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Since 1995, the researches and production of RadTech in China have been greatly developed. In

this paper a review of RadTech in China will be presented.

Basic and Application Researches of RadTech in China

Since 1980 China has paid great attention to the research and development of RadTech, and some

remarkable progress have been achieved in the area of RadTech. The following is a review of

research conducted by Chinese scientists

1. Photosensitive initiators

(1) Free radical phtoinitiaters

In order to meet the need of the development of laser technology, photocurable dental materials

and imaging, researches on the photoinitiator for long wavelength photopolymerization system

have attracted more attentions. Yongyuan Yang, Erjian Wang and their colleagues have conducted

series work, such as Coumarin Dye/iodonium salt, Camphorquinone/Peroxide initiation systems.

Jun-Hui He et. al also made a near UV intramolecular electron transfer iodonium for free radical

initiation. Some water soluble initiators such as thioxanthonehave been investigated by Jindi

Wang et. al

(2) Cationic initiators:

In order to increase the sensitivity of cationic UV curing system, Xiao-Yin Hong synthesized

some sulfonium and Iodonium salts with photo sensitizer structure. These cationic initiator have

adsorption peak at near UV area and higher e value, moreover, these initiators showed higher

efficiency of initiation than that of correspond iodonium or solfonium salts with sensitizers

together, they ascribed these result to the intra molecular electronic transfer. Jun-Hui He also

synthesized an iodonium with bezoyl structure, which can act as initiator of hybrid polymerization

consisting of free radical and cationic photopolymerizations. Yonglie Chen has conducted the

kinetic research of polymerization initiated by iodonium salts

(3) Efficient co-initiators

Some aromatic tert-amine as co initiator have been investigated by Xiaoxiu.Ren and Shang-xian

Yu and et al.

2. UV curable oligomers and monomers

(1) Hyperbranched oligomers

The commercial oligomers commonly used are acrylated epoxy resin, acrylated polyester,

acrylated polyurethane and unsaturated polyester etc. These oligomers normally consist of linear

chains. The viscosity of the oligomers increases rapidly with the increasing chain length. In order

to meet the operational viscosity requirement for coatings, adhesives, photoresists,

sterophotolithography resins and others, large quantity of active diluters, such as co-monomers are

needed to adjust the viscosity. However, the active diluters act not only as a viscosity reducer, but
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also affect the curing reaction and the properties of final products. The comonomers cause

shrinkage of the curing film, high cost, and limited storage life. On the other hand the

comonomers nominally are volatile, odor and toxic. Therefore, in order to decrease or eliminate

the use of comonomer, to search high quality oligomers with lower viscosity closed to application

requirement has attracted lot of attentions. Hyperbranched macromolecules including dendrimers

are new kind of macromolecule, they have high branched architecture and exhibit properties

different from linear counterparts, low melt viscosity, low inter-chain entangling and good

solubility are some of their intriguing properties. Wenfang Shi synthesized acrylated polyester

type hyperbranched oligomers with a convenient process and investigated the properties. The

results from her research demonstrated that the acrylated hyperbranched polyester is a new kind of

oligomer with low viscosity and high curing rate.

(2) Synthesis and polymerization studies on novel monomer

The research on synthesis and polymerization of dicyclopentenyl acrylate by Shuojian Jiang

3. Micro lithography

Photolithography is a basic technique of IC and is developing very rapidly. The classical

photolithography is based on photo induced solubility difference of photosensitive polymer film.

Therefore, the resolution of this technique is limited by wavelength of radiation, swollen of film

and the isotropic etching reaction and others. In order to meet the requirement of microelectronic

developing, great improvement of this technique has been made. A novel photolithography named

Development-free vapor Photolithography was discovered by Xiao-Yin Hong et al. This new

technology has high resolution under common conditions ( 0.4 micro meter resolution was

obtained), high aspect ratio (12:1 aspect ratio was obtained), eliminate three steps and organic

solvents, compared to classical photolithography. This new technique is based on photo-induced

differential concentration of catalyst for etching reaction of SiC>2 with HF vapor at higher

temperature.

