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V liglet curireg s one 0f the snost eroromical and enidroranen-
tally corpatible curing woimologies T, o Ras sucoessfilly en
abied  mumernts Oufsioiel applications ovet receml decades,
Heuerer, there stfll vematn sfallanges thal prevent pengtration frlo
frvader s of interest, For sxawiple, thete gre intrinsic Umitations
assochared with tadicel pholvpelmerization, eg., o inhibilion,
imsadficient curirg aof shadow areas, poor curing of thick or highty
it coaliregs, teck of adhesion on ceritin sulytrates, et

Recent develapments sty photalatent additives feese spec i eally
taryeied thise deticlencies ard thes stgpore the sxpansion af e
scope of UV rarig wchmalugy i indusorial applications, In eddition,
rowel phioto-indused effects e been dereloped, which apen upr pew
application weas e have Been ineenlolted o daes.

INTRGDUCTION

Photolatent additives play a crucial role in the coar-
ings nduscry. 7 These are themmaily slable or latent ma-
terials that bécome teactve alter they absorb a photon.
Fhotolatend initators and catalysts are well known ox-
amples of these Lypes of additives, ™ Plotoiniliators ane
recquired for photo-induced polymenzation, which can
be used Lo cure coatings. The thermally stable photoini-
fiatons serve a5 triggers and tum an otherwise donmai
o latent systerm into an active one omee they are acd-
vated by light.
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Using Hght as a wigger is an impomtant way Lo gain
belter control in the way coatings are made and, in cer-
tain cases, how they can be used. Light also can be
used to generate niber eilects as well. For example.
pheiolatent colorants are colorless and once activated
by light they chemically changé o produce new colors,
Fhotolatent fragrinces, as the name suggests, are addi-
Lives that generate pleasant aromas of fragrances once
they are photoactivated.

The purpose of this amicle is wo beter wnderstand
what these phololatant additives are and where they
cann be used, Another ain of 1his work is 1o examine
how these phostolatent additives can hring value by ad-
dlressing shorlcomings in tradittonal coating svstems,
Laslly, it is imtevesting Lo see howr new technical dewel-
opments, such as plasma Uv-curing or TED amays, can
be used with phololatent catalysts o funher advance
the way coatings can be male more efficiently.

NEW FREE RADICAL FHOTOINITIATORS

Photoinitiators have traditionally been nsed to init-
ate the polymerizaiion of vinyl groups {acevlates,
methacrylares, and other unsalurated groups). ™ More
than 90% of light-cured coatings used commerciaily
are produced by tree-radical indtiation (Tabde 1), Other
pheotainitiators, such as photoacid generators, can be
used for carhocationic polymerization. A new and
emenging class of photainitatons is photelatent
amines, which can potentally e used in many base-
catalyzed coaling sysiems,

The dominant mode of action of the photainidator
commonly wsed commernially is to initate free-radical
polrmerization. The free-radical pholoinitiators used
generally undergo Type | photocleavage (bond homisl-
vais) or Type T {hydrogen abstraction) to produce ener-
getic free radicals. ‘The radicals are short lived chemical
inwermediates and are very reactive, These flee radicals
add to double bomds and cause polymerization and
crosslinking o oceur, as shown in figure 1.

:Technnlogy Today

Figure 1—Fee rmdical phelocuring of an acrylate monomer, using a
Type I photofnitioto:.
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New photoinitiaions in this class have been devel-
aped,*t which offer advanced controd over the 11v-
curing process and also can minimize cettain unwanted
effects, Some of the salient problems seen with radi-
tonal free-radical photocuring can be summarized ax
Tollows:

& Onoygen inhibilion, especally at the coating's surace

= (o associated with volatility of photofrag-
ments {such as benzaldehyde formation) from the
pholoinitiator

* Llmwanwed color (ie, vellowness) as a result of
photooaring

o Requitement tor direct ling-of-sight to ensure
cotmpleteness of cure, which is especially important Lor
3-T0 ohjects or articles that have complex shapes

o Inadeguate through-cure, espedally for pig-
mented or oplically opagque coatings

& Poor adhesion, which ocoars rom inelicient oo
ing and/or frum shrinkage-induced stress buildap dur
ing photocuring

Tahle 1—Technology Platforms Used in UV Curing
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Figure 2—5urface active phatoinitiator,
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Oxvgen inhibition (s a perennial problem for pho-
tocuning of many coatings. This leads to blodking
[stickine} and low mar reststance, A new photoinitialor
was developed to address this problern. ‘This photoini-
tiator is sunface active, as shown in Flgure 2.

