Radiation-Cured Gobitinde?

REGULATIONS + PERFORMANCE EXPECTATIONS DRIVE ADVANCES
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Developers of raw imaterials
used In the forrmulation of radiation-
cured coatings and manufacturars
of V-, EB-, and recently, LED-¢ured
coatings are faced with numarous
challerndes that range from increas-
ing regulatory reqguirements to
growing expectalions for mare sus-
tainable cogtinges. AL the same time,
there are significant cost pressures

“The value of the North
American radiation-cured
coatings market in 2013 is
estimated to be approxi-

mately 700 million.”

The firm also expecte Asia Patific
to e the faslest-drowing regional
market in terms of both produc-
tion and consumption, The value
of the Morth American radiation-
cured costings markel in 2013 is
astimated by Michael 0. Brown,
president of consulting firm
Stratedyhark, Inc., 1o e approxi
rmgtely $700 million, The main

driving the introduclion of prod-

ucts designed to provide maxirmum value in usa,
Collaboration across the supply chain is becorming
increasingly critical for effective and efficient de-
velopment of innogvative technologies that address
real customer and market necds.

The glatal market for radiation-cured praducts
in 2012, including coatings, inks, and adhesives,
is estirmated by market resgarch firm Transparency
Market Resgarch to be $4.93 billinn—and grow-
ing at a compound annual rate of 7%, to reach
£7.93 hillion in 2018, Radiation cured coaftings
accounted for nearly 80% of the volume, according
0 the rescarch firm, while on 8 regional basis, Asia
Facific accounted Tor approximalely 403 of total
value, followed by Europe and then North America.

end-use markets for radiation-
cured coalings include graphics arts (~33% share],
aptical fiper {20%], general DEM rmetal and plastic
products {204), and woed furniture and fooring
(204%), according to Brawn.

DEMAND FOR SUSTAINABILITY

One of the drivers for continued growth of
the radialion curcd markel is the rising interest
of coating applicators and consurers for more
sustainable products. Radiation-curing processes
consume less energy and produce loss waste,
Oflen the coatings cantain very low or zern volatile
oFganic compounds (WOCs) and hazardous air pol-
lutants [HAPs). Applicators also benefit from im-



“Radiation-curing processes consume less energy and produce less waste, Often the coatings

contain very low or zero volatile organic compounds {(vOCs) and hazardous air pollutants (HAPs).”

proved productivity due to fastor line speeds, lower
curing temperatures, and smaller footprints. OF
added henefit for the consumer are the improved
coating properties often secn with radiation cured
ayslems, including increased durability, scratech
and carrosion resistance, and clarity. "The desire
to be more suslainable is definitely a consistent
trend that wi are sesing, with particular emphasis
on reducing waste,” notes Dan Sweaetwoad, presi-
dert and CED of Allied PhatoChemical. Satomer

i also =esing growing demand for materials nade
from renewablesnaturally sourced chemistries, ac-
cording to Heather Rayle, senior business director
wilh Sartorner Americas. In responsc 1o this trend,
Sanomer has develaped its Sarbio® bigrencw-
able product line, which is certiffed by the L5
Depantrnent, of Agricuticre (or fts Giorenewable con-
tent, The company has also developed waterborne
poivurethane dispersion {PUD) tochnology 1o reet
customer demands for solvenl-free systems.

Large corporate customers are also heing pro-
active about their emvronmental practices. The
choices that companies like Walmart are making
with respect to packading are directly affecting
the radiation<ured coatings market, according to
David Harbourne, president of Heragus Fusion LY
Morth Ametica. “These companies are definitely
influencing the use of radiation curing as 8 means
ta improve the sustainability of packaging. Thoy are
also driving the growing development of walerborne
radiation cured coating alternatives,” ho explains.

