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1. Overview of Wood Coatings Market in Malaysia 

Radiation curing technology is expected to penetrate the Asian market further due to its 

efficiency and high productivity, beside the technology compliancy with global environmental 

regulations, which is slowly becoming stricter in Asia. It is noticeable that more Asian 

companies are resorting to this coating technology. Although the maximum shares of the 

Asian market have been taken by Japan and China respectively, the growth rates in the rest of 

the Asian countries are showing potential. Malaysia is one of the top exporters of wooden 

products in Asia owing to that the leading application of radiation- cured coatings is in the 

wood coatings industry. 

The wood coatings industry is attracting a lot of interest in Asia lately due to its high growth 

potential. In Malaysia, with a market size of over US$60 million, this is an important segment 

in overall coatings market. The growth in this market relies heavily on the ups and downs in 

the end-user furniture industry. Most of Malaysian furniture is for global exports and thus 

trends in this market are determined by worldwide furniture users. Coating suppliers have to 

comply with international standards to be competitive in this market. 

The wood coatings market in Malaysia comprises mainly of nitrocellulose based coatings, 

acid cured coatings and polyurethane coatings. Radiation (UV/EB) cured and water borne 

wood coatings are also present but have a relatively small share. 

However, in general, solvent based wood coatings (which include acid cured) are likely to 

lose share to water borne and radiation (UV/EB) cured coatings worldwide as the latter are 

more environmental friendly. The stringent regulations against volatile organic compound 

(VOC) in developed regions like Europe are forcing the industry to move towards use of 

environmental friendly coatings in furniture exported from Malaysia. 

The growth areas for future are predicted to be polyurethane, UV cured and water borne 

coatings. UV curing and polyurethane based paints will grow the most at the expense of the 

declining acid cured paints. 

Looking ahead, it is expected that the market to become more technology conscious but the 

shifts will not be dramatic and will take time to take full effect. The implementation of strict 

regulations is expected to speed up the process. 

There are about 750 furniture suppliers in the country, 90% of the furniture made in Malaysia 

are exported to over 162 countries. Malaysian export of furniture is expected to grow by 5-10 

percent annually. In order to achieve higher export earnings, Malaysian furniture 

manufacturers need to move away from supplying to the mass markets segment into 

designing their own products and branding for targeted niche markets with high performance 

coatings such as nanocomposites. The Malaysian government is currently aiming to increase 

the amount of high value-added wood products for exportation. Although there is some 

drawback of this technology concerning the high cost of installing particularly UV/EB coating 

line, the expected increment in global demand will overcome that. Printing and electronic 
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industries are other sectors in Malaysia, which are benefiting from the radiation curing 

formulations. These sectors are expected to have a promising growth in Malaysian market. 

2. Research Activity at Malaysian Nuclear Agency 

2.1.Introduction 

The popularity of wood as a material for interior applications continues to grow for several 

reasons. Not only is wood versatile, easy to machine and attractive aesthetically, it is also a 

renewable material and conforms better with the principles of “sustainable development” than 

synthetic alternatives. However, wood requires careful selection of the appropriate coating 

system to deliver long term performance, in both interior and exterior situations. 

At present, coating materials without reinforced filler (nanoparticles) are used to provide a 

highly glossy and luxurious finish to furniture, flooring etc. In this research work, the 

incorporation of nanoparticles in coating materials is aimed at improving abrasion resistance 

including scratch while retaining transparency and glossiness. For information, nanoparticle is 

defined as particles with controlled dimensions on the order of nanometres (range of 

approximately 1-100 nanometers). Mineral charges such as silica particles or glass fibers can 

be introduced into radiation curable resins to get hard and abrasion resistant materials, which 

can be used as clear coatings and fiber reinforced plastics. From the structural point of view, 

the role of inorganic filler, usually as particles or fibers, is to provide intrinsic strength and 

stiffness while the polymer matrix can adhere to and bind the inorganic component so that 

forces applied to the composite are transmitted evenly to the filler. 

In conventional composite materials, filler and the polymer are combined on micronic scale, 

which often leads to insufficient adhesion between the organic matrix and the reinforcing 

filler. Composite materials that exhibit a change in structure and composition over nanometer 

length scale (< 100nm) have been proven in imparting remarkable property enhancement with 

respect to stiffness and strength, heat resistance and gas barrier properties
5
. 

The basic idea behind this work is to produce composite materials by radiation induced 

polymerization of multifunctional monomers and oligomer containing a nano-scale filler, to 

benefit from the unique advantages of the radiation curing technology as follow: 

 A solvent free-formulation, with essentially no emission of volatile organic compounds 

(VOC) to the environment and user friendly. 

 An ultra-fast curing by free radical polymerization reaction and using the highly 

reactive acrylate based resins. 

 Operations at ambient temperature particularly suitable for heat sensitive substrates such 

as wood based products, plastics etc. 

 Improved productivity and increased product performance. 
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Fig. 1 Comparison between radiation curing and thermal drying techniques. 

