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CLEAR FINISHES 

FOR EXTERIOR WOOD 

Field Exposure Tests 

By H. E. ASHTON 

National Research Council* 

Canada 

The results of two series of exterior exposure tests of 
clear finishes of known composition are given. In  the first 
series pheilolic varnishes, alkyd resin solutions, and epoxy 
ester solutions were exposed. The second set, in addition 
to phenolics and alkyds, included cold-cured epoxies, 
urethanes and, for comparison, pigmented stains. The  
durability ratings are discussed in relation to composition 
and some of the properties of the materials. Preparation 
of exposed clear finishes for recoating and subsequent ex- 
posure results are described. 

INTRODUCTION 

For a number of years there has been widespread 
interest by architects, builders and home owners in 
the use of clear coatings on the wood siding of homes 
and other buildings. This interest has been stimulated 
by the attractive appearance of wood coated with a 
clear finish, but unfortunately clear coatings on wood 
have had a history of poor performance or excessive 
maintenance in comparison with pigmented coatings. 
The  Timber Research and Development, California 
Redwood, and Western Pine Associations have all 
tested numerous commercial clear finishes for wood 
but have not found any that were really satisfactory. 
For example, it has been reported that 90% of the 
products tested were unsatisfactory after eight montlls 
and the remainder had a maximum life of one and a 
half years.1 In general, it is found that failures occur 
by delamination, cracking or peeling within a year or 
two of application, leaving a very poor surface for 
recoating. 

sound, unbiased basis, studies were undertaken to de- 
termine the relative durability of different types of 
clear coatings. This information was obtained chiefly 
from exterior exposures. This paper describes the coat- 
ing materials, the results of two exposure tests in 1955 
and 1960, .and the effectiveness of refinishing proce- 
dures. 

MATERIALS 

The following types of clear materials were used: 
phenolic varnishes, alkyd resins, epoxy-esters, epoxy 
resins, urethanes, and three miscellaneous materials. 
Five pigmented stains were also exposed to compare 
their performance with that of the clears. 

The  varnishes were prepared in the laboratory 
by cooking the phenolic resins with selected oils in 
a stainless steel beaker. Tlle desired solids content was 
50% at a Gardner-Holdt viscosity of 13-11. Before use 
0.4y0 lead and 0.04% cobalt naphthenate driers were 
added in the same proportions as with the alkyd resins, 
i.e., on solids content instead of an oil content. 

The  alkyd, epoxy-ester, and urethane samples 
were prepared by diluting commercially available res- 
in solutions to the desired viscosity 01- solids content. 
Commercial materials were used to prepare solutions 
of epoxy resin and the curing agents. 

The  water-repellent sealer and three of the stains 
were prepared in the laboratory, but only one stain 
required milling of the pigment because the other two 
were made with colors-in-oil. Three commercial re.ac1y- 
to-use materials were exposed: two stains and an oil- 
modified urethane. 

The  composition of materials exposed in 1955 
and in 1960 are given in Tables 1 and 2, respectively. 
Except for the stains, tlle water-repellent sealer, and 

As a consequence of such failures the Division of 
Building Research, which provides a research service 
for the construction industry of Canada, has been ap- 
proached many times for advice. T o  ensure that in- 
formation supplied by the Division would be on a 

the acetate-butyrate 2mulsion all materials were ap- 
Presented at the Annual Meeting of the Chemical Institute of Canada, 

Protective Coatings Div., June  1 ,  1965. plied in three coats. The  first coat was diluted with 
Organic Materials Section, Division of Building Research, Ottawa, the appropriate thinner to a ~ ~ ~ d ~ ~ ~ - ~ ~ l d ~  viscosity Canada. 
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Table 1-Composition and Ratings of Materials 
Exposed in 1955 

Durability 

at 

Formula % Viscosity 13 27 36 
Number Oil Type % Oil Solids (GH) months 

Pn~aplzenyl~~henolic varnishes 

372 ......... Linseed 50 
373 ............ Linseed 66.7 
374 ............ I~insccd 75 
375 ............ Linseed 80 
376 ............ Linseed 83.3 
37 1 ........... Tung  50 

............ 430 Tung  GG.7 
429 ............ Tung  I : ]  

m -  

428 ............ 'l'l~ng SO 
427 ............ Tung  83.3 
403 ............ Soya 50 
402 ............ Soya i 7  8 
401 ........... Sova 811.3 

............ 407 D.H.C. 50 
406 D.H.C. 

- - 
I :I . . . . . . . . .  

............ 104 D.H.C. 83.3 

51.3 G 8.5 5.5 4.5 
52 C 10 9 7 
50 E 10 7.5 6.5 
48.5 C 10 8 6 
46.2 F 10 5.5 3 
51.6 A 9 6.5 5.5 
5 1 C-D 9 6 4.5 
52.3 F 10 8.5 7.5 
51.8 (; 10 8 7.5 
48 C-D 10 8.5 6 
53 F 4 - -  
49.5 C-D 9 6 4.5 
55 1 8 4 -  
53.8 1' 8 6 3  

Alkyd Solutions 

962 . . . . . . . . . .  Linsccd 29 28 D 7 2.5 - 
355 . . . . . . .  Linseed 3!).6 38 D 7 4 2  
356 . . . . . . . .  Linseed 51 38 D 6 2.5 - 

358 . . . . . . .  Linseed 58.3 52 D 7.5 2.5 - 

363 ............ Linseed 
uhenolated 55 39 D 6 2 -  

359 Sova 41.7 41 D 8 5 5  4 
v . ,, .. - 

360 . . . . . . .  Soya I 45 D 8 6 5  
357 ....... Soya (52.5 53 D 9.5 8 5.5 
361 . . . . . . . . .  D.1-I.C. 37.5 32 D 8 4.5 2 

Epoxy Esters 

365 Linseed 57.5 38 C-D 5 2 - 
364 ......... Soya 45 37 C-D 6 2 - 
367 . . . . . .  D.H.C. :l(i 32 D 8 3.5 - 

Mean rating 8.3 5.3 3.3 

Decrease per month 0.13 0.21 0.22 

of A-2, except for the cold-curetl epoxies, urethanes 
and a Sew malerials that already liad a low viscosity. 

The  stains,  he sealer and the emulsion were applied 

in two coats, with the exception of the Forest Prod- 
ucts Laboratories' formulations. For these materials, 

half of each panel received one coat ancl half two 

coats, with tlie Canadian foimula wiped according to 

instructions. 

