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W W ood-plesit: composite (WP miaderials bt fmaud exienaive e in e comstrisfion
',ihsgai;_iemm decks, Althongh recognized as o lowr inaiigtenance praduce, W iy I ot
nune o the effers of westfering. Sunlizhl and winer exposire can lead o color change
il pliysical degradidon.
- Prewons WL preservation studies have evaluated the effectiveness of Hor stabillzers in-
pordted during e wood fiberherioplesiic componmling process ®* L his study presanis
_;ms'ults of weeelated exposre mses of W nurterfale praser el by e apphicacion of o
Tig “_-.-.ﬂ_.ubil‘izmi clearcoat.

DISCUSSION

Eour light stabilizer (L5) options (including a ne light suabilizer case and
three different comiymtions of UY ahsorber and hindered amine free radi-
vil seavenger) were tested in each of three walerhbarne aorvlic toproats om
each of two wood-plastic composite {WPRC) substrates (one made wilh poly-
ethylene and a second made with polypropylens).

Corresponding samples, as well as samples of cach substrate without any
topeoat, were prepared for both accelerated weathering in a senon arc
weatherommeter (1300 e, CAM 7] and loc exlerior exposure on a test rack,

The unprotected W samples exposed Lo aceelerated] weeathering light-
ened significanily. The corresponding CTRLAB AL* values were in the range
of 13 1 14, Lhe samples protecied with uyrnnars thar lacked light-stabilizer
additives fared better, The samples protected with light-stabilized topooats
showeed the besy color stabilive. The AL* values corresponding 1o the hest-
perfoiming topoeat resinglight stabilizer comlyination were in the range of
4 1 G,

Fresgnzed at FuturaCoat! 2008, sponsoved by FSCT. Qclaber $5-16, 2008, 'n Chicago, IL.
*gating Eftects Reqiorzl Tachnical Center Amevicas, #03 5. James Si., Mewport, OF 19502,
ICurrently employad with Wacker £Ferria.
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The exterior exposare test is ongoing One of the
coatliogs failed within the G three months of expo
sure [although this same coaling performed eeasonably
wiell under accelerated weathering test conditicns),
Thromgh six momihs exprosure the exterion weathering
Lesl resulis showeed il across Both WPC subsirales,
and 2 of 3 resin types, the application of a coating pro-
vides sigmificant protection against color fade. Tight
stabilivation vielded a lurther incremental beneli in
ane of the two successtul coatings. but made lite ap-
parent difference in the other,

MATERIALS AND METHODS

Two tvpes of commercial WPC decking marerial,
each made with woeond Mo and each compeonuneded
with a dillerent plastic, were procuced for use in this
study: {a) WPC-1: made with polvethvlene plastic and
1) WRC-2: made with pobpropylene plastic,

Three different watethorne resin systems wene used
(o prepate Lhe Loproats:

(a) Resin A a 100% acrvlic emulsion polymer de-
veloped (or Tow - 1o wero VO exierior serod
transparent wood stains

(I#) Rewin B: an all-acrylic emulsion polymer that
(eatures extensdive crosslinking for sullicient
hardness to withstand heavy foot traffic

o) Resin O a 100% acrvlic binder with good adhe-
slon and water-blocking pooperies.

Coatings were prepared leam each of these Dinders
by mixing the following constituents in order with
continuous sHrrng:

fa} Specified quantities of resin and water

(1) A pre-mixed solution of Dowanol TPRE and
walel

{cy Propylene glycol {where applicable)

e} Drelerarner and Tungicidefmildewcide

{e] A pre-mized solulion of Actvae!™ RM-825 Lhick-
ener and water (to adjust viscosity, target = 70
Kil)

Four different light stalilivation opiions were lesled
in each of the three waterboime acryvlic topeoars:

(2) o light stabilizer {15] additives

{1+] L5 Bleand

(] UV absorber 1 [LIVA-1] plus hindered amine
light stabilizer 1 [HALS-1)

