice and the electronic distribution of dopant, as well. The stabilization 

action follows the filler concentration profile. Unfortunately, the interaction between the lattice traps 

and available free radicals takes plase on the material surface. As it happens with all superficial 

processes occurred at higher concentration, the asimpthotic dependence of the foreseen effect on 

concentation would be obtained. Accordingly, the most relevant results are obtained, when the reactive 

spots are placed at a certain distances from each other analogous with the space spreading of traps. The 

increase in the filler concentration has not only a screening effect, but also a significant modification in 

the homogeneity of particle distribution. 

In Figure 2 the existence of active traps in doped ZrPbO3 filler is proved by the great difference 

between the emission intensities at the main emission peak. Complementary, the influence of this 

peculiarity revealed by the degradation of organic substrate can be exemplified for the nonisothermal 

chemiluminescence determinations of hybrid EZ 528 alkyd resin. The photoemission intensity in the 

case of oxidation for the compounded resin is twice smaller than the pristine emitter. 
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Figure 2. The CL emission intensities measured 

by radiation thermoluminescence at 142 °C 
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During the -processing of alkyd resin/doped ZrPbO3 compounds, when host polymer is degraded 

by molecular scissions, the oxidation initiators can normally follow their reactions with diffused 

oxygen, as it is happened in the operation periods or they are trapped in the existing defects on the 

particle surface [8]. The intermediates that present unpaired electrons will be bonded on the particle 

surface by an electric interaction between solid state defects and the body of intermediates. 

The contribution of doping component to the thermal behavior of basic alkyd resin is determined 

by the electronic configurations of doping atoms and by the electronic interaction between free charge 

carries, namely radicals appeared after the molecular scission in organic phase, as well. The exposure 

of hybrid compound based on alkyd resin modifies in a certain extent the influence of filler presence 

on the level of oxidation delaying [14]. The concentration of radicals in the neighborhood of defects 

imposes specific sequence of doping atoms in respect with the trap depths. 

For the depicting the stabilization effect of inorganic doped component, the example of Cerium is 

relevant. As it can be noticed from Figure 3 the degraded substrate presents abundant amounts of 

radicals that are converted into peroxyl radicals during the initiation step of self-catalytic process of 

oxidation. The maximum of chemiluminescence intensity shown between 155 oC and 175 oC which 

can be ascribed to the conversion of peroxyl radical into carbonyl intermediates is most evident for the 

action of filler, where the desorption of trapped radicals allows the photoemission. The further increase 

in the environmental temperature determines an acceleration of oxidation in organic bulk because of 

the fast increase in the local concentration of oxidable radicals [17]. The degradation mechanism of 

alkyd resin was previously reported [18]. The free radicals generated by the molecular scissions during 

the ageing of resin joint partially the inorganic surface and are efficiently removed from the organic 

system.  
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Figure 3. Nonisothermal CL spectra recorded on neat (1) and Ce-doped ZrPbO3 (2) alkyd resin. 

Heating rates: (a) 3.7 oC min-1, (b) 5 oC min-1, (c) 10 oC min-1, (d) 15 oC min-1 

 

In Figure 4, the SEM images recorded on two different oxidation stages of resin modified with Ce-

doped ZrPbO3 illustrate the contribution of inorganic phase on the curing of resin [19]. The 

consequence of desorption in the evolution of material microstructure is the curing of resin, which is 
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possible only after the removing scavenged radicals on the defect positions existing on the surface of 

inorganic particles  

Figure 4. SEM images on the pristine (a) and 50 kGy irradiated alkyd  

resin containing Ce-doped ZrPbO3 (b) 

 

