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INTRODUCTION

Despile a slowing of new housing starts, growlh in the use of decking ma-
terials is eapected W pemain strong. As existing decks reach the end of their
nseful lifespan, homeowners will be purchasing declking materials (o repair
or replace them. The use of wennd plastic composites is expected to grow aned
new types of wealed wood are now being sold 1o replace the chromated cop-
per amsenate [CCA) deddng, Tommulating coatings which can be used on
these wond plustic com posile sulmicales, on weathered C0CA dedking, and on
the new types of wood treatments can presenl significant challenges to the
('(]iiliﬂgS T'I'Ia','I.'I'I'I_'I'F-:'lftuT(‘”.T.

CCA AND NEW WOOD PRESERVATIVES

Chromated capper arsenate woid preservatives were withdrawn from the
imarket for residential wse in 2003, The remediation of existing COA-Lrealed
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decks may present an opporlunity 1o the coatings man
ufacturer as well as o challenge. Sudies have tound that
couting the decks can significantly reduce leaching of
chromium and arsemdc froim the COA wood and solid
color or seminsparent deck coalings may be used by
homeowners who are concemned ahoat CUA exposure.’
A skpnificant problem with reducing exposure i this
way is thal coating old, severely wenthered CCA decks
van lead 1o rapid cracking and tlaking of many ot the
currently comnmaercially available solid color decl:
stains. ‘Lhe current FPA coating recommendation 14 re-
thace possible exposure to the chemuals in CCA decks
Is Lo use semimansparent. deck staing because the sur-
face preparition o recoat a ceacked or flaking deck
coating (such as sanding or powerwashing can in-
Cresse exposuIe to arsenic? Fleddble solid color decl
stains which can resist cracking on these weatheted
decls but wliich also ane hard encughe to resist dict pick
uyr ancl rewist abrasion ander foot watfic are needed,
Since even the most flexible solid color stains will
eventually fail en severely weathered decldang, the ime-
portance of regular maintenance of solid color deck
stains will neeel to be stressed.

Several types of QA replacement wond tedtmeltls
tawe: heen introduced. The most widely used replace-
menls for COA treatment are ACO (alkaline copper
guatemary counpround}, copper boron azole [CHRAY and
copper azole (CA-B) leatments, These new wood treat-
ments b a somewhat dillerent performance proiile
than the CCA wealment although these differences may
be mure apparent 1o the coatings chemist than a
homeowner. The uncoated wood with the new wood
treatments of treated wood with a semiiransparent
stain might be expected (o be more UV senmilive than
CoAtreared woond wince the chwoninm in CCA 5 a Tree
ruclical ¢uencher and crosslinking agent [or lignin,® The
COA replarements are also less resistant 1o mildew
than CCa and mildewcides are sometimes incorpo-
rited] into the new wealment fommulations Lo prevent
rmildews arowth as the boards are seasoned. Finally,
higher use levels of the new treatients are required to
give perfomance equal W the CCA treatmenl. The
higher conceninitions of copper can lead to more dis
volomation of coalings il the deckdng has not bren ade-
quately seasomed before being painted,

ACQ I8 cormposed of 06% copper compound and
3% of a quatermary ammaoniaom compound, didecyl-
dimetlylammoninmciloride {TAC) * Bolb the: cop-
per and the qualerman ammaonidm components are ei-
Lective against wood destroving fungl and insects which
ingest the wood. Tnseds which do not ingest the wood
snch ag carpenter ans or bover beetes are not atfeced
by ALY Lreaument.® Although the copper In ACL) iy
broadly effective against most {ungi, it is not effeciive
agiains! all tvpes of fungl so it cannot be wsed as the
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sole preservative, The use of the DDA as a colriocide
along with the copner gives AC-treated wood very
grnwd resistance 1o fungi. The most commonly wsed
oo of ACHY uses ethanolamine as the carrier solution
[ACCHY). Recent research indicotes tha the ACCH 1 0w
relatively leach resistand becanse of chemical tixation
reactions within the wood which occur rapidly—within
hours—aller treamment.® The [ixaliom veaction for ACC-
T} begins in part with ihe rapid formation of inselable
capper-amine—wood complexes and on aging gives in-
soluble copper compaounds in the wood, AC-1B 15 an-
other form of the preservative wlich uses ammonia as
the camder instead of ethanolamine, Amrmonia helps
e AC)-Bowo penetrate ino roore difficult-to-trea
woods like Douglas Fir and the ALCOQ-R is used prima-
rily on the Wesl Coast where these species are more
comumenly nsed as building materials, ACC-B does nort
undergo the same rapid fixation reactions as the ACKQ
I and the wood needs 10 be kiln dried or sensoned ad-
equately in outdoor exposure (0 be sure that the fixa-
tion has ocourmd 7

