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EFFECTIVENESS OF PAINTS AS PROTECTIVE COATINGS FOR BcOOD1

By.

F . L . BROWNE ,
Senior Chemis t

Coatings ' of . paint and varnish retard the exchange o f
moisture betwee:a wood and' its, environment, their effectivenes s
'varying widely with the nature of .the coating material, the
adequacy with which it is applied, and, in the case of coatings
`exposed to the weather, with its age . In previous publication s
(42, 9, 16) it was pointed out that the effectiveness of coating s
against moisture exchange measures accurately their value a s
protective coatings and a technic of measuring the effectiveness
objectively *as described . 'Such methods of quantitative evaluatio n
of serviceab1enede', .irid.ependcnt o.f : personal judg::ents by inspectors ,
should prove especially useful in,;in.t technology, which has long
suffered badly from lack of them . Although the dominant consider-
ations in ervi.oeable_riess of. paint coatings : are usually mainte-
nance of the integrity and appearance of the coating rather tha n
protection of the wood, protection may prove to bear directly -
upon maintenance of integrity inasmuch as-failure in integrity
is occasioned not alone by :.change in intrinsic properties of the
coating itself , but also by extrinsic,stresses acting on the age d
coating, ap oiag Which may be the . movement of the wood in respons e
to changing moisture' conditions .

Interest -has lately been focused .upon the effectivenes s
of coatings against 'moisture because - of . the development of mill-
priming and of back-priming (11, 17) . Back-priming has protectio n
against moisture as its only objective .. Mill-priming is urge d
for protection against moisture durii g . shipment and storage an d
for superior maintenance of-p.rotection and coating integrity
after erection and application .of . finishing-coat paints . Becaus e
of these new developments study of the effectiveness of. coatings
against moisture must consider not only completed paint job s

1Pres.ented before the Paint and Varnish Division of the America n
Chemical Society at the 85th meeting, Washington, D . C . ,
larch 26-31, 1933, and at the 91st meeting, Kansas City, Mo . ,
April 13-17, 1936 .

Numbers in parentheses refer to citations listed at the end o f
the paper .
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consisting of two or three coats of one kind of paint, but th e
effectiveness of priming coats alone and of special priming paint s
followed by finishing coats of ordinary paint . The experiment s
described in this report furnish data for discussion of thes e
new developments .

	

-

	

_.

Experimental Procedur e

Moisture-excluding effectiveness was measured by the
Forest Products Laboratory nietnod (2, 9) on test specimens o f
southern yellow pine, Douglas fir, northern wnite pine, an d
redwood . The specimens were 5/8 by 4 by 8 inches in size with
rounded edges and corners . They consisted entirely of clea r
heartwood . Coatings were applied to all surfaces of th e
specimens after the wood had been brought to equilibrium a t
60 percent, relative humidity and 80° F . Moisture movemen t
through the coatings was measured by the gain in weight of the
specimens after transferring them from 60 percent humidity t o
a damp air chamber for 1 week .

Since the coatings tested range in effectiveness fro m
very high to very low it was necessary-to select the ;rood -
specimens very carefully and to divide them into sets of closel y
matched specimens, each set having its own uncoated contro l
specimen to serve as a basis for calculating the effectivenes s
of the coatings applied to the other specimens of the set . The
experiments required 1,344 specimens, divided into 21 sets o f
16 matched specimens for each of the four species .

Matching of test specimens was accomplished as follows :
The raw material consisted of 1 by 6 inch by 16 foot boards o f
clear southern yellow pine, 1 by 6 inch by 12 or 14 foot board s
of clear Douglas fir, 1 by 12 inch by 16 foot boards of No . 2
common northern white pine, and 2 by 6 inch by 16 foot plank s
of clear redwood . Each board was selected- carefully by visua l
inspection for uniformity in density, resinousness, and widt h
of growth rings throughout its length . All the southern pine ,
Douglas fir, and white pine boards were flat grain . The redwoo d
planks were edge grain . Each board was given a reference numbe r
and was then cut into test specimens ; each specimen was marke d
with the number and position in the board from which it was cut .
The specimens were then placed in a room at 60 percent relativ e
humidity until they attained constant weight . .

Specimens containing knots or other defects wer e
rejected and each of the remaining specimens was weighed . Each
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species was then divided into 21 sets of 16 specimens each ,
taking the 16 from one board provided that they were sufficientl y
uniform in weight . The. least uniform set accepted was one o f
southern pine in which the range in weight of the specimens wa s
218 to 245 grams, a variation of ± 5 .8 percent from the average

. In order to keep the variation in weight within. that limit som e
sets of _specimens were, taeen from two or even from thre e
different boards but in that . case. care was taken to see, that
the boards were Very similar_ in width of growth rings and angl e
of intersection of the surfaces .with the growth rings . ; Of the
21 sets ' of specimens for each species, 20 sets of white pine ,
11 of redwood, 16 of Douglas fir, and 11 of' soutnernpine cam e
entirely from one board eachtie remaining sets came from tw o
boards except four sets of . southern . pine and one o-f redwood ,
which came from three boards . For inc 21 sets of . each specie s
the average variation in weight was ± 4 .1 percent for southern
yellow pine, ± 3 .5 percent for northern white 'pine :, ± 2 .5 percen t
for Douglas fir, and ± 1 . .9 percent' for redwood . ,

All of the specimens were-then transferred ,o a -damp
air chamber for 1 ' week and the ' increase in-weight determined in
order to make sure that the specimens within each . set were
reasonably uniform in absorption . The specimens were then
reconditioned in the 60 percent humidity rroom : before ,painting.

The 21 sets of matched specimens -of each species were -
then assigned• to seven series of sets, ; each series consisting of -
three groups. The series were designated ;respectively the
"100 series'', "200 series", etc ., up to tne "700 series" and the
groupe within each series were designated respectively the e
"A group", "B group", and "C group"

	

Since each set contained
16 matched specimens of which one was required for the unpainted
control specimen for tne .set, there were 15 specimens in each se t
available for coating . Of these'-'two Were assirgned as painte d
controls by means of which the validity of comparisons between
series could be established, leaving 13 specimens in each se t
available for painting with coatings to be studied . Accordingly
the primers and paints to, be tested were divided into seve n
serie s . of ' 13 paints ; each corresponding . to the -• seven 'series o f
sets of specimen-8.

