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| aterborme polpmer emmulsions composed of vingl avetate-cthylene (VAL), etitylone-vingd
1¢hlomie (EVET), erad offeey el ettt copolptees were cyafinmed o polpmer systers in water
Allent coatings for exterior wond applicarios. Dhts presented tndicates thal These polyrer
ulsions exhibit an excellenr balance of performarce properties, making thett the pohaner of
 choice in water repetlent condiy formudations tequinitg low volatile organic compotnd [ WO

content. The data fither susgest that polyner seorpiioloey ard other emolsion polpmerization
process parameters (e.g.. surfactant package, functional comonamers, tnttiariose spstesm, srud pr-
@t%e size) may phiry o rode I schicmg Tduery aocebled performande,

INTRODUCTION AND BACKGROUND

There ate over 30 million wood decks in the Tnited States and the popu-
larity of wond decking is growing due 1o s altractive fealutes and its ability
to add versatile living space.’ These decls are exposed to a nurber of harsh
extetior environmental conditions which can cause wood tw degrade. Rain,
sunlight, extreme emperatures, and lemperatre Mucioations cause wood to
swell and shrink due to water absorption and release, as well as expand amd
contract from temperature fuctpations. These conditions induce high levels
al sirexs and cyelie faligue within e wood, causing the wood to develop
checks, cracks, and raised grain, as well as degradation and discoloring of the
wood surface, Cther deleterious factors causing wood to degrade include
mildew groneth, Tuagus, and insect atlack.®?

Berause of these risks, lumber used o consuuct decks is nsually pressure
treated with a preservative, or the lnwmber vsed is a durable nalural wood
such ag redwood or cedar. Exotic hardwoods such as teals, dgerwood, ipe,
and cumary, which also tend to be durable, are becoming prypmlar as well,
A number of differemt compounds have been used as wood preservalive
treatments, ul ammoniacal copper gual [ACQ), rreosote solutions, and
copper axole have been the most comimon. Detailed descriptiony of these
matenals and their pertormance is beyond the scope of this article bt Tue-
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ther details on Urese and outher meatments can be
found in references 2 and 3.

Another popular approach o prodecting woed deck-
ing Is e apply o Anish coat, commonly refeered fo ay
water sealel, water repellent, exrerior stain, andfor pre-
servative, Although these werms all suggest spedfic walts
and funeiioms, they often are used Interdimgeably, In
this article, we will refer t this genetic cdass of coating
a8 a water repellenl coating which is imtended W pro
teel wood from harsh conditions experdenced by wood
decking and other exterior wood structares I addition
1o providing an aesthetic quality, these tinishes protect
wiod from environmenal Guwtoes and thevehy mini-
mize problems of crackdng, raised grain, wouod degrada-
ton, insect altael, andd mildew growth, Lhese [inishes
nommally are applied alier the winnd has been seld and
the deck has been assembled; however, There are some
waler repellent products that are applied by 1he wond
DLOCessol.

Commercally available waler repellent coatings vary
in performance, which will be discussed thromghout
Lhiz article, ot most of them conrain cominoen generic
ingredient types, all of which proside spedtic func-
tioms. Tebfe 1 provides a listing of commaon ingredient
Lypes within water repellent coatings, general concen-
tration ranges, and their imended funcion(s).
Although all of these ingredients provide fimctions that
comtribute 1o the coating performance, two critical in-
gredients are the polymer and the hydrophobe. The
porlymer carries these ingredients lo the substrate,
[orrrng v protectivie barmer, and it is the primary compue-
nent in determining long-lerm perfomance by provid-
ing resistance w0 wates sunlight, chemicals, and other
environmental Factors, The hydrophale, as the name

Raw Material Type Lalventhayre Waterborne
[ 111 Alkyd, linseed oil R alkod
Ernulzified nils
Aerylic latax
Balve it e iecr e e Mineral epiriis, et W aler
Texznol.
Buly . vellosaly
Pty carkito.
Glyiols
Hydrophobe., o ian IWax
Silicnna Slicare
temulsions)
AATINES e srtactant Siifartans
Defoamar Defoane
Mildewcida Ml dzwicide

Y sbaother
Fiqments, exteders

LY absarbwr

Wh walen peducilibe,
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Table 1—"ypical Ingredients in Waler Repellent Coatings

Pigments, extenders
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i Hies, causes the applied coating to be hydrophobic
and repel waler.

Water repellent coalings wsed lor after-market appli-
cations can be characterized in a number of ways such
as: solvenrborne versus waterthorne: level of trans-
parency; and penctating versus film fornming.
Solventhome and watethorne products are simply de-
[ined relavive to the type ol volatile content within the
coatng. Solventbome verstons Lypically are alkyd
andfor il [eg., linseed oil) based. Waterborne versions
are based on waler reducilile allowds and/er acrvlic latex
polyrmer systeins.

The relative transparency/opacity of Lhe (Inish is an-
clser distinguishing feature. Common terminclogy of
the various transparency levels is dear, toner, semi-
transparent, and solid stains, Of course, these ane some-
whal sell-explanatory and they are highly dependent
upon the solids concentration, pigment concentration,
and pigment type within the formulated product, Table
2 (Jescribes some distinguishing faclors amanyg These
firishes. Denerdly spexking the durabilitgy
weatherability of these [nish by pes tremids with the lewel
of tpracity;

(Tess weatherable) Clear < loner = Semi-Llrunsyrrent
< falid color stain (More weatheral:le)

The: restson for this trend is that one of the major
contributors w degradation of hath the coating and the
wiood is TV radiation, Increasing pigmen! concenira-
ticmn generally increases protection trom WY, Therelore,
coatings with higher pigiment concentration tend to
prowide greater opacity and greater LY prowection, and
these coalings tend 1o be more weatherable and will
last lomger, Llowewer, it should e neted that grearer

Concentraklon Rangea:

Imtended Function(s)

10-7 0% Reduce water vapor
Lrahstnissinn

imensional. stability
Ouwabiity—wear, weathering

Anlve-thasrd Fenctration inle substrate

16-200%

Waterharne Coalescence

2-10%

13-30% Water beading

H=30% Waler exclusinn

-k Wetting, penstration
0-5% Foam reduclion

0-5% Freve-t decay

0-5% Preve-t graying. Tuding
0-23% Screen LW light, geaying,

color, gloss contral
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Table 2—General Description of Water Repellent Finish Types

Firdzh Type Cescr ptan

Clear s csveerecsnee o Llear Lo slighl color; allows coler and e of

wind to show through the coating; no or low pigmentation

TOREN e e
L prgmenl cancenlraliun

Semi-transparent oo,

pigmentl cancentrztinn

Solid caldr e Opague, Lomplelely inding wood calar a=d chsouring

wennd grain, alowing anly texture of wond to show;

a7milar in Farmulation Lo typical extericr hoose paints
but us_ally low in wisrosity; 2igh piginem end eatender

cancentration

opacity also will hide nwore of the wond color and
grain. and thereby hide the natural beauty of the woaod.