This developmental photoinitator is Tiguid and
nonvolalile and has an intrinsically low surlace rension
{26 dvies/om at 21" C), which forces it to the surface,
Used ab additive Tevels, it can serve as a good Teveling/
slip agenl. Used in pholocurable coalings, it leads to
good surface curing. Specifically, the photoinitiator can
bre jrhotoaciivated with TIVCA Tight (it has a long wave-
length absorpion belween 300~ 385 nm) and leads to
loww color coatings that show good slip properties.,
Recause il is a phodoinitiaton it grafts itsedf 1o the ooat-
ing, rendering a permanent ron-migealory slip prop-
erty, The result is to generate low color coatings that
hatve: a surface thiat show good sBip and high mar resist-
anece?

Another development is moltitunctional photoinitia-
tirrg that exhilit high phoetoowe efficiencies. Twoe exam-
ples are shown in Figure 3.

The ¢-hydroxy ketone (ALK Is a preferred photoini-
tiater for inkjet inlks or coatngs that contain high levels
ol acrylale monomers. Low viscosily resing that have
high monomer content [such as inkjet inks) generally
are: more sscepible to O inhibition, Thus, this pho-
toinidator can help where air inhibilion can be a prob-

Figure 3—Multifunctional photoinitiators for increased photocure efficiencies,

lem. 'The dual lunclenality also rendems 31 nonvolalile
and allows It to serve as a crosslinker. In addition, this
photoinitiator also can serve o rather ynorthodox role
as a loww color photesensilicer Tor diaryliodoniom salis

The muoltilunclional phenylebvaselies (Fivure 35) Is
also an importamt new liquid photoinitiator, It can be
used o reduce color in linal oured coatings. A pre-
lerred praclice is o use (iLwilh pholleachable long
wavelenpth absorbing aryl phosphine oxide photoim-
tiaters, This pheteinitiator comlrination can be usehil
forr obtaining good surface and hotom curing of thin
and thick coatngs. 1ypically, V+D lamps [(which emit
strongly between 300-450 nm ) are used with this pho-
tedinitialor packiage lor low color coalings over wond or
plasic substrates.

UV-CURABLE WATERBORNE COATINGS

UNV-curable waterbrorne coatings are becoiming in-
creasingly eymilar because they do not give ofl VO
baszed solvenls during curing. A number of pholoinitia-
tors are omrently recomumended. 5 such as the
water-tispersed] Dbis-acy] phosphine oxide [BATO and
the ALLESBE? eutectic blend. '1he euleclic blend is warer
disprersible into most common (meth )-acrylate func-
tiomalized polyurethane dispersions. Tt provides good
surface cure and can be used in clear coatings. 1§ the
coating is pigmented and/or contains protective UV ab-
sorhers, then the waler dispersed BAPO phowomilialor
is also used. BAPO Is an imponant photolnildator that
has prosen itself in many demanding coatings, com-
prosites, and gel coal applicalions.

The main reasons for BACYs success is Lhad i can
use two photons sequentially, produdng twe different
radlical pains (see Scheme 1) 1L possesses a long wave -
length ahsorption that photobleaches during curing,
Thus, BATO is desitable for long wavelength (up w
430 nm) photocwring. 1 is especially wselul Tor LEDY ar-
ray photoouring,

LED VISIBLE
LEGHT CURING

Cr ce-Hydroxy Ketone (AHK)

TED arrays were recenthy in-
woduced for curing industrial
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coatings and adhesives. LLT}
arrays ay curmently designed
for these applicaliong have an
output at 200 + 20 nm. These
(uasi-monachromatic Tight
sources ditter from standard
mercury lamps, which have
broadband specleal oulpul.
LETY arrays are attractive be-
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Schene 1—BAPD a5 a4 two-pheton photebloachable phutinitiatar

cause they do not emit IR radiation {which may cause
heating problems, as may be scen with Hg lamps) and
they Lave o stable outpul. 10 was found™ that when
BAPO 15 used as the photoinibacor, up to 25 mil thick
gel conts {containing 15 wi% TiO), } are easily cured
with Lhe LED armay, as shown in Figwe 4.

