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INDUSTRY BACKGROUND

Wood-plastic composites (WPC) are the combination of wood fibers,
most commonly wood flour waste, and a thermoplastic such as high density
polyethylene (HDPE), polypropylene (PP), or PVC. The polymer content is
generally 40-50% by weight. WPCs are extruded into profile shapes via con-
tinuous extrusion for the building and construction products industry as an
alternative to wood and treated wood. Consumers are choosing WPC over
wood, even though it costs more, because of lower maintenance require-
ments and aesthetic appeal. WPC does not require painting, resists warping
and termite attack, and is generally resistant to moisture-related issues such
as mold development.

The WPC industry has been growing faster than any other plastics indus-
try since its emergence in the late 1980s.! The market segments that have
supported the annual growth rates of over 25% since 1998 have been largely
decking and railing. The overall WPC industry has recently surpassed one
billion pounds per year of manufactured composites in North America.!"2>
In decking, WPC have assumed nearly 20% market share versus treated lum-
ber.3 Even though the recent multi-year boom in the housing industry
helped buoy the continued industry growth, Wall Street analysts still predict
a bright outlook for the industry even though the housing industry has offi-
cially softened.? The prediction is for WPC to continue to capture upwards
of 20% unit share (40% dollar share) relative to treated wood.* This contin-
ued growth is due to several key factors such as the increasing access and
availability of products through retailers and contractor distributors as well
as continued consumer demand, especially in outdoor living structures.

Despite the healthy outlook, industry observers and analysts predict a pe-
riod of consolidation that may result in two to three major players and 5-10
niche players.? The keys to success during this phase will be distribution,
capital, brand, and process and product innovation.3 Arguably, companies
such as Universal Forest Products, Plygem, Louisiana-Pacific, CertainTeed,
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andl other broad-Iased building and construcion prod
ucts companies will have advamtages i terms of disti-
bution and capital, With prudent dedsion making rela-
tive: tir incorparadon of incremental advancements in
processing and addidve techmologies, these same com-
panies should win the brand recogniton batdes due o
broader product offerings and greater markert availalil-
ity. Furthernmaore, the industry taces wugh challenges
for substantial growth inw new markes for WTFC, such
as Fencing, window and door vim/profiles. and siding,
[ arder for WPC ta be accepaable (or these applica-
tions, significant product iprovements are required.
Themetore. any WP producer al this time has e op-
poriunity to become a major player by winning the
process and product innevation battle,

PROBLEMS NEED TO BE SOLVED

While the WTC industey has continuously made im-
prowements in aesthetics and final produc perform-
ance over the last 10-15 years, sipniticant perfurmance
deficits will 01l limit future growth potential. Specific
dehcencies indude color and appearance retention
aver Uoe, scratch and toar resistance, and ability to be
painted dilferent colors by owners. TV exposure and
rnristare absozplion owver time conteilaute substantially
to the long term degradation of WPC malterials. The
degradation predominantly invoelves aesthetics, with
color fading and mold developiient as well as modest
losses it physical properties. 4s WRC prodacts have ex-
peTienced many vears in outdoor service, there ale re-
ports of staining and cther maintenance oriented is-
sues, It s now recognitzed thal within 60-90 days of
eutdoor installation, the codor of pigmened WEC be-
gins (o [ade. As 2 markering reaction, many WT'C pro-
ducers claim on thelr websites thar this fading phe-
namenon makes the praduct ook “rustic” and more
Ik “real wood. ™ There have been some modest im-
provenents in addressing these issues such as the in-
cotporation of additiees W improve the bonding be-
tween the wood and polymer matrix.® This has presven
o redice moisture absorplion but has ool proven to
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eliminate it long lerm, Other issues have arisen from
these additves, such as unwanted reaclions with the
lenwer comt ubricamt additives resulting in higher mage-
rial costs and Inrdens on operations to balance new
{ormulations, Lhe pigment suppliers have also been
working diligently to develop next generalion pigment
svatemns that resist fadingg however, o cost-etlective so-
lutions are apparent on the horizon.