' Of the three• groups of sets within each series the
"A group" way' assigned to the testing of priming coats alone ,
before and after exposure to the weather . The "3 group" wa s
assigned to tests in which the priming-coat paints were covere d
with two coats of white lead linseed oil paint, tests being mad e
after the application of each coat and then after exposure to the w
weather for successive intervals of 6 montns . The tests on
group

a
:reveal the contribution made by special primers to the
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effectivenees and maintenance of, effectiveness of complete d
paint jobs in which the finishing coats are the same throughout ;
it will be shown from the , results that this contribution by
.primers can not be determined from the effectiveness of th e
primer before it has been. covered with a succeeding coat of paint .
The "C group" was assigned to tests in wnich different paint s
wereeach applied in 3-coat work and tested after each coat and
after exposure to the weather . for successive intervals of 6 months .
Unpainted control _specimens, 'however, were never exposed, to th e
weather but were. always held in 60 percent relative humidity
woie the painted specimens . were on the exposure racks .

During the progress of these experiments the Fores t
Pro-ducts Laboratory moved into a hew ouilding in whicn a newly
equipped set of rooms of constant tei :perature, and hu_idity i s
provided . The new equipment permits closer control of condition s
than was possible in the former quarters . In tne old damp-air
chamber tnt readings varied from a relative htimedity of 95 percent

1 to a relative humidity, of nearly l00" percent ; in the new room i t
is held at approxirriately 97 percent . For conditioning the
specimens before subjecting them to damp air and for storage , of
unpainted controls. while the painted specimens are exposed t o
,the weather they were formerly placed in a room at approximatel y
60 percent relative humidity ; they are now placed in a room hel d
closely at 65 percent . In these experiments all tees fo r
effectiveness before exposure to the weather an[ tests of group A
after 6 weeks exposure were made in tneold equipment .

Calculation of Effectiveness Ratin g

The degree to which coatings retard the exchange o f
moisture between wood and its environment is expressed in term s
of their effectiveness ratings . The moisture absorbed by a
coated specimen during 7 days in 97 percent relative humidity
expressed as a percentage of the moisture absorbed by a retche d
specimen of uncoated wood during the same interval in 97 percen t
humidity is taken as the effectiveness rating of the coating .
Since the moisture movement through very ineffective coatings ,
like that into uncoated wood, depende upon the weight of the
specimen and the kind of wood while the movement through ver y
effective coatings depends almost entirely upon the surface '
area of the specimen regardless of its weight or, species ,
comparison of coatings, that differ greatly in effectivenes s
can be made fairly only if tae effectiveness of each coating' ha s
been determined with coated and uncoated specimens of nearly th e

„sarne weign :t, species, and dimensio n
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The effectiveness-ratings , recordedd-in this report are
averages of the four ratings determined-eeparrately''for southern -
yellow pine, Douglas fir, northern white pine, and,redwood ,
except where otherwise stated .

Second- and Third-Coat Paints for GroupB

. .

	

.
All painted specimens of . group 13, except certain o f

series 600 to be deporiPpd .4-9F ., .-received the same second- and
_ third-coat paints . the cornposition of which is recorded in Tabl e

A . :

Table A .--Second- and third-coat paints for specimens of groupB

Cpnpo .sition Second-coat : Third-coa t
	 7	 7 ---- 7 - ------------

Basic ,carbonate white lead .

	

8 7 ' lbs . ) ,
ga l l o n s ;	 -

	

-

	

--------- 1 .53 1 .53
Raw linseed oil,

,

	

,

	

,
	 . . . . . .

	

: 2 .18 3 .93
Turpentine,

	

gallons . . .
.

	

,

	

,
.

	

. . . . . .

	

. . . . . . . . . . 1 .50 .12 5,
Paint drier, gallons	 .125 .125
Pigment volume, percent	 : 41 .3 28 .0

Paints for Painted Control Specimen s

In order to nroVide a basis for compaT ;i.ng, coatings_
tested in 'different series and to indicate the degree o f
reproducibility of the results, one s-pecime n' of .each set through-
out the seven series was painted with white ' le"ad linseed oi l
paint and a second specimen with a whit;e lea d* paint. made with •
a Bakelite paint oil (Bakelite Corporation formula X:1 2196) .
The composition of these paints is ireco.rded in TableB .

.s .
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Table B .--White lead paints for painted control specimens

P rimer . :Becotd-coat :Tn rd-coa t
Composition - (Group . :

	

(Group 0) , (Group 0 )

Linseed oil paint, X02

:-

	

A,B,C) : .

Basic carbonate- write--lead
(87 lbs .),

	

gallons	 1 .53 1 .53 1 .5 3
Raw, linseed oil, gallons	 : 4 .68

	

: 2 .42 3 .9 3
Turpentine, gallons. 175

	

: 1 .3_0 .12 5
Paint drier,

	

gallons.. . . -.125, : : .125

	

. .125
Pigment volume, percent: . . ._ :< 24`.:60 38 .8,0 . 28 :00

1 .53

	

2 .18

	

3 .93

	

.32

	

.5 9
1 .18 -

	

- .15	 1 5
: 41 .30 .

	

2:8:, 00

The 100Series-= Aluminum Paint s

Paints were made Mite two 161'ms-6f. aluminum powder :
dry, polished powder of the degree of fineness designate d
"standard varnish grade", and commercial paste aluminum powder .
The paste consisted of 60 percent by weight alu' ini.mi and 40
percent mineral spirits ; the powder was of finer particle size
than standard varnish grade . Each 'of the following :paints wa s
a pplied as primer on specimens of groups A, B, aid';C of_ the 100
series, and as second- and tnirc1 -coa t , paints on specimen's o f
group C .

