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'New Téchnology Restores
Life to Waterborne Alkyds for
Architectural Applications

by Cynthia Challener ike most sectors of the paint and coatings industry, the wood coatings
JCT CoaTINGSTECH segment has been challenged over the past several years by several evolving
N . . market conditions and regulatory requirements. Today resin producers face
Contrlbutmg Writer rising raw material and energy costs and, in some cases, raw material related
shortages of supply. The introduction of new substrates in the architectural
market over the past 10 years has also been a key issue for resin manufactur-
ers. They have responded by developing new technologies that enable for-
mulators to achieve the desired level of performance and functionality de-
manded by their customers, while meeting increasingly restrictive limits on
volatile organic compounds (VOCs) and hazardous air pollutants (HAPs).

The wood coatings segment includes a very broad spectrum of substrates,
resin types, and end use applications. Paints and coatings for wood include
factory, contractor, and consumer applied finishes that can serve a purely
decorative function and/or provide significant resistance and protective
properties. They are applied to both interior and exterior surfaces on decks,
homes, floors, and furniture.

All types of resins are used for wood coatings. For typical OEM wood fin-
ishing situations, wood coatings include nitrocellulose lacquers, conversion
varnishes, pre-cat lacquers, ultraviolet (UV) coats, sealers, and stains. In the
architectural segment, water- and solventborne “house” paints are used as
well as lacquers, urethane varnishes, exterior clear wood finishes and, of

| course, interior and exterior wood stains. Additionally, millwork or factory-
| applied architectural coatings include water and solventborne primers, seal-
ers, topcoats, and stains.

UV coatings remain dominant for factory-finished wood flooring because
of their ideal combination of coating performance and process efficiency.
Both UV waterborne technology and 100% solids UV coatings are being
used more for kitchen cabinets as well. Architectural coatings are currently
dominated by waterborne acrylic systems. Industrial furniture coatings are
largely based on conventional technologies like acid catalyzed conversion
varnishes and nitrocellulose lacquers. Waterborne core-shell alkyd emul-
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sions are a new and emerging technology for OEM
stains and are expected to grow in this market segment.

Overall, the wood coatings market is growing at a
modest pace. In the U.S., the market for coatings for
pre-finished wood and composition flatboard (hard-
board for clapboard exterior siding, door skin, interior
panels, etc., and hardwood plywood, softwood ply-
wood, and flooring) is growing at 3% per year, and in
2004 totaled approximately $200 million based on a
volume of 13 million gallons, according to market re-
search firm Kusumgar, Nerlfi & Growney. The greatest
use of coatings in this segment is for hardboard clap-
board at 4-4.5 million gallons, but this market is de-
clining as vinyl siding continues to make inroads.

The volume of coatings applied to wood furniture
and fixtures in the U.S. in 2004 is estimated by
Kusumgar, Nerlfi & Growney to be 35-37 million gal-
lons with a value of $460 million. This segment of the
wood coatings market is not experiencing any growth.
Solvent-based coatings account for $375 million, with
nitrocellulose topcoats being the largest resin type.
Waterborne (largely acrylics) total $50 million, while
radiation cured coatings [mostly UV but also some
electron beam (EB)] make up the remaining $35 mil-
lion.

For architectural coatings, Kusumgar, Nerlfi &
Growney does not segment the market based on sub-
strate. For interior applications, it is therefore difficult
to identify an overall volume and value for wood
coatings. Wood floorings, however, are clearly
demarcated. In the U.S. in 2004, interior wa-
ter-based coatings for wood floors totaled
10 million gallons and were valued at
$280 million at the manufacturers level.
These coatings are experiencing a 10%
growth rate which is driven partly by
new housing construction and com-
mercial space, a consumer trend to-
wards hardwood floors, and several
attractive properties of waterborne
coatings including low odor, fast
dry times, zero VOCs, easy cleanup,
and nonyellowing finishes. Sales of
interior solvent-based coatings for
wood floors totalled about 2.5 mil-
ion gallons in the U.S. in 2004 with
a value of $50 million. Demand for
newer solvent-based oil-modified
urethanes for wood floors is increas-
ing and thus solventborne coatings
will account for a larger percentage of
the total market for wood floor coatings ¢
over time, according to Kusumgar, Nerlfi
& Growney. Approximately 3.5-4 million
gallons of interior solvent-based stains were
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also sold in the U.S. in 2004 for a value of $55-57 mil-
lion.

