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L1V curable techoology is the fagiest growding coating
Lype o the wood segnent with an estimated annual
crowth rate of 9%, almost three times the growth rate
ol wther welinologies.! Currendy, this chemisoy repre-
sents less than a tencth of the total wood coatings seg-
ment value, and therefore has a large market poten-
tial. This waood coatings seament includes such
applications as kitchen cabinets, furnitere, and
tluoring, As seen in Fiyure 1, this market seg
ment represents one of e highest percentages
ot the UV coatings market, and is therefore a
desiredd marker for LY coulings and raw mile-
vial suprpliers.”
LIV chemistry in wood coatings is gaining
market shave heoase it enables the end vser o
increase production elliclency while Iowering sol-
vent emissions. [t also has the advantage of requir-
ing omly a small egquipment Tootpring so less floor spece
1s newdee. The overall system [or the coaling applicalor is cosy el-
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tective because of increased production speeds and
loweT gmergy costs. There is also the cost advantage of a
quicker inventory (urover of coated pacts as UV cure
offers the benetits of excellent chemical and blodk re-
sistance, which allows for stacking, packing, and ship-
ming right off the production line, Although there are
maty advantages in swilching w UV cucs, the applica-
tor must overcome several obstacles, including higher
eguipment costs, higher raw material costs, and the in-
ability Lo properly cure tilck Do or comples geome-
lries [see Lakle 1].

In choosing UV coating teclinology, the lormulator
has three chemistry options for the UV functional
resir: walerhorne, 100% salids, and solvenibome. The
latter twio have been the primary technolosgies available;
howeser, waterbome 1TV chemistry is becoming a +1-
alle and grinving allernative due Lo ils advantages (see
Lieble 2} Mot only does it have the obvious environ-
mental and clean up advantages, but it also can provide
Lo wiscosing withont the addition of low molecular
weighi monometrs, which can be detrimental Lo per
formance. Waterhoone TTV-curable resins olfer excellent
adhesion and open pore wood finishing howesver
grain raising is possible as with other waler-based
wood coatings, and 1s minimized with sanding be-
tween coats. Another limitation for the technology is
that waterborne Lv-curable coatings reduine g drving
orven for the evaporation of water: therefore, a two-step
process is needed, This drving step can be in either a
lrced alr infeared aven or a miccowave aven, with a
typical pre-cure dry time of 3-10 min to evaporate the
water, depending on coating thickness,

The chemisiry of LY curing s 4 psholochemicid
process whereby intense ultraviolet radialion is used to
crosslink the coating. The process is achieved through a
frev-radical mechanism which wses 4 photoioitialor a3
a calalyst {(t4gure 2. The UV radiation splits the pho-
toinitiator into free tadicals which react with the dou-
Tle Taoarnils ool the LW resin. 1w produces more (ew rad-
icals and the process continues until terminated. With
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the wse of multulmotional resing, a three dimensional
nevwork can be creaied and the crosslink density can he
controlled to meet the needs of a vardety of coalings ap-
plications, The chemistry of waterbome UV curing fal-
Linwes this reaclion process, with witer Being present as
the diluent. Because water is very etficient In viscosity
comtro, the UV resin can have high MW and funcion-
ality, therelore leading Lo higher coating peclonnunce.

‘Lhe development of waterborne LY resin lechnology
has advanced significantly in recent years, with the
growing abilivy o @ilar the eesin (or specilic perform-
ance needs,” There are thwee basic variables used in the
industry to influence the final properties of the resin:
L% acrylate selection, incorporadon bype, and mendifi-
cation.’ * Because there are a multitude of combina-
tions and choices resulting frum these variabies, there
are d wide varlety ol waterborne UV producty available
with differemt perfommance and behavior,

There is a large selection of UV acylates available
will varying lickhornes and funcliionalities. The choice
and amount of this UY functional material used n the
final product impacts the final crosslink density of the
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Figure 2—UV polvmenzation reaction.
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coating. The differentiation between 1TV acrvlates 1s not
only the amount of double bond funcionality, but also
the product family tvpe such as acnvlic, urethang,
epoxy, or polyester aoylates, [t is now becoming more
colmon K use these algometric or polymeric com-
pounds o add the double bond funcionalily rather
lthian thes rmomoemeric acmylates.”

