Application of UV Cure
Technology and Progress in
Photopolymerization in China
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INTRODUCTION

The development of the coating indwstiy is an important symbol of a

‘ cnunly's industrial level. As concermn about the environment increagses, the

coating industry is facing tremendous challenges. The market share of con-
venticmal solvent-based coalings has been reduced rapidly becavse of angeo
ing legislation to cul VOIC emissions. In contrast, radintion curing, incloding
ultravialet (L) and elecron beam {ER)Y curing technelogy. is now being in-
creasingly used in various applicalion sectors because it is a clean aned green
technology that increases productivity as compared with other tradilional
curing methiods.

Tnstitutions and companies in Chinoa have been researching applications
ol LIVJLL cure technology since the 19%s, While the marhet shice of radia-
tion-curable producs is still small compared o that of the L5, Gurope, and
Tapan, (he technology has been greally expanded over the past 10 vears, and
is growing along with the Chinese economy.

RAW MATERIALS

Figure 1 shows the output and produdtion valoes in Chiog of raw materd-
als, incdluding monomers, oligomers, and pholoinidaiers, tor the period of
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2003 2007, The culput volume of
monomers emained neardy the
same in A7 {49,213 fons) as in
0a (48,024 1ons), while produe-
tion value decreased from TS
205,71 million in 2006 w0 1155
196,15 miltian in 2007 This s the
first decline seen in recent years.
The output of TMPTA and TRGTA
was 15,480 tons and 16, 250 wns,
resprectively, and 1 TDDA and
LrMGDA were both mere than 3,000
tons. The total expont volome was
over 15,972 wons with a dramalic
increase vile of more than 1004,

Oligomers are the main block of
LTV coatings. and dictate the proper-
ties of curedd Glms. Although a ma-
jorily ol high quality oligomers
wele imported just a few yvears ago,
the production of olipomers o
China has increased rapidly in re-
celt yeaws, [n 2007, the output of
oligomens was 31,595 (ons with 4
wrinel cate ol 15 2%, compared
with 27,420 tons in 2006, Not only
has the output of oligomens in
vresised, but also e variety has
broadened. bost of the produced
Gligf_'.l'lTI(’T |'H'[][I1I{'fH LA L l:'(]l'lHll.[lIE'.i].
in domestic markets, and about
3,283 tons were cxported to foreim
countries including the 115,
Furope, and Asia.

Photoinitiators play an inpor-
tant xole in UV curing. Both the
produciion value and ouput of
photoinitiatars still show the fastest
growth rates during the tast year.
The production value Increased Lo
LS 31785 million in 20017 from
LIS$ 1703 million in 2006 (an in-
cresse of 13%); and the wolume
increased 33.9%, fromm 22,053 in
2006 10 29,531 in 2007 . Besides
meeling the needs of domestic mar-
kets, more than 20,970 rons of
plusvinilialors were exporied 1o
loreign markets.

FORMULATION PRODUCTS

In 2007, the growth of domestic
enatpail, oualivy wnd value of radia.
Lion-curing products was even more
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significant in comparison with pasi
years. FHowe 2 shows the oviput and
production values for the LY curing
ket i Ching Tram 2003 o 2007
iin detail, UV coatings and inles siill
remained the largest application
areas it China. The tedal oulpat of
L1V coalings [(produced by 51 mann-
tacturers] and inks (37 manufacius-
ors) was 32530 woms and 14,648
toans willy growth rates of 12.1%
atd 13.6%, respectively, in 2007
compared with 2006, The produe-
tiom values had corresponding in-
creases—USE 180,72 million for UV
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coatings and LI5% 151,79 million oo
inks with groswih rates of 30% and
248, Tespectively. Mosl L pressive
was the culpal and production
value of Uy adhesives, which in-
creased by 73% to 846 wons and
110% (2 LS 10013 million trom
2004w 2007 These LI adhesives
are used not only in medicine,
glass, craftwork, pacldng, and fish-
ing equipment, bl also in 10Ts,
L'LYs, Instruiments, aid oplic parls.
Wood coating s still the largest
application markel in China, with
the parquel [looring segrment sLll

Hgure 1—0utput {ton] and production value (5% millions} of vaw matenals {2003-2007).
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Figure 2—0utput fton) and producton value (US$ millivns) of fonnulations (2003-2007).

Figunz 3A—0uiput {ton) of coatings and inks with significant growth rates.

1400
1200

100

Coziplhone

Ercirahle: Natal

Qfset Borcrn

Qctober 2005 B



Figure 4—>5chematic process of Fronlal Photopolymenzation (FPP).
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the primary consmmer, The cutput of wood coalngs
grew gradually from 2003 to 2005, Ilowever, it in-
creased rapidly in 2007 —ugr fo 16,815 wons with a
growth rale of 2295 This healthy spike should continue
firr another three Lo Nive vears. Mastic coaning steadity
retaing its marleet share wmainly with PV Tor tiles, Moor-
ing, and molorcycle applications.

As shown in Figure 3, LTV coatings have become
widely used for celf phone, melal, and electmonic appli-
calions, which posted dramatic growlh rates of 94%,
0%, and 1200, respectively, in 2007, It proves that
senme spedal-use coatings will be new growth spots in
the L hiness market and will inltate ardent compeli-
tion in the (oreseenhle future, The offset and screen-
printing applications also mainiained a steady increase
and will pemist for several years.