The: Tast water repellent coating classification noted
abowve is Nlm-lorming versus penstrting Mnishes. Film-
forming tinishes form a thin layer over the surface to
which they ave applied. These finishes lic on and ad-
here 1o the wood, similiar w a iditional painl.
Penetrating finishes, as the name implies, absorb ineo
the wood surface, saturate the surface fibers, and fill the
surface pores, prosviding a surface that repels waler and
prevents water from absorbing into the wood. Very lit-
tle, if any, of the coating resides directly above the
wood surfice Penetrating coutings are preferred and

Sdght coloration; alews qrai to show through cnating;

Srrong color but nol complebe hiding: mey altes color of
waond; allews most of wood grain to show: low-modavete

Figment Type aud Concentealion Fype

More ar sligat concentrations nf trans-inn oxides;
& Lbf100 gal

T-ens-fon oxides;

F-d |bA100 ga'

Lrnn nwides, may conlain olher traditional pigrients

and axtendes;
4-15 b/ 100 gal

Typical paint piameets awd extonee-s;
=15 b 100 gal

typrically perlonn Betler in many exteriorn wood sppli-
cations, including decking, for several reasons. Lirst,
film-forming coatings om the surface are more exposed
andl more susceplible wowear Second, since Glm. Term
ing coatings have a discrete continuous thickness on
the wood surface, they are more prone 1o crack, chip,
and peel. Thitd, when this type ol coaling sysiem Gails,
il miuesl e removed or siipped from Lhe surlace, which
is labeor intensive, time consuming, and costly. In con-
trast, penetrating findshes, sinee they mainly reside al
or below the surface, are less prone 1o wear and twy
lvpically do not fail by cracldng, chipping. or pecling
Flus, surface preparation prior o re-painting usually

Table 3—Generic Listing of Commercially Available Water Repellent Coatings

Product Finish Palymer

Dwesi gnation Type Chemdstry

-38-1.. Clear GLCME: %R Alkyd S

C-5B-2. .00 Clear ELEND: Linscead oilfparattin
waesin

CER-2 L. Clea BLEND: Waxsurlaciasl

{-WE-1 . ....... Cuzar BLEND: Silicone oilfacrydc
5, BA) wax

C-WB-2 .. _..... Claar BLEMD: WK alloyd faax

T-5B10. .00 Tanes

T-WE-1 .. ...t Faney BLEWD: W/R Allaed /Acmylic {BA)

T-WR-2 . ..., Toner BLEHD: WeR Ajopd  polyester
Tzl LaLe

T-WE-3 .. 0000, Tener BLEKD: i 1 Alkydfacmylic
{2-EH&, 540 polyisobuty e ne

T-WE-4 ... ... Taner BLEWD: Ar—ylic (MM, BA]LS
Linszed il

T-WB-5.. ... ... laner BLEMD: W/R Alkyd/Acrylic
(MM, BA) Linzeed ol

TWEB-B........ I nne WAR Alkwed

T-WR-F . ....... Toner
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Systern Retall SelHng

Base YK (/L) Silllds Witk Priee U5 3 /Gal
Solvent-hased o0 7 10
Falvent-hazed G007 5 11
Salvent-hased il 30 10
Watarbarne 240 [ 13
Watarbone 350 1f in
Solvent-hased GE0 EE] id
Waterborme 25l 1H 12
Weterharne 200 21 17
Waterborne 250 33 20
Wale-barne L] 20 3E
‘Watarbiorne BE{ £ 18
Waleakorne 300 11 20
Waterzome 230 27 20
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recjuires minimal wasling of the deck with commaon
cotnmercial products designed [or this purpese.

As nrenttoned abwe, thete s a wide v r1:11}i'|1'11.-' m
the commercial coatings sold for wood decking appli-
cation. Tafe 3 provides a listing of vatious commercial
products {listed generically), along with generic poly-
mer composition, volalile organic compound [VOC)
lewel, solids content, and retail selling price.

The function of water repellent coatings is @ provide
long-term prolection 1o exterior wood substrates that
are suhjected o envircnmentul conditions, As such, the
desired pecformance traits are ease of applicalion and
clean-up, water repellency, TV resistance, and re-coat-
ability. These attibutes can be assessed and described
it g number of ways, which will be discussed later in
this article. Another comsideration is the VOO level of
these coatings, Table 3 indicaies a range of VO for
these produets from 230 o 600 /L. O coumse, VOO
regulalions vary throughout the United States. The
most stringend regulations typically are set by the South
Coast At Omality Management. Istrict (SCAQMD)
witlin Califormin, SCAQMD rule 1103 for Architecnral
Coatings currently bas o VOO limit for waterprooling
sealers at = 250 g/ 'Lhis limil is schedhuled to be re-
duced to = 100 g/T. effective July 1, 2006. Ooly live of
the 13 commercial prowdacis listed on Table 3 have a

Technology Today

YOO of 230 g/L and none of the products has a VOO
near 100 g/ T. The reduction from 250 ¢/ 10 100 g1 s
a dramatic decrease. 'The limit of 100 g/L almos. as-
suredly dictates the use of waterbome technology for
this application.

Although polvimer systeens used in water repellent
wood coating applications tradidonally have been
lised] on alloyd andfor aoylic chemistry, vinyl acetate
atrd vinyl chloride Trsed copolymers have been making
strides in exterior applications ® References 4, 5, and &
describe basics of vinyl acetate and vinyl chlorde
copolymers used in coatings. Vinyl acetate coprolymers
also offer the promise of low-VOUC formulations. Vinyl
acetate can be copolymerized with ethylene to form
[rlymers with a T, far below room temperalure. Vinyl
acetate copolymers also can hydvoplasticize. These al
tributes allow coatings with these polvmers to have a
relatively low minimum film-torming Lemperature with
relalively low organic solvent content and Vs

Lhe objective ol this effor was to evaluate water-
home vinyl acetate and vinyl chloride-Tased copoly-
mers, speciically vinyl acetate-cthiylene (YAEY copoly-
mers and ethylene-viony] chloricde (EVCI), for use in
water repellent coatings for exterior wood applications,
Although the foeus of this work has been on wond
declang, In many cases similar charactetistics and per-



Eniulskon Folymer A, Part, Size
Desighation Type® pH [mricroneh
VARG o WAE 4.5-5.5 .50
WAE-2 .. e NAE 5.0-6.0 17
VAE-Z .. eeen AR 5.0-6.5 017
WAL o MAE G.0-8.40 .40
YAE-5 e WAE £.0-5.40 023
YAE-B ... ... MAE 4£.0-6.0 0Bt
B SO N /| 4.0-6.0 0.14
LT N | .1 4.01-6.0 1.06
WYEE) comornoonooctemdtaseos WAE 5.0-5.0