Since the mtraduction of WP products, consumers
have shown thal they hold synthelic products woinuch
mere scrutiny than wood. For the premiums they pay,
there is @ clear expectation of o flawless prodoct that re-
quires no maindenance and looks as good five vears out
ax it does when inidally installed. 'This is 2 good and a
bad thing for the WP industry, [t shows again that
consumers are willing to pay for what they wanl.
Heoweewer, the progression of technology has yet o de-
liver all the value elements the conswmer seeks in ag-
aregate. (e of the more profiming deticiencies of WPC
i the lack ol coatability,

TECHNOLOGY OVERVIEW

This article discusses an approach to solve Lhe major
deficiendics of WP as detailed. Basically, the technol-
oy consists of performing a surface modificanon on
the WPC followed by applicalion of an appropriale
coating, By applving a high performance coating, such
as the aliphatic polyurethane systems used on aatomo-
biles, WIPCs can be colored and glessy, with 30 vears
projected durability. Appropriate coatings can provide
outstanding scratch and mar resistance, as well as pro-
viile a surface that is easy to dean. Appropiiate coatings
can seal the WPC 1o prevent moisture alusorpion,
mold growth, and plivsical propery reduction. Tlsing
coating systems can also cnable homeowners to repaing
theic WIC to match new decoration achermes.

Surface Modification

Tix the uninitaled, coating WEC lwinber sounds
quite simple and straighllomsard, But it is nol. When
WPC is extruded there is a thermodynamic driving
foree that canses the thermoplastic to end up on the ex-
terior suclace. This thermoplastic Tayer has a low surface
energy, which makes it difficult o wel and coat with a
painl or coating (and which give very poor adhesion).
This same phenomenon makes it difficult to ongrossi-
ble to adhere adhesives.

The plastics industy has developed several useful
methods for surface modifying low energy plistics to
enalile adherence, These processes oxidize the surface,
creating high surlace energies. Frxamples of surface-
muslification procesaes roantinely wued om plastics in-
clude corona discharge, flame treatment, and plasma,
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Figure 1—Reaction mechamzm [of Anerooxidation of polyelhylenc.
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on e surface s also immporiant be-
cause they provide siles Lo strong ad-
hesiom of the coating to the surface
thronagh a variety of bonding mecha-
nisms ranging from hydrogen bonds o
covalent bonds, O tests showed (hat
fluerooxidation of WPC subsirates re-
sulted in excellent adhesion of many
types of comventional and (Mourable
paints The coatngs indusery standard
test [or coating adhesion is ASTM D
3359, In this test, the coating surface is
cut using a sharp razer blade outling
deviee 10 produce a series of crss-
halched cut marks. Then a standard-

2

However, these do not work on WPC. The reason 1s
thal the lignin in the wood flour is an effecive antiosd-
dant that inhibits the surface ogidation chemisiry. In
order to surcesslully oxidize the swface, o much more
meHen) process is required.

Inhance Tluaro-Scal has developed a reactive gas
treatment that quickly and ellectively oxidizes the sur-
face, and lacilitates coating and adhesion. 1he process
uses elemental fluorine as an initiator lor the permi-
nent exidation of the composiie surface. Reaction of
substrates with elemental fluorine (F.} and oxvgen
(0,] is termed fluarooxidation or oxytlucrination. 1he
reaction mechanism for Muorooxidation of polymers,
such as polvoleilns, begins with a fluocine atom ab-
stracling a hedrogen atomn from the carbon backlyone
Ly create 2 cavbon radival. Once the carbon rudical 1s
formed, axvgen preferentially reacts with il to foom
peray radical, Peroxy radicals sulisequently undergo
vallous reactioms to form hyvdroxvl, carboxy, and other
polar functionalities. Figure 1 illustrales the Auorooxi
cdation chemistry, Due to the bigh oxidation palental
of ¥, the presence of Bgnin, celllose, and hemi-cellu-
lose have miniral etfec on the reaction.