Food producers are also affecting the dovelop-
ment of raw materials and coating formulations in
tended for use in Tood packaging. In this casea. the
issue is migralion of the ingredients in the coat-
ing through the packaging and into the food. For
example, a gobal food producer has established
spocific requirements for radiation-cured coatings,
aceording to Syed T, Hasan, manader of new busi-
nass deuelupménf and ideg managament for trans-
portation and industrial coatings and plastics and
printing, packaging & adhesives in the dispersions
& pigments division of BASF Carporation,

REGULATORY DRIVERS

Numerous regulations are also influcncing
the radiation-cured coatings market, and many
cwverlap with the sustainability drivers previcusly

cutlined. As with all othor segments of lhe coat-
ings industry, reduction of ¥OUs is a key issue,
andg thus thore i5 & need for those companies stlf
using radiation-cured coatings fornmulated with
solvent-based diluents to switch to those using
regotive monomer diluents or waterbarne systems.
“Water based UV technology is beooming a more
popular choice because, in addition to the minimal
use of cosolvents, these formulations have low
odar andg the cured coatings are recyelable and
reclaimakble, so there is less hazardous wasle to
dispose of than for solvent-based technologies,”
netes Chuck Gambino, an associale scientist with
Bayer MaterialSoience. The company has devel-
aped 8 portfolio of UV walerborne PUDS to sstisfy
customer and market needs, and relies on col-
labaration with custamers and other players in the
value chain in order to develop products that offer
the most value.

Legislation or Lhe migration of packaging com-
ponents inte foods is alst under development, with
Switzerland already having passed an ordingnce.
Allnex, mearnvhile, is closely monitoring the status
of existing and cmerging "chemicals of concern”
lagislatinn, Including those related to migration, as
weil a5 potential regulations on specific chamicals
surh as tin, organotin compounds, and bisphenol
& (BPA), Tinbased compounds are often used as
drying agents for radiation-cured coatings. BPA is a
building block for acrylated epoxy resins, which are
the maost widely used resins in black energy-cured
flaxo inks, genaral industtial energy-cured Coat-
ings, and cverprint varnishes for consumer product
packaging and graphic ars. Motes David Kent,
technical customer service manager for coatings,
EMES with Grace, *Resin supplicrs and coating
manufacturers are challenged in equal moasure o
produce hoth allernative resins with the same high
reactivity and relatively low cost, as well a5 to for-
mulate coalings with equally fast-curing, high-film
clarity, durahility, and resistance properies.”

&n additional challenge, according to Audrey
e Wulf, global marketing director for Radzure
with alinex, is that "while the regulatory status of
identified chemicals of concern varies from country
to country, many of Lhe end products commercial-
ized by Allnex are used in more than one gobal
market segment and regulated county. In addition,
rmany of our customers are either mutinational in
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“China is the leading user of radiation-curing
technology, and the industry is being affected
by the government's determination to clean
up smog and reduce VOC emissions from
manufacturers.”

Along with concerns aboul tin compounds and
BPA, Rayle noles that there are regulations affect-
ing the wse of perchloroethylene in airplane manu-
facturing, and California's new Safer Consumeay
Products law (alsn known as the California Green
Chemistry Inftiative] will irmpact the use of numes-
aus chemicals in that state. In addition to the
ingredients Used in coating formulalions, Aanather
major cancern for users of Uv-cured coatings is the
upcoming European legislation on mercury, includ-
ing the mercury in the LY lamps used for curing,
The reviscd Restriction of Harardous Substances
[RoHSY directive doos not apply to fixed installa-
tions through 2018,
5o @ largn part of
coating oper:ations
will e exermt al
least until then, ac-
carding to Harbourme,
He docs note that
small larmps far nail
varnishing je.g., rail
palish curing), will be
subject Lo the requirements of the diractive, After
2018, the awtomatic exemption for fixed eoquip-
frent will na lenger be in effect, and companies will

The company is trving to overcome these need to apply for exemptions.