No . 104 -- 2 lbs . of paste aluminum in 1 gal . of varnish A .
No . 105 -- 2 lbs . of paste aluminum in I gal . of Bakelit e

varnish (50-gal . length in oil, 89 .5 percent non-
volatile by weight) .

No . 106 -- 2 lbs . of dry aluminum in 1 gal . of varnish A .
No . 107 -- 1 .07 lbs . of dry aluminum in 1 gal . of varnish A .
No . 108 -- 2 lbs . of dry aluminum in 1 gal . of Bakelit e

varnish .

Bakelite oil paint, X0 3

Basiccarliona te'white lead -~
(8.7lbs . ), gallons, . .

	

1 .5 3.
Nonvolatile in paint oil , :

4 .-6 8
.6 8

1 .00 :

-gallons	
i:ineral spirits, gallons	
Turpentine, gallons	 ' .
Paint drier, gallons	 15	
Pigment volume, percent	 24 ..60 . . . .
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No . 109 -- 1 .07 lbs . of dry aluminum in 1 gal . of Bakelit e
. - .varni.sh . .

	

-

	

4

No . 110 -- 2• lbs . of dry aluminum in 1 .gal . . of ester gum
varnieh of 75. gal . length in oil and 49 percent
nonvolatile . .

No 1:11 :- a lbs . : of .dry aluminum in 1 gal . of ester gum
. varnish, o#'333-.gal . length in oil and 49 percen t
nonvolatile . ..

	

. ..

No . 112 -- 2 .lbs . of dry aluminum in 1 gal . , of commercial
glycerol-phthalate synthetic drying oil vehicl e
for aluminum paint .

	

..
No . 113 -- 2 lbs . o f. dry aluminum in 1 gal . of "4-lbs . cut "

white shellac varnish and 0 .04 gal .-of casto r
oil .

	

. -
No . 114 -- 2 lbs . of dry aluminum, 1 gal . of raw linseed oil ,

The 200 Series -- White Linseed Oil Paint s

'~ -

		

This series ; .together_with the 3 .00 and 400 series, • i s
designed to derrronstrate tine contribution to effectiveness agains t .
moisture .:movement made by the . kind of pigment in linseed oil paint .
Paints were made with eaca of .nine opaque white pi_lents and with
five different mixtures of white pigments or of white and iner t
pigments . No white pigment otner than white lead, of course ,
i-s commonly used as the sole pigment in linseed oil house paint ,
but the behavior of the single-pigment paints is of interes t
from the point of view of theories of paint formulation .

The . proper proportioning of pigments. and liquids in
-making paints for the purpose „ o4 comparing different pigments '
and pigment-mixtures- is subject to cont-roversy . Until the
distribution of particle size of the different pig.ents 'and thei r
state of_dispersion in mixtures of linseed oil and turpentine ,
are better understood formulation , must remain arbitrary . Fo r
the present the writer believes that paints for fair comparison
should be mixed with constant ratios by volume of total pigment,
drying oil, and thinner except for a few colored pigments fo r
wh.iohan extra amount of thinner is necessary to' make the pain t
brushable . .Accordingly all of, the white paints were mixed i n

? a th'e proportions given in Table 2 for white_ l-ead linseed oi l
paint, No . X02 . The volumes of the pigments wera calculate d
from the . bulking values published ..by, Gardner . : ( 14 ), -

.

	

ti

	

.
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and 0 .03 gal . of paint drier . :
No, 115 -- 2 lbs . of dry aluminum in 1 gal . of nitrocellulOse-

rezyl resin wood lacquer .



The pigments tested in series 200, were :

No . 202 -- Basic carbonate-white lead .
No . 204 -- Basic .sulfate white lead (subsequently found to

contain 6 .8 percent zinc oxide ;) . .
No . 205 -- 35 percent leaded 'inc

	

, oxid e
No . 206 -- Mixture, of 35 percent by weight basic sulfat e

white lead and 65 percen t. zinc oxide, lead-free .
No . 207 -- Zinc oxide, lead-free .
No . 203" - Timonox . (antimony oxide) .
No . 209 -- Titanium oxide .
No . 210 -- Titanox

barium
B (25 percent titanium oxide, 75 percen t
sulfate) .

No . 211-- Zinc sulfide .
No . 212 -- Lithopone (28 percent zinc sulfide, 72 percen t

barium s"ulf ate) .
No . 213 -- 60 percent by weight basic carbonate -white lead ,

30 percent zinc oxide, lead-free, 10 percen t
asbestine .

No . 214 -- 60 percent by weight titanox .B, 30 percent zin c
oxide, lead-free,-10 percent asbestine .

No .

	

215 -- 40 percent by weight lithopone, 45 percent leade d
zinc oxide,

	

7 .5 percent silica,

	

7 .5 percen t
asbestine .

No .

	

216 -- 21 .3 percent by weight basic carbonate white lead ,
24 .6 percent zinc oxide, lead-free,

	

9 percen t
barium sulfate (blanc fixe), 8<2 percen t
asbestine .

The 300 Series-- Colored Linseed Oil Paints

Tae colored pigments were tested as single-pigment
paints only . Most of them are comhercially practicable in tha t
form except that the more expensive ones would then make paint
cost too much . The proportions by volume of pigments, linsee d
oil, and turpentine were the same as in series 200 and in white
lead paint No . X02 except that, in tae cases stated, extra
amounts of turpentine in addition to those given in Table B
were added to make brushable paints .

No . 304

	

Iron oxide red (99 percent ferric oxide) ,
2d-coat mixed with 0 .86 gal . and ado-coat wit h
1 .64 gal . extra turpentine .

No . 305 -- Spanish oxide (85 percent ferric oxide, balanc e
silicates) .

No . 306 -- Venetian red (40 percent ferric oxide, balanc e
calcium sulfate) .
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No . 307 -- Venetian'red (9 .percent ferric : oxide, 12 percen t
calcium sulfate, 79 percent calcium carbonate) .