The creatien of polar functional groups
during fluorooxidation is very important for
fadlitating welling of the W surface wiilt
a coatiog liquid, Improved wetling is im-
prottant because it enaliles coatng ligquids o
thoroughly and inlimately associate with

ized prece of tiyre is pressed onto ihe

cur area and remmoved, Based on the

amount and distibadion of paint
pulled off on the tape, a tating s derived.

The inilial experiments used Cholcelyeds® brand
railing products from ALK, [nc and Strandex® com-
posites from Strandex Corporation. Seven difterent
paints were used on two varalions of fluotooxida-
tiosn —moderate and aggressive, The difference hetween
mederate and aperessive oeatment condilions in this
case was (hat Lhe concentrivtion of luorine was dou
bled in the aggressive condidons. Table 2 summarizes
the results. Figure 3 illustrates the resulls, showing the

amoumi ol Loaling remaining on WG after tape fest.

There are additional aliributes of the fluorooxida-
Lo process that make it ideal for this applicallon.
One major silcibute is that the surfuce modification is
permanent Lhere is a small amount of aosslinking at
the surtace that helps stabilize cxidation groups from
rotating into the {ivst several molecalar tayers, which i
common with cther freaiment methods that fade alier
tlays or weelss, Anether atribute is that the chemistry s
extreinely rapid. Since the oxidalion occurs in less than
ome second, e process can easily be done in-line or in
an oll-line operaiion. The commercial signilicance of
this will be discussed below, Since Lhe process only

Figure 2—Wetting perfurmance. With low surface enargy on substrate (left), there is
minimal attmction belmeen coating liquid and surface. With high surface enargy on
substrace (right), here s high interaction Detwoon coating Hguid and suitace.

the WP surtace. A higher surlace ehergy in
general means grealer interaclion between
the coating liguid and the substrate surlace,
as illustrated in Figure 2. Tible 1 summarizes
the change im waler contact angle apd sar-
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modities the outer tew molecular lavers, there is no vis-
iblz change in topography. Thus, embossed PraLlerns ire
untalleted.

e resulls of the initial phase of experimentation
proved three vely npouant oulooomes,

* The fluoreoxidation chemisuy is tapid and the
process windosw is wide, which means thad il is
robust, low cost aperation that does not require
sophisticated contral systemms and highly trained
prrsonnel,

* A wide range of commercially availalle ualings
cians b used on 2 fluorooxidized WG substrate.

* The lechnology works well on WRC made trom
different producers using differen prolvethvlenes,
woi] flour sources, and addicives.

Coating Material and Process

Achieving an elleclive surface modilicatian is only
part of the solution to deficiencies ol WP, [Lis also
necessary Lo select the right coating systemn that meets
all of the performance reguirements for specific appli-
cations, and thart it be econcmical. 1L is also el by
that WPC profiles for different applications can have
totally diflerent couting coverage vequitements, Tar ex-
ample, for siding applications. ouly the Lop and sidey
of the boards need to be coated, whereas in other ap-
plications the entire board migh need to he coated,
TFor declking and railing products, full encapsulalion s
sl desirable for durability, aesthetics, and COTAPOSite
protection (rom e envicenment.

Several polymer systems as well as hybrid systems
can be used to create coatings, Fach gystemn provides a
unigue sel ol performance characteristics, unique appli-
cation/curing requirements, and economics. Coalings
ecomnemics are determined by many factors including
costs of coating resing, solvent (VOO abatemnent, coat-
ngs application metheds, elficiency ol coaling usiage
{overspray losses), space requirements, cure ELELEY
(drying} requirements, and capiral costs,

Lrom the WG producer’s pemspedlive, there ane sev-
etal uptions for using a system o adlesion Lreal, praint,
and cure WL products. Since the WIPC extision

Table 2—ASTM D 3359 Cross-Hatch Adhesion Resulls
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Table 1T—Surface Energy of WPC Bofore and After

Fluaraoxidation

. Water {omact Angla* Surface Energy (dynes/ern)
Untreated WPC L, ..., oo 100,50 2z