{d1 L% absorber 2 (LVA-2Y plos HATS-

The “L% Blend” is a liquid jrrodact consisting of
1004 active material, [t contains a benzotriazole LIY
almarler with a browd LY absorption spectrum, high
thermal stability, and good photopermanence. 1L also
containg a hindered amine free radical scavenger based
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on a substituted tetramethy! piperidine with an N-CIL,
frmethyl) hiead groupe. This product can be used inowa-
terborne coalings, butl Lepically requires the use of o cnp-
sodvent for incorporation,

The TIVA-1, TTWA-2, and HALS-1 are products based
om i newly developred encapsulation technology to en-
der organic, waler-insoluble VA cormnpitible with wa-
terborne coating systems.™* These novel dispersions ex-
hibit longe-term storage stability even after being added
Loy the ligpaid paiot without any sedinnentation, and are
designed for easy, sUir-in Incorporalion i agueons
paints without the use of cosolvents or high-enerey dis-
Tersiom eduipment.

The concentration ol active ingredient in 1T¥A-T i
20% wiw, 'This is a red-shitted hvdrosoy-pheoyl-s 1.
azine chromophore that provides strong protection in
the FIV-A range of The LY spectmom. Tt has high heat
stabllity and excellent phowmpermanence

The concemtration of active ingredient in LIVA-2 is
also 20% wiw, Again, this is a bydroxe-phenyl-s-ui-
awine chromophore with superior theemal stability and
photopenmanence. Llowever, its peak absorbance oo
cuts in the shorer wavelength range of the UV spec-
L.

‘The conceniration ol aclive ingredient in HALS-1 is
0% wiwe This FATS is based on a substituted telra-
methyl piperidine with an N-0Om (aminoether) head
group. Helatve o the fLALS conlained inthe 15 Blend
product, this varant has low basicity to minimize ithe
potential for inieraction with acdic media or catalyst
residues in the painl.

One-quart batches of each coaling were prepared
without light-stabilizer additives, Fach batch was di-
vided inlo hall-pinl pocdions. These porlions were used
to prepare coating variants with the light-slabiliver ad-
ditive Tersilings shown below,

[a] N LS additives
(b} 2% wiw TTWA-T and 1% wiw HALS-1
[ob 2% wiwe LIWA-2 and 1% wiw HALS-L

A seromd set of quart hatches of each coating was
prepared. Lach bawch was siabiliced by the addition of
A0 wiw LS Blend,

The light-stabilizer additive concentrations cited here
are staled In lerms of weighl percent active component
on binder salids.

The detailed clearcoat formulations tor the Resin A,
Fesin B, and Resin © binder sysierms are shown in
Tablzs 1, 2, and 3, respectively.

The aveelerated wealhering test matrix developed for
this project is shown in fable 4. Thirteen sample Lypes
were specified for each WTPC substrare (one sample
willy o coating « Towr light stalvibser variants for each
of three coating tvpes). kach sample consisted ol a 6-
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Table T—resin & Tapc

0

al. Formulation

1 Quart
I _ Bakch, g
Resin A 63264
"Watar 80
Water 0.5
Uowewnnl, DFNR {Now Themical] 1o
Brepylene glycnl &
Tego Mowines 205 (rgussa) &
Folyphaze 678 (Troy) &
Wifater 19.01
Acrysol KM-223 {Rehm and Haas) LB
Total 855,65
Yo i solids a7
Sol'ds 2BH.74
3% L5 blend T.E
£% Uva-1
2% LWa-7
L% HAaLS-1

Table 2—FResin B Topeoat FormulaLion

Half=Pint

Batrh. g

17LER
20.400

T.h3
2,50

400
2.0
1.50

L.74
.63

£13.91

30,87
&4, 05

o
ML

1 Muart Half-Pirt

Bateh, g Ranch, g
Resiv B £20.05 15501
Water 140 25.00
Texanot (Eastrian Caemical) 16.74 419
Water 40 10.00
Duewinol DHAA {Dow Lhemical) 16.74 4.14
Teyu Foanes 305 [Degussa) a 700
Folyphase 678 (Troy) & 1,50
Wfater S0.05 15,01
Acrysol RW-223 [Rehn and Haas) LA 0.4
Total BE9.03 21827
% wiw selids 211 !
Jolids 274.08 G8.52
1% LS blend BE
% Uva-1 5.9
25 UYi-2 6.4
L' HALS-1 2.3
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Resin £
Water