No . 308

	

Yellow oxide (92 percent ferric oxide :lonohydrate ,
6 percent calcium sulfate, 1 percent silica' and
alumina, 1,percent free moisture) .
2d .-coat mixed with 0 .25 gal . and 3d .-cbat with .
l : gal . extra turpentine . .

No . 309.-- Frenc'i ochre (18 to 24 percent ferric oxide ,
48 percent silica, 20 percent alumina, loss o n
ignition 10 percent) .

No . 310

	

Cirome yellow., light .
Primer mixed with 1 .39 gal ., 2d .-coat with , 2
gal ., 3d .-coat with 3 :14 gal . extra turpentine . .

No . 311

	

Chrome yellow, orange .
No . 312

	

Prussian-blue .
No . 313

	

Lampblack .
Primer mixed with 2 .78 gal ., 2d .-coat with
7 .13 gal ., 3d .-coat with 4 .74 gal . extra
turpentine .

No . 314 .

	

Graphite .
Grapnite wa.s. considered a leaf-shaped pigment
like aluminum and was accordingly nixed in the
proportion of 1 .9 albs . per gal . of linseed oi l
containing drier .

No . 315

	

Red lead .
No . 316

	

Litharge .
The lithargewas stirred into the . liquid s
without first grinding with oil in the paint mill .

The 400 Series -- Inert Pigments and Mixtures.,
of	 Granular Pigment s

The 400 series was in two parts, tine first_ of which ,
consisted of single-pigment linseed oil paints made with iner t
(transparent) pigments mixed in the same proportions by volume
as Series 200 and white lead paint No . X02 .

	

-

No . 404 Asbe.stine . -
No . 405 Silica .
No . 406 Barytes .
No . 407 Blanc fixe .
No . 408 China clay.
No . 409 English chalk . .
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The second part of series 400 consisted of aluminum ,
a leaf-shaped pigment ; and granular pigments in linseed oil •
No . . .416 in Bakelite vehicle) made .by mixing ;equal volumes o f
aluminum paint No . 114 ( :or No . 108) and granular pigment paint s
as follows :

'Nor 410'-- Aluminum end white lead, No . 114 , and No . 202 .
No . 411 -- Aluminum and red lead, No . 114• ;an;dNo . 315 .
No . 412 -- Aluminumi, white lead, zinc oxide, asbestine, .

NO . , 114 and No . . 213 .-
No . 413 -- Aluminum and zinc oxide, No . . 114 and No . 207 .
No . 414 -- Aluminum and iron oxide, No . 114 and No . 304 .
No : 415 -- Aluminum and asbestine, No . 114 and No . 404 .
.No . 416 -- Aluminum . and white lead in Bakelite vehicle ,

No . 108 and No . 503 .

The 500 .: Series-aVehicles wit h
a4d without Granular Pigment s

The 500 series was designed to study the effect o f
different paint vehicles on moisture movementtarough paints and
through coatings of the- vehicles alone, without pigments . The
vehicles were linseed oil, 33-gal . ester gum varnish (see No .
111), 75-gal . ester gum varnish (see No . 110), Bakeli.tevarnish
(see No . 105), and Bakelite paint oil (see No . X03) . The
pigments were basic carbonate white lead, iron oxide (see No .
304), -and asbestine . The proportions by volume of pigments an d
nonvolatile part of the vehicle were always the same as i n
series 200 and in white lead paint No . X02 but the proportion s
of thinner in the paints made with varnish vehicles were, o f
course, higher in order to make the paints brushable . The two
ester gum varnishes already contained sufficient thinner t o
attain that end . The Bakelite paint oil, however, containe d
only 11 percent volatile by weight, «Mich was sufficient fo r
white lead paint but for iron oxide paint additions of turpentin e
were required in amounts of 2 .3 gal . for primer, 2 .13 gal . , for
second-coat, and 2 .6 gal . for third-coat paint. , and for . ,
asbestine paint, 1 .3 gal . for primer, 1 .17 gal . for second-
coat and 0 .94 gal . for third-coat paint .

No . 502 -- White lead in linseed oil .
No . 503 -- Nhite lead in Bakelite paint : oil .
No . 504 -- White lead in 75-gal . ester gum varnish .
No . 505 -- White lead in 33-gal . ester gum ; varnish .
No . 506 -- Iron oxide in Bakelite paint oil .
No . 507 -- Iron oxide in 75-gal . ester gum varnish .
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No . 508 -- Iron oxide in 33-gal . ester gum varnish .
No : 509 -- Asbestine in Bakelite paint oil . . -
No . 510 -- Asbestine in 75-gal . ester gum varnish .
No . 511.-= Asbestine in 33-gal . ester gum varnish .
No . 512 -- Bakelite paint oil : .
No . 513 -- Bakelite varnish (see No : 105): .
No . 514 -- 75-gal . ester . gum varnish .
No . 515 -- 33-gal . ester 'gum . .varnih . -
No . 516 -- Linseed oil containing paint drier .

The 600 Series -- Pigment Concentratio n

The 600 -series was designed to reveal the "effe'ct o f .
variation in the ratio of pigment to -drying oil on• the effective-
ess against moisture mbvement . Three paintb were used, whit e

lead in linseed oil, white lead in Bakelite paint oil, and whit e
paint No . ; 214 (titanox B, zinc oxide, asbestine) . ` The
concentration of pigment is expressed in terms of pigment volume ,
which is the percentage of pig;nent by volume in the nonvolatil e
part of the,paint (pigment plus .drying oil) . For purposes of
calculation it is assumed that the drying oil does not change
in volume during . drying -and hardening of the paint coating .

The 600 series differs from all other series in that
the .second- and third-coat paints on group B, instead of bein g
white lead paimt ., were paints of the . same pi-gm•ent composition
as the priming-coat paint and mixed always in the proportion s
by volume given for white lead_ paint No . X02 in Table B . Fo r
group C the second- and third-coat paints were identical with -
the primers both in composition of pigment and in proportion s
of pigments and liquids .

Basic carbona.te white Lead in linseed oil :

No. 602 -- Pigment . volume 24 .6 percent .
No . 604 -- Pigment volume 29 :0 percent .