For exterior architectural applications, it is safe to as-
sume that the bulk of the volume and dollars of coat-
ing sales is applied to wood-based substrates. In 2004,
the U.S. market for water-based exterior paints totaled
190 million gallons and was valued at $2 billion. This
segment is growing at 2% per year according to
Kusumgar, Nerlfi & Growney, and includes paints, tin
bases, stains and sealers, primer and undercoats, coat-
ings for trim and trellis, decks and flooring, masonry,
and other minor coating types. Sales of U.S. solvent-
based paints totaled 60 million gallons in 2004 and
were valued at $735-$740 million. This segment is de-
clining 1% per year as many formulators switch to wa-
terborne coatings to meet VOC requirements and be-
cause both performance and ease of cleanup with
waterborne coatings are attractive to consumers. This
category includes enamels (gloss, semigloss), stains,
paint and tint bases, primer and undercoats, varnishes,
trim and trellis, and others.

Several key issues are driving changes in the wood
coatings market. Most resin producers point first to en-
vironmental compliance, and the increasing restrictions
on VOC limits in particular. Regulations in California
and the Northeast (Ozone Transport Commission) will
likely spread through the rest of the country, and both
resin manufacturers and formulators have been devel-
oping new technologies that will allow for production

of coatings that meet both regulatory require-

. ments and performance expectations. In addi-
tion, certain products in certain areas of the
-_ country will be discontinued. “For exam-

ple,” says Ernest S. Gulla, vice president
.. and technical director of the Mace
Company, “California now requires
) finishers to cut their VOCs from 550
g/L to 275 g/L, which has not only
pushed solvent-based products out
of the market but also impacts pres-
ent waterborne systems that are
supplied at 350 g/L.” Replacement
of some VOCs with exempt sol-
vents such as t-butyl acetate is also
occurring as a means to meet the
upcoming VOC limit in California,
which is set at 275 g/L for nitrocel-
lulose formulations.

As the shift to waterborne and ra-
diation-cured technologies continues,
resin producers are focusing on the de-
velopment of polymers that meet VOC

requirements and offer a reasonable level
of performance. “We expect that within the
next 10 years there will be another round of
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VO Timil reductions, and at that poiil the final vOC
levels will bie set,” says Jeff Thannemnan, senior research
assodate with Reichhold. "Resin marmfacturers will
coentinue fo generate better and belter polvmers (hat al-
(oed improved performance across the board.
Performance of new polymers will become the foous
and means of developing compelitive advaniage enee
the: final VO limits are established. Finab limits wilk re-
move the redundaney of re-inventing the wheel as VOC
limits change "

In the OEM furniture market, the listing of
formaldehyide as a cardnogen by tie lemational
Agency [or Research om Cancer (LIARC) has led to con-
cern about formaldebiyde lirits in converyion vamishes
for OFM fumiture coatings. L Furope, there is a de-
mand for n-methylpyrrolidine { NAMF)-free coatings.
Alkyl phenol ethoxylales are hanned in some Furopean
rountries. “We need to be concerned abeout the glolal
trends as we coulid be next in line to feel e mpact
trom an ofishore manufacuren, or our customers could
be switching to a coaling thal is mamufactured by a
Furopean-based company,” notes Mr. Gulla.

Keveral other general trends ave notewortly as well.
The Do-l-yYoursetl {IMY) sepment of the marlket is
growing at the expense ol the contracior segment. Siles
of paints and coatings have shifted from local specialor
painl and hardware stores 10 “Rig Box” retailers such as
Home Depot and Loswe's. “The growth in the Y mar-
ke, the accelevated shift toward water-based coatings,
and increased VOU regulations are related,” savs
Michael Dray, industiry manager -archileciural coatings
with MeoTesing Tne, "Consumers and contracines alike
prefer the low ndor, ease of applicatdon, and simple
soap and water cleanup provided Ty water-hased comt-
ings. With advances in polymer technology, water-
based coatings can now provide equal o1 better per-
formance than taditional selveni-lused coatings,
without the health issues assodated with solvent-con-
taining products,” he expluins,

The movement of a signilicant pottion of the fumi-
ture manufacturing business o places like Southern
Ching, Malaysia, and Viemam is another critical issye,
according to Bobert Skarvan, sales & markeling services
manager for Nuplex Resins, "The larger wood furniture
coalings manulacturers in this sector have worked dili-
gently to set up manulacluring sitex in Asia 50 a8 o nol
lerwe globhal maxlset share and to take advaniage of
arowih in (he Asian comtings marker,”