The provessing and incorporation of the UY acrvlate
detenmines the overall polvimenc strocture of the final
presduct, therefore contributing Lo the macrm propertes
ol the coiting. Fxammples of this incorporation include
external emulsilication o a self-emulsifiable dispersion
{Figure 3], External emulsificacion is simply the process
ol distributing the aorylate into water with emulsifier
and high shear lovces. Products of this nature are oflen
referred 1o as an emulsion, a soludion, or water di-
tutalile. The emulsification process of such produces is
Very sensitive, which can cause stalnlity fssues during
the processing as well as in the [oomulated coaling,
Hewseever, the product type offers the advantage of high-
solids amd an easier and direct comversion of cument
solvent-based UV systems to waterhorne LY using Lhe
same base chemisity. Although this incorporation type
seelns rather sualghtorwacd and unideveloping, thers
are contimuing advances and uses ol such ype® LThe
second ineerpreration example is a dispersion, which
uillizes polyurethane chiemisiry 1o creste a UV fune:
lional PLID {polyurethane dispersion). These Ly MIDs
can be polvether, polyester, andfor polvcarbonate based

Figute 3—External emulsification versus self-emulsifying dispersian,
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and are olien relecred foas dispersions, UTV-curahle
PLIDs, o acrvlated PUDs. These toodocts offer the fps-
ical advantages of polyurcthanes such as Nexibilig: and
toughness, and show the highest groseth rate in water-
Berrne LY techinology due b their unigue perfonmance,
Within this PUD incorporation wype, there are muliiple
design and processing parameters that ave also avail-
altle [ow Mnal resin design such as the isooranate tvpe
ol the polytuncional building block.

The third variable. moditicalion of the: produc, is a
leey differentiator between products thar fine lunes the
Lehavior and pedfonmanee of the final coating, The
modification can be interim or post process, inclhode
multiple incorporation methods, and involve other
chiemistries. These modifications are not typically de-
lined by Lhe supplier and are the key 4o their prodoet
differentiation. Commen industry examypes of such
mexdifications inchade the post addidon of an acrylic
erndsion [or exterior siabilily, the modification with
dispersants for shelf stability, or the addition of an ex-
termally emulyified acrylate for adjustent of drying
properlies.

Clven all of these variables, it is possible 1o design
the waterborme 1TV resin 10 meet many coating pet-
formanee needs. Figures 4-7 Jdemonstate how the van-
ous incorporation methods and maodifications can im-
pact coating perfommance. Feure 4 s an example of the
effect of UV variables on coating stability as measured
by a 30-day hot box viscosity. Wilerborne [TV PUIDs
(Samples 4 and B) typically have stability lssues due o
the LIV acnvlates” iinpact on the dispersion dynamics.
Ly various moedes ol modilication, this stalylity issae
can be resolved. Tnforunately, this medification can
Tres it dletrimment Lo the very goodd wood wannth of a
pure PULY { Figwie 5) and can reduce the level of wack,
or hardness, pror to cure (Figere 6}, Lxlernal emulsidi-
calions have o moderate level of perffonnance acrass all
measuremenis and, therefore, are cirely seen withowo
modification,

Level af tacl prior to TV cure iy 2 very important
performance criteria foo UY coating customerns anel is
typically defined tor each UV resin. Some customers
prefer the coating tor develop significant hardness be-
tore UY cure, while others predes. the codting 1o remsain
tackv, A hard coating surface can pratect parls from
dusl contaminalion belore enlening the UV chamber

Table 3—uv Bulb Seleclion Guide

Bull Type Wavelzngth (fim) Uses
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[ 350-400 Tit..
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and can also allow a level ol property development
even if seme aveas of the part do not receive suilicient
LIV light. A soft or tacky surface allows better flow into
the wood pores Defore LY cure and can help the over-
sprav to be re-emulsitied and rewsed. As seenin Figure
&, the Tevel of tack can be dialed in by modilication.

Beoause different types of waterborne WY resing can
prowide diflerent perlormance parameters, tesin suppli-
ers and coatings lormulators can choose Lo combine
differemt technologics to optimize the propertics
neetled. Figere 7 s an example af @ misture design o
put for the determination of an opdmal Mend ralio. [n
this example, three components were combined with
performance mensurements in Clanty, flexibilitg and
hardness belore and aller cure. The oplimal calio is
highlighted in the vellow area.