4. Photopolymer for printing materials and photoresists

Diazo resin is a kind of very important negative photoresist for print plate, which is based on the

photolysis of diazo group. Using Diazo resin as the cationic polyelectrolyte and poly(sodium

styrenesulfanate) as anionic polyelectrolyte, a polyelecrolyte complex containing diazonium group

(PEC-N2) was made, by Weixiao Cui. This complex is insoluble in water and organic solvents,-

because of the ionic crosslinking structure, but is able to dissolve in ternary mixture such as H2O-

DMF-LiCl. After exposure to UV light, PEC-N2 turns to covalent structure from ionic structure

and becomes insoluble in any solvents. This novel polymer can be used as photoresist for PS

plate, the ternary solvents could be used as developer. On the other hand, since the film of both

exposed and unexposed PEC-N2 are insoluble in organic solvents or water, but the property of

surface is different, the exposed surface is hydrophilic and exposed area is lipophilic. Based on the

difference of surface property, this photopolymer is expected to be an image transfer film without

need of development. This research attracts great attentions and shows very promising

application.

Series photopolymers for photoresist including eleosteric acid-resorcin phenolic resins, divinyl

benzene-ressorcin resins, and others have been made by Shangxian Yu et al.

In order to meet the need of the high-resolution photolithography, Chemical amplification
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photoresist has attracted attentions and have been investigated by Xiao-Yin Hong and Shangxian.

Yu.

The Beijing research institute of chemical regent is conducting researches on various photoresists

for microelectronics and achieved great success.

.5. Stereolithogrphy

Tsinghua University and Xian Jiaotong University are conducting the research on photocurable

resins for Stereolithogrphy that is an important rapid fabrication technique. These researches have

achieved remarkable progress.

6. Photointiated modification of polymers:

Cooperating with B. Ranby, Chinese Scientists have successfully conducted researches on

photoinitiated modification of polymers. With the purpose of finding commercial application,

Baojun Qu et al have conducted a series researches on the photo induced crosslinking of

polyethylene. For a low-density polyethylene, a continuous process on line with extruder was

invented and a commercial process was developed. That cross-linked low-density polyethylene

can be used in the manufacture of electric wires and cables. Wantai Yang et al have conducted

researches on surface photografting for the modification of polymer films and invented a new

process of lamination by photografting. This technique can be used to bond two or more films and

sheets by crosslinked polymer networks grafted to the two facing surface of the substrate. This

process has promising commercial applications.

7. Studies on EB curable resins and application: In 1980's the researches on the applications of

EB attracted great attention and achieved great success, such as the manufacture of heat shrink

materials and EB induced crosslinking cable and wire. These researches are still conducted by

Sichuan University, Institute of Modern Physics, Academia Sinica, Beijing Kefu Company,

Shanghai University et al. On the other hand, in order to modify polypropylene, some studies

have conducted by Peking University and Beijing Institute of Chemical Technology, et al, such as

studies on graft copolymerization of acrylic acid on to powdered polyproplene by EB

preirradiation technique. Studies on EB curable adhesives and coatings for wooden furniture,

magnetic coatings, metal coatings, and EB modified silks, and so on are conducted by several

institutes and Universities.

Production and Market of RadTech in China
In spite of the negative influence of Asia financial crisis, since 1995 the market of RadTech in

China has been greatly developed. In this period some companies have rapidly expanded their

market. However, it is difficulty to give an accurate estimation about the total consumption. The

total consumption of radiation curable coatings and inks were ca. 8500 tons in 1998, among them

the UV curable coating is about 6200-6400 tons and UV curable ink is about 2000 tons. Although

part of them is still import products, products made by Chinese manufacturers also expand very

rapidly. The output of domestic coating products in China is more 5100 tons, and that of ink is

about 1030 tons. The annual growth rate of consumption of UV curable resins in China is more

than 25%.
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1. Coatings

In 1998 the total consumption of UV curable coatings is ca. 6200-6400 tones. The major market

of UV curable coating is coating for flooring, especially for wood, bamboo and PVC floorings.

