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here radiation-cured coatings
are employed, ultravioler (UV)-
curnble systems predominate,
and eirrent development efforts are
largely focused en improving waterborni
systems and reducing the impadts of
monomers (via migration) and photo-
initisears (a resitund fmpu rities).
Loaking to the Niture; LED curing &

wenerating significant interestand excite-

ment, particularly as curing equipment
and conting formulations improve,

In applications where their use
is practical, radiation-curable coat-
ings offer nomerous advantdges over
thermally cured systems, including
smaller mamtfacturing footprints;
reduced energy consumption, redoced
environmental impacts, and faster
curing times, which often translateto
faster ling speeds. As recently as 2015,
however-UV-amd elect rn beam (EB)-
cured coatings unh.r accounted lor 2% of
the global incusteial coariv s mavkel,
accordinz to 1HS. The E'ngh coals of the
raw materialy comparesd 1o cunvencional
costing s combined with the need to
insmall specialized appiica.ion squip-
il A D ey hlsdrances noe widep
wdaption. in addition. radiavion curing
af comple s shapes ank Targe obdeas s
challenging, and thus this teehnology is
uot trpiraliy consideted e s ey e

Jargest mg:ngﬁml;murhr i‘uIT d
closely by North America and China,
In 2016, 12-13 million formulared
gallons worth 5640 millian were sold
i North Ammqimunimgm mar-
ket regearch firm Nerlfi, :
Growney (KNG UV-cured Wﬂp}ﬁ-
sented approximately 88-90% of the total
sales. Graphic arts a5 the largest end use
by faraccounted for 45-50% of the mar-
ke, but s experiencing minimal growth
ufl?rﬁ per year. Prtﬁmshud wnﬂd,mdwzts

!'ur' apprm |mﬂa‘.etf 1% t}fﬂﬁﬁm.l‘ht fior
raciation-cured coatings and are grow-
ingat: much Bealthier annl rates of 5%
and 6%, respectively. The other major
application is release liners (e g, labels),
whichaccounted for B.5% of the market:
demand in this sector (sgrowingat W%,
rer year. There are numerous other minor
applications, including optical fibers, vinyl
Looring, consumer electronies, automao-
tive plastic components, metal packaging,
and special purpose uses suchas nail

polish, medical implants, and feld-applied

fluor coatings, Most radiation-cured coat-
ings are based on acrylate resins, although
cationic cpowy, cpoxy silane, and unsatu-

rated palyester Remuletinons are used in
stirall quontivies,
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State of the Market

Lorerest in UV-cured coatings continues
1 eapanl. particularly for heat-sensitive
zubstrates such as plastics orwood, Kevin
Joesel, director of Sales in the Americas
far TTeracus Moblelight Ameries cxpecls
growtl in plastie cnacings as more
composites and thermoplastic materials
are wsed e lghlweighong of vehi-
les. He also noees that the marlket for
L¥-curable coatings on wood contimes
to shovwr serength, and TV coutings Nare
metil, while a small perceneage of the
miarkel, have staried to show Lite onee
again, ln addition, TV technology lor
comalings ad adhesives for electronies
applications is ukdguitows, sceneding

t Joesel as high-tech companiss
comtinue oo e 1010 Leadilivmal
indhustries, they are very comfortalile
applying lcvhnelogivs they have been
using for vears in theze legacy indus-
trics” he notes,