VAE-10. v snisiane WAE £.0-6.0 0.24
VAE-11. v sennicenienns WhE %.0-4,0 0.21
WAE-12.. WAE 4.0-5.0} 0.24
WAE-13.... WAE 4. 0-5.0 0.34
WRE-14.,.. VaE 4. 0-.0 k32
VAE-15.. WVE 4,050 1.6
WAE-16.... UAE 4.0-5.0 1.495
WiE-1T .. VAE 4.0-6.0 027
VAE-18.... VAE 4.0-8.0 010
Wa-1.. v 4.0-3,0 n.3o
VA2 .. Wi 4.0-6.0 0.30
B PSP, 1 T.5-8.% 0.10
. | [.5~7.5 006
(101 1 OO - | | T0-0.0 .12
[T -4 4 T.0-0.0 052
EWCL 3LV 7.0-9.0 0,11
VR o samaiiteagam EWEL 4£.0-5.0 o

Table 4—waterborne Folymer Emulsions Evaluated

Stabilization WFFT °C T, °C
Surfaclant and callaid 0.0 4
Surfactant 0.0 ]
Jurfactant 0.0 ]
Surtactant and colloid 2.0 6 and 45
Surfactant 20 12
Sufactant iy -29
Sufactant 0.0 -0
Sifactant .0 )
Surfactant and collnid 0. -3g
Surfartanc 0. -2
Surfactant hKi1] =30
Surfaclanl 0.0 -25
SurTactanL 16.0 -8
Surfactant 14.0 -24
Surfactant 0.0 32
Surfactant — ~E
Surtactant 0.0 -1
Surfactant 0 5
Sotfactant and colioid 6.0 13
Colloid 3.0 0
Hon-wonic 120 k]
Surfactant 1.0 i
Surfactant 4.0 3
Sutactant 14.0 12
Surfaczant G000 29
Sufarta-t P 7

[z WAL wird aresie ethylenr coaalymer; Vo vinl wcabata-zendic capalymer: S sorane-acnedc copclame: BYCL ellpbos-vingl calside copalsmer,

formance are desired for other wood siructures such as
wiroil sicling, sheds, fendng, and dodks,

EXPERIMENTAL

The aljectlive of this praject was to assess the appli-
cability of waterborne vinyl acetate and vinyl chloride-
based copolymers for use in water repellent coatings.,
Considering polymer compasitional and processing
parameter latitude, there is 4 wide spectrum ol polen-
tinl properties that can be obtained with these copaly-
mers. Inorder o thoroughly investigate this range of
materials, this eftort was completed in four phases,
with euch phase nawowing the fleld of attvactive candi-
dates while exploring mare deeply the propetties and
performance that these matetials might conuibute.
Table 4 lists the polymer emulsions and associated
properties that were Investigated during this shudy. "The
tonnulations evolved through each of the phases and
will T cdescrilied in the Besulis and THsoussion section
as they are presented. The test procedures followed are
described below.

Water Rapellency Efficiency (WRE)

Coatings were evaluated [or WRE according o
ASTM D 3401 The coalngs were applied to Southern

42 March 2008

Yellow Mine wood Dlocks by immersing the blocks in
the coating lor 30 seconds. Coatings were then placed
on a Tedlar sheet and allowed to dry ar 21°C and 50¢
relative humidity for seven days. After drving. the coat-
ings were immersed in deionized water for 30 minues.
Both coated and uncoated [bave, conmol} wood blodss
wete tested. WRE was calonlaled as:

WRE - 100[{A-F) - [C-TW{A-B) where
A = weighl of the uncoated specimen afler waler
Contact
E - wrright of the uncoated specamen before water
COmEAch )
C = weight of the coated specimen after water con-
tact
L3 =weighl of the coated specimen helors water
contact
Tive replicates of each coating were evaluated. Tt
should be noted that higher numbers indicaie heter
waler repellency. Twither details can be found in ref-
eTENCE 7,

Water Spot Test

A water spod Lest was perlormed aceording o ARTM
methed I 1308, The coatings were applied 1o 2lass
Haies and wllowed (o dry at 21°C and 509 telative hu-

fCT Coatings Tech



midity for 24 hours prior to testing. A drop of deion-
ized water was placed on the coating surface and cov-
ered with a watch glass. After one hour exposure, the
coating was inspected for color/haze change, blistering,
softening, and swelling. The following rating system
was used to record the observed effect:

Ratings: dissolved/swell = 3; blisters = 1;
white/soft = 0.5; hazy = 0.25; no effect = 0

Weathering Evaluations

Coatings were evaluated for weather resistance using
QUV-A and Weather-Ometer accelerated weathering
chambers. They also were evaluated in exterior expo-
sures. Coatings were applied liberally (two coats, wet
on wet) to the front face of cedar siding planks using a
nylon polyester bristle brush at room temperature. The
applied coatings were evaluated visually for appearance
during application and after drying. Coatings were
dried at room temperature for seven days prior to expo-
sure. The QUV-A exposure was conducted according to
ASTM G 154 with the following parameters: QUV-A
bulb with irradiance of 0.89 watts/sq m/nm at 340 nm;
exposure cycle of 8 hr UV at 60°C black panel temper-
ature; 0.25 hr water spray (no light); 3.75 hr of con-
densation at 50°C black panel tem-
perature.

Xenon Arc Weather-Ometer was
performed according to ASTM G
155—Appendix X3, cycle 1. The expo-
sure cycle consisted of 102 minutes
dry (no water spray) with black panel
temperature of 63°C, xenon arc bulb
of 0.35 watts/sq m at 340 nm, fol-
lowed by a spray cycle of 18 minutes.

During the QUV-A and xenon arc
accelerated exposure evaluations,
specimens were removed on a weekly
basis and evaluated for water beading,
color change, and wood degradation
according to the procedures and rat-
ing systems described below.

Exterior exposure of coated and un-
coated wood specimens was con-
ducted in Allentown, PA, for one year
(September 2004-September 2005).
The exposures were conducted on
cedar siding planks as noted above,
and also on ACQ pressure treated
decking boards. Cedar specimens
were exposed at a 45° angle facing
south. The pressure treated boards
were prepared by first weathering un-
coated, as purchased, horizontally for
six months. Coatings were then ap-

www.coatingstech.org
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plied as described previously. The coated pressure
treated decking boards were exposed horizontally.
Specimens were examined every three months by evalu-
ating water beading, color change, and wood degrada-
tion according to the methods described below. Four
specimens of each coating on both substrates were ex-
posed and the results are reported as an average of rat-
ings for the four specimens.

