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ABSTRACT

A series of varnishes was prepared in the Laboratory
from various natural and commercial drying oils. The effects
of varnish viscosity and oil length upon the durability and
water vapor impedance of the films were studied. Though
a maximum resistance to moisture transfer is highly desirable,
it is often attained by sacrifice of other properties essential
to durability. Durability is usually enhanced at longer
0il lengths. Varnishes cooked to high viscosity generally
have greater durability and higher moisture impedance. The
alkyd varnishes are rather low in durability and moisture
resistance. The commercial oils examined appear to be ade-
quate. ;



INTRODUCTION
A. Authorizstion

: This study was authorized by Bureau of Aeronautics
letters Aer-E-2571-12-51F38 0919E3 dated 10 July 1942 and
Aer-E-2571-MVS F38-2-090781 dated 8 July 1942.

B. References

2 NRL Report No. P-2188 dated 10 November 1943 and
NRL Report No. P-2030 dated 9 February 1943.

C. Background

3 The study of plywood finishing is a continuing problem
of the Laboratory. Progress reports, referenced above, have
been submitted and the results contained therein indicate

the following:

a. The application of filler directly to the bare
wood rather than over a sealer ccat enhances the durabilitz
of the finishing system, -

b. The primer surface coat, which is essentially a
coat of very heavily pigmentad sealer, oflers no s5p2 ial a
vantaze over a clear sealar coat.

c. A properly formulated phenolic resin tyne woni
sealer is superior to the allkyd.

d. Pigmentation of the sealer genarally resul
inereased durability of the finishinz systea, thou:

O
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are hazards in over-pigment
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4, The product described by AY-§-17 is a low s3'ic V=
nish, which by reason of its low viscosity is expect=d *»

penetrate the wood surface tharaby investing fibers with =
S

- L —_—

moisture resistant coating. Similtiascusly 1 ;
improved adhesion for the coats to fallow. Unfteported observa-
tions of this Laboratory indicate that the sealer, evea whea
thinned to dip viscosity, penetrates the wood very 1little.
Since the penetration is negligible, any possible merit of

a low viscosity, low solids varnish, seems to disappear.

Since the sealer is shown to be primarily a surface film,

it seems desirable tc make the coating material one that

offers a maximum of durability and moisture resistance.
Specifically, the argument favors use of a high solids var-
nish, as typified by AN-TT-V-116 or -118 in place of their
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low solid, low viscosity counterpart, AN-S-17.

e Formulation of the vehicle is an open question though
there are a number of points which are reasonably well
established. Long oil phenolics are generally deemed superilar,
though studies at this Laboratory show that varnishes of

high resin concentration are more resistant to moisture
transfer. Tung is acknowledged as the superior oil, When

it is not available, the selection of the best alternative

is not easy nor is the issue of cooking the varnish to a

high or to a low viscosity clarified.

6. The work reported here attempts to previde preliminary
experimental data on the following points.

a. Selection of drying olils to use in formulating
the most durable phenolic and alkyd seazler-varnishes. This
includes a study of the relative merits of various commarcial
synthetic drying oils.

darabilitias
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b. The effeczt of length of cook oo th
of phenolic varnishes.

¢. The relative merits of phenolic and alkyd vehizles.
EXPERIMENTAL METHOD

e A series of phenolic varnishes of 59% snlids were
prepared as listed in Tablz I balow, The sans resin, B Lalite
BR-254, a paraphenyl phenol, was used througnout. Toa=
variables of the experiment were as follows:

V]

a. Nature of the drying oll.

b. 01l length. The varnishes were prepared in threes
lengths, i.e 15, 25, and 40 gallon, except Wwnere noted in

.99

tie table,

ec. Viscosity. By control ol duration of cock, 2ach
varnish was prepared at two viscosities (at 595% solids),
namely, B and H on the Gardner-Holdt scale. The exceptions
are noted below,

g, The resin was added to the cold oill and heated during
30 minutes to a temperature of 300°C. Because the commercial
synthetic oils are already viscous, it was not feasible to
cook them to more than one viscosity, namely, H. Because

of the high reactivity of tung oil, 1t is difficult to cook
to a high viscosity varnish without risk of losing the batch

B -



through gelation. As a conseguence, the tung oil varnishes
were cooked to viscosity B only.

9. A series of alkyd resin varnishes was also prepared
using dehydrated castor 0il and linseed oil only. These
are listed in Table II. The concentration of phthalic an-
nydride was varied within the practical limits shown in

the table. All alkyds were cooked to viscosity H. As with
the phenolics, the solids content was 554, Drier concentra-
tion in all varnishes was 0.03% cobalt and 0.3% lead, re=
spectively, added as naphthenates.