Fluorooeddizad WeL L -, ., 30,47 a4

[a% 2. Farie Lalo's, Wasting o Sa 6 Caiversisy

process is an inherently linear process, adlding the fluo-
rooxidation adhesion trealment and orting/ouring
Processes can be easily added in-line. Depending on
the coating 1ype and curing method, the process can
run anywhere fram 10 (pm w =106 G, Since the aver-
age WI'C extiusion process operates at §—12 (pm, the
adhesion treatment and coating/ouring process could
Tres umder ulilized. There are advantages however ta ap-
erating the process in-line with an extruder. For exam-
ple. several extrusion lines can share a single source of
reactive gas that would enable WPC lines to employ
tultiple coaling types and curing methods,

Another approach would he o operate the adhesion
weatment and coating/curing processes oll-line using
lateral in and out feeds. This might be done at the
WL exirader’s Tocation or on a toll-basis by amirther
firm. In this manner, boards or profiles are fed continu-
ously ax cul stock into the process, Using conventional
paints and coatings, the maximum line speeds are esti-
mated at 30-50 tpm and infrared curing Is employed.
Hven though comnventional paints are low cost, they do
present potential limitadons. (o issue is being able to
repack and bundle boards immediately alier citing.
With conventional paintg and coatings, there is a rea-
sonable potential for blocking. A mare substangial limi-
tation is being able to coat all sides of the board or
prrofide inoa single pass, which is desitable for bath
decking and railing products. OF coumse, WPCG boards
ot profiles can be coated in multiple stages (oe applica-
tions recjuiring Ml surface coverage using conventional
curing methods; however, the capital requirements and
process floor space would be incrementally larger.

With 100% solids UV-curable coatings, each gallon
is used fully with no volatiles or havardous waste
streanms. [t is known that Uv-curable coalings are much

Treatment
Coalitg Type : Conditions A
Insser pre-well covering proer (L) s s SR, strong
Glidden interar/enterior Latex enamel (2] ... ... .. .. ... ... Wary strany
Kils lali inlerurfexteror walur-based paint 5 2 L 14
Amevican Tradition exte-ior oil primer (43 . ... .. ... .. ... ... We—y strong
DuPonl TMROL® 1.8 &T-0% Sulie vealerborne BU copnlymer L., .., Vewy strong
OuPont TMRONM 3.5 5T-0 Satin glass PL, solventzome .. ... .. . Yoy slimng
Fimishes Unbimited, deweopmental aowlic lases ..., L. ... ... Way strang

W coatingstech. org

Traatment

Londitions § Cangrol WL Typee
Stroeg Facr C-Deh

Very strary Waak C-Tecs
Stromg Facr C-Dec

Wety strong Waal: C-Der«

Wery strarg Waak Elranlesr,

Very stromg Modest Strandex

Weny stro-g Modest Slrandes,
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Table 3—Uy-Cured Paint Performance Results

Liquid Paint Standards

Gallor wefghl (= A 1AL oL o e e e &.26
Wadgat solids: . o e 100
valume selids: Lo s 100
Wiscasity &4 Zabn @ TR L L. 50-640 1n,
WOD sans wmte™l o e e MNane

WOC as supplied:

mote costly om a per gallon basis versus conventional
witerborne cealings, yet many companics that have
miade the conversion are still recognizing net econemic
benefit with greater flexibility and performance. ‘1o
tlate, nany manulacurers of Tabricated wood producis
have mude the switch from clear solvenibome coatings
1o UV dearcoats, LTV clearcoars are alse prevalent in ex-
terior automolive plastic components and many types
ol rigid and flexible packaging, The introduction of

Figure 3a-3c: ASTM D3359 Lape test results, WPE samoles showing amounts of ¢aaking re-

mairing after tape test. Lalels 1-4 correspand to Table 2.