Water Beading

In order to assess the water beading efficiency of the
coatings throughout the exposures, a water beading test
was performed according to ASTM D 2921. The test was
performed by liberally spraying tap water on the wood
surface using a standard hand pump sprayer. Water on
the surface was evaluated for beading according to a
relative scale of O (worst) to 5 (best), where a rating of
0 indicated complete wetting and penetrating of water
into the wood and a rating of 5 represented water
droplets of high contact angle on the wood surface.
Water beading evaluations were performed prior to ex-
posure and then weekly throughout the duration of the
exposures in QUV-A and Weather-Ometer. They were
performed on a three-month interval through the dura-
tion of the exterior exposures.
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Table 5—water Repellency Efficiency
Resulls from Phase 1

Water Repel ey
EEficlency ()
Emylsion ASTM D R
L o e M P ey 4%
L e e e 26
AR e e e I e el 38
L e L S X
VAED . . e £
PARBE R e o e ¥
ULalB0] 5 oF b oo oo 0 oo SO S e oy 52
] S e i £7
SIS bd Pt Rt e 2 4y bk e A e 3z
VARSI e e e S e &3
VAL L et e L 27
AEGTa T e e 13
e R s s e e 3
AR T e S R R i
VAE-1% ]
VAES] 5 AP P BT LT ECR i1
VAR Al D I e k1
VREIES b e mmiesm e e e T3]
L e e = R S = e e v v e 25
Voo L D e 33
L e e 46
A e o s R s i 25
EWCl-1 79
EWCL-2 18
e 17
BVEL-4 s s b it n i, e = e o e e s o 55

Appearance, Color Change, and Wood Degradation

Accelerated and exterior SXPOSUIE Specimens were
evaluated using a relative visnal comparison for celor
change and damage of both wouod and coating. Note
was taken of the integrity of the wood —most specifi-
cally (o warping and/or cracking, Ratings ranged from

Table 6—wiater Spot Test fram Emulsions

Evaluated in Phase ;

Watar Spok Test (1 by

Emulsion _ ASTM O 1308
VAR s .25
ZE) e o i GO A .85
e i S S 1.0
WALEESna i aeaTugeigaer s L 25
LT E D i iy [T e 300
WAE-T .56
'u'F'.E-E!......._..........._.__.......A.UD
e e Rl S B .50
T e e 2 b ann
A E] Sl S e e RS 3,00
o e e o i s S e s 050
VAR g e o L - s T i 025
RIS SR e e .50
VA2 L e .25
R S .00
L 1.00

Bakings: sivscived ol - 20 Blistes - whibefott Ateg hary = 0,55
[T T
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(extremie color change andfor damage) 5 (no color
change or damage]. This assessoient was performed
prior ta exposwre and (hen weekly during the exposure
in GUV-A and Weather-Omeler: they were performed
every three roonths on the exterior CXPOSULE specimiens.

RESULTS AND DISCUSSION

As mentioned previously, the objective of this waorl
wias L0 assess the potential for walethomne vinyl acetale
and vinyl chlorideTrased polymers in witler repellent
coalings. The effort was petfarmed in four Phases, start-
ing with a braad spectrum of emulsions in Phase 1.
Rach subsequent pluse was designed o more speciti-
cally identify the most pramiising polvmer sysiems and
explore Lheir properties and perfonmiance in wood coal.
ing applications.

Phase 1: Screem'ni‘ of Emuisions Using Water
Repeliency Efficiency

Phise 1 was a screening phase intended 1o aNGeNs A
wide range ol materials. In order 1o accomplish this, a
varety of waterborne vinyl acetate apd vinyl chloride-
Batsed] polymer emulsions (Tl 4} were evaled in
coalings applied to wood for their ability to resist water
penetration. In this phase, the neat, as-received poly-
roer enulsions were tested. Witer Repellency Eficiency
(WRL) is ane of the critical Properties recognized by
wood coating experts for perfonnance of wateT epel-
lent coatings; therefore, WRL was ome of the main Tite-
nia for evalualing the potential ol emulsions to pertorm
in this application. WRE results for this ithase are listed
In lable 5. WRE results varied over a wide rangs, lrom
17% {poor) o 62% {good). In COMPATISON, ANy com-
mercial water repellent coatings have WRE values above
GO%. However, it must be recognized that formulaiing
additives, such us hydrophobes {e.2., waxes, silicones)
can Jramatically improve WRE pedormance amnl these
commercial products have been frmulated and M-
mized specifically 1o perform well in (hix particalar test.
Neat polymer emulsions with WRE values greater than
40% in this phase were considered jrromising candi-
dates as polymer svsierns in water repellent coatings.
Generally, emulsions with a WRE Tess than 40% were
deemed poor and were discontinued (rom the study.

Assessing these results compared o the polymer
properties listed in Lable 4, there are no clear, definitive
correlations. However, there are indications of some
general trends, Lmulsions with non-tonic surfactants
generally appear to perform beuter. This would SERTT
reasonable considering that anionic based surfactants
gemerally are more hydraphilic and could lead ter water
sensiliviy. Also, it apprars that lower minimu tilm-
forming temperalure {MFFT) is beneficial, which also
seens logical due to better particle coalescence Evern il
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solved, indicating poor early warter resistance, These
1 f emulsions were deemed not promising for 1he waler re-
During Phase 2 pellent applicaiion and were discontinued from the

Table 7—Formulation Evaluated in QUV-A

Ingradiant Supplier Parts by Welght sludy [Le, YAE-6, VAE-8, VAE-14, and Y¥al-15],
A g es o ona SOTNETIS Were
Emulsian e ATt ey e e 48 L:L)U\ A Exposures of oo ted CEdEEII SpECIMEnS were
) perfomned by including the emulsions in a very basic

Waer Adoed to obtain 200 )

coaling fonmula conlaining co-selvent, surfactant, and

solids by wwdghe L _ - : )
water to dilute all the coatings i 20 wt% salids (a typi-

Texanol™ Eastman ¢ ! .
o T - cal solids content for water repelient coating formula-
Surfno TG Adr Produocls and Chemicals 1 . . ) .
tioms). dable 7 lists the hasic formula vsed for all emul-
slons. Table & illusteates the QUV-A weekly exposure
these coatings penetrate into the wood substate as op- evaluations and a cumulative wotal [rom these weekly
posed to film-form on the surface, particle coalescence assessments. The cesulls in Lable § have been sored
will Tea] Lo imiproved coating imegrity and better water trom best (o worst, based on the cumulalive tatal per-
repellency. Also, molecular weight and marphology of lurmance, Weekly appearance ratings of ¢ or 1 indicate
emulsion polymenzed polymers are affectecd xubstan- stubstantial coating failure and/or wood deterioradon,
tially by polymetization pracessing pacameters—their Water beading values of 0 or 1 indicate complete wet-
properdes also cam vary dramatically. This also may ting and possibly absorpuion of water into the woeod
plav a role in the water repellency properties thal are substate, Tn many cases it became obvious (that per-
exhibited by these emulsion polymers. Furthermore, formance was detedorating over the exposure time and
the inherent hydrophobicity of ethylene may lead 1o by week 5 several of the coating systems were perform-
better performance for polymer systems which incorpo- ing pootly. The 1ol assessment values range from 15
rate ethylene. {poov) to 28 {good). Based on these results, coatings
with 1 total assessment of less that 25 were considersd
Phase 2: Further Screening of Emulsions Using poor candidates and were dropped from consideration
Water Spot Test and QUV-A Exposure upon maving into Phase 3 (ie, VAE 3, VAL-5, VAE-G,

In Phase 2. the emulsions that were deemed promis- and ¥A-2).

ing from Phase 1 were evaluated using ihe carly water

spat lest and QUIY-A exposure; again, on near emul- Phase 3: Screening of Toner Formulations Using

: . RE and QUV-A
sions, Tahle & illustates that early water spol st results A
range [from O (excellent) 1 3 {poor). Lmulsions with Fonalsions that remained in considerarion at this
walel spot test resully grealer than 1.0 swelled or dis- paint and were advanced inte Fhase 3 included: VAE-1,