The reduction of oxidation rate and the efficient activity of doped filler in respect with the progress 

of degradation can be remarked in Figure 5. In spite of the degradation mechanism that is described by 

the scission of C – O bonds and the generation of oxygen centered radicals, the electronegativity of 

radical affinities offers the possibility of inactivation of radicals against their oxidation reactions. The 

dopant like cerium atoms creates the opportunity for scavenging reactive entities whose abundancy 

would accelerate material ageing. The diminution of radical concentration due to their adsorption on 

the particle outer surface hinders the propagation of degradation. The differences that exist between 

the studied hybrid compositions based on alkyd resin EZ 528 have showed that radical configurations 

containing doped ZrPbO3 powders are reliably explained by the contribution of superficial defects that 

interact with the intermediates born during thermal and radiochemical degradation. The energetic 

conditions that are satisfied by the structural configuration of inorganic lattices determine the increase 

in the durability of resin, if the antioxidant features of solid components are enough adapted to the 

catching radical intermediates. 

 

Figure 5. Isothermal CL spectra recorded on neat (1) and Ce-doped ZrPbO3 (2) alkyd resin. 

Irradiation doses: (a) 0 kGy, (b) 50 kGy. Heating temperature: 110 oC 

 

The energetic requirements for the promotion of stability improvement are illustrate by the 

activation energy involved in the delaying oxidation of alkyd resin substrate (Tables 1 and 2).  
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Table 1. Onset oxidation temperatures determined by nonisothermal CL measurements 
Sam

ple 

Dose 

(kGy) 

Onset oxidation temperature (oC) 

3.7 oC min-1 5 oC min-1 10 oC min-1 15 oC min-1 

neat 0 169 175 185 197 

50 170 172 188 200 

hybri

d 

0 178 183 190 201 

50 177 182 193 200 

 

Table 2. Activation energies determined by nonisothermal CL measurements 
Resin sample Dose 

(kGy) 

Activation energy, Ea  

(kJ mol-1) 

R2 

neat 0  85.38  0.98962 

50  82.30  0.99390 

hybrid 0  110.07  0.99125 

50  100.68  0.99991 

 

These values prove the involvement of inorganic component of samples by the screening oxidation 

ageing by the attachment of radicals. The evident effect of protection activity of Ce-doped lead 

zirconate is the delay of ageing in the favor of recombination through which the gelation occurs. This 

contribution was already reported for other type of materials, which are subjected to an accelerated 

process of degradation [20, 21]. 

The scavenging activity exhibited by lead zirconate in the inactivation of degradation intermediates 

of alkyd resin is functionally similar with the contribution brought about by silver in photodegradation 

of {2-[(2,6-dichloropfenyl)amino]phenyl}acetic acid catalyzed by Ag-doped TiO2 [22] and with the 

behavior of carbonic materials during their operation periods [23]. 

The previous XRD investigations on the modification of microstructure of doped zirconate fillers 

[16] demonstrated that small variation of signal would be recorded when the lattice paramenetrs 

remain constant. Consequently, the morphological aspects in relation with the distribultin of traps do 

not require a special attention. As it was demonstated that the most determinative factors influencing 

the stabilization activity of doped zirconate are the volum amount of traps and their distribution in the 

support lattice. 

 

4. Conclusions 
The presence of doped inorganic component of PbZrO3 in alkyd resin causes an increase in the 

stability of organic material. The interaction between the two types of compounds belonging to 

different classes of molecular structures consists of the scavenging of radicals generated in the alkyd 

resin and their slow desorption from particle surface feeding either curing or oxidation. The 

-exposure of samples is efficiently delayed and the higher 

activation energies required for this oxidation ageing are relevant for the direct involvement of traps 

existing on the inorganic particle surface. The rates of thermal degradation that characterize the 

resistance of Ce-doped PbZrO3/alkyd resin systems are influenced by the presence of material defects 

which controls the scavenging free radicals. The progress in the accumulation of oxidation products 

described by the modification of chemiluminescence photonic emission is illustrated by the presence 

of a characteristic peak in the nonisothermal measurements. The improvement in the material 

durability is depicted by evolution of oxidation states evaluated on different degradation stages in 

isothermal chemiluminescence investigation. 
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