FIRST EXPOSURE SERIES (1 955) 

The  initial program included 28 conventional 

clear coatings (16 paraphenylphenolic varnishes, nine 

alkyd resins, and three epoxy resin-fatty acid esters) . 
T h e  solids content of the varnishes varied in many 

cases from the desired 50% because solvent was de- 

creased or increased to obtain the desired viscosity. 

Two different woods commonly used on homes 

were selected for the exposure test: white pine and 

western red cedar. Three 30-inch lengths ol each wood 

in the form of drop (or cove) siding were plepared lor 

each coating material. The  edges antl backs ol the 

test panels were first sealed with sealer and aluminum 

paint. The  complete coating system consisted of one 

sealer coat and two coats of normal viscosity applied 

by brush at intervals of about 24 hours. Each applica- 

tion produced a full, wet coat and the amount applied 

was determined by weighing the panels. 

After coating, the six boards of each sample were 

mounted by brass screws to frames which coultl be at- 

tached to exposure racks. T h e  screw holes were coun- 

ter-sunk and carefully protected wit11 aluminum paint. 

T h e  panels were mounted vertically, facing south, at  

tlie exposure site of the National Research Council in 

Ottawa. Exposure began August 16, 1955 and ended in 

August 1958. Observations were made at varying in- 

tervals. T h e  mean ratings alter approximately one, 

two and three years are shown in Figure 1 antl are 
compared with composition in T a b l e  1. 

I t  was evident that the kind of wood and its shape 

had an effect on the life of the coating. Generally, the 

coatings showecl some~vhat poorer durability on red 

cedar than on white pine, although this might be re- 

lated to the fact that the materials, on the average, 

were appliecl at a greater coverage on cedar, thus 
yielding s1ightI"y tllinner films. Initial breakdowll oc- 

curred in almost all cases at the bottom edge of the 

cove on tlie siding or  in the hollow irnrnecliately above 

it. 

T h e  alkyd and epoxy-ester coatings failecl much 

earlier than the pure phenolic varnishes, except lor 

the soya modifications where the alkyds perlormecl bet- 

ter tlian the varnishes. After one year, wlien all ex- 

cept three varnishes were in excellent condition, the 

only alkyd with a rating as high as 9 (where 10 = 
perlect condition) was the long soya. After 27 months, 

only five varnishes and the one alkyd had no more 

than slight defects, which did not detract from their 

appearance and would not interfere with recoating. 

The  only recoatable surfaces after three years were the 

30- and 40-gallon tung oil varnishes." 

Tlie effect o l  oil content and type of oil on the 

durability of the finishes can be seen in Figure 1. For 

the varnishes, tung oil was superior to linseed oil, 

with one exception, and both were better than de- 

hydrated castor ancl soya oils. Soya varnishes were gen- 

erally the poorest. The  tung results at 20-gallon oil 

length appear anomalous; the ratings, as well as be- 

ing below the corresponding linseed varnish, are lower 

than the 10- and 30-gallon tung varnishes. Better dur- 

ability would be expected-as the proportion of plie- 

nolic resin increases until the resin makes the film too 

brittle. The  linseed varnishes illustrate this relation- 

ship quite well. T h e  soya ant1 castor varnishes, al- 

though on a more limited composition basis, also ex- 

hibit peaks in durability near the mid-range ol oil 

content. T h e  variation in ratings of the sllort oil 

varnishes, especially the poor performance of the soya, 

is rather surprising. One would expect that at the high- 

est resin content the durability of the resin woultl be 

the controlling factor and that all four varnishes 

would perform similarly. 

* Oil lengths are approximate I~nper ia l  gallons. T o  obtain U. S. oil 
Ic~lgtll mulriply by 1.2. 
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Figure 1-Durability of materials exposed in 1955 
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With the alkyds, the soya types appear to show 

a trend toward better durability with greater oil con- 

tent. As the alkyds were all reduced to the same vis- 

cosity, however, those with less oil had much lower 

solicls content; their poorer durability might also be 
attributed to thinner films. I n  contrast with the phen- 

olics, the soya alkyds were inucll better than the lin- 

seed alkyds. There may be several reasons for this 

reversal in performance. Linseed oil is more functional 
than soybean oil because of its greater unsaturation, 

which leads to more cross-linking during resin syn- 

tllesis and drying. Tlze resulting film should be less 

flexible than that of a soya alkyd and therefore might 

fail sooner on  a wood substrate. Another possibility 

is that because alkycls fail in a different manner from 

phenolics when used as clear coatings on  woocl, the 

effect of the type of oil could be expected to be differ- 
ent. I n  addition, the proportion of oil in alkyds, is not 

the same as that in phenolic varnishes. An alkyd con- 

taining 60% oil is considered long, whereas a varnish 
with the same oil content is short (about 18 gallons) . 

Tlze phenolic-modified linseed alkyd did not per- 

form better tlzan the corresponding straight linseed 
alkyd, perhaps because the film was more brittle or a 

less effective phenol was used. Nlodification with para- 

pl~enylplzenol might possibly combine the favorable 

phenolic results with the better flexibility of alkyds. 

T h e  epoxy esters had poor clurability as clear coatings 
on wood regardless ol the type of oil. Their oil and 

solicls content were in the same range as those of the 

alkyds. 

SECOND EXPOSURE SERIES (1 960) 

Original Exposure Results 

Tlze second exposure series was designed to check 
some of the earlier findings ancl to investigate addition- 

al materials. By eliminating tlze poorer coatings and 

by using oizly one kind of woocl it was possible to ex- 

pose a greater number of coatings than in the first 

series. AIaterialq developed since 1955 or which were 

claimed to be superior to conventional finishes were 

exposed. I t  was also possible to examine in more de- 

tail some aspects of phenolics by eliminating the less 

durable soya, dehydrated castor and all very long 

varnishes. Durability had also been poorer at tlze short 

oil end so that only tlze 10-gallon tung varnish was 

used. All varnishes that were retested were cooked 

again with closer control over the viscosity and solicls 

con tent. 

One factor that was examined with the phenolics 

was the effect oI varnish viscosity as an increase in 

viscosity is related to an increase in mean molecular 

weight of the oil-resin molecule. It was of interest to 

determine whether high molecular weight would be 

an advantage or whether there would be an optimum 

viscosity range, since varnish specifications require that 

viscosity fall within certain limits. Because the 30- 

gallon tung phenolic hat1 given tlze best performance 

in the first exposure series, it was selected Tor study. 

DilFerent batches were cooked lor various times to ob- 

tain a range of viscosities, with the first sample not 

being cooked at all; tlze oil was heated only enough to 

dissolve the resin. Tlie resulting mixture had a vis- 

cosity of B-C at 100% solicls. This was reducecl to 

65% so that it would be more similar to tlze cooked 

varnishes ancl any difference in durability would not 

be due to film thickness. Fifty per cent butyl acetate 

had to be added to xyleile to keep the resin in solu- 

tion. There is thus evidence that when varnish is 

cooked the resin is not merely clispersed but reacts 

with the oil because even the undercooked varnishes 

were soluble in mineral spirits with the addition of 

only 10% xylene. 