Issues, In 2043, Allnex launched a ling of non-
irtenbonally added tin and crganatin ["tin-fres™)
encrfy-curable resing and aquoous dispersions
that address existing and emerging regulations,
norms, and specifications restricting the use of tin
and organotin derivatives, ingluding brand owner
requirements and the European Union Decision
2009/ 420/EC, which restricts usags of 50 (V) ta
a magziroum of 0 1% by Lolal weight in consumer
products and packading ingradients. Allnex’s “tin-
freg” range includes argrmatic and aliphatic ure-
thane acrylates, polvester acndates, and diluled
palyester selections that are cptimized to provide
the same outstanding performances a3 conwen
tianal analogues. The company has also fdentified
several new chamistries that are gither currently . - . ) ,
commercially available or in development as resin mgur_, HIGHES Tara. Stmnk’.ﬁ'.bfa PEC”.]C I’T?EIFI«:E'?II'IE
systorm replacements for standard BPS opaxy acn- manager for coatings & digilst media with Grace,
lales, acoording to Dia WU, Compliance with the Globally Harmonized
System of Classification and Labeling Chermiceals

markets served or global in reach, and Lthus it has
become incurnbent for Allnex to design products
with the broadest regulatory acceptancs possibie,”
He also notes that at the momernt there are no easy
answears for many of these "chemicals of concern”
iBsues. “The amount of Ume and effort required to
vet the approprigtcness of ink and coating systems
vig migration strdies and tox analyses s CNOMous,
and rmany caompanies can™t allord to cormmit sew
oral years 1o a testing program and then find out
that certain ingrediernts within their elected systoms
are no longer acceptable,” he cominents.

In Asia, China is the leading user of radiation
curing technology, and the industry is being affacted
by the government’s determingtion (e clean up
smog and reduce YOO amissions froim manulaclur-
ers, In September 20013, the Slate Council released
the Air Polluticn Prevention and Treatment Actian
Flan to guide air pollution treatrment in the carm-
ing years. dne of the 10 measures in this policy
deals specifically wilth VOO regulations. “Local
governments havo already started to pursue local
implementation, including the closure of coatings
factories that do not meel standards, 10 response
to these closures, the research and developmeint
teams of coatings companies are proactively re-
searching UY and waterbarne lechnologios with new
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[GHS] is also causing 8 lod of confusion, accarding
Lo Sweetwood. "This regulzaticn affects raw mate-
rial suppliers, formulators, and cusiomers. There
arc a large nurmbers of changes that need to be
made, and nobody wants to make 2 mistake. 10
the end, it's not that differont from what people
hays hecome used Lo with existing reguirements,
bt & bt of time and energy is still being spent an
compliancs,” he ohserves,

MEETING COST CONSTRAINTS

The global industry is alse faced with contin-
ued pricing pressures, paticularly in more malure
riarkets, such as wood coatings. Customers
are, as a resull, loaking far lower-cost options in
materials, according to Ravle. In fact, De Wull be-
ligves that as overall cosl of ewnership booomes
an increasing constraint, the markel is expect-
ing the developmeant of new products that mesl
but do not croceed new reguirements. "In some
cases, price is the main driver, and cuslomers
arc accepting lower performance ot [ower price
gs long as the produdt is sufficiently it for usoe,”
he states. For these customners, Allnex introdoced
a robust tin- and YOOC-Tree radiation-curable poly-
urethane dispeorsion that offers a combination
of warsatilily, stahility, and cost-effective perfor
mance far formulators of water-based UY-curable
waad coatings who are loaking o differentiate
and customize their products, according to De
Wulf, Equipmeant purchases weare also [ower in
2013 after picking up during the imilial recovery
pericd following the recessian, largely due to the
current uncortainty in the markets, accarding
to Harbourne. “Many buyers are putling off the
purchase of new equipment because they are oo
unsure of the future,” he notes. On the flip side.
because coaling manufacturers are holding on
to existing radiatiotcured coating equipment for
lorger pariods, thera has been an increase in de-
mand for spare parts.

AREAS OF INNOVATION

Fortunately, despite these numerous chal-
lendes, the radiation-cured coatings imarket re
rmains in modest growth mode. Sweetwood noles
that same companeas are bringing manufacturing
lines hack to the United States from abroad, and
many of these firms are attracted to radiation cur-
ing because of the efliciency, productivity, and
comphiance benefits it provides. However, the necd
for innowation in radiation curing remains very high,
acoording to Mare Roelands, 8 glohal business
director with DSM. *Market and regulatory driv-
ers, combined with increased industry awarensss
regarding salety and health concerms, continue o
force the industry to develop innovative new solu-
tions that can satisfy global market needs in terms
of both product and environmental, kealth, and
safety performance,” he asserts.