Table 8—uw ood/Ceating Appearance and Waler Beading Results through QUY-A Exposure in

Fhasze 2

1 Wask 2 Weeks 3 Weeks 4 Woeks 5 Weaks
Emulsion App.* Bpzd B App. Bead. Aap. Bead, Aop Baad App. Bead Tistal
L. [ T 4 & 3 1) 3 4 k) 3 4 38
VAE-14 oA 4 4 & 4 4 b 4 2 4 E]
VAE-B et & & 4 3 ] 1 1 3 4 35
LT . 4 3 H E L] 3 3 1 i 2 i
SA-1 e 4 & 2 4 2 & 3 3 1 31
WEF-T i 3 4 3 q ¢ 4 1 3 2 a0
WA T e 4 3 & 3 4 1 4 1 d ]
YAE-18 e 5 3 4 3 3 3 1 4 1 3 -0
=41 B - SR 1 3 4 E| 4 2 4 i 3 2 30
VAE-T& B 2 4 B Z 3 I ) 2 3 2%
VAE-1B e B 3 3 4 El 4 g E 1 3 24
L = . 3 3 3 3 2 3 2 7 4 3 25
a 4 k1 2 2 2 2 2 1 23
7 3 2 3 b4 3 1 3 a 23
z2 3 3 z 2 1 2 ] b 22
1 4 1 2 0 1 0 2 i} 15

i=h huedrd e ctiags Katicgs mrgec om0 dexliene wfar change andnr camayel Lo 5 [N calnr char gz o- damage).
1hy taree keadtag Abirg: W speyed ane e acce 9. hee wan saliad 1 beading oearcing g elale iz 2o 0 St 2 4 Chest reciny ul 0 adicated comngte wrtag ad pene-
tez=ng nf waser inie Ll sl and a ati~g of 5 rpensenaed mater druplels 61 lgk conaet arg.e o L waod 8-faze.
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in gredient Supphier
Emuesion &ir Products and Chemicals
Water

Micheluba® 743 wax emulsion iichelmwn

Dow Corning® 2-80%4 silicone cmuolsfen Deaw

Sirfyral® TG surfactand At Products and Chemicals
Finuvin® 5054 {HALS /Lva) {iba

Polyphase® P-2a7
Trans-oxida yellov 243

Ty Chemical
Hilkon-Dayis

YAL-4, VAE-7, VAE-10, VAF-16, VAR-17, WAE-18, SA-1,
and EVC1-4, However, VAE-T and VAF-17 are relatively
sirnilar in composition and basic emulsion properties,
50 therefore YAF-7 also was discontinued. To further
the study and refine the formulations, the enylsions
slill considered promising were evaluated in a simplis-
tic Lloner formulation containing wax emulsion, silicone
emulsion, surfactant, hindered amine lisht stabilizer
[HALS), LIV absorher (L'VA), biocide with co-solvent,
and trans-iton oxide pigment dispersion (the general
tormula is presented in Table 9). WRE values for these
toner formulations and seme commercial waier repel-
lent coatings (noted in Tuble 3) are presented in fable
10. WRE values for the lomer farmmulated emulsions
range from 44% o 55%. 11 is interesting 1o hote that
about only half of the emulsions improve in WRE in
the toner formulation compared to the coinciding un-
formulated emulsions as reported in Phase 1 {Tuble 5).
As might be expected, the cause for improvements may
be explained by incorporation of the wax and silicone
hydrophobes in the toner formulations. The cause for
rechuction in WRL values wilh some Loner formulations
is no clear but may be due to some incompatibility be-
tween ingredients, evpecially between polymer emul-
sion and hyilrophobe. Although incompatibility was
not clearly observed in the toner formulations, there
may be some subltle incompatibililies that exist and are
evem more prevalent after application and diving of the
coating. Nonetheless, as noted, several loner formuda-
tions had promising WEL results {i.e., VAL-1, VAE-10,
VAE-17, VAE-13, and FVCL-4).

Table 10 also lists WRE resulis for commercial water
repellent coatings and these results range lrom 11 to
5%, Generally, these WRL values are higher than those
abtained for the toner formulaled emulsions in this
study. However, it must be noted that the toner formu-
lation evaluated is 4 general formulation and not
specifically optimized for any of the emulsions. It is
highly suspected that noticeable impravements in WRL
cin be obtained by selecting additves and concentra-
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Tahle 9-—Generat Toner Formulation Evaluated During Phase 3

tioms with specific consid-
eration of the emulsion
products in this study. In
addition, and as will be-
4B comne evident, WHE 1y
Added Le obtain 2o only an indication ol -
selids by weight tential performamce in wa-

Parts by Weight

15 ler repelient coating appli-
1.0 catioms, True performance
1.0 is indicated Iy actual exie-
15 ror exposures, which

o5 were perlimmed in Phase

1 of this study and are
repotted and discussed
el o

QUIV-A exposures [or the toner formulations om
cedar planks alsir were performed in Phase 3 and (hese
resulls are reported in Table 11, on s weekly hasis and a
mimulative total. Also included ave results from three
comnmercial products. Performance of same coatings
decreased slighlly over e exposUie pericd, Twt in
many cases performance remained relatively constant,
These QUY-A results, in comparison to those of the un-
tornmufared emulyions (Table 8], indicate an improwve.
ment in pedformance, which would be expecies from
mcotporaling formulating addiives. Figue 1 illusirates
a conmparison of QUIV-A todal ratings at [ive weeks [or
dlear {IMiase 2) versus toner (Phase 3] farmulations.
Again, in most cases performance of wner farmulations
imrroved over that of clear formulations with the same
ermulsinn.

1.2

Table 10—water Repellency Efficiency

Results on Toner Farmulations and
Commercial Products from Phase 3

Water Repedlercy

Efficiency ()
Tarey¥ ASTHM D Bl
T e T 62
UL b 0.0 0 B0 B B 4 ferh Peer e S e A D o S i
MAE-10 v e s e ol
WIS oo oo ma o omdat oo 8 3 saes Sob s 4 Nat testad
IFITA B 0 & A oot AIS e S G T P o o e o a7
WAE-1B .o e e 54
BA] L R e e v et e et e e o 45
3110 S A G ¢ e S &5
C-8B-1 ot e e e
o2 e, ar
L B T T - T BS
CWE-L . . 11
Lt P e e B U A o s S #h
- R a4
T-WB-2 . i e e a5
T-WB-3 e Q&
T-WE-A4 oo o i e e, G2
T -5 e e e e T2
L1 ]
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Table 11—Wood/Coating Appearance and Water Beading Results thiough QUY-A Exposure of
Toner Formulations and Selected Commercial Products in Phase 3