This demonsitation of deep through-curing ol gel
veraty even with high Diller shows the power of comectly
matching the photoinitaler with the light soure. The
outpait of the LED amay is “tuned” 1o the BAPO long
wivelength absorption lor efficent light coupling and
photoactivation. The BAPCY, in tum, photobleaches,
petmitting even deeper optical penelration into the gel
coal. This combinaton results in surprisingly good
through-cure, compared to when a mercury lamy s
nser],

PLASMA UV-CURING FOR 3-D OBJECTS

When coating 3-13 objects, one is olten faced with
the problem of getting unifonn light exposure over all
coated aveas. ‘The oh-
ject van comiain hid-
den areas, cavilies, or
stnall onifices that

Technology Today

Figure 4—FPhotocure dapth as a function of LED sray exposune Hme in
4 white UPES gel coat (15 wi% Tid, + 0.3 pph BAPGY,
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generated (rom plasma.” 12 A gas (1{e/N, mixmure) is
nsed to surround the part, then, by swilching on a mi-
croweave, [IV light is genecated rom it In essence, the
part is placed inside the lamp {Figure 5).

In this way, LIV light is generated [or curing in re-
ginns that are normally inaccessible.

PHOTOLATENT ACID AND BASE CATALYSTS

To cxpand the capability of [ight curing, new
phots Tatent acld and base catalvsts were devel-
oped.'" % as shown in Tigwre 6. These novel phoola-
tent additives generate a long-lived catalyst, which is
distinaly different finm the short-lived free-radical
intiators.

The resins they ure also are dilferent. Tn the case
ol photolatent base catalysis, they are used (o
photo-aclivate the curing of conventional coalings
that cure via condensation reactions, such as for
polyurethanes or epoxy based coatings as shown in
Figure 7.

The photolatent ase catalysts are a sharp departure
[eom the more commaenly used frec-radical pholoinitia-

Figire 5—Comparison belween UV-plasma curing (Case &) and conventional LY curing {Case B),
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which will mean
these: areas will be
uncured or al hesi
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Figure &—FPhotalatenl acids and base catalysts.
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tors, which offer cxcirting possibililies o lower cost and
increase productivity in those coating systerns.

Leading the design development of these pholola-
tent base catalvsts is the effort to engineer them to
tvatch particelar resins.?? Ag desaibed in Figure 8, this
maich is done by fist understanding the pka threshold
value needed Lo dove the chemistry, igher pla values
above tiis threshold generally lead o faster rates of
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catalysis. Similarly, when the plia value s lower than
the threshold, the reaclion rale s diminished.
Unlocking the poser of the plioiolatent Tase catalysis
is then reduced to tailoring the initial pla ol the pho-
tabutend Torm as well as adjusiing the pEa jump that oc-
curs when the free base amine is Photogenerated.

Llsing this approach lecd 1o the recent development
of photolatent amines and a photolatent BN {1, 5-di-
azabicrclo]4.3.0 non-3-ene). The photolatent amines
Biberale tertiary amines.

{Ome photolatent fonn of the tertiary amine is an o-
amineketone (AAR] derivative. The AAK sterically
shields the amine. When Lhe AAK Is photolyaed the
shielding is lost and it vields a higher pKa wertiary
amine thal is also more active. T 73 becanse of the pla's
ot the AAK and the resulting, (ree-arnine thal makes this
photolatent anine interesting. For example, wilh poly-
stcyante poly hiol-resin coatings, it permits fast o
ing {« 5 minures} under direct LV-A Tight exposure as
well as allowing for shadow curing. ™ At the appropriate
concentralion the AAK cures the resin in the dark
(shadow areas) within four 1o six howrs. The oure
mechanismn is not inhibited by oxveen, so good surlace
curing resulls. The overall oure kinetics ave slover com-
pared to trpical free-radical curiog of sorylates. This fea-
ture can, in prindple. lead to better stress relaxation in
the final polymer network. The photolatent catalyst is
now being used in aure refinish coating applications,
and permity faster, more efficent processing compared
o conventonal thermal curing

When the phololatent TDRN is photoactivated, it
underzoes a significanl pla jurmp [ApKa — 4). The
TIE~ that is generated 1s a strong base and has a pka
= 13, Because ol i high pRa value it can cfficiently
catalyze reactlons such as Michael addition chemisiry.
The photolatent BN has a pFa that is well below the
threshold pka to catilyee the Michael addition {Figure
27, Thus. storage stable or one-pack base calalyaed
Tesing resnlt.