Over the Tast decade, madistion-cured
coatings have beconie an impaortant
reehnology for woud wod foraituee
coatings, aceording to Marcel Krohnen,
eluaba] heud of End Gse Wood &
furniture Cnatings at TYTE-Chemic
GmbH, "Considering all available
technolngios ol eniborne, waderborne,
radiation cured, powder and cheir sub
segents) wnd ace exhibiting the stron-
gast growh worldwide when compared
I ulher teehnolosies (olrentborne,
waterharne, perirder),” he adda, Thal
cure and electron-beam coatings ave
al incercar aonly in vory piche appli-
cativns, Overall prowth of -8 %15
capertgd for TV-corable wood couings
for the nexr few vears, accarding to
Tiresa WL Dhontahow, senior research
and development prroject Teader lor Van
Technelogies, Ine,
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In the wood seetor, 100%: Ly -rured
cotings clred using are-lamps is
standard eoaring technology for floor-
ing and dat fancl OFM subsoraies,
according o Anthony Woods, (lelwal
Research, Developrent and Lnnovarion,
director with Akeo™Mobel Wood
Cuoatings. Spray applied technologies,
anthe other handf, tendd 1o wse cither
water-based o solvencharne rather
Than L0003 UY systamas due to the envi-
rommental, kealth, aud salfvly coneerns
associaled ecth spraving los molecnlar
weight olizomers, a5 well o the diffcul-
ties often cnooandered w it respogt 1o
achicving efective curing. Within che
building prodhucts and kilvchen cubinet
sestnens in Europe and Morch America
in particnlar, AkvoNobe] is sesing
erowth in waterborne UV technn-
ogr. Llectron-beam technology iz not
comnon)y wsesd wil Toweoind comtings,
althogph Wands does. peinc to some
sggments. such as imterior doors and
celge-handing, where TR curing finds
niche applications,

U0 cuming via micenwave of arc-
generared meroury vapor lamps i also
well establishud for meal packaping,
willi approximately 40% of all princ-
ing inks being upplied in this manner,
according to Tan Tewis, salition lal
manager—Lnles with alizoMNobel Metal
Coarings, *Thermally cuved primers
are: normally still required for most can
types, but the use ol cposide Gationic
U curey and acrylate TV technnlogies
is growmy for proteetive O layers
[perbaps 390, nlten in-line nver the
princing inle, resulring in much nmors
effleienl mas ny Gt uee—saving cnst
and reducing lead times ™ he nddz. At
present, BB curing is ool proven viable
cmmercially, but remaing interesting
as a concept, particulacly for the gener-
aricm gl primers and single coatings in
coil applieations, according to Lewis,

Irnwdelinion roowand and direct-tp-meal
applications, van Technologies receives
TATRETOL S P uivies B a waricly il othor
applications for U-cured coarings,
ineluding plastic, Thergluss, wnd coramiy
anbrcraces, “Coating end -users are
investigating the potontin] for the vse of
U%-curalde coatings in their rospoctive
markets, ancl many of these inquiries linve
begn directed at exterinr applications”
tares Donalie,

The Growth of LED Curing

while conventional UV curing remalins
Hic Tewding leetuofopy, LRET vyring is
growing rapidly and creating exciternent
imthe maker, Suppliers have deselopod
TLETrsyerema that oflgr tharmal manage-
rient tecliniques to veraove excess heal
Croen Hhe syeslom while providing o consis-
tent aperating temperature for the disdes
(o fumetion atimaxinumm performance
over their aperaling Tilalme of greater
than 20,000 hiours, according to Joo
Tecker, w peoshuc munager wilh Phioseon
Technology, a manatacturer of LED-
curing cguipraeit, LED -curie unils aldo
sappart trauhle-lee press operacion with
oo wearni-nyp tme required and less dowen
time due o th msiang en ol capabilite.
Maintenance is also minimal due to the
Tack eof v ing parls, aceeding o Recker.
“Becauze there iz no infrared heat. con-
vierters winy Ly LED technolowy can
run thin and hear-sensitive Glms witloot
the need for chill rolls, Lo addition, TV
LED systerms cure al specds 200 300
frnzter nsing up to 30% less energy and are
e cormpa el Lo tracivons ] T svs-
tems, allowing for more compact printers
wilh shorter web paths thal minimiee
waste and can o uaed ina wider range
of primting envieonments, Fucthermn:,
che uniformily and leng-reem consiseency
of LEL} lizhts enable the development
ol aa e, more stabde, amd more reliable
processes for low migration pritting,™