Wiatar
Doveangl TP-E {Dow Chemical)

Prapylene glycol,
Teqo Foamex 505 ¢Degussa)
Polyphaze 578 (Troy)

Weter
Aeryeol. RM-825 (Rohin and llaas)

Arnrnoniven hydraside

Total

Wt o lids
Solids

A% L% hlend
2% UWi-1

2% Lva-2
13 HALS-1

Substrate Caating Variant

WPL-1 Mo Coating

Resir A

Resin B

Kesin [

WPC-2 o Coaling

Resin &

Rexin B

Resin L

Tahle 4— accelerated Wea

sin C Tapcoat Formulation

1 Quart Half-Firt:
Batch, g Batch, g

(12,51 153,13

100 25.00

40 10.00

1a 2,50

15 4,04

& 2.0

& 1.50

70,81 1440

2.4 060

1.2 0.30

BEG.92 215.73

31.79 3179

270,38 67,64

8.1

6.5

0.6

2.3

Chering Tesl Mairix

Light Stabilizers (15 ) Variant

An L5

3% whw LS ble-w

0w S L1+ 1% wiw HALS-1
E% wwm VA2 + 1% wfw HALS-1

Mo LS

34w LS bland

Eo w A UVA-1 + 1% wifw HALS-1
M LVA-Z + 1% wfe HALS-1
Na L3

a8, LS hignd
2% v VAL 4+ 1% i HALS-1
Bl LVA-2 + 13 et HALS-1

Ko LS

3% e LS blend

E vl VA= + 19 i HARS-]
PO e for UVA-2 + 1% wefer HAES-1

MNe L3

M vefw LS bilend

2% it UVA-1 + 1% wiw HALS-1
2% view VA2 + 1% wfw HALS-1

N LS

% e L5 bleng

2% v UVA-L = 1% wfw HALS3-1
2% wi i YWA-Z — 19, wl,-"w HAL1%-1

JCT CaatingsTech
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Tahle 5——¢olar Measurement Results for Samples Exposed to Accelerated Weatharing

WPC-1 AE*
i Ceating Resin & Resin B
Ha caating HG
Mo LS — 2.3 o2
3% L5 blend 7.9 7.2
2% UVA-E, 1% HALS L — a1 6.5
2% UYA-1, 19 HALS-1 — 4.3 6.3
WRL-1 ALS
o Ma Coaking Rasin A Resin B
Wex coaling 14.3 = =
Ne LS — 2.0 9.1
3% L5 blend — 1.6 6.h
2 LVA-2, 1% HALS 1 4.1 5.8
2% UNVA-1, 13 HALS-1 — a8 AL

AN LY roncsniiadions states' 4 weiphd DEccent Actives o birdar soifds.

in. length of WP Tumber 1eimmesd with respect 10
width and thickness 1o [it the wealtherometer sample
holders. Coatings were applied to these panels using
foam brashes with o spread nne kanget of 350 1 /gal.
‘Lhis targel was achieved by weighing (the amount of
coating applied to the known surface area of each
mamel.

An equivalent sel of WIPC panets was prepaced {or
exterior weathering on an exposure rack In southeast-
et Penngylvania. Fach sample comsivted of a 3-11
lenglh of WP lumber demarcated inlo 6-in. segrients.
The two 6-in. segments at the ends of each panel were
no coatedd. The Tour G-in. segments comtained belween

Figu:e 1—Lightness dewiaticn [AL*) of WPC-1 atter 1000 hr ¥e-W0M
CAM 7 (rocoating LY = 14.3).

