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he genered purpose of this prgect s to deselop dicdp-resisianr gldam and IVL wsing
pembined botate teacrent and effective Tt conting sustams T clwose the coating
gl petentially the best parfirmance o hovide-treated compsiies and potentially the bighos]
SAfrability of preventing tarate feaching during cutdoar teatherimg 15 e af caronertial
fremsferen) coelingg were sefecied ond tested L orale-teeeled solld wordd siomples weing arf-
Fioial weathering. Ponderosa pine sapwoond cowpors, donble-leratl and with o central 180 s
SETTHHE for prior analysis, were pressires tregned with boron, coled a3 per maaitufaciiters o
STl o, then ol inle o daughter peces plus te aoalsis samrple.—wen the ool
ey were re-coeedd, After the weatherfeg tee samples were svalaated for poeling deteriora
fame andd @ plece cut fram the cewter ﬂf tha axine] :;amp}'gj and the wunesposed ﬂﬂﬂf}.\jé; AR
e were anatysed far ovete. Losses for e or diree coats af tdler-Dased sransparal. coatings
rafaged frimn 5% to Q2% WAt was most surprrising e ol che refaretice opagie paint
frroct, am worplic pramer pis Yo acrple topeoims, lve 60% coent though The surtace loohed
perfect i terms of pitpstcal dererforatio.

INTRODUCTION

Frnginecred wood composites such as glulam and 187, awe increasingly
used in conditions with meoderate decay hazard such as indoor swimming
pocls and ive arenas, supporting building everbangy and sometines project-
ing bevond the roof-line. Under these conditions, pressurs meatment with
heavv-tuly wood preservatives either prior 1o or post lamination may be
overkill, bul untreated woed may fail prematurely. Glulam and Ly made
from Canadian wood species do nuel eespond well o treaument willy waler-
e preservativies, gaining limited penetraiion and dimensional instabiliny:
Boh of these materials are typically used for aestheric as well as structural
reass and 4 natural wood color muay he desited. Borates are the only class
af preservatives that are colorless and capabile of deep penetcation in most
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Canadian specigs. However,
they are susceplilile to leaching
when continuausly exposed to
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Table 1——Coatings Uscd on Borate-Treated Wouwd Coupons

. Product [racer ptlan Coats
rainfall unless prowecled by a
wiell-mainiained three-coat B Waler-based pairt - 1 acrylic primer; 2 acrylic topeoal”
paint finish ! Since ghalam and, SARERELE i:i'amr-hasnd Lwo-park buo-step | lm.. o SR EEEITS Sl AR R
a less o ol C....... Water-based poiyurathane facrylic fiim 3 cnats
lev a lesser extent, LvLs are Luse (RN Di-based log home stain 2 cnats
in part for their visual appeal, a B Sater-based polyurcthane varnish % couts
transparenl coaling would be Foooo., Water-based polyurethane waraish + pretreatment, 1 coals
preferved, G, lquid plastic . 1 coat
" H.o ... ... (il-based well known twp-step transparent film 1 roat step L; 2 cnats step 2
Orsler and Ielland? showed 1. 81 hased deck stain 1 roat
substantial redisuibution of ... .. Water-hasad film designed to seal in borales 2 coats
boron away [rom unsealed butt oo Water-hased teop-step sding szain 2 coats stew 12 1 coal slep 2
joints in painted hyvphen units S ETh Water-hased avlir siding stain 2 coats
er i P — Moo, Walei-based cear amylic film 3 coats
QVET Il ye's an o Moo Qil-based siding stain 1 coat:
mended the ]{!Tlf_-{-tt"l'[ﬂ Slglllfl- 0. Jater-based suyurethane Alm ? coats
cance be invesligaled. They did Poveninnn Water based clear lwo-skep palyrethane film 2 enals step 1; 1 coat step 2

ner finil amy difference in
boron redistribution between
an oil-alkyd amd o waterbome
acrylic but the simitar moisture
conlents in the test unils suggest these coatings did
not differ much in permeabilicg. sMorris? found similar
redistribution in L-joinis ireated to 0,.2% BAL alter live
vears i this did not reselt in premamre decay atter
10 vears. Hedley and Page! demoenstraled good per-
formance from palnied boton-treated Ljoins alter 35
yeurs exposuTe with no maintensmce. Peylo and
Willelner* found T6% loss from Lest units with a thin
coat of transparent varnish exposed outdoors for three
vesrs. All these test units were (nlly exposed to rain
and, in the case of the Ljoints, canted 1 engure mois-
ture accumuladon al the joint, Wood componenis on
the exterior of bulldings normally have some prolec-
tlon by design and are free-draining. Under real serv-
ice conditions, Dickinson and Murphv® fowrnd soffi-
cient harate loading in windows after 23 years
eXposule Loy prevent decay, despite considerable paint
deterioration.