The top areas af innovation include waterbornc
IV-cured coatings, LER (light emitting diode) cur-
ing, direct-to-metal applications, filmic subeirates,
figld-applied coatings, improving adhesion to mult-
ple subslrales, increasing photoresponse times for
faster line speads, and the use of LY with thermst
curing for composite substrates,

With respect to watcrborne radiation-cured
Coatings, sarme coaling manufacturers are conceh-
trating an watcrborme LY polyorethane dispersions
1o address market needs for applications in Lhe
industrial coatings marketplace. Resin suppliers
such as Bayer MaterialScience are working with
lamp manufacturers, coatings formulators, and
cnd users to understand and harness the powsar
of the technology for commercial applications, ac-
cording 1o Rayvmond Steward, 8 senfor scientist with
Bayer MWaterialScience, “Waler-based systoms are
Leaing increasing usc in a variety of applications,
including direct-lo-metal cogtings and fisld-applied
flooring coatings,” he savs.

Direct-to metal consumer product applications,
in fact, comprise & growing end use segiment for
radiation-cured coatings. Demand appears to bo at
its highest in emerding markets, such as China and
Brazil, and iz driven by a desire 1o cut manufactar-
ing costs, improve overall manufacluring process
efficiencies, and lower VOCs in compliance with 1o
cal air quality regulations, accarding to De Wulf, He
nokes that the challenges are adhesion and overall
cost af cwnership against existing ordanic salvent
and waterborng coating technologies. Sartnomer
has bean working with customers to develop
raciaticn-curable products for metal substrates
and anlicipates that there will be significant future
interest for this applicalion, accerding o Rayle.

iMeamwhile, althaugh the initial euphoria ahout
field-applied radiation-cured coatings has subsided,

¥, .. many of
these firms are

attracted to
radiation cur-
ing because of
the efficiency,
productivity,
and compliance
benefits it
provides,.™
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this market also holds great po-
tential, sccording I Sweetwood,
“Comuanies seam 1o have ovor-
simpiified this market because it
seems straightforward, when in
actuality field-appied coatings re-
Qulire precision, exiensive process
know-how, testing, ele. | do believe
that it will eventually live up toits
potential, though, mast likely first in
Eurnpe, where the mosl progress has
trean made to date," he axplains, De
Wull adds that Allnex continues to suppart efforts
to make this tachnology mainstream through new
product introductions, ganeral market education,
spetific customer support, and co-supplier interac-
tigns, Two new products from Allnes use eehnology
that indicates exposure to LY via a color changa.
thereby assisting the contractar in the accurate ap-
plication and curing of the floor coating.

Ancther market segment within the packaging
industry that is providing potential growth for
radiation-cured coatings is flesitle plastics, ar filric
substrates, These materials are attractive because
they allow for packading in all types of shapes, ae
lighter in weighl than rigid matedals, and provide
better protection if they are multi-walled, according
1o D Wulf. “Ceatings are often applied 1o filmic
substrates in order to hormegenize the surface for
better printability and can sense as barrer protec-
tioh wilh & decorative function,” he notes.

There are hurdles tg the use of radiation-tured
coatings for plastic packaging, however, Da Wulf
points out that as the demand for and usagde of
vitgdin and racyeled plastics in consumes product
packaging increases, the demand for low migra-
tion profile resing with robust adhesicn to filmic
and rigid substrates also increasses. “"Finding raw
material building blocks and resin systems that
promeote adhesion to nonporous plastics whils
comphdng with regulatary reguiremeants for indirect
ford contact is 8 constant challenge,.” he abserees.
Roelands adds Lhat ensuring propey adhasion to 3
wariety of substrates is also an issue and reguires

technological advancements, some of which have
been achieved and are alrcady driving the growing
use of radistion-curable coatings on metals and
Plastics, Allncx recently lacnched sevearal olign
metic systems that promote adhesion o plastic for
flexo and litho applications with supparting toxicIty
ang migration test data,

With Uy-cured coatings for glass substrates,
the use of radiatinn oured coatings 1o color glass
boor bottles is increasing in popularity, according
tox Brown. “This approach enables beverage bot
tlers o produce colored bottles without having to
incorporate any pigment in the glass, which makes
it much easicr to recycle the glass.” he explains.
Brown has also seen growing interest in moare fune-
tional radiation-cured coatings, Roclands agrees
that the ability 1o deliver radialion-cured coatings
with dilferential "teel” {haptics) is of growing im-
portance, as is the nead to provide continuaus
fmproverments in curing speed to masimire produg
tivity of industry coating lines.