T h e  phenolic resin used in all the previous var- 

nishes was made from paral~henylphenol. I n  the sec- 

ond series three other phenolic resins were used to 

iuake four varnishes, one oI which was known to liave 

been a commercial product. One resin was a reactive 

type; the others were of the nonreactive para-tertiary 

butylphenol kind. 

I n  the first series all the alkyds had been reduced 

to tlie same viscosity so that the solids content differed 

by as much as 25% total solids. I n  reformulating, the 

solicls were kept as close as possible to 50% without 
making the viscosity abnormally high. T o  check the 

effect of oil content more thoroughly a complete range 

of soya alkycls was used. One linseed alkyd was also 

tested and, to eliminate at least one variable, all were 
~~i~rclzasecl Irom the same manufacturer. Tlie Golden 

Gate Paint ancl Varnish Procl~~ction Club lzacl reported 

that an isophthalic alkyd llad good durability when 

used as an exterior clear finish on wooc1.Wne very 

long oil isophthalic alkyd corresponding to an oil 

length of 50 gallons was therefore included in the 

second series. 

Three resins of the urethane type which had been 

promoted on the basis oT excellent exterior durability 

when used as clear coatings on wood were inclucled in 

the exposui-e series. One was a two-component type in 

which a polyisocyanate is cross-linked with castor oil. 

T h e  other two were oil-modified urethanes where clry- 

ing occurs through the oil portion; one was a com- 

H. E. ASHTON has becn associated xvitll 
the Paint Laboratory of the Division of 
Building Research Council, since 1956. His 
original work xvas chiefly concerned with 
paint test methods and special product 
developmcnt for govcrn~nent contracts. 
More rccently, his work has bcen concen- 
tratcd on clear and pigmented coatings 
for wood. hlr. Ashton, a graduatc of the 
University of British Columbia, had becn 
previously connected with Gencral Paint 
Corp. of Canada, Ltd. 



T a b l e  2-Composition a n d  Rat ings  of Materials Exposed i n  1960 

Formula No. Vehicle Composition Properties Remarks Durability 

% % Viscosity Sealer June June Nov. 
Series ll Series l Resin Type Oil Type Oil Solids (G-H) Solids 1961 1962 1962 

Phenol ic  Varnishes  
892 371 p-Phenyl 
893 430 p-Phenyl 
894 429 p-Phenyl 
894I; - p-Phenyl 
894SE - p-Phenyl 
895 - p-Phenyl 
896 - p-Phenyl 
897 - p-Phenyl 
898 - p-Phenyl 
899 - p-Phcnyl 
900 - p-Phenyl 
90 1 428 p-Phenyl 
901W - p-Phenyl 
934 - p-Phcnyl 
902 373 p-Phenyl 
903 374 p-Phenyl 
903W - p-Phenyl 
904 - p-Phenyl 
905 375 p-Phenyl 
906 - p-Phenyl 

907 - Reactive 

Tung 
Tung 
Tung 
Tung 
Tung 
Tung 
Tung  
Tung  
Tung 
Tung 
Tung 
Tung  
Tung 
Tung 
Linseed 
Linseed 
Linseed 
Linseed 
Linseed 
Tung 
Linseed 2-2 
Raw castor 

Tung 

Tung  

Tnng 
Linseed 2-2 

Tung  
Linseed Z-7 

C-D 
B 

C -D 
C-D 
C-D 
A-4 
A-1 
A-B 
F 

1 2  

C-D 
C-D 
C-D 
C 

B-C 
B-C 

J 
D-E 
C 

C 

C-D 

D 

c: 

Alkyd  Sollit ions * 
911 - Isophthalic Soya 85 55.0 A-3 

linsced 
912 357 Phthalic Soya 62.5 50.2 C 
913 - Phthalic So yn 62.5 50.2 G 
913SE - Phthalic Soya 62.5 50.2 G 
936 - Phthalic Soya 62.5 50.2 G 
914 360 Phthalic Soya 56 50.0 F 
915 - Phthalic Soya 48 42.0 E 
916 - Phthalic Soya 38.5 40.0 I; 

917 356 Phthalic 1.insccd 51 43.2 E 
917W - Phthalic Linseed 51 43.2 E 

mercial clear exterior wood finish supplied by a paint 
manufacturer. 

In the first series of exposures, three epoxy esters 

had been tested ancl found to have poor exterior 

durability. In the second series three cold-curing 

epoxy formulations were included to discover whether 

they would perform better than the esters. One sample 

was cured with an amine, one with an amine-adduct, 

and the third with a polyamide resin. 

The use of ultra-violet absorbers for improving 

the durability of clear coatings has been suggested in 
commercial literature. Much oE the degradation of 

coatings ancl plastics is attributed to the ultra-violet 

portion of daylight. One reason advanced for the poor 

durability of clear in comparison with pigmented fin- 

ishes is that there is no pigment to absorb the light ancl 

protect the vehicle. If a material that can absorb UV 

and dissipate it harmlessly is added to a clear organic 

10 gallons 
20 gallons 
30 gallons normal cook 
Applied on fence 
Summer exposure 
Not cooked 
Undercooked 
Slightly undercooked 
Slightly overcooked 
Moderately overcookcd 
Overcooked 
40 gallons 
Prcweathercd panels 
901 + 0.5 UV absorber 
20 gallons 
30 gallons normal cook 
Prcwcathercd panels 
Moderately overcooked 
40 gallons 
7'7'-V-119 forn~ula 

Possibly p-tert-Butyl 
phcnolic 

Possibly p-tert-Butyl 
phenolic 

Possil?ly p-tcrt-Butyl 
phenolic 

Cold-mix varnish 

55.0 !'. long; 17. low viscosity 9 6.2 4.7 

40.5 Long; low viscosity 10 7.7 6 
37.5 Long; medium viscosity 10 6 4.7 
37.5 Smnmer exposure - 6.7 4 
37.5 913 + 0.5UV absorber 10 6 4.3 
37.5 Medium; mcd. viscosity 10 7.3 6.3 
32.4 Medium; high viscosity 9.5 6 4.3 
30.0 Short; high viscosity 9.7 6 3.7 
33.2 Mcdium; high viscosity 10 7.3 4.5 
33.2 Preweathered pancls 8.5 5 4 

polymer, its exterior durability is said to be improved 

markedly. As there was not sufficient exposure space 
to make more than a brief study of absorbers, one UV 
absorber was added to three coatings-an alkyd, a 

phenolic ant1 a urethane-in the proportion of 0.5% 
of the solids content. This amount, suggested in form- 
ulas for lacquers to prevent bleached wood from dark. 

ening, is commonly used in plastics. 