Finally, the intoduction of new substtates into the
architectural segment poses challenges for wood coat-
ings manulaciurers. Composite substrates such as plas-
tic-wood and cement {ibetboand (Hardiplank®) for
deck, pocch, household siding, and wim have recently
heen introduced. These substrates represent new chal-
lenges for adbesion and efflorescence resistance. ' 1Te
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switeh oy alkaline copper quaternary (ACQ) from chre
maled copper arsenate {(CCA) lreated wood is also an
issue, The two treated woods weather dilierenlly, with
ACCY changing first to brown and then prav. Coatings
formulalors must adjust o meel e different behavior
of this new substrate. “While Individual prodocts have
constantly been upgraded for peiformance, the basic
chenistry for architectural paints {allyd and emulsion
technelogy) hasn't changed o the Tast 40-50 vears, But
in the last 1} vears we have seen all ol these new suly-
strates, which is cre-
aling o need Lo N
ther refine these
technologies in
covalings applica-
Licins™ saps ML
Danneman.

UV technology is
DT ATE:H ﬂ".l:'l':’i‘n"-l f'lH
more allenlion as
the demand for
lewrer VO products
promes. “Product de-
velopment in Y
waterthorne technol-
opy s being acceler
ated, and there have
boen improsements
rmade inewusing 1008
solids LIV techinol-
ogy for certain
waod applications,”
notes Wim
Vanderghinste, market manager Radoure—Industrial
Coatings, Americas wilth Surface Specialties, Tng, “Nowel
waterborne systems that are crosslinked, sell-
crosshinked, or low- VOO continue to grow in accept-
ance, aned are closing the gap for halancing economics
with performance.” e adds.

In the OCM tumitire marleet, UV spray systems are
growing rapidly as they offer reduced YOO8 and HAPy
in combinaticn with excellent cure eales, wlhich trans-
late to faster line speeds and improved througlput,
pardcularly lor kilchen cabinets. 'The excellent abrasion
resistance. fast cure rates and line speeds, and very low-
to no-VOU properties of LY syslems are malking them
aluractive in the pre-tinished Mooring area ay weldl,” ac-
cording to M1 Slarvan,

Besin manufacturers are also investing a significant
ammount ol me in new emlsions, wrethine disper-
sions, and hybrid systems for wood coatings. Accoeding
0 Sue Andersom, a ditectar with The ChemQuest
Cirorpre e, 3 muanagermnent consuling Nrro locted in
Cincinnat, OIL the 1.5, market for waterborne alkyd-
comtaining coatings is 8011 a very minor segment of the
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wond coatings market, with a tetal under 10 million
dry pounds, Allgad-condaining coatings Tor deck staing
account [or the Targest amoeunt of waletbormne allovds at
{orur million drv pounds. Anderson pegs growth for
these products at 6% per year. Waterbome allods in
OBM wood applications are estimated by Chem(Quest
tex woial 2.4 million diy pounds, bur these products are
Leing challenged by UV coatings, Interior applications
tor waterbome alkyd-vontaining coatings including
e enamels are eslimated 1o accouwnt [or two million
dry pounds. Ms. -
Anderson expects
thai this applica-
Lion will arew the
strongest at -9
[IET ¥EAr

“Crerall, alkyds
have provided
better perform-
AHICE (31 Wﬁﬁd
surfaces because
their proetration
% enunets belier,”
5ays b1
Danneman,
"Allevils soal ot
the wood
whereas emul-
sioms, due to their
particle slze, can-
not do so. Allard
emulsions and
dispersions con-
Lain very fine paricles and hiave been shown to achicve
the same level of penetration as solvent-based priod-
ucts,” he contindes. | lowever, the long-term stabilily of
alkyd dispersions and emulsions is an issue, with owadi-
tional water reducible allydy lasting about one vear.