Cured Flm Propertias:
(gt 1-mil on Auorooridized Strandex)

BO° Glots ASTM D B23 ., L e e e B9+ Units
Adbesion ASTE D335 ..o o e, Excellant
lrewze resistance, 96 by @ 209, -25°F ... ... ... .., Mo effect
Adhesion 85TM B 3350 ., oLl L kel lent
Heat resiskance, 144 hr & 120°T . ..., .. ... ... Hin effac:
Adheston ASTM 003359 ... .. L. e Excelle-t
FlewibilityAimpact resistance L .. o0 . L L., Excellenl:
Immers on testing, 48 hr

immerzed i Olympic Promium

Deck CinaNar . i e e e M effecl
AU Weathedng Tesl A5TM

G 154 [vyclical § wr LY

Light/4 hr cendensalion} o, ..oy ooy, 10C0 h
Gloss retention (85° maler) .. L L0 L oL L ... Tl
Color change (AE CIELARY .. ..o, ., ... oo ... 1.35 units
Fepaint adhas an, dightly

sanded atd repainled with

Betr Poch & Flagr#aint ... ..., .. .. .. ... .. Excellent

pigmented 11V curable paints is now emerging as lor
mulations are being developed that allow full penetra-
tion of LW light,

LVocurable 100% solids coatings ate an ideal class of
coaling materials [or WP producs, and lor the busi-
ness model of WPC production and distdbuticon. In the
building and constroction products industy it is cus-
tomary fur products o be shipped by Louck to various
regional disiibution peints. Shipping tmudkloads of
W boards or peoliles to comralived
regional locations for painting opera-
tions has economic feasibilily.
Alloaing many dilferent tvpes o prod

Level A

uets Lo b shipped to a regiomal loca-
tion from muliple praducing loa-
tions allows measuralle advantages,
especially for the laxger building and
construction peoducts companies. [V
curnlite coatings ofler further advan-
tages, such as heing able (o coat all
sides of 2 board or profile in a single
pass. One of the more recognized ben-
ctits of LIV ix being able o cure within
secondls, Assurning the WPC being
coaled i long enough o coar and ex-
tend tnte a curing chamber, a lovitom
side lamp cures the area prier to reach
ing the suppornting roller or belt, The
full encapsulation process is capalde of
running in exeess of 00 fpm.
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The primary goal of this research was Lo develop a
series of LIV-curable paints and an off-line process wo
coal fong, Mat WPC sock. specitically decking, floaring,
and railing profiles. Appendiz A illustates the basic
process schemalic fur a system designed by Shield
Finishing (Big Rapids, MI}. This sysiem is destgmed [or
tull process integration of the fuorooxidation adhesion
treatment process and a coating and curing scheme that
enables [ull encapwulation in a single pass upr ke 1.5 mil
at speeds ranging from 50 i to =106 [, The UFV-
curable coatings were developed by Tinishes UTnlimited,
Ine. {Sugar Grove, 1), Uv-curable sysiems can be for-
mulated o meet performanee demands, sucl as Lough-
ness, Nexibility, weatheralyility, ete. To this case, 1inishes
Unlimiled developed a base foxmulation that is anale-
g5 10 allometve exterior lopooars. This apprimch en-
abled the best balance of superior weatherability, -
pact, and abrasion resistance and overall adhesion to
this aew family ol substrates. Table 3 details the [T
formance resulrs of the developed coating applied 1o
W hoards.

As can be seen from table 3. the [IV-curable coating
developed Tor WIC substrales provides an excellent
balance of toughmess, weathering, and chemical resive-
ance. Lhis coating was developed for owtdonr decking
andd flooring substrites, Due 10 the weithering perform-
arwce and ability wo tailor gloss and color, this same
coating system is ideal tor riling and siding products.
For applicalions such as home siding, the performance
requiremnents weold likely dictate a different formula ry
approach since mar and abrision resistance iy not as
critical as color retention, weathering, and re-painiabil-

Technology Today

ity. Furthermere, the siding market also shows a higher
preference for primed panels thal are engineered for
painting al the consiraction site.

CONCLUSION

In order for the use of WIC to continue 10 grow and
extenid into new markel segments, some of the deficien
cles of WPC must be overcome. Performing Aluoroox-
dation on WPC [nlluwed hy approprinte coaling has
heent demonstrated 10 solve these problems.
Furthermere, (oday’s customers want a product with
eye-popping aesthetics that stay thal way for many
vears, thal is not linted when saaffed, and which re-
quires little (et no malnienance- —and, they are willing
1o pay For these benefils. [@
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