The general purpose of this project is 1o developr de-
cay-resistant glulam and LVL using combined borate
treatiient and elfective transparent coating systems, In
order to choose the coaling with potentially the hest
petlommanee uon borate-treated compeosites and poren-
tially the highesl capahility of preveating borate leach-
ing during outdoor wealhering 15 types of commer-
cial wansparent coatings were selecled and tested on
borate-treated solid wood samples. An aceelemred ari-
ficial weathering test with » Weather-Onneter® was
used to determing the type of coating to be used tor
the higger-scale compuosites test, based on the coating
performanie and the barale remaining after this
weathering iest. Although the treatment and coating
combination is uhtimately intended for use on com-
posites e from primarily heartwood of a variely ol
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Mone (Reference)

T an wss] w prenicds teal iy Ll oner bz letreated waad

species, ponderosa pine sapwood was selected o this
expetiment for its uniform and predictable behavior in
tenns of coating performance and borale leaching,

MATERTALS ANO METHODS

Kiln-dried ponderasi pine sapwood samples were
processed 10 the dimensions of 335 mm = 65 oun =
I} mm. These were double-length coupans plus a 10
mm central section lor analysis prioT to exposure. They
were pressure-treated with disodium ooaborate
tetrahivdrale {1207 solution to a borate uptale around
204 boric add equivaleni {BAF) in wood. Based on the
waler exclusion and vapor permeahility tested by
UBC, 15 wypes of commercial anspirent coatings
{Tahle 1) were selecled ax the candidates for the lest, as
well as a water-based pair as a reference, The coadings
were applied on the air-drv borate-teeated samples ac-
cording to manulaciurers” recommendations, with
replicates of six for each coaling. Belore the Weather-
Ometer sl A 10 mm sample was cut {hem the center
of each sample, generating two groups of coupons:
Croup A and Group B {each coupon with the length

Figure 1—Weather-Ometer oyclo.
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Evvaluation Method and Standard

Substrate condition ... ... .. Bubjeclive wisual assessment

Water repellenny ... ... Subjod live visual assessment.

Discoloration ... ... .. ... Subjective wisUal assessment stinilar
to ASTH D 2274-B2

Y suface bregkdown ..., L., Subjective visuak assessmenl

Flaking .. .o ASTH O 772-86

Erpsion .. .o oL AXTH [} G62-93

Cracking . .ooo oo oo A5TM [T 61-03

Lenerak rating . ........... Mverall appearance

af 16 an). The cul ends of these coupons were then
sealed with three coats of 4 twvo-part epoxy Tesin,

‘The aveelerated weathering was done using an Arlas
Weather-Ometer (model 1i65A) equipped with a 6300-
wiith, Xenom are LTV lamp and borosilicale inner aond
outer filters. '1his light source imadiated samples with
near equal sualight exposurs with Tower TV wavelength
cul-oT al ahout 290 nanemeters. Two exgrosune condi
tons were wsed [ur evaluating the coating performance
and borate remaining, one with [TV and intensive water
sprray, The other with intensive water spray only, hoth
for 1000 hir. Since the weathering st witl the latier
comndition is not tinished yel and the results are to be
refrarted nexi guarter, this report only covers resulls
tested under BV and intensive water spray. ‘This weath-
ering program consists of four phases (Figure 1) in
each bwo-hour cvcle, there is lighl with water spray in
the first 30 min, no light and no water spray in the sec-
el 30 min, no light with waler spray in the third 30

Td}_]].{_l F-—iieierar Coating Po

rodn, and light and no water spray in the last 30 min.
The coating to be used on LvL and glolam samples is
13 b Trsedl on the results from this maore severs weath-
ering tesk Five coupons rom each coating group wele
used, with one coupon kepl as the reference sample tor
visual assessment of weathering,

Aller the weathering test, the coating performanee
was visually assessed hased om o rating svstem adopted
from the Tovest Products Laboratory (FPL) that inspects
for discodoration, mold/stain, finish waler repellency,
Making, ercsion and crucking, and substrate conditinn
[1able 2]. Pach evaluation was rated om a scale from 1
(complete failure} o 10 {perfect), and the overall gen-
eral mating was assigned as the average rating of the
evaluation group. Alier the coating evaluation, another
10 mm sample was cut from e center ol gach
coupan. Bathr of the 10 mm samples, belore and alter
the weathenng test, were ground and analyzed for bo-
rate: relention using the mannital dieation methed #
and the percenlage of borate remaining tor each coat-
ing was caloulated.