Most of the panels for both exposure series were 

prepared in the laboratory from siding that had been 

kept indoors. Houses, ol course, are not erected under 

such ideal conditions, ancl occasionally the siding may 

be exposed to the weather for a considerable time be- 

fore it is coated. T o  determine whether this has any 

effect on durability an alkyd and two phenolics were 

applied to panels that hacl first been exposed to the 

weather for several days. 

Frequently in disc~~ssions on exterior durability 



CLEAR FINISHES FOR EXTERIOR WOOD 

Table 2-Composition and Ratings of Materials Exposed in 1960 (Cont'd) 

Formula No. Vehicle Composition 

Yo 
Series 11 Series 1 Resin Type Oil Type Oil 

Polyz~retha~zes 
844 - Oil-modified Unknown Unknown 
935 - Oil-modified Unknown Unknown 
850 - Two-componentModified 47.9 

Properties 

% Viscosity 

Solids (G-H) 

Remarks 

Sealer 

Solids 

50.0 I3 
50.0 n 

t 
t 844 + 0.5 UV absorber 

50.0 A-2 t Prepolymer-castor cured 

Durability 

June June Nov. 
1961 1962 1962 

10 8.3 5.3 
10 7.5 4.5 
9.7 10 7.3 

castor 
11459 - Oil modified Unknown Unknown 62.0 A- 1 t Comnlcrcial 10 9 6.7 

Epoxies 
85 1 - - - - 50.0 D t Amine cured 10 7 4.7 
852 - - - - 50.0 G t Allline-adduct cured 10 9 6 
81 3 - - - - 50.0 E t I'olyamidc cured 10 6.3 3 

Mircellaneozts C l e a ~ s  
846 - Rosin-~Malcic - - 16 3 A-4 t Water-rcpellcnt sealer 7 0 0 
- - Cellulose - - 3 1 - t Eu~ulsioti 5 3 0  

acetate-buty- 
rate 

- - - Lin~ccd 100 100 - t noilcd oil 7 5 1  

Stains + i 
848 - - Linsccd 87.4 77 28.8 t U. S. Foic\t Pioducts 10 9.3 9 

849 - - 1>1nseed 92.7 100 30.6 t Canad~an Fo~cst  P~oducts  10 6.3 4 
870 - Alkyd Soya 26.2 

L~nsccd 58.1 35.6 23.4 t 1-GP-145, Type I 9.5 10 8.7 - 
84.3 

11505 - Alkyd Unknown Unknown 35 6 27.0 t Co~nnier~ia l  10 9.3 7 
11506 - - - - 45 23.5 t Co~llmcrcial Creosote base 9 7 5.3 

Mcan rating 9.6 7.7 5.3 
Dccrcase per ~liontll 0.05 0.10 0.48 

* 7'he oil content of alkyds was calculated from thc reported fatty acid con:ent according to I'ayneo cxcept for the isophthalic alkyd which was reported 
as oil content. 

.I. Not reduced for first coat. 

" Krebs-Stormer, seconds for 100 revolutions xeitll 50 g weight. 

testing it is suggested that panels sho~ilcl always be 

exposed at the same time ol year. T h e  idea is that 

films put out in the autumn cure under mild condi- 

tions and are thus better able to resist the summer sun 

than those exposed in the late spring or early summer. 

Because the panels were exposed in November 1960 

another set ol two o l  the finishes was exposed in July 

1961. I n  addition, a third material was immediately 

subjected to summer weather by applying it in July 

to newly-mounted siding. 

Three sets of panels were included as a matler ol 

interest: 

(1) One material that was applied was a water- 
repellent sealer of the type used on lumber that can- 

not be painted immediately but requires some protec- 

tion. This sealer is recommended by the U. S. Forest 

Products Laboratory3 for back priming siding to pre- 

vent water from wicking behind the siding. 

(2) A raw material supplier had suggested an 
emulsion of a cellulose acetate-butyrate lacquer, since 

cellulose acetate compounds are resistant to clegrada- 

tion by ultra-violet light. Two pieces of siding were 

given two coats of the emulsion. 

(3) Many inquiries have been received concern- 
ing the use of linseed oil as a clear coating for exterior 

woocl. For direct comparison with tlie two main con- 

ventioilal coatings, boiled linseed oil was applied to 

the center 01 three panels ancl an alkyd ancl a phenolic 
were applied on either side. In  this way variations 

resulting from different woods were eliminated. All 

three finishes were applied in three coats, with the 

first coat of the alkyd ancl the phenolic reduced for 

sealing. 

Finally, it was decided to obtain information on 

tlle durability of pigmented exterior stains which are 

classified as being between clear finishes and paints. 

Pigmented stains clesigiled for use on wood contain 

sufficient pigment to color the substrate, although 

preferably not enough LO obscure the grain of the 

woocl. I t  is claimed that pigment content increases 

tlurability of the stain. Based on results of the 1955 

exposure series, Llle DBK Pail11 Laboratory had been 

recommending stains in preference to clears for ex- 

terior wood. but it was not known from actual ex- 

posures whether their performance would be like that 

of a clear or  a paint. Two coinmercial stains, one with 

an alkyd vehicle, the other with refined creosote, were 

used as standards. T h e  Forest Products Laboratories 

of Canada4 and tlie United S~atesVlave  published 

formulations for stains; these can be made by the 
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homeotvner ant1 are claimed to have very good dur- 
ability. Both materials were included in the program. 

Lastly, a stain was lormulated in the Paint Laboratory 
to meet Canadian Government Specifications Board 
Specification 1-GP-145: Stain: Pigmented, Exterior and 
Interior, the vehicle of which consisted of an alkycl 
resin plus linseed oil. 

TWO species ol woocl liad been used in the first 
exposure series. Because the failure rate appeared to 

be slightly higher on red cedar than on white pine it 
was decided, for the 1960 tests, to use only the former 
and reduce the number of panels by one half. Bevelled 
siding was selected because the cove siding previously 
used had accentuated failures at the leading edge. The  
clear finishes were applied at a coverage rate calculated 
to yield a total dry-film thickness close to 2.5 mils. 
In the second series the panels were not back-primed 

because this is rarely done in home building. The  ends, 
however, were sealed to reduce their influence on the 
relatively short lengths. Plywood sheets covered with 
building paper were used to support the panels on the 
exposure racks. Nails were driven from the back of 
the plywood so that the test surfaces were unbroken. 
T o  protect the ends and duplicate house construction 
more closely, strips were fastened to the ends of each 
assembly of six pane!s and caulking compound was 
injected between the panel ends and the strips. A cap 
is generally placed on top of vertical test fences to 
prevent rain water from getting behind the panels. In 

the 1955 series the top panel received considerable 
protection from such a cap. In the 1960 tests a piece of 
wood was inserted to increase the distance from the 

top panel to the cap. 