CRA or copper borm azole preservilives are gpl-
cally composed of 49% copper, 499 bode acid and 2%
ot an organic tazole suclt as (ecdmconazale® or propi-
comaznle. As in the ACC, the copper in CRA {5 effective
against mowt fungi and insects but needs an auxiliary
fungicide. Woric acid is etfective against insecrs and
fumgi but 1t is weater soloble and is subjedct 1o leaching
(rom the wood, Tecbuconaae is an effective lingicide
and is leach-resisint in the wood bat its etfectiveness
as am Insecticide iz #6011 nmcertain.” Propteonasole s
also an ellective fungicide bu it iy considered ineffec-
tive as an inseclicide.® CBA treaumenl is now being gen-
enally supplanted by the vecently approved Copper
Azole leeniment [CA-BY which does not have boron
and has higher levels of copper and triazole, CA-B is
D60 copper and uses 4% arganic trizeale as the co-bio-
cide and is usually vsed [ an ethanolamine carrier ¥

Somne special precantions are needed in construcling
dechs using lnmber with these surdace wealments,
Wood tealed with these preservalives can cause wiore
comosion than CCA-realed Tumben" so siainless sieel
or hot dipped galvanized [asteners are typically recom-
mended. Lhe treated wioods should aluo not 1o e used
in comtact with aluminum and a YA-ln. space between
treated Doards and aluminum siding is usually recom-
mended.

Roth types of preservatlve can be made with added
wak (o waler repellency, It the wood 13 treated with
water repellent the mamifacurers cecormmend weal -
ering [or 30-60 days belore applying an oil-lbased stain
or weathering for six months belone applying an acue-
v stains, In our laboratony testing, we have found
that mest commercial waler based solid color staing
have good adhesion o umweathered wax-treated 1um
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ber and that the six month weathering may not be nec-
EHRITT,

Freshly usated ACC and CBA lumber 1s often a
greenish brosen color and will wm to a light 1an coler
after exposure to sunlighl. Both trpes of wood treat-
roent can e painted or stained as long ay the boands
have a chance (o weather and become seasoned. If they
ave painted or stained belore the wood s seasomed, the
preservatives may discolor larex painls or stains. Some
labaratory screening was done 10 find laex stains
which might block o1 prevent this discoloration but no
elfective stain hlocking methaod was found, The best
way foumd to avoid this discoloration {8 w allow the
treated wood o weather [or one month before painting
ar slaining.

COMPOSITE DECKING

There arte muany tvpes of wood plastic composite
(W) decling now available, The coonpasile haards
are ulhout two fo thies Mmes as expensive as tweated
wood, ACOQ-trealed vellow pine is 56,97 Lora 12t
board while most composiv decking siars at
F19.00-%20.00 fur a 12-f board Tor a finished deck
surface, many af the less expensive wood plastic com-
powites are similar inopwice W cedar decking ot exntiv
hardwoods such as 1P

There are usually several producis with different in-
ishes available from each compasite decling manufac-
turer. Most ol the boanls are made with cecyeled plastic
and wood flonr or other Gbers, Although mest com-
posite manulacturers market their produets as being
relatively mainlenance liee, there are several reasomns
why peaple may want 1o paint them. A homeowner
whi wants L match the color of the deck 1w the coler
of the Iim of his house may paint new composite
decking. Many corposite boands also will have a sig-
nillcant color Mde to gy upon exposure o UV light
and may need 1o be repainted o restone the original
colom Tinally, wear patterns or staining of the weath-
ered composile decking inay maks coating them desir-
abtle, The composite decking can be easily staineed by
grease or alls from barbeme gills, These stains ate nel
easily remeved and sanding them off is not usoally
recommended since it can remove tie embossed wood
grain. Different composite manufacurers have ditteren
recommendations for coating their products. Maost
recommend weathering the panels for two 1 three
months hetfore eoaling bul o few manufaclurers specili-
citlly reconmmend thal their prroducts not be coated
at all.