b adds, Growior safuty s an addilionad
Lenefit; LADs do nnt generate L y-C
vudiadion, neoene, excessive houl, or noise.
Tinally, Becker noocs that users report
that LEL light sonrees produce belier
cures and berlar adhesion ona wide
rangs of substrares, including recyelod
materials “Thoy can also achicw: higher
speeds with black and white inks, am:l
leaagh opague whides aod dense Tlacks
are much eazier to cure,” e states, These
sarm e eeonomic and operuling bonefics



a e Tedngg wppliced Lo g wicle varicly of
applicatious such az digital inlget, display
codtings, automotive costings, wood coat-
ings, clectromics adhesives, and medical
applications to name just 2 few.

Fine oo codling applicalions, ws the
cost of BRD lampes goes down and their
POWET IneTeases, more fine investmenrts
using LED Tamps aro being made,
aceording to Woods, “They remain
the minwrity at the moment, bat we
do believe ower time che significant s
lomger balb life of LEDS coupled with
COnCorng e comven lions ] Hp lamps
will increase the usage of LAT-cured
svstems,” he commments, Penalme aprees
that LD curing is srill in the carly
stoges in regards to avconumodating
Thes wesond comding marked, “Woeed 1s a
naturally occarving material, and the
slrwctural dimensions can vary, result-
ing in challenges for LTET ceehnnlogy,™
she notes, “For examnple,” Donalme con-
Finues, “Fhe Tamp-do-subsieate disbauce
required for LI curing is very small,
making ditensional variances difficalt
tn acommmndate. Wiod Anishers alan
typically do not coar only Hat pieces of
wind, They are cnating mulrigle peo-
files, speciss, and thicknesses.” Ln metal
packaging, TET curing has g greal deal
of potenrial if current application speeds
can b mel ina comamerelally viable vy,
according oo Lewis.

The performanee xd power of
UIV-LED lamps haee aleeady increwsod
dramarically sinee Mhoseon first inrro-
dneed TV-LET Tamipes to 1l meavke]
in 2034, and that trend »rill coneinue,
accorJime io Phoscon's vioe presistent
Etoacy Fender. “Ruch of thisincrease is
shae te the eprics, thirmal managemesnt.
and parented technologics so appdy
at the system level, 4z LED effiviency
inereases, air-comed lamps heeome
raore favorable versus warer-cooled
aateams Jiae 1o overall sysdom savinegs”
lie explainz. Advanced air cooled

technolories, such as the company™s
Targel Cure™ and WhisperCon] ™
technotory, enable LEDs to perform
muore elliciently and proeide stalle UV
aucput over a longer peried of time
ard more poveer while kecpang souand
s minimuin. In addition, 2 LED
lamyps are noew designed specifically for
applicalions reguiring lesser irradianes
buc higher doses, beease dose 1z an
impuriant Gl when curing coatings
and in many cases more iImportant than
irradiance. wevording ha Fonder,

“There is tremendons excite -
ment for LEL curing O vou adlemnl
au indusity conference, you will he
shocked at the munber of companivs
offering TET solutions,™ asserts Than
Sweetwood, president and CEQ of
Allied PhedeChermical. TTe has coneerns,
theagh. “Tn some coses we find that
eustoniers arc uverly oplimislic ool
1T capahilicies of LRDs. The LED
mamfacturers are eoying vory hard
L eliMerentiare themaelves. Tthink at
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times they are overselling the positives
and not spending chough time gn issucs
that custoamers are going o care about
peer thelong lerm, Costomaers noed L
e asking about maintenance, output

of the lamp over time, the replace-
Thent stratepy, cte” As an cxample,
Sweetwood notes that one of the ben-
clits prorneled by The TET induslry is
that LEDs run cooler than microwrane
orare lamps, “Whily Lhis statemenl is
true, the lipht energy firom a powerfual
LEL immore than 5w transfers o tre-
mendous amonnt al st ralhcr quickly.
Custoniers, however, thinl acooler
running gl aguals Jess hesy on Theire
substrate, which may or may vot he true
depending on the line speed., You can
burn wond in seconds under a ‘conl)
powerful LED he sy,