- No . . 605 -- Pigment volume 33 .0 percent .
No . 606 -- Pigment volume 38 .7 percent .
No . 607-- Pigment volume -43 .0 percent .
No . 608 -- Pigment volume 47 .1 percent .

S -
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Titanox B, zinc oxide, asbestine in linseed oil :

No . 609 -- Pigment volume 29 .0 percent .
No . 610 -- Pigment volume 33 .0 percent .
No . 611 -- Pigment volume 38 .7 percent .
No . 612 -- Pigment volume 43. . 0 percent .
No . 613 -- Pigment volume 47 .7 percent .

} Basic carbonate white lead in Bakelite paint oil :

No . 603 -- Pigment volume 24 .6 percent .
No . 614 -- Pigment volume 29 .0 percent .
No . 615 -- Pigment volume 38.7 percent .
No . 616 -- Pigment volume 47 .7 percent .

E
The 700 Series -- Spray Application

Mill priming of lumber . is usually done by spray
application followed by forced drying at moderately high
temperature . It is also customary to . add more thinner t o
aluminum paint when it is sprayed . The 700 -series was de-
aig.ed to determine whether these factors affect the resistanc e
of the coating to moisture movement . . Primers for groups A, B ,
and C and second- and third-coat paints for group C wer e
applied by the tool indicated in the following list but second -
and third-coat paints for group B were always applied by brush .

No . 702 -- cite lead linseed oil paint, brushed .
No . 704 -- White lead linseed oil paint, sprayed .
No . 705 -- Write paint No . 213, sprayed .
No . 706 -- !bite paint No . 214, sprayed .
No . 707 -- Aluminum paint No . 104, sprayed .
No . 708 -- Aluminum paint No . 108, sprayed .
No . 709 -- Aluminum paint No. . 108 thinned with 0 .25 gal . o f

mineral spirits, sprayed .
No . 710 -- No . 709 force dried at 160° F . for 1 hour .
No . 711 -- Aluminum paint No . 110, sprayed .
No . 712 -- Aluminum paint No . 110 thinned with 0 .25 gal . o f

mineral spirits, sprayed .
No . 713 -- No . 712 force dried at 160° F . for 1 hour .
No . 714 -- Aluminum paint No . 112, sprayed .
No . 715 -- Aluminum paint No . 112 thinned with 0- .25 gal . of

turpentine, sprayed .
No . 716 -- No . 715 force dried at 160° F . for 1 hour .
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RESULTS -- PART I :

Groups A, B, and C Before Exposure to Weathe r

The measi rements °of effectiveness of the differen t
coatings within each series are closely' comparable because the y
were made on matched specimens of wood . The ratings reporte din . Table C are the averages of the four ratings obtained o n
each of the four species of wood . The grouping of-the paint s
within each series was designed to bring together the kinds o f
paint between 'which closest comparisons are desired . Comparison
of a paint tested in one series with a paint tested in anothe r
series is somewhat less reliable but .the degree "of uncertainty
on that score can be gaged by the results with the t*o painte d
controls that were included in all series, painted respectivel y
.with white lead linseed oil paint and with white lead Bakelit e
oil paint ."

r .
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Table C .--AveraKe effectiveness latinks of primers alone
cl.1-e A] primers tollowec' ov two coats of	 unit e

lee.diEroLp 3) three coats: of	 similarpaint.
-2eup CL

	

.

	

: .

Key toSymbols : 1J, effectavenese of prime : only ; FJ:, effect -
ieness -ET primer after exposure to the weatder T8r 6 months ;
E', effectiveneEs after applying second

	

effective-
ness after applying ,third coat .

	

-

	

- -

:Group A : Croup B : Group C
No . : Deacription of primer

	

1

	

2 E3-•E1

	

2

	

3E

	

:E

	

:E

	

: E
---------

Series 100 :

102' :`mite lead in linseed: oil . : 27 : 2 : 27 : 63 : 72 : 23 : 62 : 7 3
103 :Whiter lead' in B'a :el

.
ite oil :

		

691 82 : 84 : 66 : 86 : 92,
Aluminumpaints : e

	

4

	

n

	

.

104 :Paste aluminull, varnish A . 70 : 68 : 70 : 83 : 85 : 71 : 87 : 92
105 :Paste in Bakelite va-rnisA, : 77 : 75 : 79 : 65 : 90 : 75 : 92 : 94
106 .a lbe, powder, varnish A : 45 : 50 : 7 : SI : PS : 47 : 92 : 94
107 :1 re, powder . varnish A . : : : 1E : 22 : 12 ; 71 : ED : _-:8 : 79 : 89
108 :2 lbs . powder, DFkelite .

,

	

varnish	 -< . 4-2 : 42 : 39 :

	

91, 34 : 88 : 95 '
109 :I lb : powder, 3al::elite ,

: varnish . .	 20 : 2C : 7 : 73 : 84 : 12 : 77 : 90
'

	

2 lbs, le owder in :

	

.

	

.

	

.

	

.

.110 :75-gal . ester gum varnisn : : 12 : 16 : 8 : 62 : 86 : 6: 61 : 9 0
1:11 :3.3-gal . ester gum varnish . : 24 : 26 : 20' 83' 91 : 16 : 30 : 9 8
112 :Glyceryl-phthal.ae;e varnish : 16 : 19 : 14 : 72 : 86 : 9 : 81 :. 93
113 :Shellac-castor

	

18 : 8 : 21 : 71 : 67 : 11 : 78 : 9 2
114 :Raw linseeO.

	

12 : 18 : 15 : 64 : 82 : 15 : 57 : 7 7
115 :Kettle bodied linseed cil . : Z'Ot 36 : 24 : 75 : 84 : 24 : 84 : 89
116 :Nitrocellu"iose ::e.ccuer . : .

	

0 : . .,. : 11 : 71 : 86 : 10 : 31 : 43

Series 200 : .

	

=, .