Cralia L*

LE dlard

HAl 5-1 AL &

v coatingstech. org

WPC-2 AET
Resin L Ha Ceating Resin A Resin B Pesin L
- 13.4 —_ — -
7.3 — 1.3 11.3 a.0
T.E —_ 3.1 B Ir
0.4 — B3 B.4 B8
7.0 = v.1 ¥.3 fi.5
WFL-2 AL
Reslm C Na Coating Resin A Resin B Resin L
— 13.4 —_ — —_
6.7 . 11.2 11.2 9.6
G.5 H.B T4 Y.l
4.0 — B.0 6.0 6.1
4.8 a0 6.0 7.1 5.4

the two ends were coated, each with a different light
stabilizer [18) variant inoa given coating v, For eich
WM subalrale type, one 3-1L panel was prepared using
the L5 variants in the Resin A coating, a second was
prepared using the T8 variants in the Resin B coating
and a third was prepared using the LS varfants in the
Resin & coating, Thus, there were three panels per sub-
srrate, ard six pamels overall, As in the case of the A-n.
pranels prepared [or acceletaled wealhering, coallngs
were applied to the 3-ft panels vsing foam brushes
with g uprendd rate target of 330 014/gal.

The color of each d-in. panel, and of each 6-in. seg-
ment on each 3-ft panel, was measiuved using an X-Rite

Figure 2—Lightness deviation {al*h of WPC-2 after 1000 hr Xe-WOM
CAM T (no coating L* = 13.4).

Dafta L

FARSIN &

e
o / Fiaein B
i
wd — — M C
LS Qlzrd AT )
11ALS-" -1

HaLE.|
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Table 6—rolor Measurement Results Far Samples Exposed to Thee Months' Extericr Weathoring

WPC-1, AE* WRL-2, AEY
Extarigr Weathering
3-#onths Exposure ~ Reshap ResinB Resln C Resin A Resin B Resin L
Mo coainy 4,6 1.2 6.3 9.1 a1 Y
Mo L 2.1 11.6 1.3 2.0 £ 1.8
3% L5 blend 2.1 13.3 3.6 1.6 6.2 1.3
2% UVa-1, 1% 11ALS-1 il 105 3L 1.5 8.3 1.8
2% Uwa-2, 1% Hal5-1 1.z 11.5 L5 1.4 8.1 24
Ho coating b5 6.6 7.0 2.0 0.4 7.6
WPC-1, AL* WPL-2, ALY
Exterlor Weatherng
3-Months Exposire Resin A Resin B - Resin C Resin A Rasin B Resin ©
ho coating 4.2 7. 1 .1 5.4 LN
ha 15 2. HIR 1o £ 6.3 0.8
3% LS blend 1.8 ilh 3.2 0.3 3.2 N3
2 UWA-1, 1% HALS-1 2.0 1.1 i1 i 9.6 1.3
2% IWA-Z, 130 HAI S 1.0 0 A LA i3 .8 1%

N coeting -1 g 5.2 5.5 9.2 1.5

AN VS eicanialinnn siodol i bomas of woigRE perrest ariivos =h Rindor vl

Figure 3I—WPL-1 panels exposed to aecelsraled wealharing. Figuwe 4—WPC-2 panels exposed to accelerated weoatherng.
Unprotected Reasln G Topeoat
29wt LA Unprotected Resin C Topcoat
. wghw HALS -1 2% iy LA

1% wiw HAL S

Table 7—color Measuvement Results for Samples

WPL-1, AE* WFL-2, AE*
Exharict Weathering
3 Mionths Exprsura Resin A Resin B Recin € Resin A Resin B Resin C
Wo coating %3 0.3 7.6 0.3 BT 4.4
Hu LE T3 15.2 3.8 .4 108 9.4
1% 15 hend 4.5 151 h.G 4.4 11.7 3.8
2% VA-Z 1% HALSA] 4.5 13,4 .5 4.0 11.6 L]
% UVA Z, 1% HALS-1 ] 13.8 3.8 7.3 10.7 T4
Ko coaling 10.0 2.5 a7 7.7 8.7 73
WPL-1, AL WRC-2, AL™
Exterior Waathering
3 Mamths Expasure Resin & Resin B Resin C Resin A Racin B Resin €
Mo roeting &0 L os0 Lo 3.7 B B
Ma Ls T2 14,4 EX G 1.1 ]
I LS blend 4.3 14.1 5.3 q.1 10.5 LB
2o UWA-L, 1% HALS-L 4.d 136 4.3 EX: a5 4.7
23 L2, 1% HALS-1 4.3 12.0 1.4 e 5.7 h.2
Mo coativg R L b5 7B &5 T2