Even a0, Allied PhotnChemical is
interested in LEL curing. Recently, the
e [ hy Fesled 8 160 water-conled
uit in its lnboratory, and Sweetwond
wd pleasantly syrpriscd by Lhe amounl
of energy the unit delivered. The unit
operiled sueecssfully at cure specds of
greater than 100 feet per minuce. “There
15 ok question that LEDS are wolng to
tale mrer 2 major partof the radiatinn
curing market. 1t%s already hoppening
inthe princing world. When il comes
to three-dimnensional curing, lowever,
there is a1 & Tl ol deyvelopment thac
needs to talie place,” he concludes.
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Many Drivers of Development

‘There are mumerous drivers for growth
ol U curing in different end-use mar-
ket. Productivity 15 alren the higges,
dccordine to Joesel, “1t all relates
back to ihe apeod of resedion. For free-
radical polymerizarion, the race of reac-
Hom i ahoud six orders of magnitude
£1.000,000 tines) Tasler Than condon-
sation fromreltrional) reacrions. For
radiation-cured coslings, the benefits
of speed, a small process loatpring, and
high fivsi-tinw gnatity ave all dependent
ot this specd of resclion,” be cxplains,
“The biggest advantages are realized,
however, whon Ty -curable coarings
enable a new technology o move intn
e SR, decordiny e Joesel, U
technology was aritical to 1 he develop-
mment of optical fibers, digital recording,
and peraomal amd consumer elecironice.
We expect 22 new technologies continue
b devclop, The adoption of U teclimol-
o will continue,” he asaeri s

e overall pusitive for the United
Srates is the cuerent gn-ghoring drend,
aveording o Sweetwood. “1f Fau are
gring lo manulaelure o the LS. vou
need to be efficient. It is ultimatcely
cMciency that drives our marlet.” he
states. 1TV curing alsa efen chables
4l Incrense in manufaeturing capacity
withinan exisiing production envimon-
ment, according o Woods, The ongoing
ahill Trorm sofveniboroe systems to
formulations wich lower ¥ con-
Lerd is important 2z well, aceording to
Kroimen. “Boecawae the formuolation of
waterborine coatings con be sonetimes
Limiced due e exoermal condivians tsuel
as drving conditins, climate, ete), radi-
acivr-cure sysients have momenlum,”
he explans

Tr the meal packaging industre, the
desire to increase the use of radia-
fion cuting is lareely explained by the
rast reduction in applicd coss due
{0 production speed etficiencies, the
reduced lactary fantpring, and incresasd
antemation for redaced lnbor inrensity,
acenrding o Tawic Tnergy savingy
and environmental improvetnents are
Murther bonuses o chanze, To conlinu
and maiutain groseth, however, he adds
Chal There is a meed for a luneer focmu-
lating tnolhox of texicologically proven
materials with azsizned mipracion
limita baged om real daca, =This has heen
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hard to pain i the past Ao tooche cosly
invnlved, bur wuch of what is needed

1 merwr beimgr oo wvailuble gy o cesult
of 1he: BIT Registration, Evaluation, and
Authorization of Chemicals (IREACH )
legislation® obsorees Towis,

EIALE SIOCE S TH

Challenpes conoalso cresle opportu-
el les b innevation, and this situation
iz true for radiation-cured coatings, In
the void cnarings industey, many lurge
DEM customers are 10w tooising on
residual phetoini g coment wilhin
eaatings, which has led to the need for
coating formula lions (hal maiotain
ellective performance and cost halances,
according to Woods, He also noetes
thut selutions are needed 1hal provide
deep color films that can be effectively
enrcd, provide pood adhesion, and arc
over-coatable. The trend toward deep-
matts, sulvenl-free, TV-vored costings
[ wond weith glozs unic below 1 s
algo challenping formulators, accordinge

