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ABSTRACT 
 
 
UV/EB curing coatings market size is  expected to increase  by  9 %  from  2006 to 2015 per annum. 
Highest growing rate will be in automotive and industrial coatings, plastics and  packaging. The main 
reasons for the growing interest towards UV/EB coatings can be summarised as follows; 
 
 

�� Limited or zero solvent pollution 
�� Better product quality 
�� Lower capital costs compared to thermal curing 
�� Lower maintenance cost 
�� Excellent process control 
�� Lower labor cost 
�� After curing being  immediately ready to other processes ( cutting, joining with  other materials..) 
 
 

When radiation curing technologies are combined with nanostructured polymers, strong and highly durable 
films can be obtained . Barrier properties of the films are improved by filling with nanomaterials. Several 
metal oxides and mineral oxides can be used to obtain nanostructured UV curing films. The basic idea 
behind our study is to obtain a three dimensional network   by nanosized minerals and metals in organic 
media . Sol-gel technology production method has been used for development of scratch resistant coatings. 
Nanoscale particles containing composites have been examined in terms of applicability, scratch resistance 
and elasticity. UV curing epoxy, urethane and polyester acrylates have been examined  . The effect of film 
thickness and curing speed on scratch resistance have also been  investigated.  
 

  
 
1. INTRODUCTION 
 
Scratch resistance has a critical importance in the visual and mechanical performance of the coatings. 
Scratch resistance is desired in order to prevent the   adverse results such as dullness and dirt pick up. 
Special focus is given by the researchers for obtaining better scratch  resistance and several studies are 
carried out to identify the cause and effects of this parameter. Nanostructured examples from the nature 
clearly show us the attainability of high scratch resistance with the synthetically produced nanocomposites. 
By combining at the molecular level inorganic and organic polymeric material a blending of unique 
physical properties can be achieved. The value in these materials is apparent, from fiber optics to paints 
these materials may provide the requisite physical properties to achieve the next technological advance. .[1]  
 
The definition of nanocomposite material is broadened significantly. This term now encompasses a large 
variety of systems combining one-,two-, three dimensional materials mixed at nanometer scale. Recently it 
has come to include bio-based nanocomposites. Although  a lot of studies have been carried out in the field 
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of organic-inorganic  nanocomposites, the discovery of benefits with new applications is just starting. This 
is a fast growing area. The main objective is to develope new functionalities with the combined properties 
of each components and also with the morphology and interfacial characteristics of the two or three 
dimensional network . The interesting point is that the combination of organic polymers and inorganic 
materials gives quite different properties then the properties of the pure components. The properties of a 
nanocomposites are not simply the average properties of its components. In a composite, one component 
maybe enclosed by another component that forms a continuous phase, but it is also possible that the 
components form continuous phase resulting in interpenetrating networks 
 

Metal oxides have polar surfaces . Naturally they have poor compatibility with acrylates or organic 
components. Simple dispersion of   nanosized metal   oxides in the organic media results with coagulation 
of inorganic particles.This effect destroys the benefit of nano particles arising from   their large surface 
areas which provide excellent interaction possibility. In order to obtain  multi functionality , it is necessary 
to distribute the nano-particles and build covalent bonds throughout the organic system.  So, if the 
homogeneous combination of inorganic and organic parts of molecules in a single-phase material can be 
achieved, this material will provide unique possibilities. Combined advantages of both organic and 
inorganic materials will let us to tailor the mechanical, electrical, and optical properties with respect for 
numerous applications. 

  
 There are several ways to synthesize nanocomposite materials. By combining at the molecular level 
inorganic and organic polymeric material, blend of unique physical properties can be achieved. The value in 
these materials is apparent, from fiber optics to paints these materials may provide the requisite physical 
properties to achieve the next technological advance. Wilkes has introduced an extensive classification [2] 
Five categories cover the majority of composites synthesized with more recent techniques being 
modifications or combinations from this list.[ 3)] 
 
 
Type I: Organic polymer embedded in an inorganic matrix without covalent bonding between the 

components. Organic groups are introduced into hybrid network by using low molecular weight 
organoalkoxysilanes as one or more of precursors for sol-gel reaction .[4]  

 
 

 Type II:  Organic polymer embedded in an inorganic matrix with sites of covalent bonding between the 
components. Organic/inorganic hybrid materials can be also be formed via the co-condensation of 
functionalized polymers with metal alkoxide, such as trialkoxysilyl groups. So, covalent bonding 
can be established between inorganic and organic phases. [5]  