1 Week 7 Waeks 3 Weeks 4 Weeks 5 Waeks
Toaer App.* Bead.® App. Bead App. Baad. App. Beed, App. Bead. Total
VAE-1T 3 & 4 5 4 “ 3 i 4 &l
VAE-15 e 3 4 4 A 4 4 4 4 39
EVCL e 5 kY 4 4 4 4 3 4 4 39
WAE 1l L3 E 4 4 5 4 & 2 & 3 33
WAHE-4 ., 2] 4 3 & 4 4 4 3 4 4 a?
WAE-10.... A 3 k| 4 il 4 4 4 4 4 i
T-3B f.. e 4 4 4 4 4 - 3 4 2 ER
WAE-LE . fE 3 3 4 4 4 4 3 4 & 36
I-WB-a, - & 3 2 4 2 4 1 4 1 24
LS U 3 3 2 4 3 4 1 A 1 28
T-WH e z E 1 3 0 3 0 3 0 1%

(A1 Rapezdane sativg: RAaHres anges oo O etreme soan Clange andar camage] b 5 (e cale wliar g2 o damagr).
(ki weter beadiin, valing: Waker svmed oalo Uik wind sicfiee w5 2vabiated To- headie 3 ceroiing b 3 -elalive scale Frm G (mcrzt) ta 3 fomli: o -aticg oF 1l irclegd complete wrthing arc peea-
ddliry w7 wakaricrts e g <o ¢ rating oF 3 repraz2aled water deaplets of Fiagh conlac. anyle e e wand syrface,

QUv-Adtonal performance values tor the formulated Phase 4: Final Evaluations in QUV-A,
etnuilsions ranged from 24 1o 44, while the commercial Weather-Ometer, and Exterior Exposires
products were 1%, 29, and 37, respectively. It should he
noted U a perfect rating over this period would be
3. In comparison, the emulsion toner formulations
perfommed comparably well versus the commercial
products and in sonie casex even ouperfirmed those
products, which also are toners. Fyen so. it must be re-
emphasized that these toner formulations were nal op-
timized as are the commercial products. Although
somewhal preliminary, these results certainly #re an in-
dication that some of rhese emulsions can perform well
in water repellent coating lormulations and applica-
tions, offering performance equal ar superior 1o com-
mercial produdcts.

The final assessment of the preferred emulsions in
thix effort was an extended evaluaton of weathering
petlormance, While not oprimized, the toner formula-
uons were reflined slightly from Phase 3 to Improve
compatibility. These formulations are presented in Table
12 Several exposwre suudies were petlormed on these
formulaticing, as well as a number of commercial water
repellent coatings. These evaluations were performed ly
exposures of coated cedar planls in QUV-A and Xenon
Arc Weather-Ometer, as well ax exterior exposure of
cedar planks {south 45°) and pre-weathered ACCY deck-
ing bounds (horzontaly in Allentown, 124, from
September 2004 1o September 2005, Weekly appear-

Agiensing WRL and QUV-A perfonmance in Phase 3, ince and warer beading ratings [or the acreterated ex-
VAL-1 had the lowest WRL result (44%0) ard 8A-1 had
pevrr WRE {45%) andd QUY-A performance (28); there- —
lore, these two emulsions were discontinued from the
study. VAL-16 had relatively good performance in QUYv- Figure 1—Comparison of QUV-A perlormance over five weeks of clear
Ain Phase 3. Llowever, this emulsion has a relatively {Phase 2} wersus Loner {Phase 3% formulations.
large avernge particle sive {two microns) and it is be-
lieved thal a larger particle sivze will prohiliit penetra-
ton of the coating into the wooed * As mentoned in
the [ntreduciion, penelraling coatings nommally per-
form better and are preferved over film-forming coat-
ings that reside on the wood subswate. Therefore, VAE-
16 was eliminated from consideration as well.
Considering the remaining VAL enmnlsions {Le., VAE-L,
WAL VAE-17, and YAF-18), VAL-10 is similar in a

45

£ Cear (Fhasa 2)
B Toner (Phere 5

40

mumnber of respecs to VAL 17, Tn order o ondnimize the 157
number of emulsions evaluated in the final phase of 10
the elfory, VAE-10 was eliminated [oe this reason. 5

Therefore, emulsions which performmed well, and were
reasonibly different while having a relatively small par- 0=
ticle size, were further evaluared in Phase 4. Those

emulsions were: VAF-1, VAL-17, VAE-18, and Fv(l-4,

QUY-A Total Rating after 5 Weeks
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Figﬁre £—UCedar plank specimens after five weels exposure in GUY-A,

QUV-A Exposure:
Cedar Siding Boards 840 hr

Table 12—Toner Formulations Evaluated

in Fhase 4

Tener Formulatians {pph)

YAE-1 YAF-17 VAE-18 BVl
Watel o e 1,08 q0.55 5740 58,54
Y T OO 1 1 3¢.03 34.08 EEFIE
Micham® 723% . _.................1.56 T 11z 1.56

Dow Carming™ 2-0054b..,
Susfural® TG e,
Trass-eaide ol
Trans-gxite red®,
Tinuein® 5030° ..

W10 — == 1.0
100 1.00 1.00 1,00
..1.om 1.00 1.00 1.00
-G8 .44 410 0.£0
S0 2,454 0,50 0.50

Palyphaze™ P-20T9 . vcsvareen . 2050 2.0 260 2,60
Tubals oo 200000 100,00 100,002 100,00
WL solids oo ED) 0 20 20
Vol 50lids. e e 17 19 1% 17
L T OO 111 111 121

[al Michelmzr (e} Hilzon-Dawvis
(b} Daw of1 Tba

to) &ir Prodacts aad Chemicals, Inc. ic) Troy Chemical
dy Hltor - Javis

Figure 3—Cedas plank specmens after fve weeks exposure 0 QUY-A
wilh waler spray to evaluale waler beading,

GUV-A, 840 hr, Cedar Boards
Water Beading Evaluation

48 March 2006

posures ind three mondth resulls foc the exierior expeo-
sures are presented in Takles 15-16. Lhe tabulaled resulis
hawve been soted fromm best to worst based on the total
perfuETma e Tiling,

The: resulls for the Phase 4 QUY-A perlormance [or
ile formulated and commercial products are presented
in Tke 13, These exposures were extended from the
five weel duration fllowed in previows phases Lo six
weeks due to improved performance, The ratings indi-
cate that performance in QUV-A generally degrades
arouncl weels 5 and 6. Noanetheless, performance even
al week 4 iz sill fairly good for many coalings, espe-
cially with appearance ratings of 4 and some water
beading The total performance ratings for the four for-
minlated emulsions ranged from 43 o 47, while the
eight commercial products evaluated had pedormance
ratings from 21 to 48, Only one of the commerdal
provlucts, W43, had a higher radog than the formo-
lated emulsions. dMany commercial products displayed
QUV-A performance much wiorse than the formualated
emmulsions. Fimae 2 ilustrales the appearance of '1-505-1
and C-58-3 compared to the VAL-17 formulated toner
after five weeks of exposure. Note that the strip on the
left gide ol ench specimen was nol exposed 1o 1Y Lhis
pholo cleady illustrates the severe fading of C-85-3 on
the exposed area. The results in Table 13 indicate this
fading ocenrrad during weeks 1-3. However, (G-5B-3 s a
clear [inish and, as discussed In the Introduction, clear
finishes typically do not perform as well as finishes
with more pHgmentation, such as woers. The pholo
alzo illustrates that T-5E-1 and the VAL-17 toner have
wvery good appearance with minimal color change [(ap-
pearance ralings ol 4 ag reflecied in dable 13).