T4 VO are rednicedd in alkyd Tonmnlations, there
are several olher areas of concern as well, including,
lapping, extertor durability, brushability, and zase of
marmfaciure, and even penetration inw e wood sols
slrate, 1o name a few," savs Was 1luff, senior develop-
ment chernist with S0d Chemie Tne, “With lower mo-
lecular weight resing and lorger crosslinking,
polymerization, and cure rates, these formulations have
slonw dry times, increased viscosity, reduced fexibility,
yellinwing, reduced penetaden, and increased difficolly
in [ormulating and manufacturing,” he adds. Aaylics
also tend to have poor lappring and penetration proper-
Lies, and hese aliibutes are sworsened with redoced
VIO fonnubaton.

Hybrid technalogy that includes barh allovd and
acrylic resins has recently been developed Lo address
many of the problems associaled with waterbome
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allyd coatings. The “core-shell” morphology conststs of
an allepd polyiner in the core and an aciylic polymer as
the shell. 'The acrylic shell is water soluble and liy-
drelytically stable, protecting the allkved core from hy-
drolysis. As the dispersion is applied, he wiler evapo-
rages amd the fine particles in the dispersion peneuale
inler Lthe woed. Uhe polymer chains uncetl and tangle,
and omidation provides crosslinling o form the film,

Expected applications for waterborne alliyels using
*core-shell™ technology will include replacing solvent-
lunedd alkyds in transparent and semitransparent stains
on cedar and other natural woods, decl stains, and in-
terior and exterior frim paints. Hirsl geneation core-
shell prodacts have been commercially available fog
some Ume and have been marketed for semitranspar-
ent deck stains and are now being formulated into
gloss and semigloss while enamels (or wim, acoording
o Mre. Danneman. Limitations of the current core-shell
technology include wet edge or open fime, dv time,
andl velloring, which is partially the resull of the use of
amines [or neulralizalion of e polymer reaction. Mr.
Danneman expects these issues to be fully addressed in
the coming years. “The core=shell wohnology has a very
good opporunily [oe growih [rom s extsing small
base because it provides the desived performance prop-
erties while meeting VOO restrictions,” notes Ms,
Anglersomn.

Reichhold has already inreduced an improvement
on the basic core-shell technology with the inclusion of
secondary hyelroxy! groups i the exier linkages of the
alleyil core polymers. These secondary hvdroxyl groups
are much meore resistant to hydrolysis and provide im-
proved stability at the water/"edl” inderphase area of the
dispersion. lertiary alcohols would lead o oplimum
hydrnolytic stability, but secondary alcohols are com-
mercially available and are more reactive with the poly-
basic avids wsed in alkvd polymers.

Kelzol 8100 is a semirransparent stain wehicle based
on the core-shell technology frmm Reichhold and was
first introduced al the W0GE show in 2004 Reichhaold
ialso launched the new technology using secondary ly-
droxyl functionality for industrial maintenance and/or
architectural applications al the show and s carrendy
sampling research quantites of the material to cus-
tomers for testing, “Tn the architectural, and fo a lesser
extent the induwsleial mainenance marcket, Tell over”
coatings are re-used for touch up and an extended
lapse between the: production aod consumplion of
couting products often occours,” otes M1 Danneman.
Thus, long-term stability is required. The polyier com-
position of the novel alkvd dispersion was designed 1o
match the solvent-based medium oil alkvd perform-
ance that is widely accepted in the industrial mainte-
nance markel, but the technology s capable of mim-
icking short, medium, and long oil allssd producs
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through polymer modification andfor by varying the
core-to-shell ratio, The new product bas quick sed-to-
touch and the requisite viscosity and hydrolytic slabil-
ity for maintenance and architeciiral finishes,

Surface Specialties, Inc. has launched a new esin
carrier technnology to the marler {or architectural coat-
ngs, stain, aud primer applications. 1he new carrier
technology offers ulira-high solids at very bovw viscosicy
with improved performance over Irditional water-
home technologies, Bocan be used for higl-gloss and
semigloss architeciural coatngs at formulated ¥OOs
that are well below day's requitements, according
Lo Temy Scoville, markel wanager-Tiguid coalng resins
with Sorface Specialdes, Lne. "Until now, customers
have sacrificed gloss, hardness, serub, and adhesion.
with the new carrier resin technology, all perflommance
is Tracle at the W00, solids, and appearance level thar is
desired Ty the marcker,” he states.

These new core-shell alkvd dispersions from Surface
Specialtes are based on a patented core-shell process
using a carrier resin for the owier shell and cmulsilfica-
ton. Because no amine is present for neatralizadon
and only highly refined or high grade fany acids are
wsedd, these resing exhibit very low yellowing character-
istics. The water-Trased resin behaves like o fraditional
solvent-based alkyd in its application properies, The
alkyil core provides doy e properties, fullness, hard-
ness, and penetration, while the cove-shell provides the
ilesived siabilization, open time, leveling, and rhealogy.