 
 

Type III: Co-formed interpenetrating networks of inorganic and organic polymers without covalent bonds 
between phases. In situ formation of inorganic phase domain within organic polymer matrix can be 
another way to synthesize hybrid materials.  Those inorganic species with homogenous particle 
size in nanometer scales can be obtained by using sol-gel reaction of the inorganic precursors. [6]  

 
 

Type IV: Co-formed interpenetrating networks of inorganic and organic polymers with covalent bonds 
between phases. Just opposite to method (III), organic phase domain can be formed by either 
infiltrating reformed oxide gels with polymerizable monomer or mixing the polymers with metal 
alkoxide in a common solvent [8]  

  
 Type V: Non-shrinking simultaneous polymerization of inorganic and organic polymers. Simultaneous 

formation of inorganic and organic phases together provides another way to synthesize hybrid 
materials. For example, triethoxysilance R’Si(OR)3 where R’ is a polymerizable group like epoxy 
group, can be used as a precursor in sol-gel reaction, so by either photo- or thermal- initiation, 
organic network can be formed within inorganic network [9]  
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On the other hand  radiation curing technologies bring excellent advantages. With UV curing technologies, 
highly crosslinked polymers can be produced within seconds by photoinitiated polymerization of 
multifunctional acrylic monomers and oligomers.[C.Decker,polymer international,51,1141,2002] Solvent 
free formulations, low capital cost, low labor and maintenance cost are the other advantages of uv curing 
coatings. Recently, UV curing coatings are becoming one of the  most attractive industrial  applications. 

 
The  metal oxides have polar surfaces and therefore they have poor interactions with the acrylates that 

are used as matrix material for the coatings. Due to this large difference in polarity, the fillers are not 
compatible with the acrylates and it is not possible to make homogeneous coatings. The compatibility 
between the fillers and the acrylate can be enhanced by grafting organic groups on the surface of the fillers. 
For this purpose a special class of chemicals is available: coupling agents. Coupling agents have a silicon  
centred group that can form chemical or physical bonds with a metal oxide surface. Several metal oxides  or 
minerals can be used to produce nanocomposites to improve scratch resistance and barrier performance 
.These materials could be nanosized silica, aluminum oxide, zirconium oxide, clay, zinc oxide .In this study  
silica, clay and aluminuim oxides have been used to examine on scratch resistance. 

   
The properties of nanomaterials can be described as 
 

Nanoclay: montmorillonite, a 2-to-1 layered smectite clay mineral with a plate structure. Individual platelet 
thicknesses are just one nanometer but surface dimensions  30-60 nm.  
Nano silica; 15 nanometer sized. Fumed Silica is   the   used as nanofiller, it is commonly used both in 
academic research and in industrial applications; as such it is also the filler for which most literature data 
are available.  
Nano aluminium oxide ;  Fumed aluminum oxide with the size of 13-20 nanometer. Mainly used to 
improve scratch resistance in coatings applications . 
 

 
 
2. EXPERIMENTAL 
 

Nanocomposites are prepared by   using nanosized silica , nano aluminum oxide and clay by using solgel 
technology . Solgel production method has been used to perform three dimensional network. Covalent 
bonds have been obtained among inorganic and organic parts of the molecules.  
 
SEM analysis are  given in Figure 2 and 3 of  nanosilica  composite.    
 
 

Figure 2  
 
Cross section in a nanolack layer. The mapping of the element Si in this cross section shows a good 
dispersion of the S�O2 particles ( no big aggregates, clusters) 
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Figure 3      Inorganic  structure at air-film inter phase     The individual particles of SiO2 are clearly seen. 
They appear to be in contact with each other to form a three dimensional network made of small grape 
clusters and of chain-like segments. 
 
Although there are several ways to test scratch performance of the coatings, there is no common  , well 
accepted method for furniture and parquet coatings. Recently because of their easy application and 
comparably  repeatable results two test methods are used in the laboratories and paint -shops after the 
applications.  These are the hammer test  and steel wool test. An 800 gr hammer with a scotch brite pad 
adhered is used .(Figure 4). 50 cycles are made for each testing. Steel wool ( 0000 grade) is also used to 
examine resistance to abrasion.(Figure 5). Gloss values before and after tests are measured. Visual 
evaluation was also made. 
 