Al LF concerbelions sisted i fenms oF welphi parcert aciivas on bindar sofidy.
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Figura 5—LighLness devistion {AL*) of WPC-1, Resin & samples exposed
to crterior weathering,

Dells L*

Bloed  TeUvi,
T e el SR LAED,
1% HALE 1

568 spectiophotomeler (D, illuminant, 107 observer)
accorrding to DIN 6174 belore exposure, The color of
each &-In. pansl was measured in the sarme way after
CXDOSULE,

The f-in. panels prepared for accelerated exposure
Lesting were weathered for 1000 b in a xenon arc
weatheromeler using the Xe-WOBM CAM 7 oyele accand.
it 1o TN BN IS0 11341 A his oycle consists of:

{2) 102 min ol light (935 W/m? @ 340 nm) with a
hlack panel temperature of (6002150 and a rela-
tve hurnidity of (30£5)%% at the end of the ilry
period

{12} 18 min of light and spray with a black panel
tempreraiure of (40+21°C and a relalive huanid-
ity of [95+43)% '

RESULTS

The color stability resulis for the WPC panels ex-
posed o accelerated weathering are shoawn in Table 5.
The uncoated WIC-1 and WPC-2 samples lighiened {or
(aded) comsiderably. The measured CIRTAR AL* values
were 14.3 and 13.4, respectively, The samples protecied
with topcoats that lacked lighi-stahilizer additives [ared
Better. The samples protected with Resin O topeoats
comtaining 2 wiw [IVA-1 and 1% wiw [TALS-]
shinved the best color stability, with AL* = 4.6 for the
WEC-1 sample and AL® = 5.8 tor the WPC-2 sample,

The AL" dawa Lo thse WPC-1 and WEC-2 panels ex-
[nasexl in the zenon arc wealherometer are plotted in
tiguras 1 aml 2, respectively, Dipure 3 is a pholograph of
two wrathered WIPC-1 panels, The one on the lell i the
unprotected sample The one on the right was protected
with the Hesin O topoeat containing LIVA-1 and HARS-T

Wi coatingstech. org
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Fiqure 6— Lightness dowiation (AL*) of WPC-1, Resin C samples exposed
Lu exteror weathering.

Lalts L
-
(=3

My T
Meaing Ol T
WalE

Figure 7—Lighrness deviation {AL*} of WPC-2, Resin A samples ex-
posad to eateriar weathering.

12.0

il

Dglta L*
m
=

™
TRRRLET ook

Mgure 8—Liyhtness ceviation {AL*) af WPE-2, Resin £ samples expased
to exterar wealhering,

[elta L
i

gy,

8 monts

3 nocithe é’
£

4y

R En 3
1% HeLE] 25 Uua,
e HA 5

o
Coaliry
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Fiqure §—WPL-1 panels after three manths’ exteripr oxposUie, Top—
Resin L Center—Resin B; Bottom—Resin A, L 10 B no coating—-Coass
ing, no L5 L% Bl&nd—:»l]'tf.ﬁ-l.-’HALS-l—;U'u’ﬂ.-EIHHALS-I N coating.

ey wed

Figure 10—WPL-1 panels after eight months’ exterar cxposure, Top—
Resin &; Certer -Resin O Ballom—Resin B. L to B no coating—sgoat-
ing, N6 L5315 Blend »UVA-1/HALS-1—UYA-2/HALS-1 snp coating.