3. Preparation of silico-organic nanoparticles 

Siloxane methacrylate nanoparticles from the silica/acrylate systems were synthesized in a 

small batch reactor. Maleic anhydride, dissolved in water, was introduced in a mixture of 

several acrylates and 4-methoxyphenol. The coupling agent such as VTMOS was added 

within 30 minutes. Finally, nano-sized silica particles were dispersed under intensive stirring 

during 1-2 hours using a Dispermat dissolver. The process for preparing these nanoparticles is 

proton catalyzed and efficiently proceeds at 6065C. Thereafter, the product was 

immediately cooled to room temperature. 

 

Fig. 2. Molecular structure of epoxy diacrylates. 
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TABLE 1. PERCENTAGE OF MATERIALS IN THE FORMULATIONS 

Formulation 
Materials (%) 

PETIA VTMOS SiO2 EB600 

Lack 1 30 25  45 

Lack 2 30 25 5 40 

Lack 3 30 25 10 35 

Lack 4 30 25 15 30 

 

 

Fig. 3. UV Irradiator (IST) received from IAEA. 

4. Preparation of polymeric nanocomposites by UV curing   

The polymeric nanocomposite materials were prepared basically from several acrylates and 

silica nanoparticles. These materials were coated on different types of substrates such as 

lamination paper, polyvinyl chloride (PVC) and glass panel using automatic film applicator. 

They were cured by exposing the materials to ultraviolet (UV) light. Films of these radiation 

cured nanocomposites were then characterized by several methods such as scratch test and 

Taber abrasion test. 

5. Results/Discussion 

Silico-organic nanoparticles have relatively large surface areas than microparticles, therefore 

modification effects from the polymerization activity should have a great influence to the 

properties of the composites. In these investigations, we use radiation such as ultraviolet to 

initiate polymerization and interaction at the interface between the nanoparticles and the 

monomeric materials. These polymerization active nanoparticles were obtained by 

heterogeneous hydrolytic condensation of the silane to the silanol groups of the AEROSIL 

particles. 

The above reaction could be verified by the application of FT-Raman spectroscopy (intensity 

measurements of the C=C vibration band at 1640 cm
1

) and gel permeation chromatography 
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to show that the polymerization activity of the nanoparticles imparts to the silico/acrylate 

dispersion. In the curing process, the nanoparticles form cross-linkages to produce radiation-

cured polymeric composites with improved scratch and abrasion resistance. In spite of 

relatively high nanopowder content in the nanodispersions, ultraviolet induced polymerization 

with the aid of conventional mercury lamps proved to be an efficient method to cure these 

nanoparticles. 

 

Fig. 4. FTIR spectrum of acrylate material. 

TABLE 2. GEL CONTENT AND PENDULUM HARDNESS OF UV CURED MATERIALS. 

Formulation Gel Content 

(%) 

Pendulum Hardness 

(%) 

Lack 1 96.4 70.1 

Lack 2 96.7 74.0 

Lack 3 97.3 73.6 

Lack 4 97.5 72.3 

From soxhlet extraction, all the coating materials show very high gel content as shown in 

Table 2. These materials also show high pendulum hardness property. In Table 3, the weight 

loss of the radiation cured materials significantly reduced when the amount of silica particles 

increases i.e. up to 30% of SiO2. The nanoparticles improve the abrasion property of the 

coating materials. 

TABLE 3. ABRASION RESISTANT OF UV CURED MATERIALS. 

Formulations Weight Loss (mg) 

Lack 1 44.4 

Lack 2 28.2 

Lack 3 19.9 

Lack 4 14.2 
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TABLE 4. SCRATCH RESISTANT OF UV CURED MATERIALS USING DI  

Formulations Resistant to scratch (N) 

Lack 1 0.7 

Lack 2 0.8 

Lack 3 1.0 

Lack 4 1.5 

Finally, the performance of these composites is also related other factors such as resistance to 

scratch. Two types of needles were used for determining the resistance of a single coat system 

of the composites to penetration by scratching either with a diamond tip or a steel ball 

(spherically tipped needle). The method used was by applying increasing loads to the needle 

to determine the minimum load at which the coating was penetrated. The nanoparticles added 

into the coating materials improve the scratch property of the composite materials as shown in 

Table 4 whereas in Table 5, most of the composites exhibit excellent resistance to scratch 

property including Lack 1. 

TABLE 5. SCRATCH RESISTANT OF UV CURED MATERIALS USING STEEL BALL TIP. 

Formulations Resistant to scratch (N) 

Lack 1 >10 

Lack 2 >10 

Lack 3 >10 

Lack 4 >10 

6. Summary 

Polymerization active silico-organic nanoparticles could be prepared by heterogeneous 

condensation reaction and formed crosslinks in the polymeric substrates. With a relatively 

high nanopowder content of the nanodispersions, these coating materials could still be cured 

by ultraviolet light and produced excellent polymeric composites. These coating materials 

show better resistances toward scratch and abrasion properties compared to pure acrylates. 

  