Some of the curment applications where photolatent
brase: catalysts were Tound (o e imporrant are summa-
rized in fable 2.0 Lt is expected thal more photolatent
amines will be developed in the future, which build on
this new technolosy platlorm,

PHOTOLATENT COLORANTS

Photochromic materials ave materials that underge a
reversible color change alter exposure to light, A famil-
far example is materials used in eyeglasses thai darken
when in the sunlight, but then reverse to clear in the
dark. What iz of interest ig 1o use Tight selectively to ore-
ate a pemnanent color One appreach is (o pholochemi-
cally generale o new thermally stable chromephore

JCT CoalingsTech
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Figure $—~Michael addition of an acetoacetate/acrylate coating systom,

Acetoacetate ™
o N;\-@ DBN -
. — 2 T,
e OCH; 0 |' OC,H; Ra > OC:Hs
-
A, R, =5 H/xﬂ
Acnylate :

{(such as to produce red, areen, or hlue codors). L7 This
type of an effea could be useful in lrranding, securiy,
of identillcation applicadion.

PHOTOLATENY FRAGRANCES

Fragrances are imperLint o the coatings industry.
Unfurtunately, they are fugitive, by virtue of their
volatility, One way o ivercome Lhis problem is w pho-
togenerale the fragrant aroma in-situ. 1he fragrance-on-
demand concepl was recently reduced to practice. ¢

The novel photolatent precursor is able to release
fragrances of natural or synthetic source. It is thus pos-
silile to create scents from floral fraity sweel, lresh cit-
rus and minty, o spicy herbal, or even wine-like or
woody artimas,

The key benefit of a fragram product is 1o provide a
pleisint aesthetic perception. [Lalso can serve as a sig-
nal, o give a unique branding of the product.
Phertolatent (Tagrances are nol restricted 10 & mply scen-
ing a coated surtace; they can also e convenienty wsed

Tabie 2—Examples of Where Photolatent

Base Catalysts Can Be Used

Typical
Fluakilatent

Resin Type Base Cammeants
Carbosy/ Epomey ARE, Used in hybril systems

Proteresists

Genarally regquizes

thermal onst-cune step

R-ML1R'SH Modified Aak Automotive refinish

Shadow rre

Luw colgr
R-MCOROH PL-DEN Adesives and coatings
EpauyThial PL-DEN Metal car vortings
Michael Additian PL-DOk Broas uzilizy [adhe-

sives, coatitgs, inks)
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Figure 10—Example of & phatolatent caloranl and how it can be pged
iar pheto Imaging.
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Figure 11—Photolatent fragrance which generates aroma under action

of Light.
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® Thermally stable and durable coatings providing long lasting
pleasant aroma

= Tnstantaneous sconfing, which 3= long term and ahle to be re-
activated

# Triggered by UVE, UMA, and daylight

tor comeeal undesirable edors of newly manutactured
producls.

some of the odors emitted by newe products. even if
in low comcentrations, bave a negative image. Using
photalatent fragrance additives in such systems can
tius give a pleasant flagrance, which can add value in
this case. irradlation is the Last step before packaging or
it sulficient light transparency is given, the frasrince re-
lease can be triggered at any point via UVA light expo.
sure through the packaging material.
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Some of the fragrances are known o have a repedlent
effect on insecws, e.g., citronellal, which Is elien used in
candles or insect repellent lotions, The photolatent
products could be used in paiot for garden furmiture or
veranda Boards, giving the double benelit of 2 pleasant
scent and repelling insecis,

SUMMARY

Phowclatent additives offer useful benetits to the
coatings industy, Work in develogring this technology
is oogoing. Recent developments have vielded Linpor
tant results thal were wimed at improving or managing
the limitations of light curing. These etfonts help to ex-
pand horiwons into new areas- sueh as the discovery of
novel pholo-induced effects thar g0 beyond simple
photoqaring (colot-on-demand and fragrance-on-de-
maned, for example], The future thus holds greal prom
ise tor even more innovation as these new effects be-
come further developed and wre exploited for specific
applications, @
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