Likewise, Figure 4 is 4 phowsgeaph of two weathered
W2 panels. Again, the one on the Tefl is (e unpro-
tecled sample and the one on the right was protected
with the Resin O lopeoal containing UVA-1 and 11ALS-1.

Color stability dala for the WPC panels exposed out-
duors are shown in Tbles 6 and 7. he data in Table 6
were measurted after three maonths” exposure, while the
data n Table 7 were measured after six mooths” EXPOSUTE,
Resin B coating failure was ohsened on both WP suly-
strates within the Amt hree months of exterior EXPOSUIE,
This prollem involved extensive oracking, and was some
whal werse on WPC- than on WPC-2.'Lhe Resin B coat-
ing comtimued e deteriorale during the seconed Giree-
month exposure interval, Much betrer durability was
obtained swith the Resin A md Resin C coatings.

Caterior exposure color fade results for the WIPC-1
panels costed wilh Resins A and € are ploted in Frgueres
5 and 6, respectively, These figures show that:

{2} Coated sections faded less than uncoated sec
tons, regariless of resin grpe.

{b) Light stabiliers further improved the color sta-
bility of sections protected with Resin A coating.,

Figqure 11—WPC-2 panels alter three months exkeTior exposurs. Top—
Resin C; Center—Resin B; Bottom.—Resin A. L1 R no coating scoal-
ing, no L5215 Blend—UVa-1,HALS- 1WA~ /HALS-1 =no codling.

30 March 2iH1

[0 one light stabilizer package pertormed sip-
niticantly better than any other in this res prect}

(c} The colur stabllity of sections prowecied with
Resin C coating was nel improved by the addi-
den of light stabilizers.

Laterior exposure color [ade results for the WR(-2
boards coated with Resins A and C ave ploled in
Figures 7 and 8, respectively. These Nigures show that:

{7} Coated sections faded less than uncoated sec-
ticns, regardless of resin ype.

{b] The canventional tight stabilizer blend and the
combination of novel light stabilizers VA1 and
IIALS-1 beth further improved the color stability
of sections protected with Resin & coating,

(¢} 'The combination of 1IVA-1 and [IALS-1 light
stabilizers slighly improved the color stahility of
seclions protected with the Resin € coating,

Photographs of the WPC-1 boanls tuken alter three
maonths and eight manths of exterior exposure are
shown in Figures 9 and 10, respectively, Photographs of
the WIPC-2 boards talen after three months and cight

Figure 12—WFC-2 pastels affer laht. monthe’ oeriar exposure, Top—
Resin A Cemter—Resin [ Bottom—Resin B. L to B: oo roaling—scoat-
ing, no L5—L5 Blend—LVE-1/HALS-1 SUVA-2/HALS- 1—no coating.

JCT CoatirigsTech



months of exterior exposure are shown in Figures 11
and 12, respectively. (No photos were taken at the six-
month exposure interval.)

The exterior weathering test results show that across
both WPC types, and two of three resin types (Resins A
and C), the application of a coating provides significant
protection against color fade. Addition of light stabiliz-
ers to the Resin A coating gives some further incremen-
tal benefit. So far, little benefit is evident from adding
light stabilizers to the Resin C coating,

After six months of exterior exposure, the uncoated
sections of the WPC boards still showed less color fade
than was measured on corresponding WPC samples ex-
posed to 1000 hr of accelerated weathering:

(a) WPC-1: AL* < 10 after six months’ exterior expo-
sure versus AL* = 14.3 after 1000 hr WOM expo-
sure

(b) WPC-2: AL* < 9 after six months’ exterior expo-
sure versus AL* = 13.4 after 1000 hr WOM expo-
sure

CONCLUSION

For good long-term performance of WPC, the key is
to protect against the effects of light (UV and visible)

FSCT/NPCA member price: $189 | Nonmember price: $215

www. coatingstech.org
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and water. The results of this study indicate that clear
topcoats based on all-acrylic emulsion polymers forti-
fied with light stabilizers can significantly improve the
color stability of WPC decking materials. @
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