TABLE I

FORMULATIONS OF EXPERIMENTAIL PHENOLIC VARNISHES
Varnish 0il length
No. Viscosity Drying oil (gals/100# resin]
1 B Tung 15
2 1" " 25’
3 L " 40
4 B Dehydrated castor 15
5’ L] " n 25’
6 " n n 40
R - B Linseed 15
8 i ] 25
9 n 11 40
10 H Commercial 0il #1 25
11 ] L] 1 #2 25
12 L] ] 1" #3 25‘
13 1 n 1] #4 25
14 1 " t #5 25
15’ ] 1 " #6 25'
16 H Dexydratad Castor 15
l? i ! t {14 25
18 " 1t " 40
19 H Linseed 15
20 " ] 25
21 1 i 40

- B =




TABLE II
FORMULATIONS OF EXPERIMENTAL AIXYD VARNISHES

Phthalic
Varnish anhydride

No. Viscosity ! Drying 0il percent
22 H Dehydrated Castor 40
23 " ] 1 50
24 H Linseed 30
25 1 " 40
26 1" t 50
27 (Commercial Varnish A) | -

10, For evaluation of durability, panals of 3-ply mahHgany
plywood (AN-TT-P-511la) measuring 12n x 12" x 3/16" w=re pre-
Kared by sanding and filling, followed by a light sanidin”

11 varnishes were adjusted U2 spray viscosity B by thr addi-
tion of Xylene where necessary. Two coats were apnplisi 7
spraying, allowing overnizht drying between coats. Each
panel was sawed so as to yield a 6" x 12" panel for roof
axnosure and a 3% x 9" plece Ior apnalerated weatis :

411 cat edges werz sealed w1t anamnel ad A fbay &

films had aged one week, tuosy wer2 expased to test.

11 For normal weathering the nanels were plased in racks

on the Laboratory roof in Wachingion, L. 6., Tacing :

and inclined at an angle of 45°. The surfaces werz inipect2d
once each month.

12, Accelerated weathering was performed in a National
Carbon Company accelerated waathering unit, The tast con-
ditions are continuous exposure to light from a twin carcod

arc, with an intermittent wetting by water spray (approximately
15 minutes every two hours). Almost invariably the varn’.sh
fails by cracking when exposed to accelerated weathering,

and the time required for cracking to be initiated is taken

as the index of film durability.

13. Moisture permeabilities of the varnishes were compared

as follows: Single sheets of 1/32" mahogany veneer were given
two spray coats of the respective varnishes., Discs were cut

-



from the coated veneer, the edges sealed with paraffin wax,
and these were sealed to petri dishes, 60 mm. in diameter,
containing anhydrous calcium chloride. The wood was held
firmly in place by aluminum rings and bolts. The assembly
is shown in Plate 6. The units were then maintained in

an atmosphere that was approximately saturated at a tempera-
ture of 25° to 28°C. and they were weighed periodically.

14, This direct method of evaluating molsture permeability
by maintaining a uniformly high vapor pressure gradient
across the barrier is very old. However, most of this sort
of work with coating materials has been done in one of two
ways, both of which are open to eriticism. The first con-
sists in applying the coating to a surface to which it shows
poor adhesion; €.8., mercury ,amalgamated tin or plate glass
from which the coatlng may be detached. The film is ther
sealed across a sultable vessel, The second mathod cons13ts
in applying the coating to a very permeable film such as
cellophane.

15. In the first instance, the lack of adhesion would
seem to be direct evidancs that the moleecnlar nrisntation
within the film is not that which obtains wagn the varaish

is applied to 1ts proper substrats. Under these elrcnmsTances,
1+ gpems presimptuous to assune that +the permeaniliti~s of

the detached f1lm angd of th s lm B @ w508 surfage al ymivas
lent. The same criticism anplies with somewnat lagaa~ {cs

+ 23

o any experlment 1in which tas f£ilm i1z backed by 2 s ase
which differs widely from that tn which the varnisn alzght
normally be appiied.

16, Since the films here studied are applied to wood, they
zre regarded as having the nrientation and permeabilities that
they would have in cgrvipe, The venser 1Tself has so@s mols
impadance but 1t ig so low that comparisons of the warr

are not impaired.

‘X PERIMENTAL RESULTS

o oy Fis o Y i e ]

17 The conditions ol :ine pensls after 1 1,
weathering are described in Tables 1II and IV. Each was rated
on the basis of over-all appearance and integrity of the film,
by classifying it _in one of five groups running from excellent"
to "very poor', Especially in the case of the "excellent" and
"good" groups the distinctions are guite arbitrary and further
weathering may rearrange the members of two groups somewhat.