The panels were placed on the exposure racks at 
the National Research Council on November 21, 1960. 
As before, exposure was vertical, facing south; the 
panels were observed perioclically during the test. In 
November 1962 the assemblies were removed to the 
laboratory and examined independently by two ob- 
servers. These final ratings were combined and are 
sllown in T o  ble 2 together with the seven-month and 
19-month ratings. The  exposure period was of shorter 
duration in the second series because panels were to 
be recoatecl belore failure became too extensive. 

After seven months' winter and spring exposure 
only five materials sliowed any effects besides the ex- 
pected yellowing of the phenolic varnishes. The  buty- 
rate lacquer had turned white and had started to flake; 

the panels with water-repellent sealer were beginning 
to look white. There was slight grain raising on the 
creosote stain panels, and stain 870 exhibited some 
gloss over summer wood owing to the use of unbodied 
linseed oil. The  boiled linseed oil was sweating or 

frosting. 

After 19 months all the tung-phenylphenolic var- 

nishes except the 10-gallon and uncooked 20-gallon 
varnishes were in excellent condition, whereas only 
the 20-gallon linseed rated as well. The  tung-linseed 

Table 3-Rating of Better Materials 
After Two Years Exposure 

Mean Lowest 
Number TY pe Rating Rating 

...................................... 848 U. S. F.P.L. stain 9 9 

.............................. 870 NRC 1-GP-145 stain 8.7 8 

896 30 gallons tung-p. phenylphcnolic . . . . . . .  8.2 7.5 

........ 8118 50 gallons tung-p. phenylplicnolic 8 8 

........ 893 20 gallons tung-p. phenylphenolic 8 8 

897 30 gallons tung-p. phenylphenolic ........ 7 5  7 

910 Cold tnix vartiisli ..................................... 7.5 7 

906 TT-V-1  19 p. phcnylphenolic ............... 7.5 6 

891E' 30 gallons tung-p. phcnylplienolic ....... 7.3 6.5 

850 Castor oil cured urcthane ....................... 7.3 6 

varnish to U. S. Federal specification TT-V-119 and 
the tung-linseed cold mix varnish were also excellent. 
Of the other types of clear materials only the castor- 
oil cured urethane had no defects. Among the stains, 
the U. S. Forest Products Formula, the NRC alkyd- 
linseed material, and the commercial alkyd were still 
in excellent condition. In addition to the butyrate 
lacquer, water-repellent sealer and linseed oil, the 
tung-reactive phenolic varnish and the linseed alkyd 
applied to weathered boards were in poor condition. 

Most of the remainder rated good to very good. 
The  alkyd films were generally in good condition, but 
there were white spots or areas underneath the film 
as though air was getting between the woocl and the 
coating. This usually occ~~rrecl over the spring wood 
only. Except for one panel tlie oil-modified urethanes 
were very good, ranking slightly below the first group. 
The  alkyd and the phenolics applied to weathered 
panels were in significantly poorer condition than the 
same coatings on non-weathered panels. The  films ex- 
posed in July were about the same or slightly better 
than those put out seven months earlier. 

At the end of two years tliere were only eight clear 
finishes and two stains that could be classified as good 
or very good; of the 30 panels only six were rated ex- 
cellent. The materials are arranged in order oT rank 

in Tab le  3. 

There is, of course, no definite line of demarca- 
tion between "good" coatings and those of slightly 
lower rating, but the materials listed in Tab le  3 ap- 
peared to be superior to the others. Another complicat- 
ing factor in comparing materials is the variation be- 
tween different panels of the same coating. Some, 
such as 893 and 898, gave the same performance on all 
three panels; others, such as 906, 851 and 841, gave 
good or even excellent performance on one panel but 
only fairly good to very poor performance on another. 
This is illustrated in Figure 2. In some cases the poorer 
durability resulted from too flat a grain in the wood 
panel. Where there was no obvious explanation for 
the difference, the material was reduced in rank coin- 
pared to those that had performed more consistently. 



Figure 2-Variation in performance of an oil-modified 
urethane on different panels 

Phenolic Varnishes 

Plienolic var~lislles, generally, had tlie highest 

ratings; o l  tlie eight best clear finislies, seven belong 

to this category. None o l  the newer materials in this 

exposure series equalled the perlormance of the better 

tung-paraphenylpl~enolic varnislies. The  first signs ol 

lailure usually sliown by phenolic vai-nishes are spots 

01 light yellow that contrast with the ilormal deep 

yelloiv color. On close inspection the spots are lound 

to be associated with small craters, but it is not known 

which lorms first. As time progl-esses the craters open 

up into sinall cracks running in the same direction as 

the grain lines. When tlie cracks get larger tlie film 

peels back lrom tlle edges, although if it is brittle it 

inay flake off in pieces rather than peel. If allowed to 

progress too far this type ol failure requires removal 

of most of tlle film-a dificult task to carry out on the 

siding of a building. 

T h e  effect ol oil content and type on the clurabil- 

ity of the paraphenylpl~enolic variislles is shown in 

Figzwe 3. At all oil lengths t~u lg  varnishes outper- 

lormed linseed varnishes. At 20 gallons the difference 

was slight, but as the oil content increased the super- 

iority became more marked. In agreement with theory, 

althoueh in contrast with the results of the 1955 ser- " 
ies, the tung varnishes showed a peak in durability 

arouncl 20 gallons, as did the linseed varnishes in 

both series. TT-V-119 and coltl-mix varnishes, both 

of wl~ich contain a high proportion o l  tung oil, were 

also durable. 

Although it  had been expected that the varnishes 

with medium or high viscosities wo~ilcl be more dur- 
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Figure 3-Oil content vs. durability, phenolic varnishes 

able, Figzlre 4 shows a trencl to better durability with 

lower viscosity, although the results lrom 898 are 

 noma ma lo us. The  superiority of the low-viscosity var- 

nishes might be due to the ability of the material with 

lower molecular weight to penetrate and reinforce the 
top layer ol the woocl. Alternatively the first coat of 

tlie lighter varnishes contained more non-volatile ve- 

liicle at equal viscosity, and there would thus be more 

material available to bind the wood fibers. Laboratory 

0 I I I 

0 1 2 3 
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Figure 4-Viscosity vs. durability, 30-gallon tung-phenolic 
varnishes 
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tests designed to determine which is the more im- 
portant property will be described in another paper. 