Another design option for waterboiie UV resins is
the incorporation of indicnal groups with dual core
potential, which lurther enhances the coaling perloem-
ance level, With these resins, it is possible to not only
crosslink hy radical podymenizadon with UV light, bur
also by polar group reacton of the resin with an iso.
cyanate. The advantages of a dual cure system are in-
creased hardness, adhesion, scratch resistance. and
chemical resislance. Dual cure is expecially cecom-
mended for thwee-dimensional applications in which
sonies ofF the segments ate not exposed o TV Yight

Waterhorne LY resins, especially PLLs, are pically
not zero VOO due wo low solvent levels coming from
the processing and raw materials, Tor traditiomal FUT
manufacturing, NMEP solvent is used [or viscosity con-
el and is present in the tinal product up to 10%G,
Huowewver, there have been recent developments of “sol-
wvenl-free” LD which are manufaciured withoul NP
solvent, With these new PUDs, 1t is now possible to
formulate coatings that hive nearly sero VOO emis-
sions. As seen in Figure 8, these new solvent-free PUDs
have minimal detdment on performance,

Not anly is the waterhome UV coating impacted Ty
the type ol resio used, bul i alse s alfected by the
other fonmulation ingredients: surfactants, defoamers,
waxes, matting agents, pigments, photoinitiators, and
thickeners 'These ingredients have the Lyplcal inlerac-
tons and influences as in traditional coatings.
Heowwever, the pludoinitiator is one ol the key primary
components for a Uy coadng and should be chosen
caretully, With the increased populanity of watethome
LI coutings, pholeinidaton manuafaciurens are noma pro-
ducing many water-stable versions of their standard
proclucts,

The choice of photoinitiators is determined by sev-
eral factors: coating tvpe, light source, and additive
package. ‘The [irsi consideralion iz whether die coating
Is clear or pigmented becavse of the interaction of the
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Figure 4—Waterborne UV varable effect on stability.
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Figure 7—0ptimizing a waterborne LAY system.
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figure 8—Comparison of solvent-free PUD coating performance.
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photoinitator with the pigments. bor clears, an alpha-
hydrosy ketome or hensophenone photoinitiator is rec-
ormmended. For pigmented caatings, bis-ace pheos-
phine exade in addition 1o the w-hydrosy ketone or
benzophenone should be used, Chemical structures of
these key photoinitiator lypes are shown in Figiers 9.

‘Lhe absarbance of e pholainitistor shoaled e

matched with the spectral output oi e light source [or
maximurn cure polental, Care must be taken when for-
malating with pheloiniliaiers, as there is a large impac
determined not only by the trpe chosen but alsao the
level. Adding oo much photoinitiater can hinder cure
Lecause the excess will acl as a LIV absorber and pre-
vent the UV light from penerrating iole the coaling.
Theretfore, it is recommended that the optimal level be
determined by experimeniadion.

The atmownd of LY exposure inpscts the degres of
cure for the coating, and therefore has a major impract
un the performance capabilities, This amount of expo-
sure cart e impacied by several factors of the TV line;
irradiance, spectral distwibution or wavelength, Tine
speed, and surface temmperature, Tor most LIV-curable
malerials, energy alone s ned an adeguate measure of
e level of exposure; therelore, all Lactors okt be
specified for consistent cure and pedormance. For ex-
ample, o low fmadianee exposure for a long time peoiod
does nol vield the same esull a3 a high irmadianee ex
posure for a shert time period.

Eh .
g Anceher impact on the degree of cure comes from
" the bully choice, which i the same despite the TV
T .4 . ;
clremisity type used. Bulbs with shoner wavelenglhs,
type H, are used for clears and surface cure of pig-
11 mented coatings. Bulls wilh longer wavelengths, tvpe
D, ¥, and &, are used for through cure of pighiented
coatings and with certain additives such as UV ab-
b ety Brhesier  Wake Sorape MEK - 200 sorhers and nanoparticles. When muoliiple Tight sources
Crouree Sules ’
Figure 4—FKey photomnitiator types.
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are needed, the bulb with the longest wavelength
should be used first to ensure the coating gets its
through cure before its surface cure. Otherwise, micro-
wrinkling and other film defects can occur.

CONCLUSIONS

Waterborne UV coating technology is continuing to
improve and therefore gain market share as raw mate-
rial suppliers and coatings manufacturers better under-
stand the technology and designing of equipment. As
they become more robust and higher performing, the
waterborne IV systems will continue to replace other
chemistries due to production efficiency and low VOC
emissions. This is very evident in the high volume cabi-
net, door, and paneling markets where waterborme UV
coatings are growing to become the standard technol-
ogy mainly due to their low build appearance and their
enhanced performance in wood warmth and chemical
resistance. With improved processing, modification,

www.coatingstech.org
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and raw material selection, more waterborme UV resins
are being introduced to the market and can meet the
needs of customers requiring alternative technologies.
As the wood market becomes more comfortable with
waterborne UV technology, product development will
continue to penetrate into new areas such as exterior
applications and nontraditional substrates. @l
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