L Krothmen, becanse thess systems di
notexpericnorany i shrinkage, which
feads to the peed for 2 high anount of
vl Ling agomls (e, silivas), “Todng so
causes a tremendnus increase in viscozioy,
which has aneentive impact on appliva-
ciem viscosity atd mialos roller-coacer
application almost impossible. Kaw
malerial supplicrs are working (o develop
custermized soluticns, ineluding wox addi-
tives, ywetting ond dispersing addivives,
mafte: resing, wod specific malling apencs,
to meet these demondsz,” he ohseryes,

Fur mulal packaging applivalions,
most of the Begest challenges relate
t paining proven suitability for feod
packazing, accodimg o Tos s, %A great
deal of the etfort from the rechnical
side pocs inlo undlerstanding 1exicity
and potential migration of components
and potential noa-intenrionally added
aubarances CTAS), aa s the case for
many other chemistry platforms for
packatting” he commenus, He adda
that the Swiss ardinance covering inls
and voalings for food packaping gl
the impending German Tnk ordinance,
which witl likely be replaced by pro-
posed TIT coenlral fegislation, ave che
most notable from afood packaging
sulely perspoctive,

The glohal tood packaging industry
also seems to be driving the move away
froan hisphiened A-Based formulations,
according to Sweetwood, *Lhis rrensd
riva ks ane job us formulaters more
difficult, bur it can alan create opportu-
nitics, We s alwars looking tn improve
our formulationsz, even chnse that lave
buen un the murket for many veurs. The
LFA-fres requirermaent forees us to think
differently and creatively™ he observes,
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dav, LED Tomorrow

Customer specificationg in other sectors
(e, THEA in che furnitre industry)
lor coating marerials that are M of
formaldehyde, heaw y metals, aromatic
solvents, and organotin cornpeonnds,
like stricter regulalions Mor biocide
s, in Maed make radiacion-cured
ayatemn ot even greater interest for wid
applications, sccording e Feohnen.

Tt 15 alsg nokalle to Donahue that ona
glohal level, particalarly in Ching, there
i5 4 strong movement csvard mandat-
ing cleaner technologies, ko the Toiled
states, o1 the eehewr hand, she notes that
newet FPA repulacions implemented
under the Trump adminksiration

mdy sew greater Nexibility, Lewis also
heliewes that legislation restricding vhe
use of mercury lumps, which currently
ave covered by an exemption, could fur-
ther drive the adoption ol TR curing
If LETHcchnolopy becomes established
as a viable proposition for bigh-specd,
wide-furmal melal decoration.

Equipment Advances

LED technology is rapidly advancing.
Blore povaer and interearing design varia-
liens are nosy available, such as plog-umnd-
play bulb svstents with “an-niT™ capa-
bilivy and diMerent wavelengths, LED
syatems nlzo achieve payback inless than
threw years, meaning thar investiment

In LED cure iz becoming a reality for
wood cualing manulacurers, aceording
to Waonds, “The speed of Improveimenls
to LEL systoms is o very exeiting”
agarrts Towis, “Detter coonlnn higher
povwer output, amd redhiction in cnstare
el 1o see™ e adds.