I t  is also evident that some cooking of the in- 
gredients is required at least with the paraphenylphe- 
nolic resin, because the simple mixture had the poor- 
est durability of the seven in this set. The  phenyl- 
phenol resin cannot be substituted for the butylphenol 
resin in the cold-mix formula because it is only sol- 
uble in strong solvents. The  butylpllenolic resin gave 
good results, but varnishes made with two other alkyl- 
phenolic resins had poor durability. Reactive phenolic 
varnish was in poor condition after only 19 months. 
At the same time formulas 908 and 909 were in good 
condition, but deteriorated markedly during the sec- 
ond summer of exposure. 

These results indicate what ingredients are needed 
in the normal cooked varnish. T h e  resin should be 
paraphenylphenolic and the oil should consist mostly 
of tung oil and comprise 65 to 75 % of the solids. This 
kind of information is of little assistance to the aver- 
age user because neither he nor the paint dealer knows 
the composition of the varnish. T h e  name "spar" var- 
nish does not help because of misuse in the trade, and 
even "pure phenolic" is not specific enough, since 
failures occurred with two phenolic resins. The  only 
recourse for the buyer or specifier is to ask whether the 
varnish complies with CGSB specification 1-GP-99 or 
U. S. Federal specification TT-V-119, which require 
the use of paraphenylphenolic resin. 

Alkyd Resins 

Alkyds were inferior to paraphenylphenolic var- 
nishes as cleai finishes for exterior wood, confirming 
the results of the first exposure series. Typical alkyd 
failure starts as small craters and white spots over the 
spring wood that grow into areas stretching in the 
direction of the grain. A crack may develop, in which 
case there is peeling over a small area, but adhesion 
is usually lost over the adjacent summer wood and 
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large areas finally delaminate from the surface. This 
procedure is in marked contrast with the behavior of 
pigmented coatings, which fail first over the summer 
wood. Even after delamination the outer surface of 
the alkyd film appears to be in good condition. 

There seemed to be a trend to greater durability 
with higher oil content (Figure 5) but there is a much 
stronger relation between solids content and durabil- 
ity. I t  would be necessary to make alkyds of differing 
oil contents to the same viscosity in order to determine 
which is the controlling factor. In  addition, there were 
no alkyds in the range of 65 to 75% oil where the 
phenolics were most durable. 

The  two best alkyds were the long soya (low 
viscosity) , and the medium soya (medium viscosity) , 
but after two years they could only be classed as fairly 
good. Comparison between the two series is difficult, 
but the shorter alkyds did not appear to fail so badly 
as on the first exposures, perhaps because of the higher 
solids content. The  isophthalic and orthophthalic 
alkyds could not be compared directly because of the 
large difference in  oil content. Due to the high oil 
content the isophthalic alkyd retained considerable 
dirt on the film. A somewhat shorter resin might be 
better in this respect because it would not be so soft. 
Linseed alkyd had the best gloss retention of all clear 
finishes, and its performance on wood was about the 
same as that of the soya alkyds in the same oil content 
range. In  spite of their mediocre durability, all alkyds 
were much better than boiled linseed oil treatment. 

Urethanes 

Performance of the urethanes was rather disap- 
pointing, considering the claims made for them. Oil- 
modified urethane, both with and without UV ab- 
sorber, showed great variation between different pan- 
els, with ratings ranging from very bad to good. T h e  
commercial oil-modified urethane and the castor-oil 
cured type had smaller ranges of 3 and 2, respectively. 

Figure 5-Durability vs. oil content 

and per cent solids for clear alkyds 
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Variability appeared to be connected with the high 

tensile strength o l  the urethanes: as long as there was 

no break in the surface. the film remained in auite 

good condition, but once i t  was ruptured pronounced 

peeling followed. T h e  castor-oil polyisocyanate was 

the only clear material that seemed to fail more at the 

air interface than at the wood interface. I t  lost gloss 

rapidly but otherwise remained in quite good concli- 

tion. 

Epoxies 

Tlle two amine-cured epoxies had only fair dur- 
ability ratings, which were comparable to the alkyds. 

T h e  type o l  failure was entirely different, however, in 

that the epoxy film degraded. Once a break occurred, 

extensive flaking followed. Polyamide-epoxy was ratecl 

very bad, a surprising development because polyamide 
is itself resinous ancl was thought to confer greater 

flexibility than the short cllained amines. Polyamides 

have been reported to be unstable towards UV light 

ence of air and this could explain the film 

n. The  only possibility for improved epoxy 

Ice appears to lie with curing agents that 

se less cross-linking than that obtained with 
iunctional amines previously used. 

Ultra-Violet Absorbers 

T h e  UV absorbers used at a concentration of 

0.5% were not effective in slowing the exterior degra- 

datioil ot an alkyd, an oil-modified urethane, or a 

phenolic. Because oL the many different coatings ex- 
amined in this study, it was not possible to deterinine 

tlle effect of greater amounts of different types o l  UV 

absorbers on tlle durability o l  the coatings. I t  was 

originally decided to determine first wllich materials 

had good durability witllout modification. I t  was 

thought that the performance o l  inherently durable 

coatings coulcl be improved by UV absorbeis just as 

well as those which were not very durable. In  fact 

some o l  the latter, depeiltling upon the inecllanism of 

their hilure, might need much greater amounts ol 

absorber to make tllein satislactory. A detailed investi- 

gation ol absorbers in clear finislles lor wood is 

~ l a n n e d  Tor the luture. 

Stains 

Two of tlie stains had the best ratings of all the 

materials exposed. Tha t  pigment is not the complete 

answer, however, is sllown by the fact that five types o l  

clear coatings were better than tlle next lower stain. 

Creosote stain was rated only fair and wipecl stain, 

poor. One reason for the good cl~irability of the U. S. 
Forest Product's formulation is its very dark color; 

two coats 01 the material resemble a paint more than 

a stain. T h e  Canadian lormula does not appear to be 

practical for use on ne.w wood on a house because it 

does not dry and must be wiped; even two coats leave 

a relatively thin covering that requires reriewal in 

about a year's time when tlle water-repellent qualities 
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have deteriorated. Maintenance would therefore be 

excessive. T h e  creosote stain could be ranked lower 

than the Canadian material because it had two full 

coats as against two wiped coats. All except the wiped 

stain hid most of the grain pattern, which is contrary 

to one purpose of a stain. It is not known whether the 

results with No. 818 and 870 would be equally good if 

less pigment or a light-colored pigment were used to 

make the wood more distinguishable. T h e  pigmented 

stains should fail by erosion, which would leave a 

better sur'ace for recoating than a flaked, checked or 

peeled clear coating. 