Overprints for paper are another important market. The market of UV curable coatings used for

metal coating, automotive coating also grows rapidly. In 1998 there are more than 200 production

lines of PVC, wood and bamboo coating, more than 500 production lines of overprints of paper.

2. Graphic arts:

(1). Printing Plates: Offset PS plates are one of the fastest developing products in China. Since

1990 the output of PS was doubled per two years, the capacity of production in 1998 is about

3.5million nfi and output is about 2.5 million nfi, part of products has exported to East-South

Asia, Africa and Europe. The output of dry film photoresists was about 0.8 million m^. The

consumption of liquid photopolymers relief plates was 50,000 m^ and it squired 20 tons resins.

The output of solid photopolymer plate was more than 100,000 nfi. The consumption of Flexo

plates was more than 30,000m2, but half of it was import products.

(2). Printing Inks: UV curable inks for screen printing developed very fast, but it was mainly used

in printing circuit board, the output of UV curable printing materials was ca. 1030 tons in 1998.

3. Row materials

Although most of oligomers, monomers, and initiators are import products, the production of

oligomers, monomers and initiators in China also increase rapidly. Multi-functional monomers

produced in China for UV curable resins are TMPTA, PETA, DEGDA, TEGDA, PDDA and

NPGDA. The output of above monomers was ca. 850 tons in 1998, and the total consumption of

monomers was ca. 1500-2500 tons per year. Obviously, most part of monomers is import

products. Some novel monomers such as TPGDA, POGTA, EOTMPTA, PONPGDA and others

are in development. Main products of photoinitiator are 651, 1173 and bezoin, the output of that

was 850 tons in 1998, parts of them were for export.

4. Equipment

The production of UV curing equipment, such as lamps and coating and UV curing equipment,

also grew very rapidly, there are several UV sources manufactures in China, which produce

various normal lamps and relative facilities. About 30,000 lamps and 50 coating lines were

produced in 1998.

5. EB

EB curable coating, heat shrinking materials and EB induced cross-linked cable and wires were

mainly developed in 1980's. Limited by accelerators, the development of EB application was

slow in this period. However, as the low energy accelerator is commercially available, this area

will have promising developments.

6. Miscellaneous

Light curable dental materials, Radiation curable adhesives, UV curable resins for optical disk,

optical fiber and stereolithograpy are widely used and will grow rapidly.
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Compared to the market of US, Europe and Japan, at present, China only have small market.

However, China has a more open and more competitive market Radiation Curable products have a

great potential market in China, especially with the growth of concern on environmental problem

and the raise of living level of Chinese people, The market will grow more and more rapidly. And

foreign companies have more opportunity for expanding their market. The potential markets

attracted attentions of companies. Since 1980, more and more foreign company entered Chinese

market; they are Sartomer, UCB, Ciba-Geigy, ISP, Huls, First Chemical Co., Fusion and others.

They provided the high quality initiators, oligomers, monomers and UV curing equipment, which

promoted development of Chinese industry.

RadTech China
In 1993, RadTech China was founded and became the bridge between researcher, manufacturer

and market, greatly promoting the development of RadTech in Cfiina. RadTech is a very active

organization, Now he has more than 100 union or individual members. RadeTech makes great

effort to raise the level of RadTech in China. The main tasks of RadTech China are personnel

training, technology support and consulting, information exchanging, enhancing international

academic and technology exchanging, market exploitation and so on. These works have achieved

obvious success.

Acknowledgement:
The most data of market is provide by Mrs. Wang, Vice president and general secretary of

RadTech China, Mrs. Zhu and Mr. Jin, Vice general Secretaries of RadTech China, and other

colleagues. Xiao-Yin Hong thanks to the National Nature Science Foundation of China for the

financial support.

456