Surtace Spedialties is also launching its lalest genera-
ticn of Uoecoar®- [TV aralle waterhorme resins, which
are especially suitable for wood coatings. The company
has alse invested in an indestial line for vacuum coat-
ings lo suppaort ils customens’ product development,
and to previde technical support tor this emerging
lechnology.

5iid Chemie has developed 18 sero- VOO waler-
bome ailoed-like copolymer emulsion, Encore NF35F,
using a propretay method thal enables foomuylation
ala newtral pit Wil an acid value of less than 2,
Cocore NTASE exhibits excellent shell stability and re-
wistance 10 phase separation and therefore can be for-
mulated at a lower viscosily. Tt also has no saponifica-
tion wvalue, inferring excellent saponitication resistance
*Ome of the novel properties of the Encore NESSE is it
noniraditional fm fomming capabilivy whicl con-
tributes 1o its ability to re-emubyify the Nt coat by the
sevond coal. When fornmilated at wc below 25% resing
weight solids, open tme s increased and lapping s
dramatically irmproved,” noies Mr Hudl 1Te Tow mo.
lecuTar weight product is prepared [rom linseed oil and
a special fatty acid, providing good wood penettation
amdd superior extertor durability. Encore NF53E 15 sup-
plied at 52-35% solids willy an emulsion viscosity of
3000 ops. Is hoth pourable and pumpable, and can be
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fomulaled ar a much lower volume solids and Tower
viscosity, It can be blended with acrviics, wazes, and
steariles, s cowpatble with both oil and water solulhle
biocides, and the (inished stain can be appliedl wsing
traditional methods.

DEM Coating Resing pinngered waler-dilutalile
Liradil allord emulstons over 30 vears ago and contin-
ves to extend and improve its range of producs,
Recently, the company infroduced is Urabrid hybrid
syslem to provide higher gloss coatings while relaining
the drving speed and yellowing resistance of water-
based acrvlics, Amine and solven|-free Uralseid resing
are gyailable friom DM lor use in primers and Jop-
okl

Mace Company has investigated the application of
nanctechnlogy to the developiment of wood coatings.
“In addition 1o aesthelios, Tong-lasling  perlormance
with less frequent maintenance or recoating is a point
of greal interest o the wood industoy,” says s Culla.
Tn response, Mace has introduced NT 447, 4 resin made
with the use of nano-enginesred addilive systenmns that
exhibils significan! fproverment in peclomance |arep-
exties. “We expect il NT 447 will have application i
the grmnasium, sports, wnd hardwood floor markets
dus 10 7ts cutstancding duralanlity, whiclh is superior 1o
the perfurmance of #ll waterbiome resins corrently oo
the markel,” Mt Gulla neves,

MeoResing, Inc, introduced nine new produces at the
2004 1CF Show in Chicago, three of which are desizned
specitically for wood coatings. MenRez R-94407 is a sell
crisslinking, one-cotponent, fatly-acid inodifed, vre-
thane dispersion for high perfonunance wood floering,
This product delivers optimum properiies within 48
Faors and mwets quoeent VOO regulations. NeolMac
E-1036 is an SMP-free, nonyl-phenc! surfactani-iree,
polvcarbonate-based, aliphatic, urethane/acrvlic co-poly-
mer that eilers supesior durability and stain resistance
low wood finoring, flexible Nooting, and other diverse
substrates. NeoCryl XK-225 is an adhesion promaoted,
10 acrylic emulsion polymer for interior and exterior
enamels that delivers superier adhesion, hardness, and
exceplional chemical resistance even when fomoulated
Al = 50 g/L VO

Nuplex Besins, fumaerty Akzo Nolw] Besins, (eatures
a substaniial line of emmnlsicns lor wood lnishes based
on patented self-crosslinking technology. This Setalux
range: of products featores an excellent halance of hard-
ness development and flexibilily while also providing
improved chemical reststance, Nuplex Resins bas water-
borne products for lactory amd consumer applied clear
fimishes, millwork applications, wad exterior wood
stains, The company has manufaciuring facilities
throughout Asia including ils recently commissinned
plant in Suxhou, China @
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