UV LAMPS AND EQUIPMENT

In 2007, 288,000 UV lamps and 2,497 UV-cuing
cquipiment pieces were manufactured and 59 lines were
exlablished by eight companies. Both the quality and
the variely of lnmps and equipment were improved.
Some unusual lampes thal were impaorted a few vears
agur are now presently wanifacivred Ty Chinese com
panies on a lirge scale, Moveower, UV measuring instra-
ments such as UY radiometers, 1TV energy meters, and
even on line UV monitors (display amd conino] panel)
are produced domestically,

DEVELOPMENT OF COMPANIES

mulaticns in 2007, .ummg:. that group, seven corpora-
tions manufactured crver 5,000 wms, A production
value of over U5F 30 million was ohiained by eight
corporalions during H07,

EB-CURING TECHNOLOGY IN CHINA

Limied by the high price of accelerilor, the devel-
opmemnt of LB applications i3 s1ll slow in contrast to
TV applications. [lowever, as the pnice of low energy
aceelerator decreases inthe future, LD lechnology will
e wery promising in the radiation curing market in
China. An [8-curing end hias already started o gradu-
ally reveal itself in the past few years. Several BB Tines
lor printing applicalioms were installed in recent years
and an Ei-curing techinolosy center for research and
development of TB-curing technology was exialilished
in Chiengdeou by Sichuan University and NIV {Japan)
in 2006, The research and development of CB-curing
technology in China will enter inlo a wew stage.

RECENT PROGRESS IN UV
PROCESSING TECHNOLOGY

Creat atlention hay recently been paid w0 the re-
search and development of UV processing technology
in Ching, and some remarkable progress Bas heen
achieved. The [ellowing is a short review of research
conducted by Chinese scientisis,

Frontal Photopolymerization

Frontal polymerization is a reaction mode of con-
Yerting monomer into polymer via a localized and
propagaling reaction zone {sec Figumne 4). Yang et al.
have exlended this lechnalogy 1o 1TV photoplymeriza-
tion and have done extremely good work 22 In contrast
1w the traditional thick film photopolymerization, a
pure polymer without residual monomer was pro-
duced with frontal photopolymerization. The vertical
gradient distrilwlion of the molecular weight and its

INVOLVED IN UV CURING

The 1IV-cnring market continues
1o experience posilive growh rates
in China. As a result, there are {avor-
able opporimities for many compa-
nies to flourish in the radiaiion-
curing market, According to the cur-
rent survey, the scale of nennifactur
ers has been expanding. Twenty-six
companies each produced more
than 2,000 tons of UV qurable for-
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Figure E—UY irradiation unit and producton line of cable,
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polydispersity of the frontal photopolymerized rod are
o, whicl is incaceord with the attenwadon of light
intensity in a polymerization fube Using the fromlal
photopalymerization of acrylates in the presence of -
ganic ritcomate and iodonium salt, an axial gradient
polyacrylate/nanoeirconia bvlrid rod was fabricated.
The nanczirconia, in-siln generated o the fronbal poly-
merization matnx with the photocatalysis of indeninm
sall, was presented with top-down distibution in the
livbrid rod. botl in parlicle siwe and in particle concen-
tration, A mechanism of induced enrichment of iodo-
niwem sali aned organic zirconate during frontal pho-
topolymerizalion process was proposed. The relraciive
index of the liybrid rod increased along with the [rent
traveling direction and reached 1,540 at the depth of 7
cim [eom e Loy,

Photo-crosslinking of Polyolefin

The photo-imosslinlang process for polvethylene and
its induscrial irradiation apparais have been developel
recently by Qu and coworkers and applied suecessfully
for induserial manofaoume of photo-crosslinked poly-
ethylene (XLPEY tosulation wires and cables®? {see
Figire 7). The photo-crosslinked XLPE insulation Tow
voltapge {1 1V and below) and medinm-high voltage
[160-35 kW) power cables possess excellent glectmical
and mechanical propenties, and have much Tower oper-
ating cowts compared with traditional crosslinking tech-
niques such as peroside chemical crosslinlang, allaoey
gilane crosslinking, and high-energy electron beam irra-
diation cnemslinking methods, Moreower, the photo-
crosslinking Lechnique bas unigme advantages such ay
leviw invwEstiment <ost, casy operalion and maintenance,
energy savings, enviromment-friendly, hizsh producion
efficiency. etc. bour Chinese patents were anthorzeld Tor
the photo-crosslinking inventton and an internalional
(P17 patent applicaion has heen subinited,

Photografting Used for Supertydrophific
Polymeric Films®®

The UV irracdiation-induced surface-grafting ap-
proach lor producing superydrophilic polymeric
filmy has some advantages, such as ocdioary Tacility,
levwer invested capilal, and easy operation {see Menre
6}, Momeover, the homogeneous productys generateed
during grafting reaction are casily removed by simple
waler washing.
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Figre f—Seyuential processing instrument fo
shpertycrophilic Tils with UV lamps.

The charge transfer comples [(CTC) systemn consisting
of maletr anhydeide {MA, viy] acetate (VAC), butyl
vinyl ether (BVL], or W-vinyl pyorolidone (NY1P] con-
tining high reactive group was used to gratt with poly-
metic [ilims. e higher monomer conversion, grafting
degree, and efficiency were oblained. The relationship
of surfage grafting deyree, morphologic behaviorn, and
surface compasilion was invesligated in detail, This
technique can be used o prepare vacious functional
malerials, such as antibacterial nonfabric.

CONCLUSIONS

As the Chinese ecomorny develops steadily and
quickly, srowdh in the radigtion ouring induostry will
continue in well-established areas—ior instance, wood
andl paper coalings, screen and offset inks, ete. A major
etfor will be made w develop new technologies and
new rawe matevials for the radiation curing indusiry, and
Lir enler LD new application ficlds such as composite
and gel coats, auromolive CEM and reflinish coatings,
and so on B
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