	

4

203 :White lead it 2e.kelite c L1 63 : :

	

64 : ?8 : 79 68 : 86 : 89
White p=

	

- q 4

	

14

	

.w c' l ;

	

:
202 :Basic -carbenai,e white lead . 21 : 27 :

	

61 ; 68 : 19 : 63 : 7 3
204 :Basic sulfate wh'.te Iead . . . 14 : 16 . .'2' 56 : 69 : 15! 49 : 69
205 :35% leaded :inn ,xide	 26 :

	

27 : 64 : 72 : 29 : 63 : 72
206 :Mixture of 204 _.::,d 207 . . . . ZC : ci

	

:52 : 65 : 72 : 32 : 70 : 7 5
207 :Zinc: oxide, __cal-2rree . ., .

	

14 : 3 12 :

	

67 : 73 : 36 : B8 : 75
208 :Antimony oxide

	

23- 2b : L7 : 80 : 68 : 21 : 63 : 68
209 :Titanium dioxide

	

. . . 20 : 19' 20 : 61 : 68 : 23 : 60 : 63
210 :Titaniu.m-barium -pigment . . . : 27 : 2:-:: : 20 : 59 : 68 : 22 : 60 : 64

Continued on next page
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Table C .--AveraEe effectiveness ratings of primers alon e
ig.roup A), primers followed by two coats of whitey
lead (rxoup B), three coats of similar pain t

roup C) . (Continued )

:Group A; Group 3 : Group C ,
No . :

	

Description of primer

	

:	 :	 :	 .=,.-
:E1 -1 .H-1 -2 -o -1 -2

	

3' L

	

*A,

	

E•_ •_ t_
	 :

	

-=- :--- :--- : --- :--- :--- :=-

Series 200 (continued) :
' White -piments in linseed oil (continued) :

211 Zinc sulfide .	 21 : 16 : 17 : 60 : 68 : 21 : 61 : '65
21 � :Lithopone	 .	 : 20 : 12 : 19 : 58 : 67 : 20 : 51 : 55
213 . :Mixture ' of 202, 207, 404 . . . : 24 : 21 : 32 : 67 : 72 : 33 : 71 : 74
214. !Mixture of 210, 207, 404 . . . : 20 : 20 : 21 : 62 : 69r'24 : 65 : 7 0
215 :Mixture,' 212, 205, 404, 405 : 28 : 22 : 30 : 65 : 70 : '62 :-73 : ;75
216 :hixture, 202, 207, 404, 407 : 26 : 26 : 25 : 64 : 70 27 : . 67 : 7 3

• ..
series 300 :

•

	

•

	

•

	

•

	

•

	

•

	

••

	

•

	

•

	

•

	

•

	

•

	

.
302 :Vilhl.te lead ▪ in linseed ()U . . : 21 : . . . : 10 : 63 : 71 : 13 : 56 : . 60'
303 ;White lead in Bakelite oil . : 60 : . .•• 55 : 80 : 80 : 581 84 : 8 6

	

Colored pigments in linseed oil : :

	

..•

	

.
304 :Iron oxide red	 24 : 36 : 21 : 63 : 70 : 23 : 53 : 56
305 :Spanish oxide	 : 12 : 19 : 11 : 61 : 69 : 12 : 34 : 53
306 Venetian red, 40.k .Fe203	 -! 7 : 38 : 5 : 60 : 69 : 7 : 25 45
307 :Venetian red, 94 ''/lo Fe203	 :

	

5 : 13 :

	

6 ; 63 : 72 :

	

6 : 55 :-62
308 :Iron oxide yellow	 24 : 35 : 21 : 62 : 68 : 24 : 55 63
309 :Yellow ochre	 15 : 32 : 10 : 61 : 70 : - 14 : 39 ; 52
310 :Chrome yellow, lemon . :	 4 29 : 46 : 25 : 65 : 69 : 26 : 49 .r56
311 :Chrome yellow, orange . . :	 : 17 : 37 : 11 : 61 : 69 : 18 : 47 : 62
312 :Prus .sian blue	 14 : 29 : 10 : 60 : 69 : 17 : 46 ; 5 8
313 :Lampblack	 19 : 34 : 22 : 67 : 71 : 27 : 38 : :. 5 8
314 :Graphite	 : 4 : 24 : 4 : 69 : 75 : 10 : 58 : 6 4
315 :Red lead,	 19 : 34 : 10 : 66 : 72 : 19 : 56 ; 67
316 :Litharge	 : -2 : . . . : -9 : 60 : 83 : 1 : 12 60

.

	

.

	

.
Sexies 400 :

	

.

	

.

	

.
402 :White le 'ad in linseed oil . . : 24 : . . . : 17 : 57 : 68 : 16 : 56 :.,67
403 :White lead in Bakelite oil . : 61 : . . . : 60 : 78 : 80 : 61 : 84 : 8 8

	

Transparent pigments in linseed oil : :

	

:

	

:

	

:

	

:

	

t .
404 :Asbestine	 15i--269 : 59 : 68 : 7 : 37 : 5 5
405 :Silica	 '	 :

	

8 : 17 : 1 : 61 : 71 : 14 : 46 : 69
406 :Barytes	 16 : 22 : 9 : 57 : 67 : 5 : 53 : 60
407 :Blanc fixe	 : 23 : 27 : 16 : 55 : 60 : 14 : 47 : 89
408 China clay	 :	 : 13 ; 27 : 6 : 60 : 68 : 7 : 34 : 5 5
409 :English chalk	 ; 12 : 22 : 8 : 57 : 68: 6 : 44 : 5 9
	 :

(Continued on, next page )
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Table C .--Average effectiveness ratings of primers alon e
-rou A

	

rimers followed by two coats of whit e
lead groupB),three coats of similar pain t
(group C) . (Continued )

-------------------------- -

Series 400 (continued) ;

	

:- . :

	

-

	

:

	

:
Aluminum and granular pigments :- :

410 :1`ixture of 114 and 202 	 : . : 8 : 25 : 4 : 60 : 73

	

9 : 72 : 7 4
411 ,: i x tune of' 114 and 315 .