RESULTS AND DISCUSSION

There wag 2 considerable range of coaling perform-
ance ['lakde 3. Alter 1000 hr of anificial wealhering
with the combined UY and waier spray, the xating of
the uncoated samples dropped to L. Unsurprisingly,
the paint had the lighest rating, with almost no visible
deterioration atter the test. Clogely ollowing the paint
were coating B and coating T (coating I ower pretreal-
ment wilh a Forintek fiurmulad with general ratings of
4. The relative lower rating ol coating F alone suggests

ranee aftar tha Weather-Ometer Toss
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Table 4——porate Remaining atter the Weather-Ometer Test

 Technology Today

Borate Remaindng [BAE, %)

Standard
Conall g Deserptiom Mean Dhaviatian
Moo Walar-based polyurelbane vamish + preticatment R 2.9
EF I ETELT Walar-based pulyuralbane wanish Lt 7.3
A eocoand Water based Law. part twa-step film 56 532
P anomoond Watei-based clear twa step polyurethane fin &5 &7
B S eaamone Water-bazed polyurethane film L) 7Aa
s Water-bazed film designed to seal in borates a1 LR
H... .....Dikbased well ¢ own two-step tansparent film 78 4.0
Goveeravrnn Liquid plastic 78 11.2
Moo Watar-bazed clear acrnylic fitm 75 141
Lo Watar-hazrd acrylic siding =rain | T2
b Watar-hased paint 42 5.8
[ Gl barsed Loy honie skain 33 115
Ko Walar-based Loo-slep sicgny slain EX| 1a.h
| R il based deik slai Zh 11.¢
| Jil-based siding slain il &1
Lo Watar-bazed polyumcthane/acrylic film 2 11.2
Cantrol = 5%

rhiere wis a positive effec of the preteatment. Coatings
G, IL )L Loand B had general calings of & Some coal
ings had very low ratings after the test, whiclh suggests
thiey may nof performn well i semvice,

The Barrale analysis shows a consideralle mange in
ability to retain borate among these coallngs with in-
tensive water spray and combined UV (Table 4). The
Lwo waler-based varnishies seemed most capable of pre
venting borate from leaching, and the one over pre-
treatment with a Forintek formula was superar, Closely
[ollowed were coatings B, O, and 11 Coatiogs € H, ], L,
and M, which performed reasonably well in terms of
[V resistance, wers alser in the middle of the pacl in
Lerms of retarding borate leaching. In terins of produel
charactexstics. these coatings had virmually nothing in
commen which each other Summisingly, the painted
samples {coating A lost more than ball the borate dor-
ing the weathering test, which sermed contradictory
with iis perfect coaling perfonmance. Some contings,
such as B IC I~ and ©, scem much less capable of 1e-
tariding the chemical leaching, as little borate remained
i wood alter the wealhering west. With the exoepion of
(2, these were typically stain-type products designed not
tir forrme a film. The homale remaining in samples is pre-
sumably associated with the moisiure excluding efli -
cency of the coating, but it also depends on other fac-
tors, pacticulacly LY resslance. The delerioration of
coating centainly accelerates the chemical leaching lrom
wonadl, In paralle] field tests (unpublished), the water-
based varnish with and wilthoul pre-ueeatmend has nol
shown as good performance as coating B, panticularly
in Lerms of resislines o Dlack stain Aoy and ability o

www. coatingstach. org

dry out after wetting. Consequently, it was decided to
use Coating B oon LYL ared glulam samples for o long-
Torm outdoor exposie test.

CONCLUSIONS

Coating B was the best in terms of the weathering re-
sistance and horale retention. This prodact is being
tested on borate-treated LvL and gludam samples for
long-term outduor weathering exposure. @
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