Exposure Conditions 

Whether panels were exposecl in the spring or 

the fall appeared to make little difference, at least ac- 

cording to the results obtained with a phenolic and 

an alkyd sample. 14'1lat cloes appear to be important is 

the number of summers to which a coating has been 

exposed. Panels put out in autlimn appear to be more 

durable than spring panels because there is an extra 

seven months belore much degradation occurs. 

T h e  periocl of exposure of the wood before coat- 

ing is very important. T h e  three materials applied 

to boards weathered for only one week had an average 

decrease in rating o l  about 2 from the same materials 

a p ~ l i e d  to panels kept in the laboratory. These results 

would favor lactory coating of lumber, since the siding 

on a new llouse is occasionally left for as long as a 

montll belore it is coated. Further tests on the effect 
of light and water on i~ncoated wood will be described 

elsewhere. 

SUMMARY OF COATING PERFORMANCE 

Two pigmented stains perlormed best in the sec- 

ond exposure series. One coiltailled linseed oil fortified 

with wax and preser~,ative; the other was based on an 

alkyd wit11 additiollal linseed oil. 0 1  the clear finishes, 

20- to 30-gallon tung-paraphenylpllenolic varnishes 

provided at least two years' good service. A cold-mix 

varnish ancl a castor-oil cured urethane were also good. 

With phenolic varnishes the type of oil and the type of 

resin are both important i l  adequate durability is to 

be obtained. Tlle other clear finislles were generally 

inferior and could not be recommended for exterior 

wood. Two 01 the stains were also inadequate. 

As expected, because of increased light and heat, 

both exposure series showed that the summer months 

are most destructive to clear finishes. I t  was noted in 

the first series that the number of coatings declining 

from acceptable and the number becoming especially 

poor were about the same for nine chiefly winter 

months and five subsequent summer months. Table  2 
sllows that in tlle last five montlls the mean durability 

rating decreased five times faster than in the previous 

year. Exposure of the wood before coating had a 

serious effect on tlle durability of subsequently ap- 

plied clear finishes. 
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Recoating 

Part of the program ok tlie second exposure series 

was concerned with the problem of recoating clear 

finishes. This involves two questions: how do materials 

that have shown good original durability perform 

when recoated before failing commences; and what is 

the best way to treat surfaces on which failure has 

occurred because an inadequate material was used. 

Refinishing large areas that have deteriorated through 

weathering is not easy, because the common clear fin- 

ishes do not lend themselves to recoating when their 

useful life has ended. The  types of failure range from 

tiny cracks or checks to large white patches or peeled 

and flaking areas. T o  refinish a surlace, it must be 

free of all loose film and be as smooth as possible, with 
no sharp edges. Coatings do not cling well to edges 

and tlle film thickness is always reduced at these loca- 

tions. Feathering the edges of stripped areas wit11 sand- 

paper reduces the sliarpness and helps to blend the 

repaired area with the surrounding surlace. 

Tlie clear finishes exposed for two years were 

divided into four categories: 

(1) Materials requiring little or no touch-up; 

(2) Materials starting to fail; 

(3) Materials with more serious failure; 

(4) Materials completely failed. 

Those in the last group were cliscarcled because 

in actual practice the coatings tvo~~lcl seldom be al- 

lowed to deteriorate to such a clegree. The  first group 

includecl a l l  the 20- and 30-gallon parz~pl~enylplienolic 

varnishes, the cold mix varnish, the castor-oil cuied 

urethane, and the commercial oil-modified urethane. 

The  best panel of each material was left untouched 

to determine the ultiinate durability of the original 

coating system. On another panel any defective areas 

were hand-sanded to bare wood ancl the edges ol the 

area feathered. On the third panel hand scraping was 

followed by light sanding ancl leathering. These spots 

were touched up  with two coats, the second being 

spread over a slightly larger area than the first. Each 

panel then received a coat over [lie entire lace. For all 
panels in this group the same material as was original- 

ly applied was used for recoating. 

I n  the second category hand-sanding was com- 

pared with scraping ancl sanding and with wire brush- 

ing and sanding. T h e  coating procedure was the same 

except for the epoxy, of which all three panels were 

refinishecl with the 20-gallon tung-l>araphenylphenolic, 
and the two alkyds, each of which had one panel re- 

finished with this varnish. Only one material hacl all 

three panels in tlie category of more serioi~s lailures. 

This was the 40-gallon linseed plienolic and it was re- 

coated with the more durable 20-gallon linseed phe- 

nolic. I n  preparing the surface, paint remover, scrap- 

ing, and sanding were used on one panel, a reciprocat- 

ing power sander on another, and a circular disc 

sander on the third. T h e  one oil-modified urethane 
panel that had lailed rather badly was also prepared 

with the disc sander. 

The  stains were also touched up. All three of the 
Canadian Forest Products panels were given a fresh 

coat of stain. With three other stains one panel of 

each was not recoated and one panel received a full 

coat. Half of the tliird panels of the commercial alkycl 

stain ancl the NRC moclifiecl alkyd stain were recoated. 

T h e  commercial creosote stain was in poorer conditioil 

than the others so that the third panel hacl to be given 

a full coat. 

T h e  U. S. Forest Products stain panels originally 

were hall two coats and hall one coat. Half of the lat- 

ter areas on each panel received a second coat. Un- 

lortunately, the panels were left in the laboratory with 

the discards ancl were not discovered until alter tlie 
first summer of re-exposure hacl enclecl. 

The  intention was to recoat the panels on the 
test fence, but all preparation and recoating had to be 

carried out in the laboratory because of the early onset 

of winter in 1962. Preliminary inc1ic;ltions on the ef- 

lectiveness of the different metliocls of preparation will 

be given after [lie ease o l  preparation lias been dis- 

cussed. 

Methods of Preparation 

H:uncl-szuncling is effective where failure is limited 

to sinall or scatterctl areas of lilting, peeling or light- 

colored streaks. A mecliuin grit garnet paper should be 

used and featliering can be done with the samc paper 

alter it has lost its initial sharl>ness. 

Scraping with a Iioe-type scraper is easier and 

inole convenient than sanding lor niaterials that have 

a greater clegree of lailt~re. I t  reduces the thicLness of 

the coating, ~11~1s lacilitating feathering. Scraping wa\ 

most effective with phenolic varnishes and urethanes. 