	

12 : 20 : : ; 3 :560 : 75

	

6 : 65 : 7 5
412 :1ii:xture of 114 and 213•	 : 15 : 23 : 5 : 62 : 75 : 1 : 65 : 7 8
413. 1iixture of 114; and . 207	 `: 25 37 : .T . : .67 : 75 : 12 : 63 : 7 7
414 x fixture of '. 114 : and 304 . ; : .

	

15 : 2'2 : . .4 ; .58 : 74 :

	

8 : 61 : 73
415 . :kixture of-114 :and 404---- :-16 . 25

	

7 : . .61 : 72 :

	

8 : 53 : 67
416 . :fixture of'108 and 203 : : : . : : •36 : 37 : 33 : 17 : 80 : 4Q : _88 : 9 0

Series 500-

	

:

0 : 384 63 : - 3 :

	

5 : 2 1
0 : 38 : 62 : 5 : 14 ; 3 5
0 : 41 : 64 : 12 : -37 : 65 •
0 : 35 : 62 : 12 : 47 : 6 6
2 : 40 : 62 :; 12 : 49 : 73

	

.

	

.

	

: .

	

•

15 : 53 : 70 : 19 : 61 : 75
504 : '715-gal . ester gum ' varnish	 : : -8 :'20 : 7 : 48 : 67 : 3 : 62 : 83
505 :33-gal . ester gum varnish	 : :22 :

.
20 : 23 : 57 : 70 : 23 : •85 :.91

503 Fakelite' paint oil .	 . , 62 : 61 : .57 : 75 : 81 : 65 : 86 : :81
Iron oxide . red in : :

	

: . .

	

• •

507 75-gal . ester gum varnish	 :: 33 : 43• : , 34 : 61 : 70 : 39 : .75 : .82
508 . :3.3--gal ester gum varnish	 : 28 : 31 ; 30 : 58 : 69 : 33 : 82 : 88 -
506 :Bakelite paint oil	 : 3':' 12 : 3 .:•- 42 :' 63 :

	

8 : 64 81
Asbestinein :

	

: .
510 :75-gal . eot.er '. gum• varnish 	 : 0 : 11 : 5 : 50 : 66 : . 14 : 50 : 7 0
511 . :33-gal . ester gur. varnish : . : 40 : 19 ; . 18 : .55 :-67 : - 30 : 66 : 83
509 Bakelite paint oil	 : . 21 : 31 : 25 : .63 : 74 : -30 : 60 : 7 8

Series:600 : -(On group B the 2d . : and 3d . coat paints nave the sam e
pign1e-nt e .as the p.rime:r and pigment volumes 38 .8 and 28 .0 percen t

607 Pigment volume 43 .010 . . .

	

25 . :

	

554-71 : 26 56 64 ; r •
608 Pigmen t= volume 47 .7'10 . . . . : . : . 27 .: 23 : . 23 ; . 59 : - 71 : 26: 6o ; 67 '

_

	

(Continued on next page )

:Group A : Group B

	

Group C
No . :'

	

Description of primer

	

:	 :	 :
:E1 : 2 : 3

:E l :El :E 1 :E 2 :E3

V,e-Boles without :pi

	

ents . : ;
516 Linseed ail' .

	

. . : :	 : 3 : 8 :
514 :75-gal .

	

ester gum varnish	 : 0 : 6 :
515 :33-gad. . 'ester gum varnish	 : Q :. 6 :
512 Bakelite paint ail . .:	 :	 :

	

0 : 8 :,
513 ~Bakelite varnish	 : - ' 0 :' 7 :
- White :lead

	

in :

	

;
502 :•Linaeed	 18 :' 20 :

respectiv'ely . )
White leadin linseed oil : ' :

	

:

	

:
602 :Pigment volume•24 .83%	 19 : 17 : 17 : 52 : 68 : 20 :55 •66
604 :Pigment volume .29 . Qjo . . : . .

	

16 : 17 14 : . 54 : •68 : '18 : 51 : 62
605 :Pigment volume . 33 .0 . . :

	

. 21 : 22 : 185 .53 :- .68 :-2'4 : 'a : . .53 :- -68 :-2'4 :' '53 : 63:
606 :Pigment volume 38 .7-%t	 26 : 4'3 : 21. : 5.5- : .69. :- 2'5 : 55 : 63
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Table C .--Averageeffectiveness	 ratings of primers alon e
i raup A), primers followed by two coats of whit e

lead	 hrou.p B),' three coats of similar paint 	
_

(group C) . (Continued )

:Group A : . Group 3

	

Group C
No . : Description of primer

	

:---f_-- .	 .	

	

El :nl E1• 2i Et'

	

n2 - E3 -
------ ---- ---

	

-
:Series 600 : (On group8

-
t.ie2d .and3 d3d.

	

paints nave th
e sa:e pigments as the. p-rite:r ands pianent ,volumes 38 .8 and

2.8 .0 percent re•spec=tively :) '(Continued)

	

. :

	

. : :
Titanium pipmer t	 3nO	 asbe :sti:ne : ,

	

.`

	

. :
609 : Piz,ment volume 29	 30' : -35' .27 : .55 :

	

26 : 57 : 63
610 :Pigment volume 33- .0/o	 : 28 : 35 : 25.: 53 : .-6a : 25 : 56 : 63
611 :PigMent'volume 36 .7/0	 "	 '34 32 : 30 : .57 : 69 : 30 : 57 : 67
X12 :Pigment vo1 .mie 43 : .0%,o	 33 : 28 : 30 : `56 : 68 : 30 : 57 : 66
613 :Pigment volume 47 .7;x	 29 : -23 28 : 55 : . 7,0 : : 23 : 57 : 66

''L-1-tito lead inBakelitepaint-ooil : .

	

.- ' .

	

:
603 :Figment volume

	

&=o	 : 64 : 59 64 85 : ,89 : 66 : 84 : 87
614 :Pigment :volume 29 .0''0 . . .