However, either designation marks a definitely superior coating.

-G %



TABLE III

OUTDOOR WEATHERING OF PHENOLIC VARNISHES, 167 DAYS

t | F1Llm
Varnish No, Drying oil 0il length condition
1OW VISCOSITY ("B")
i ung 15 Tair
2 i 25 Good
3 4 40 Excellent
4 Dehydrated Castor 15 Fair
5 il " 25 Fair
i 1" 1" 40 | 2zr211ent
7 Linseed 15 Very poor
8 it 25 Very poor
9 n 40 Good
SR IR e e . msn A MERRESEE &
. i
I ) Tg_(.'_'l_‘-_\‘ |
AR g R e L RIS R
= ]LOHIIIIel 14 - '
1 | M
14. | i 1 r:rf 5) J,v T
15 " " 25 Fair 1|
1 ’, | T satad © ¥ l_:i Tair i
19 Linseed 15 Poor
20 L 25 Good
2 1 40 ! ccellent i
24 Commarcial nencile | - i
Varnish g J
|




TABLE IV
OUTDOOR WEATHERING OF ALKYD VARNISHES, 167 DAYS

Phthalic

anhydride Film
Varnish No, Drying oil percent condition
22 Dehydrated Castor 40 Fair
23 W " 50 Poor
24 Linseed 30 Poor
5 “ 40 Good
26 " 50 Poor
277 Commercisl Alkyd IVery poor

Varnish

18. Data from the accelerated weatherinz iaztarnd 508
ars sudmarized in Table V. As already mentloned, the indrex
of durability 1s given as the cumber of hours reguired oo
tha inlitlal craecking. To facilitate gomparisons, ino -
mets seguence of breakdown 13 gilven 1n the last '
19 Data on the permezhilities of the varnish filasa

depicted graphically in Plates 1 to 5.

20, The correlation between normal and =z2aczlerafad v T~
ing is usually quite poor when overall durabllity of tae

finish 1s being evaluated. It scems highly probable that

the respective mechanisms cof failure by th= two methods @3
Pundamentally different. For that reascn, it is pr bly
safest to regard the gceelarnted teat ot gs & simpl
tensification of weathering buc as a procedure wolclh s ses

a set of properties which mar not be *the properties rasponsible

b

for durability in "normal" weathering. Since the latter
varies with season,climate, and location, thé significance
of a single outdoor exposure in a given spot should not be
overestimated. Accordingly, it is preferred to regard each
method as independent and to base a judgment of general
durability upon data from both sources, giving some extra
weight to observations from roof exposure.

= Bl



21. It is interesting to note that most of the laboratory
formulated varnishes surpassed two commercial products in
resistance to normal weathering. (The two items were not
subject to accelerated weathering,) The tung oil varnishes
were included in the study to serve as criteria for the

other varnishes, At the low viscosity it is superior to
linseed oil in normal weathering, though the margin in

favor of tung oil over dehydrated castor oil in normal
weathering is very slight. On accelerated weathering there
is no difference between tung and linseed and dehydrated
castor oil is slightly superior to either. An overall rating
of the lower viscosities would probably credit the tung and
the dehydrated castor oil as approximately equivalent and

the linseed oil as inferior.

22. 0f the three natural oils, only linseed and dehydrated
castor oll were studied at the higher visgosity. The dur

bilities of both on normal weathering woare nat greably
altered by the extra cookiag though thes reslistance o acce=.8-
rated weathering was greatly improved.

23 With ragard to oll lengkh at 1s% wisenslty, the pvidence

~f hath pnormal and sopelarated weatherians favors the Long
2 4 - it 7 Ty ey P 1 e - - 3

varnishes with all thres olls. AT LIS Loj-ies :

At m Jeonctha of AnrAra=ad naaqat T 40 AamA Tdsmaand il =mre

rAinm lansth y f YA xastar o2 ingd Ling 1 )

atad.

L3 m P 3 - e , D ¢ 1 29 PP Y T ] e ~ 3 . P [y

2. The q‘.n:.)tlt_)u. ox DRigR VEItEaus Tow YiIseo8 L Ly Bt el

itself gensrally Ina favor of the Yaager 2ooks

25. 0f the six commercial oils, five egualled or excelled
tung at the same oil length though the higher viscosity probably
aceounts for it. At the same viscosity ("H") and the saz®

71 lenstn, linseed and dehydrated castor oll are Superior.