Wire bi i~\hing easily removes very loose matelial, 

but it is not as efficient as scraping for most coatings. 

Alkyds can be easily wile-brushed because they fail by 

delamination, but haidel films lesist the steel bristles 
remarkably well. Subsequent sanding and featliering 

take longer alter wire brushing because the wood is 

often scored, with some spring ~vood removed. 

T h e  common reciprocating sancler is rather in- 

eflective, particularly on harder materials. T h e  sand- 

paper quickly gums up because the sanding dust fills 

the voids in the paper, reducing its abrasiveness. T h e  

disc sander does a better job because the paper stays 

cleaner. There is some scoring lrorn sanding across the 

grain but after refinishing close inspection revealed 

only slight defects. T h e  chief drawback is the weight 

of the machine, which makes control difficult on a 

vertical surlace. T h e  sanding attachment for a %-inch 

electric drill is light but rather awkward to handle. 

Paint and varnish remover is effective but very 

laborious. Two applications are olten required and 

scraping with at least a putty knife followed by sand- 

ing is necessary for complete removal of the finish. 
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Most paint removers contain wax to retard solvent 
evaporation and wooci surfaces must be thoroughly 
cleaned or subsequent coats may not dry. Another 
consideration is that on exterior work, wincl can often 
increase solvent evaporation, thus reducing the el- 
fectiveness of the material. I n  general, paint removers 
are not practical for use on buildings. 

T o  summarize, scraping with finishing by sancl- 
paper procluces the best results with the least work on 
surfaces with moderate failure. For more serious cle- 

fects the disc sancler is required because most of the 
coating has to be removecl to bare wood. 

Performance of Untouched 
And Refinished Panels 

The  untouchecl ancl refinished panels were re- 
exposecl on hilarch 19, 1963 ancl observecl at six-month 
intervals. After 18 months they were again removed 
from the fence and examined in the laboratory. The  
results are given in Table  4. 

T a b l e  4-Exposure Ra t ing  of Refinished Panels 
18 Months Additional Exposure 

Panel Treatment 

Group Hand Scraped 
Number Material Exposed Untouched Sanded and Sanded 

1 850 Castor-urethane 6 4 5 
893 20 gallons tung 4 7.5 8 
894 30 gallons tung 2 4 5 5 
896 30 gallons tung 2 5 6.5 
897 30 gallons tung 2 5 5 5 
898 30 gallons lung 3.5 6 ..5 6 

899 30 gallons tung 2 7 9 
900 30 gallons tung 3 7 8 
902 20 gallons linseed 2 5 4 
903 30 gallons linseed 0 2 4 
904 30 pallons linsced 1 6 8 
906 TT-V-119 4 5 5.5 
010 Cold-mix 3 6.5 6 
934 40 gallons tung + UV 2 4 - 

11459 Commercial 
urethane-oil 0 6.5 3 

Wire Hand Scraped 

Brushed Sanded and Sanded 

2 844 Urethane oil - 4 4 
852 Epoxy recoated 

with 20-gallons tung 6 5.5 5 
892 10-gallons tung 5 8 6 
901 40-gallons tung 6 4.5 5 
912 Long soya alkyd 6.5 4 4.5' 
914 Medium soya alkyd 4* 5 4.5 

Recipro- 

Paint cating Disc 

Remover Sander Sander 

3 844 Urethane oil - - 7 
905 40-gallons linsced 

recoated 20-gallons L. 4 5.5 4 

1/2 Panel All Panel 

Untouched Recoated Recoated 

Stains 849 Can. Forest Prod. - - 7, 8, 8 
870 1-GP-145 Type I 7 7 6 

11505 Commercial alkyd 5 7 6 
11506 Colnmercial crcosote 3 - 5, 5 

* Refinished with 893 20-gallon tung. 

Panels in order are: 

30-gallon tung phenolic, untouched 

Commercial urethane oil, untouched 

Epoxy recoated with 20-gallon tung, wire-brushed 

Epoxy recoated with 20-gallon tung, hand-sanded 
30-gallon tung phenolic, scraped 

TT-V-119 phenolic, scraped 

Figure 6-Comparison of untouched panels with refinished 
panels 

Except for castor-oil cured urethane the durabil- 
ity of the untouched panels diminishecl quickly during 
the thircl summer and was quite low at the encl of the 
test. Refinished panels of materials that hacl little 
original failure were more clurable (Figure 6 ) .  Gen- 
erally, scrapecl and sanded panels were superior to 
those that had only been hand-sanclecl. After the sec- 
ond additional summer some 20- and 30-gallon tung 
phenolics still ratecl 8 to 9 on the scraped panels. 
There seemed to be a tendency to better clurability 
with the higher viscosity 80-gallon varnishes, perhaps 
because in refinishing there was no clifference in solicls 
content. T h e  linseecl varnishes were again inferior to 
the tung. The  refinished castor-urethane panels were in 
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Upper panel-30-gallon tung phenolic, handnsanded 

Lower panel-castor-oil urethane, hand-sanded 

Figure 7-Peeling of recoated castor-oil cured ure thane 

poorer condition than the untoucl~ecl panel, especially 
the hand-sanded panel on which severe peeling oc- 
curred (Figure 7).  This refutes the claim that ure- 
thanes fail in a manner suitable for recoating. 

Group 2 panels were those that had started to 
fail in 1962. They did not perlorm so well either sell- 
recoated or refinished with the 20-gallon tung phenolic. 

These results emphasize the need for prompt main- 
tenance ancl initial selection of adequate clear finishes. 
There was little difference in durability between the 
different methods of panel preparation, an indication 
that the easiest method can be used. 

With the stains, NRC formula 870 was still in 
good condition on the untouched panel, the commer- 

Eial alkyd was fairly goorl, and the cbmmercial creosote, 
poor. On  the recoated panels the first two materials 
were about the same. The  Canadian Forest Products 
stain, which had not performed well o,n the original 
trial, was quite good, especially considering the concli- 
tion of the wood when recoating took place. This ma- 
terial appears to be a good type for use over old weath- 

ered wood. The  recoated U. S. Forest Products stain 
was in excellent condition but, as noted, had had one 
summer less of exposure. 

After examination the few remaining materials in 

suitable condition were repaired and re-exposed. On  

reficishing there was a tendency for touched-up areas 
of panels to look darker and this might not be ac- 
ceptable for reasons of appearance. 

Summary-Results of Recoating 

The  results of recoating can be summarized brief- 
ly. It is necessary to select one of the few clear finishes 
with the necessary durability and to maintain it in 
good condition. Once the film has been allowed to de- 
grade, even to a limited extent, the chances of restoring 
it ancl achieving satisfactory durability are quite poor. 
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