Figue 3 Is a photograph of the same specimens as in
Ligure 2, but taken after water spray on the swface for
water beading evaluadion. The specimens have a diflfer-
ent color appearance due to the photograph being
taken at a diffexent time and with different exposure
setrings. Monetheless, the alactive appearance of the
1-58-1 and VAL-17 specimens 1s still obvious. It alsa is
apparent that speamens coaled with T-58-1 and €-58-3
had poor water beading and, in [acl, waler had ab-
sorbed into the wood, In contrast, the spedmen with
the VAE-17 toner exhiliited good water heading,
Therefore, these QUY-A exposure resulls conlinue to
contirm the excellent performance of the four eoul-
sioms uniler evalition.

Rewulls for the Xenon Arc Weather-Chneler exposures
are presented in Tilde 14, As the results illustrate, per-
formance for many o the coatings (Yot appearince
and warer beading) noticeably declined between weeks
1 and 5 and therefore the exprmune was congluded at
five weeks. Towal performance radngs for the fowr emul-
sions ranged from 25 to 34, with the best perfomer be-
ing FVCL-4 In comnparison, perlormance of the oo
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Tahle 13—Wood/Coating Appearance and Water Beading Results thraugh QUY-A Exposure of

Taner Formulations and Selected Commerciat Products on Cedar Planks in Phase 4

QLUY-A 1 Week 2 Weeks 3 ‘Weeks 4§ Weeks 5 Weks B Weeks

Cegdar Planks App.t Bead? App. Bead ARp. Bead App Bead App Begd Mg Bead Total
TWB-3..i 5 5 [ b 3 5 3 4 3 4 v 48
LY S 5 & 5 4 o} 3 =} 3 % 3 & g &7
YAE-17 cevesiiniienn q 3 5 4 5 3 5 3 i 3 & 2 &6
DL oo A = 4 5 K| 3 3 & 2 i z 4
WMAE-1. i S 4 A & 5 3 5 3 & 1 4 2 45
TE-7 cevieriisirmann 4 5 4 5 3 4 3 & 2 4 2 i a4
T S 4 4 4 4 3 4 2 4 2 4 2 &1
|-WE-a 4 5 2 5 1 b 2 4 2 4 1 &1
T-WEB-5... 3 & 1 3 z 3 ? 3 1 3 0 31
C-WEB-2... b El 4 2 2 2 £ 1 2 1 ¢ el
T-WE-4 ... 3 5 3 3 0 3 a 3 i} 3 0 25
ST L 3 2 3 1 2 1 1 1 2 1 1 ¥1

(ad Apdeagney aling: Falings vanged om0 Qesoceme cobes o coige 2o damage) Ly 5w cen dhai e o damzsyy;,
(E] Wamar wmaring rzTag: Watar spraged Ot Tie wood aace wid evalialed 1o sesdlee aczoqd an ta s relatlve szale fram 3 Feorsty to S db=st A ratles of D ncica e complele selbing g per e
Tating £ wats-irte o wied araa ri=ng af G represedan wamer areoets AF hegh ceotsct angle ee e woad sorfaes.

mercial prodiues Tanged from 4 1o 35, Several observa- The 12-month exposure resulls on cedar planls are
Uons are clear Failures ol coalings ocoonrred muore cap- prosented In Table 15, Again, there is a clear reduclion
idly in the Weather-Cmeter than in the QUY-A expo- in performance for many of the coatings towards the
sures. Although there is not a direct corvelation of end of the exposure period, between 9 and 12 monthes,
perfommance between these Lwo exposures, There are and this was the reason tor suspending the exposure.
trends. Better performers in QUV-A generally are also The formulated tuners had total ratings of: 27.5 for
betler performers in Weather-Ometer, Poorer perform- VAL-1 and ¥AL-17, 19 far YAB-18, and 17.5 for V-4,
ers in QUY-A are clearly poorer performers in Wealher- The commercial products ranged from 4.5 w0 29.5 i
Ometer. There was a significant distinction of Lhe bot- performance, with four of the products having a rating
torn (ot performers, which are all commerdal af 18 or less. Again, there s nol a delinitive comelalion
oraducts, in Wealher-Omeler versus the remaining between these exposure results and these from QUY-A
coatings. In comparison. the experimental emulsions and Weather-Ometer, except that generally better per-
Gired well, especially FVCL-4 versus the commercial [owmers (alr well in all three exposures and poorer per-
products in the Wealier-Chmeter exposare, colinuing formers ave clearly consistently poor. Again. pertorin-
to inchicate the contribution these products can malke in ance ol the Woners focouled Mot the waterthbome
Lhis apprlication. polvimers faired well wersus that of the commerciil

Table 14—wood/Cnaling Appearance ant Water Beading Results through Xenon Arc Weather-

Ometen Eaposire of Toner Formulations and Selected Commercral Products on Cedar Planks in Phase

Weathes-Ometar 1 Wesk 2 Waeks 3 Warks 4 Waeks 5 Weeks

Cedat Planks App.t Baad® App. Bead App. Baad BER. Bead Apn. Bead Total
T-5B-1.erienicaiiinnia k| S E q 3 i} E| =} 3 2 37
CVLL-4 3 B &4 4 3 4 3 3 1 k] 15
|-WH-6 .S g L 5 4 4 i 2 ? ] 38
TWE-3 it L 4 4 3 4 3 3 3 1 34
T-WE-F reerievmsrieree 3 L) £ 5 2 R 2 =} 1 3 23
VAE 1 iciiinne = =) 4 3 El 3 3 1} 1 i ™
VAE-17 2 4 2 3 3 H ? 1 { 25
LT T R Z 4 3 3 3 i 0 1 a 24
C-WB-2 iiianine il b a A o ? H 1 It a 13
T-WB-5 i Kl 1 1 1 | 5 1 a 1 H Q
T-WB-& .. .._B 1 2 0 1 [ 1 1] 1 1 &
C-SB-3 D 1 i 1 il 1 i I [ n 4

7% BpEEArz atE faT ) Kakingz g Tam 0 feelimile coon Chanue gl m wetigge] WS (oo ola 215 e o danlane].
[y “Water kcadiag |kirg: weter sproued anke the ance 9 ~are was a@allated Far Bead g cocarting & a wla—wr sez o om0 fwnms) be 6 Chest], a rag af 0 oadicstad cempele wellic 1299 2ene-
Lz w ol vee e oz Lhe s and g -alin o of 5 owpresented matzr deaplets of sigh cantact arc = o7t wand o cfoe,
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Table 15—00 ating Appearance and Water Beading Results through Exterior Exposures af

Allentown, PA, September 2004-September 2005 Exposure of Toner Formulations and Selected
{ommercial Products on Cedar Planks i Phase 4