26. it 15 generally held that a nrime azont in tha f=llure
af an orgenic sealting on wood s thas dimens

£ vl s 15 sading and loses 3ile 7 B wEe! i

ey Tilm, therefore, is a Tupmcilion of ilg resiksse

vransfer, all ofher factors ine saual High 4 nilil

~* 3 vehicle, howsver, is usually attainad at a saeriilce® 0l
othar desirable propartizs suzh as Tlexibi iy Inavitadly
there is a compromise.

27. From a comparison of the data on low viscosity varnishes

from Plate 1 and Tables III and V, it will be noted that
durability varies inversely with resistance to moisture trans-
fer. At the higher viscosity it is difficult to correlate
durabilities and moisture resistance. However, separate

i



comparisons of each varnish at each oil length with viscosity
as the variable, shows durability usually to vary directly
with moisture resistance, For example, Plates 1 and 2 show
that moisture resistance of 40 gallon linseed oil varnish

is not significantly affected by increase in viscosity, and
Tables III and ¥V indicate that there is no great change in
durability. At the other lengths of linseed oil there 1is

an improvement both in moisture resistance and durability.
The conspicuous exception is the 15 gallon dehydrated castor
0il varnish, where the more viscous product is much more
permeable to moisture, and also much more durable.

28. Plate 4 depicts the moisture transfer of the alkyds.
In durability and moisture impedance they are inferior to
the phenolics of comparable viscosity. The variations in
‘mois-ure resistance among t:° alkyds 1s not reflected in
tneip respective durapilitle

SLAWVE Llhairadviad

Rl
(B |

29, Plate § represasnts selected data from the firs
figures. The two varnishes having the highast maistur

W ot

N

e bt e

padance in each group have haon plotted together %o fac 1tate
comparison. The lower molsturs impedance ol the keyd 3
notabls. ;



CONCLUSIONS

a. In general, the varnishes of longer oll length
are more durable.

b. The varnishes of longer cook have both greater
durability and better moisture impedance.

¢c. There is no necessary relationship between re-
sistance to moisture transfer and general durability.

d. The phenolic varnishes formulated with tung oil
appear to be excellent under normal weathering but inferior
to many of the commercial synthetic oils and to dehydrated
castor under accelerated weathering. The most successful

e " 3 & g L . oy o 3 prat 1
irnish under normal weatas! > was mades with Cco 0
4
™Mha allkvd varnlshes asnnsar W
his: e lidy Farnlisas 1ppes
e e -
'.-_?af.’).,‘::id;

+
t
; ‘
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TABLE V

ACCELERATED WEATHERING

Hours to Approximate
Varnish initial Sequence of
No. Varnish formulation cracking failure
PHENOLICS, LOW_VISCOSITY ("B!)
1 15 gal. tung 160 2
2 a5 n I 160 2
3 ag ® oo 365 5
4 15 gal. dehy. castor 189 3
-;’ 2;: " 1 " 19? 3
6 40 M " " 155 5
17 15 gal. linsas 140 2
|“‘ 25 " 1 T A0 23
\ : 43 4] ; Jf, i 5
A -
PHENOLICS, HIGH VISCOSITY ("H")
10 25 gal. Commercial Oil #1l 334 a | 5
11 25 0 nCogo | 270 4
12 25 n n n #3 10 1
13 25 ] ] i LA 18 3
14 25 n noog5 1186 3
15’ 25 0 i " '#6 186 3
16 15 gal. dehy. castor (H.V.) | 1310 8
17 25’ " L " 1" 5’38 7
18 40 M " n 1" 396 &
19 15 gal, linseed (H.V.) 125 g
o) 25 i " 1" l230 8
=l 40 4] 1 ] 354 5
AIXYDS. HIGH VISCOSITY (MH")
22 Dehy. Castor Alkyd 40% ph. |262 4
23 " n -oon 50% n 262 4
24 Linseed 30% ph. 501 7
25‘ f 40% " 335 5
26 50% " 500 7

s 20 w




APPENDIX A
IDENTIFICATION OF COMMERCIAL DRYING OILS

0il No. Trade_ Name Manufacturer

1 Roosenol #200 H. D. Roosen Co., Brooklyn, N.Y.

2 Selected #200  Pittsburgh Plate Glass,
Pittsburgh, Pa.

3 Kellin Spencer Kellogg, Baltimore, Md.

4 710 011 (V-73) National Lead, New York, N.T

‘5 G. F. 0il B duPont de Nemours & O

- -
Wilminzton, Delaware

o Kellsoy Spencer Kalliagg, Baltimors,
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