Grace. meanwhile, is focused on developing
additives that can be used to achieve desp matte
efferts (60° gloss below 5 units) in radiation-
curing svetems while: maintaining optimum prapar-
ties in the dry coating, "With current systems, low
gloss fevals can sometimes be reached, but Lhis
cften requires high addition levels of the matting
agent and fregquently leads Lo fewer unwanted
effects such as loss in film clarity, poor surface
quality, low stain and chemical resistance.” Kent
says. "Technolofy advances to address these mat
ting effects will almost certainly invalve a stepout
from current particulale product technologies and
a move towards alternative mechanisms for creat
ing the micre-roughness required for fow-gloss sur-
faco coatings,” he adds. In the meantime, Grace
is constantly devoloping functional silica matiing
additives that are designed to perform with chang-
ing ranw materials and formulations. "We help
formulators o select the optimum grade for @ new
formulation and conduct practical trials, and gen-
grally the process s more comples for VOC-free
radizlion-tured cogitng systems and formulations

“With UV-cured coatings for glass substrates, the use
of radiation-cured coatings to color glass beer bottles
is increasing in popularity, . .. This approach enables

beverage bottlers to produce colored bottles without

having to incorporate any pigment in the glass, which

makes it much easier to recycle the glass."
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designed for roller coat-
ing application, whare
high concentrations of
matting agents iead

12 high viscosities and
prablems with asration
and foam releass. To
address this challange,
new materials are our
rantly under develop-
ment with the geal of
coupling high matting
efficiency with low thick
ching and fast de-aeration properties.” notes Kent.

Cne interesting application 1o note is the use
ol radiation guring in 30 prnting applicaticns.
Many campanies, and particularly start-up firms,
have chosen to focus on the emerging 30 printing
market, according to Swechwood, “I's clearly an
exciting space and there is no lack of media cover-
age. In & way. such exposure is good lor traditinnal
radiation-cured coatings formulatars,” he notes.

DEVELOPMENTS IN LED CURING

The area with the wmnst active devclopment ef-
farts appears to be LED curing, however, and there
are vigorous efforts to develop UY LED technology
to replace HE lamps, accerding to Hasan, U LED
larmps are becaming more popular due to lower
uperating costs, lack of ozane generation, and
longer wavelenglh emission spectra versus stan-
dard mercury lamps. 10 addition, U LED lamps
arg considersd to be more cnyvironmentally Trisndly
and can ke used for curing LW-sengitive rater-
als, They alsa result in less heat developmend in
Lhe substrate, so heat-sensitive materials can be
coated uzing LED lamps. The longer lifetirmes of
LED bhulbs and the fact that LED lamps do not
conlain smercary are further advartages of the
technaology, particularly considering the European
RoH3 Directive discussed previcusly. "We continue
to see & growing interest in LED quring, particularly
with customers that are new to radialion curing
asking sbout this type of coating system, and the
ink jetsgraphics art markel has widely adopted
the technology,” says Sweetwood, “It's Tair to say
Lthat the LED companies are doing a torrific job of
marketing LED curing, and we recently completed
spme in house testing that confirmed that the tech-
neology has continded o improve,” he cortinues,

Uy LED technclogy, according to Harbouene, has
indeed rmoved from the ntroduction phase. through
which it struggled over the last three to four vears,
into the adoption phase. "Our customers are jooking
Lo evaluate UV-LED systerms now, so Heraeus Fusion
Uy has introdused a Uy LEC-curing platform in re

sponse to this market
need,” he says.