Comnposite subwirates are a more stable subsimate
thin wond decking, and do nol have the same 1en-
dency to racking however, they offer a few challenges
for the coatings manutaciurer. The teend towards using
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an ernbossed wood grain on the composite board may
mean that a coating will need w be hander and maore
alwasion resistant 10 order to avoid both wear on the
ralwed areas of the embossing and excessive ditt pick-
up in the low areas. Adhesion o the dilferent plastics
used in U romposite boards can also be a sighificant
problem, depending on the ratios of wood fibey and
pelymer used, as well as The use of release agents dur-
ing toard manwtaciure, The recyoled feedsiocks wsed in
the hoards can vary depending on the availabilite of
the source malerials, so there is a potential for signifi-
cant subsirate varianon which could atfect adhesion of
e coatings. Another potentinl problem with many
ypes of composite decks is tannin staintbg, The wood
fibers wsedl in some wpes can come from oak or other
high tannin species, s there cin be a significant dis-
coloration of solid color stains. Finally, weathenzd
composite boards may include chalk which can reduce
the adhesion of deck coatings.

Although there are norw deck coatings on the market
desipned specilically for conypmrwite decling, a declk
coating can be sold more widely if it can e used for
bl conmposite and wood decks. 1o be used for both
substrales, the solid color stain needs 1o have excellent
crack resistance on weantheved wood decks as well as
gand shrasion resistance anid good dint pick: up vesist
ance on Doth new and weathwred compaosite decking,

TESTING PROCEDBURES

et adhesion tests are designed 1o measure painl’y
ability tor retain its mip in the presence ol bull mols-
ture {heavy rains, pinel washing procedures, e,
while grid wpe, lnite peel, and Bistering resistance:
tests are comimnenly employed 10 eviluate wel adhe-
siom, Bolm and Tlaas chemist also vely heavily on the
so-called “torce 10 peel,” or “welzhied pull,” test for
this purpose, Chernisis ind ithis method partcularly
appealing becanse it provides 2 quantitative measure of
wel adheston thal is less subjective than crosshatcly and
knife peel fexts, As i the case of other wet adhesion
poecedhures, 5t is typically comducted on g vadety of
subsleales including aged gloss alkyd and chiallor oil, Ta-
te paints, and bare wood.

In the foree w peel wet adhesion tes), the mvestigs-
tor applies 2.5 g of a wst paind toa 145 in. % & in, sec
tor of the sulwimie widh a 1 i brush, 4% soon as this
prowess is comipleted, the investigalor centers a 1f: e %
o in, suip of cheesedoth divecily over the coated seoion
ol The sobstrate s that 1 S o of the sieip extends e-
vond the upaper and lonver edyes of the freshe paint.
While embadding the cheesecloth in (he first coat of
painl, the investigaior covers the cheesecloth with 7.5
adeitional grams of paint. The painted panel then is
cured ata controlled ternperature and homidity afier
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which vero paralfel Yines are inscriled through the
vheesecloth and ino the suhsirate {Ya in, trom esch side
border along the entire length of the surip). The two ot
lines create a 1 o stip (0 the cheesedolth, Yhe panel is
then placed in a (o box 1or 30 min ov mmore depending
on the severily of tie lewt, When conditioning is com-
plete, the board is removed trom the fog box and al-
tached Lo o ting stind with the painted side horzontal
and tikted firmward [rom the perpendicular, & weigh
hanger is then anached ro the 1o edge of the cheese-
cloth with a paper Jdip or "% ook, Megt, e investiga
tor beging adding weight 1o the hanger ontl the cheese-
clowd begins wo peel at o rate of [ to 20 mun per minnie.
The weight {grams) at which this degree of pweling oc-
curs is recorded as the score Tor the paint,

Farly waler resislance 1s alao an imponant propery
tor sulid color stains. Stains which have poor carly wa-
ter reslatance may have color macked From the deck
inter the house I the decls is subjected (o foor vailfic af-
ter an overnleln diy when there is dew on rhe deck.
Early wet color tuly off was tested on drasedowns thay
were dried overnight and then mbbed with a we paper
towel lor 30 sirokes, Paints are rated on the ammoun of
color tansferted 1o the towel,

Tannitt stain blocking was also evaluated by apply-
ing 1wo coals with a four-Rowr dry time between coats,
and then placiog the wet panel in high humidity for 16
hir. Tn this severs test, the tanmins are drwm ol the
wel lopeoat and differences between solid color suing
can be easily seen.

Resistance to househald slains was tested by apply-
ing the test chemical w the paint, allowing it to sit for
one hour, then remaoving excess and cleaning the
stined areas with 200 crcdes using a 1% Tide solution.
The [elta bowas then tiken betwesn the siaimed,
¢leaned area and was compared o eanstained areas.