 
 

                         
 
Figure 4   Hammer test     Figure 5   Steelwool test 
 
 
 
2.1 Effect of silica content on scratch resistance 
 
Different amounts of silica  were used in preparation of solgel . 5,10,15,20 % of silica containing solgel  
were cured by using photoinitiator under UV light. The   results shown in table 1 have been obtained  
 
 
 

UV 
Clearcoat 
nanosilica 
content % 

Gloss 
600 
before 
testing  

Gloss 
200 
before 
testing  

Gloss   
600 after 
hammer 
test 

Gloss   
 200 after 
hammer test  

% 
change 

600 
gloss 

Gloss   
600 after 
steelwool  
test 

Gloss  20 0 
after 
steelwool  
test 

% 
change 

600 
gloss 

20 90 80 89 79 1,1 89 79 1,1 
15 89 80 83 69 6,7 86 75 3,4 
10 90 80 46 25 48,9 85 75 5,6 
5 91 81 28 6 69,2 36 22 60,4 
0 90 80 17 5 81,1 18 5 80,0 

 
Table 1 Scratch resistance measurements with different silica contents of solgels 
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It was observed that by increasing the silica contents gloss values  do not decrease.   
 
 
 
 

    
Figure 6  Visual evaluation of scratch resistance of nano coatings and 
conventional coatings 
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Figure 7  Graphical illustration of scratch resistance of different sol gels containing different amount of 
metaloxides 
 
2.2 Evaluation of different nano metaloxides and minerals on scratch resistance 
 
Different nanometaloxides containing nanocomposites  were prepared. The aim was to observe 
performance of of different nano particles on scratch  resistance .  On the otherhand the dry film properties 
were examined . For comparison with conventional UV clear coat, two UV resin systems were taken into 
account as reference. These were polyester acrylate and epoxy acrylate systems. Nanoparticles tested  for 
this work were nanosilica, nano aluminum oxide and nanoclay. Their properties are given in the 
introduction section. Scratch test with hammer ( 800 gr) and steelwool  were applied on the panels on which 
dry film thickness was 30 � m. Line speed was 10m/min, mercury lamp ( 2*80 watt/cm ) was for curing. 
Gloss retention values were determined after 50 cycles with hammer. Gloss retention was calculated with 
the following formulation 
 

Conventional Nanocomposite UV 
clearcoat,nanolacke 

Hammer test 
Hammer test 

Steelwool test 

Steelwool test 
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          Gloss after 50 cycles 
  Gloss retention % =  --------------------------   x   100 
          Initial gloss 
 
Aluminum nanocomposite and silica nanocomposite give high  scratch resistance. Nanoclay composite   
Gives inferior scratch resistance compared to other nanocomposites. Neverthless all composites gloss 
retention values are much higher than conventional systems. (Figure 8) 
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Figure 8   Gloss retention values of different composites and conventional UV clearcoats. 
 
 It was also observed that hardness of the nanocomposite  paint films applied on glass panels are 15-28% 
higher than conventional systems. On th otherhand impact resistance were found similar on wood panels. 
(figure 9) 
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Figure 9 ; Persoz hardness on glass panels 
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2.3  Scratch resistance  performance  in different UV curing line speeds for silica 
nanocomposite 
 

Effect of UV line speed on scratch resistance 
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Figure 10 Line speed vs scratch resistance of nanocomposite 
 
Nanocomposite containing 10% of silica  has been cured in different line speeds.under mercury lamps 
(2*80 watt/cm) . It has been observed  that line speed effects scratch resistance depending upon silica 
content in the composite and matting agent content of the clear coat. In figure 10, it can be seen that with 
10% silica the best result has been  obtained with highest speed. On the other the affect of  photoinitiator 
and diluting monomer should not be neglected. With different combinations of photoinitiator, diluting 
agent, silica in the composite and matting agents , one can get different results. Increasing matting agent 
requires lower line speed or different combinations of photo initiator and diluting media. 
 
 
3. Conclusions 
Scratch resistance of  UV curing nanocomposites containing nanosilica, nanoaluminumoxide and nanoclay 
were studied. Analysis were done by measuring the gloss retention of the samples after applying hammer 
and steelwool tests. It is found that as the silica content of  a nanocomposite increases ,the gloss retention of 
UV clearcoat  increases, too , reaching 100% gloss retention at approximately 15% silica. It is also found 
that 4% of nanoaluminum oxidein the nanocomposite gives almost a 100% gloss retention while 4% of 
nanoclay exhibited a 90% gloss retention after 50 cycles. Hardness of the UV cured nanocomposite films 
have shown comparatively  higher values compared to conventional systems. Effect of UV curing line 
speed were also investigated. 
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