Turther improvenunts gre 5111
required, however. “We atill need
shorter waveleneth LEDs thal are
affordable and mare pewertul
Swecrwnod savs. He also prodicls an
eventual “murke shake out” in the
T.ED hardware space. *There arc a lo
of resources devolod Lo aelling LED:
al he mament, but customer zerviee,
maintenance. replacement, and down-
vimg aveidance are ey things that will
alwrays matter, Thae TETY manglaodurers
thut van suppors che customer atrer the
sale are the ones thul sro poing v L
sncecssful long rerm,” ke asserts,

VWhile the equipmen | conlinues g
aclapt to high speed, industrial coating

line requiremens, it remaing expensive,
ard in ihe wond Gnishing nuarkal the
cothenefit ratio 1s disproportionate,
aceording o Tronabue, < This ratio iz
currenl ly offset to a degvee via the adop-
rion of lybrid processes consisting of
combinations of LEL and comecntional
U%-curing systems, The eguipiment eost
and enecey conswmpron benefics close
the gapr and vesult in o lower tharmal
preofile to aceom mndate remperarira-
sensilive subserates,” she cxplaing,

For LED-only curing, Denalme
alzu mores thar materials necd 1o boe
Formaulated to huve increased cure
responses @ 1d/or higher sensitivily
o I exposure to achicve (ster core
speeds and better througl-cure, “This
izsue is pavticularly relevant when
curing matetials chac have structural
wariatinng, like wood, which render
it impossible for lampa tn have a very
cloge provimicy to the substrale surface.
Thicker applicatiens far hoth clear and
o cou lings would benefit as well®
she sawa. Formnulators also necd tohe
cautions in considering marerials where
Lhe: energy of activarion is oo sensi-
tive, because puchage stability may be
compromized, according o Donahue.
As further advanees in raw materials
becorne available, this concepl will
breome more feasille.

Fur comvencional Uy-enring appli-
cations, AkzoMobe) Wind Cnatings
has partnered with COSTA to bring
iva “Tnere Drving Sysoem™ W market,
With this uppeoach, coatings ave cured
throngh a Dv=transparend loil thar
reduces oxypen inhihition, allowing the
curing of thicker filos and roducing
worries aboui vesidual photoinitia-
tows, T also provides for o reduction in
process steps and delivers an actractive
izl 41l qualicy, according to Fomls

New Chemistries

Faw mulerial suppliets are contimally
develuping new chemizries to address
markel needs. Asis the case inmany
cther segments of cdhe coatings mar-
ke, the swicch from solvent-based to
walerhorne coatings ix o key driver of
innireation for radiation-cured systems.
The: grenaring interest in LED curing is
driving the development of different
photoinitiators and the vse of more
reactive branched amine uligomers,
accarding to Woods, Wi have olso aeen
mise reactive additives, as epposed m
those that are inigratory. These chemis-
tries are very beneficiy] for coatings fov
food packaging und related industries,
as well a3 fur Improving coating prop-
erty longevily (e, onzer maintenance)
of slip propertics or mar resistance,”
Donahue says, Additive suppliers such
s BYK are developing tailor-made
addilive packages, including wettig
atd dispersing additives, defoanwrs,
and crsslinkable surface additives, az
well 28 epecialized matting agenis, some
nf which are inorganic in nalure with
specific treatinents and others thar are
hased on waxes, accerding 1o Krohnen.
There is also growing inferest in
coating ingredicnls derieed from
renwewrable rew maieriala, AkzoXNobel
receatly introduced several U coatings
thal vontain renewable raw materials
in regponse oy this trend. Most notable,
avenrding to Woods. is the compu-
nv's collaboration with Solvay on the
developmeur renewable cpichlorohy-
drin, o precursor to cpoxics | nd cpoxy
acr¥lates, arl other ool s thac have
resulted in remese sl polyesters.
Besulutions are having a tweo-told
effeel. Towis nobes. “At [TESEL, many
developments ave quite conservative,
consnlidatory due to REACH and 1he
aeed for global conmtry registraiions,
whicl iz likely hanpenim innceation.
0 the other hand, the movement away
trom BPA-contuining ¢poxy acrylaces
huas bed to imievest in more costly ure-
thanu chernisitics to achisve simiba
proporlics, while regulations restricting
i are leading oo the development of
arganic tin-free resing,” be ohserves 5
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