Tix eslimate abrasion resistance of the stains in the
laboratory, Laber abrasion tesis were tun [or G conts
of the solid color stains o plwood substeae, Inthis
st the panels were man for 600 orcles nsing a €8-17
abrading wheel and 500 g weighis, Weight loss for the
manels was eported, and lower nuohers indicate beuler
abraxion vesisiance, These Tombers were talien as an in-
dicater of abrasion resistanee but the twvo-year fool:
bridge exposures of these solid colar staing on compos-
e denliing substrates were used lor the tinal analysis of
abrasion resistance.

TEST RESULTS

Arn experimental W YO0 solid color stain newtral
hase fommulation was prepared. This stain had a WO of
26,59 amid o voluwme solids of 28 4%, Tt was thickened
wilth Acrrsol AM-JOZ0NTR and Matrosel 230 [I0R and
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Deep Base $olid Waler-hasad #iryie Ambient

Calor Sfairy— Gommercial Crozslinking Canverudeny),
11 oz Colarant Controls (6) Polymer Acrylic Folymer
VOO . 100-7510 =100 =100
Wat Adlesnn by Focce fq Peel Method (gouns fo fafluce)

L Hih /A RS

CBA ..o ol RS0+ 400 1041 B&0

AT with wax ,, H50 = GOC 1264 50

ACQ L.l 1000 £ A00 1350 JRO

contained 20 b of =inc oxide, These neuatral hases were
tinted with 11 ozfgal of undversal colormts 1o a cedar
color. Several inders were evaluated including a con-
ventional exterior acylic and a new amblent tempera
Lure crasslinking acrvlic which has excellent grain crack
restslance and good adhesion to o variewy of subsirates,
Six coummeercial solid color srain controls ranging frem
|0 to 250 VO were also Lested, The commercial con-
wols were also nevtal Trases and wete Lined widh the
sarne levels of uoiversal colorants as the experimental
[wiTIts.

O wnwes thered wreated wodd, all selid color stains
[iad good adhesion, O three-month weathered wealed
wood, however, there was a significan difference in the
adliesion [see Tabie 1), The ambient wemperatire
crosslinking acrylic had very good wdhesion and was
ecual 1o the best of the commercial comtrels. The etfec
ol the hinder chemisuy can be seen by comparing the
convemional acrylic to the ambient temperiiure
vrosslinking acylic in the sarme formuolation. The stain
bazed on the conventional acrelic polvmer had lower
wet adbesion o the weathered treated wood than the
glain based on the ainlhient lemperaters: ceosslinling
acrylic polymer.

O compasile decldig, the adhesion was ditferent
than on treated wood, The weathered composite deck-
g was the easiest to adhere to and mosl siains per-
formed well, buw adhesion on the wiwemnthersd com-
pewite decking was much more difficalt {see Table I,
The smnbient wmperature crosslinking acrylic had very

Table 2—pdnesion to Unweatherad Com

Daep Base Salid Wahar-baeed Actylic Ambdent
Caluot Ftain— Commercal Craaslinkdng Corrventional
11 oz Colgzant Comibrols (6) Palymey Acrylic Palymer
Yo 1GN-250 <104 <3
Wet Adlwaion b larce to Peel Merhod [grams to failire)
Commpoaite #1 50— 100 250 Ahlr
Composirg 42 ARG aon 5 AR
Lomposite #3 460 & 204 450 430
Curiposite £ GE0 4 1A asi 7a0
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Table 3-~szain Bloclirg and Sfafn Resistange af Solid Celer Staies

the ambient temperature crosslinking acrelic
wirs elteciive at blocldng the Lainnin.

Resistance to common ydrophilic food

Waterbised  Aeylic Anblenk  Convertianal stains is also an impornant properly lor decks.
Cammertial Cragslfiking acrylic e 1mp mt prop -
Solid Codor Stain—Paste] Bass Controls (4) Fylyme Fakymet Ihe tght lm forned by 1the ambient empera-
Tunnin (Bedwoud) 1-10. i0 Bast 3-4 3 3 tire crosslinking polymer give a deck stain
Tannin [Cedar} 1- 10, 10 Best 54 E 3 which was very resistant o food slains and was
Slaln Remowal {tea) AE 14-21 L0 14 &igniﬂc,arll]y better than the comumen i) com-
Stain Bemowal [qrspe joice] AE B T-3.0 1.2 i.g

goin] arhesion o the unweathered composites and
was betler than the commercial conitols or e conven-
tiomal acrylic polymer. Pastel lbage torroulations of the
commercial strins were <lightly hetter for adbwsion
than Lhe neutral bases bul were sdll noe as good us the
serlidd colar stain based on the ambicnt lemperatuce
cresslinkdng aerylic polymer

New 102 V0O stain Bocldng formulations have also
been developed o ock lannin stains in pastel bases
{see Table 3. These [ormulattony are based on TILUE
thickeners and Twedrophobic dispersants to maximize
the tannin stain resistance. Zinc oxide s vsed o help
L up tanmins in the first coat and leeep iL from miprat-
ing ine the topooat, The ambiend wmperature
erosslinking acrylic polymer had excellent tannin stain
blodking in wo coats while the commercial solid color
staing ard the stain based om the conventional acmylic
pealyner were poor Tor this property (see Fignre 1).