There are still issues
10 be addressed with
LED cuwsing, hovwewer.
Both the LED lamfps
and formulations for
LED curing are quits
expensive, according
to Hasan, although
prices are coming down
with time. There i4 also
a lack of shart wave-
length emissions from LED lamps, which can result
in axygen inhibilion Lhat leads to reduced coating
propetties or uncured, tacky surfaces, according to
Le wulf. "Developing shor wave [UNT range) LED
syslems with enaugh power is therefore A key goal”
Hasan nates. Allied also runs inte challengas with
3D applications where it i3 not possible to get the
LED lamp close enough o the part or o maintain
the proper distance.

In addition. the transition to LED lamps is in-
fluencing coatings formulations. First, as long as
LED lamps cannot achieve the short wavelengthe
required for gocd suface cure [lovier energy
transfared Lo the coating), using more reactive
monomers (hifunctional as opposed to monofunc-
fienal) will e required, which generally translatas
Lo increased cosl of the costing formula, according
to Strunk, She also notes that the specific Uy wave-
lengths emitted require careful selection of more
expensive photoinitators that are ahle to absorh
at these wavelengths and thus ensure good cure.
“For these reasons,” adds Rayle, “suppliers need to
understand and prepare for the trend toward LED
curing,™ In 2014, Allnex is launching a unigue oo
vesin for low-intensity UV curing formulations that
enable easy-te-formulate coatlngs Lhat mitigate oxge-
gen inhibition, according to Ce Wulf. "When used
as & ooeresin, this new resin transforms UY-curablc
formulations into UY LED-curable formulations that
provide tack-free surfaces with porformanae simi-
lar to eoatings cured with higharintansiy LY Iight.
Bazed on new chamistries that maximize cure ne-
sponse, this UV LED transformer has iow viscosity,
|eir eelar, and good stability,” he stales.

INVESTING IN THE FUTURE OF
RADIATION CURING

The complexity of radiation curing in general
must continually be alddressed, according to
Harbourne. "This technelogy appears 1o be simple
oh the swface, but is in fact complicated, and a
greater understanding of the curing process is
needed in order to enable the development of
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new solutions,” he asserts. Achieving that goal

will require collaboration across the value chain,
says Roelands. “It is clear that resin and coating
manufacturers alone cannot drive the required
technology advances. Radiation-curing coating
equipment and lamp manufacturers will also play
a crucial role in responding to the key trends driv-
ing the market,” he states. “DSM does believe that
through such collaborations, the industry will be
able to deliver the technological advances required
to continue to widen the use of radiation-cured
coatings and ensure strong global growth in the
years to come,” he continues. Sweetwood agrees:
“We have always believed that choosing the right
partners is a critical piece of our business, and
includes raw material suppliers, equipment integra-
tors, and even (sometimes) customers. We are so
much better when we team with companies that
allow us to stick to our strengths and at the same
time by leveraging a partner's expertise. | think it's
one of the keys to doing business in this era.”

To extend its portfolio range and in response to
various market trends, Allnex acquired the nonwa-
terborne Desmolux® (a Bayer trademark) radiation-
curing resins business of Bayer MaterialScience

in 2013 and moved its Americas headquarters to
state-of-the-art facilities in Alpharetta, GA, with a
significantly larger radcure applications lab and
enhanced capability for joint customer and co-
supplier development projects in 2014.

“DSM also has a clear commitment to
strengthen the technology for radiation-curable
coatings, because it is one of the key sustainable
coating technologies, next to water and powder-
based technologies,” according to Roelands. To this
end, the company has invested in a new facility for
the production of a variety of classes of radiation-
curable resins and monomers that is operated
under its DSM-AGI joint venture. DSM is also devel-
oping new easy-to-matte coatings, formulations that
provide steel wool resistancy, those that are suit-
able for vacuum metallization, waterborne UV sys-
tems, and field-applied radiation-curable coatings.

Sartomer believes that the future is bright for
radiation-cured coatings. “This technology is still
in the early stages of adoption for advanced coat-
ings, and we expect continued growth, especially
for sustainable chemistries that provide more envi-
ronmentally friendly solutions at a cost equal to or
near that of traditional solutions,” says Rayle.®
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