Tast Fence ($5°5) 3 Months & Manthe 9 Manthg 12 Manths

Cedar Planks App.* Begdh App. Bead App. Bead App. Bead Tatal
T-5B-1 1 veiicaiie e b 3.5 4 3 & & F4 3 295
T-%E-3 A0 3 4 3 5 £ a 285
T-WE-6 5 4.5 4 £ 4 E 3 1 B85
WEE-1 ciieiicanicsc e e s b 5 E] 5 3 A i o 275
WARE-17.... £ +.5 B 5 3 4 3 [ £7.5
T-WiB-7 4.5 L 4 o 3 1] & 2.5
WRE-18. i e e eey 3 3 1 3 1 3 il 1%
EWCl- e 4.5 z 3 2 1 1 il 145
£-5B-3 .. E| 0 3 ] 3 0 1] 1o
CHR-2 e 3 K 3 n 3 il i 1w
|1 T 1 1 1] 1 il 1 a 3
TWH e 2.5 1 1 0 0 a Al Q 4.5

Al Appezialoe wiing: Fatiage rooned Do O ectreme enoar charce arcfe: damaged o2 ira cclos paznge ar damagr].
db: o= beadli alin g Weber spropen cba The wULE sarne <ae e RS0 07 28I lubrdi g b d iebe e e Tam 0 warety 3 ibesl; g calivg of ©indicated so e ele el ny and pere
Lvalit oy 2l watwr *1ta the wood and o gl af & oeepresented walen droplez o hica sertact 7 agle an the woer s0-age.

products, pertormiog as well as many of the commer- ‘1he comimerdial products rnged from 7.5 w 35.5.

cial products and even fur superior o others. Figrres The pocrer perlormers continue o be C-5B-3, C-WE-2,

4-& luslrale representative coated cedar specimens. T-WB-4, and '1-w -5 Again, the polyrmer emulsions
The final evaluation was a 12-month exposure on perform favorably wersus the commerdal producs.

weathered ACQ pressure treated boards and those re- Pigures 7 and 8 il11.15tr;1te Tepresentilivie coated pressure

sults are presented in Jikte 16, Some of the coatings, es- treated wood specimens.

pedally 1-wWB-3, FVCl-4, and VAF-1, performed very Thase 4 results clearly indicate several olwernvations,

well through the end of the 12-month exposure period. Firsl, the cammercial water repellent coatings bave a

The foroualated toners had (o] ratings of: 33 lor EVC- very wide range of perfurmance, wilth some only lasting

4, 32 for vali-1, 24 for VAE-18, and 23,5 for VAL-17. i shomt duration in all of ihe exposures, while others

Table 16—wond,/Coating Appearance and Water Beading Results through Exterior Exposures al

Allentown, PA, SQﬁtemher 2004-September 2005 Exposure of Toner Formulations and Selected

Tast Fence

BT ACD Decking 3 Motiths § Mpaths 9 Months 12 Menths

Boarts (Hord=oatal) App.- Bead! &pp, Baiad App. Bepd App. Bead Tatzl
T-WH-3 e irnieste e e 45 3 5 5 3 & 5 5.3
P-4 .. S g A g 4 E 4 & 33
WAE-T i e ] 5 4 5 4 3 4 3 32
T-WH-B. e 5 L] 5 4 ] B 4 n EH]
WAE-18,.... e R — 3 & 1 4 1 4 3 24
T-WE-7 v resvcrietomee e aees g 1 o b 4 y 5 24
L] 0 3.9 4 3 3 i 4 1 £3h
T-58-1 2.5 1 4 1 5 1 5 21.5
(1 o R, | E a 5 o 3 1 3 18
W2 s, 1 a ] = W] 3 n a 14
T- Bt 15 2 ¥} 2 ¥] 2 a ok
BT e e s s e Z 1.5 1 G 1 1 1 0 7h

[=; BFEEArance raling: Rabings ncos Fam ez onles chaage =950 Camane) La 5 ts coaan Jiange er dan 2z
) Yarer beading 2T an: Wwalen sorayed an the wicdd anlace s cwaluared fo headicg aconogean b F relalive s2ale e 8 (=crse] £ 5 (b 3 @7 9 of O ‘' cated saealeta wsting aml pere-
Lea_ -y wl ez e ino the wend 2970 2 raling 0 5 represer—rn wster dioa'ely ol 1 igh contais angle o -beowend surfars.
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Figure 4—Cedar planks pror to exiedar expesune.

Figure 5—Cedar planks after 12-month exposure at £555 in Allentown,
Fd.

perform well alier extended pedods, induding one year
o exterior exposute. Second, the toners formuolated
with Lthe walerhorne vinyl acetale and vinyl chloride-
based polymers perflommed very well in all of the expao-
sures, expecially considering these fommidations were
not optimized. These formulated loonery equaled and,
in some cases, dramatically outpettormed the: commer-
cial produets, Third, it musl be emphasized that the
YOO of these formulations is approximately 110 g/L
versus VOO levels of 250 to 604 /L tor e commercial
coalings. The organic solvent in these fommlations is
necessary to dissobve and incorporate the hiocide,
Subseduent studies have delinitively demaonsttaled that

etfective biceide can be incorporated without the use of

W Gt stech.org
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Figure E—{edar planks after 23-ronlh exposure at 4575 in Allentown,
P

Figure ?—ALD pressure “reated decking boards after 12-month axpo-
sure al horzontal in Allentown, P&,

solvent and (therefore coatings with VOO levels of < 100
¢/l can be formulated easily. thus oflering dramatic
VO reductions cver curreint produns and meeting the
SCAQMD proposed limits of 100 g/1. while stll provid-
ing excellent performance

SUMMARY AND CONCLUSION

Fxtensive testing of watethorne WAL LvC], and other
vingl acetate-based polymer emulsions show thal these
polymer syslems are very effective materals for formuo-
lating low-VOUC (= 100 g/1.) water repelient coutings for
exlerior woond apphlications. e high level of perform-
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Figure 8—AL[ prossere Created decking buards after 12 months' cxpo-
sure at horizontal in Allenlown, PA.

L

ance displayed by these materials is rather surprising
given the basic, nn-optimbed fommulalions evaluated
in these studies. 1he performance of the lop polymer
emulsions presented in this aricle inatches or excesds
the: performance of fully optimized waler repellend
coalings used in the marketplace today. N is expected
that the performance of coatings containing these
emmlsions can he improved even furiher by tormula-
ton with other coating ingredients specifically selecied
for coatings contatning these emulsions,

The best emulsion polvmers were chosen based on
an overall balance of propertivs, including water bead-
ing, color appearance, and wood integrity. However, iL
it possible that other materials evaluated in s study
could be considered top candidates il only one or two
specific properties are desived. Depending on the par-
ticular properties to be optimized for a specillc fomou-
ladicn, many candidate mmaterials can be considered.
Tor examle, a partcular polymer emulsion may offer
optimal water beading while another selecton would
ofler uptimal weathering, Overall, the balance of per-

52 March 2006

forimance may be hest with a trade oftf between several
of these desirable properiies when selecting among the
qariety ol VAR and EVCL resing available
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