In nentral lrases, the tannin suppression is less than
in the pastel bases becauss of the surfaciants in the col-
orants, but testing hias showan that even in the neulral
bases most ol the tannios are blocked in a swin based
om the ambient Lemperature crosslinking acvlic. On
severely bleeding boands which do bleed iina the neu-
tral bases, a thind coat ol the solid color stain based on

Fiepire 1— fanmw suppression on composite decking.
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uols. The contribulion of the polymer chem

istry can again be seen in the dilference e the
stain resistance belween the convertional acrylic and
the ambient temperature crosslinking acryvlic in the
same formulanon,

Even i a neatral base formulaion wicth 1] o of
universal colorant, the stain bhased on the ambient em-
perature orosstinkdng acrvlic had serv good early water
resistance as lested by the wet color b of rmerthod
{see dable 4], Lab testing of the Taber abrasion resis)-
inge was also promising widh the ambient femperatoee
crosslinfing acnylic having vers Low Tevels of weight loss
compared 1o the controls or the conventiconal aceylic
[Hymer

Although lab testing of the adbesion and abrasion
resistanee is an indicator of performance, the best lest
of the solid coler staing is 1o aclually have them o
posed 10 fool trafAic on exleriol expogure. Lhese stains
hawve now been exposed on foothridges for 2.5 vears at
the Eohi and Haas Uxpesure Testing bence. They were
applied 10 severn] different 1ypes of weathered compes-
ite decking as well ax weathered treated wood. Some of
the conmmercial contrels are beginning to Gl by crack-
ing and flakdng an the weathered wood but e solid
rolor stain based on the ambien temperatnre acrylic
polymer is showing very gund duralylity with no crach-
ing o (luking on wearthered wood and very good din
pick-up resistance. We are not {inding any significant
alwasion of tilo rernoval on high areas of the em-
bossed composite substates for any of the stains but
this mav be hecause composite decking in 1his foot-
bridge exposure was preweathered [or three months be-
fire coaling. This might have been predicied from the
laly resuls since most solicd color siains had soeod adhe-
sion o weathered compaosile decldng.

Tahle 4—water and Afrasion Resistance of Solid Coler
Shaivs

Daep Baza Solid Water-hased Arryile Ambient

Color Stain— Commerclal Crivlimbng Convextonal
11 az Cootxols Polymer Acrylic Polymer
Wat colo: il wif—

Cedar 1 coat Very Poor-

31 ewcles by hazd  Excellent Warsy Goed Yoy Gond
Taoer Abrasion

400 cyelo: JLiBad 0804 0831 RiLAES

JOT CoatingsTech



CONCLUSION

Mew substrates tor decls present coatings formula
Lors with pew challenges. fn addition v the {iraditional
perlormance requiremments for solid color decking
stains, coatings designed for ihe new smbstrates musl
Tave excellent adbesion o unweathered composite
deching and teated woods. The coatings are also ex-
pected to perform as wedl as interior Moot paints wilh
gor] staln resistance, sreqse resistance, and be easy to
clean up. They should be flexible enough to hawve good
rack resistance on weathered wood deckang but also be
hard enough that they resist dirt and abrasion on com-
posite decking.

Saolid color staing baged on new ambient tempera-
ture dosslinldng technology cin be tormulated to oller
i very good balance of properties which are superior to
mosl commercial latex solid color slaing, Stains based
ol the ambient term pevature crosslinking polymers can
be fomudated o work well on both weathered treated
wond and cornposite decking.

Thexe ambient temperature cresslinking stalns cam
e formulaied imto neutral bases with excellent water
resistance and abrasion resistance, and which offer
much berfer tannin and household stain resistano
than canvenrional acrylic polymers, The amhient tem-
petainre rosslinking polymers also have belter adhe-
sion o unweathersd composite decking than conven-
tiomal acrylic polymers and excellent crack rexistance
an weathered wood, Long term exposure wests of these
ambient cure rosalinling polvmers have shown that
(hew also have exceilent exterior durability wnder foot
traflic
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