	

58 : 48 : 5782 : '88 : 60 : 82 : 88
615 :Pigment •volume 38 .7"0	 3-9 : 3.2 : 37 :

	

83: 40 : 83 : 87
61 . 6 :Pigment volume 47 .7'70	 41 : 27

.38
: '30 : 89 : 45 : 84 : 85

702 :White lead i i 1in.seed oil .

	

16 : . . . . 13 . -53 : 73 : 13 : 47 : 72
703 :'vii ite lead in . Bakelite oil : :	 61

	

:• 61 : 77 : 83 : 60 : 84 : 88
Paintsappliedbyspray. gun : : .

	

:
704 . :No . 702 sprayed	 3 : 1 : 48 : 75: : 3 : 44 : 6 8
705 :No . .213 sprayed	 14 : 11 : 2.4 : 62 : 7:8 : 25 : 61 : 73
706 :No 214 sprayed	 14 : 16 : 15 :- 56 : 76 :- 23 : 58 : 7 2
707 :No .. 104 : sprayed	 29 :

	

77 : 84 : 40 : 73 : 84
708 :No . 108- sprayed	 : .4 : 1 : le : 83 : 888 : 18 : 69 : 85
709 :No . 108, thinned, sprayed : . : -4 : -7 : -4 : 69 : 87 : 7 : 72 : 86
710 :NQ . 70.9 : force dried	 1 :.: :17 : 10 : 69 : 85 : 1.4 : 72 : 84
711 :No . -110 eprayed	 : -5 : 6 : 8 : 62 : 85 : .4 : 51 : 83
712 :No . 110, thinned, sprayed	 ; -5 :- 5 : ,3 :a4 :85 : 1 : 19 :'6 7
713 :No . 712 force .dried	 -3 : -3 : .-2 ; .: .5.6 : 84 : -3 : 25 : 63
714 :No . 112 sprayed	 3 : 0 : : 4 :,67 : 8.5 :

	

8 : 66 : 85
715 :No . 112, thinned, sprayed 	 : - - 6 : . -4 : . 22 : , 59 : .86 : -2 : 31 : 7 7
716 :No . 715 force dried	 4 : -2 : 3 : 67 : 85 : -6 : 38 : 65

8974
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Effectiveness of Primer s

It has been generally assumed that protection o f
the wood is attained in painting primarily by applicatio n
of the priming coat and that additional coats serve chiefl y
for appearance and durability . Back-priming depends entirel y
on that assumption as does mill-priming also in . so far as i t
aims to protect lumber during shipment, storage, an d
erection . The results, however, show that nearly all of the
primers tested were very low in effectiveness even when the
same paint applied in three , coats proved very effectiv e
indeed . Moreover there was often no connection between the
relative effectiveness of paints as primers alone and thei r
relative effectiveness in two or three coats . For example, .
aluminum paints, No . 110 and 112 proved much more effectiv e
in 2- or in 3-coat work than corresponding coatings of th e
common white . paints, Nos . 202 and 213 to 216 inclusive, ye t
as primers alone the white. pa.i'nts Were . more effective t1ae :1

the aluminum paints . biihen,, hgtivever, the two aluminum primer s
were covered with two coats of a white paint, suea as whit e
lead, the reaultizig coating ma's more effective than a 3-coat
job with : the :white paints alone . : In other words thes e
aluminum primers, although not particularly effective by
themselves, contributed materially to higii effectiveness in
the completed paint job . :

Four aluminum :pririers ; Nos . 104, 105, 106, and 108 ,
P roved unusually effective even'as priming coats alone .
Primers 106: and. 108 owe : their high effectiveness to the nature
of the 'varnish .vehi'cles: because white . lead pri_ner into . 502 ;
made with a very similar vehicle, proved even more effectiv e
than aluminum primer No . 108 . But without any pigment, Nos .
512 and 513, or with iron oxide pigment, No . 506, this vehicl e
was very ineffective as a primer _,done .. In aluminum paint s
Noe . 104 and 105 the nature of the .alum inum powder is a1 so a
potent factor : in effectiveness, the .fineness . of the powder
probably being the determining property . In another serie s
of tests not included: in ;tni s: report it was found that the .
substitution :of standard lining for .standard varnish aluminum
powder gave much . the same comparative results as those foun d
between aluminum . paints Woe . . 104 . and 106 :

It is evident :that special . primers can be made
that will pote,c t %,Ood effectively when lilted as pril_1ers alon e
and will make good 'fourrdati,ons for highly :effective and
durable coatings when covered by ordinary paints . Aluminum
primer does not meet these "dual requirements unless the grad e

R974

	

-18-



of aluminum powder and the nature of the varnish vehicle are '
much more closely specified than is now customary . If the
vehicle is wisely chosen, white primers of high effectivenes s
can also be obtained_ but it remains to be determined whethe r
such primers will also have the property of retarding'the '
flaking of' paint coatings from consvi cuouG bands of sur l_ e rwoo d
that is the principal merit of good aluminum prl"ers fo r
wood (4, 6) .

	

_

	

y . .

In another publication (7) it is shown that th e
primers used in these experiments are . much more , effective in
keeping moisture out of wood_ when tested by" exposing them to
a spray of water simulating . rain for 18-1/2 hours than when
exposed to 97 percent relative humidity' for 1 week .

.

	

X .
Theory of Wood Primin g

In general each successive coat of paint applied to
wood. improves the effectiveness of the coating against 'moistur e
movement but the increments .attributable to each of th e
successive coats are very - Unequal . One of tne goats, usuall y
the second, seems to acaieve the major 'portion of the fina l
effe'ctivaness . For example, the effectiveness of white lea d
paint on specimens 2020 attained 19 percent for the primer ,
jumped to 63 percent with the second coat, and tried increase d
only to . 73 percent with the third coat . Aluminum paint - No . 106
.jumped from 47 . .to_ 92 percent between tne primer and second coat
and then increased only to 94 percent with the. third coat . On
til e ' other hand tiith aluminum paint No . 104 th e . major portio n
of the effectiveness was attained with the primer, 7.1 percent .
Again, with litharge aaryed _to linseed oil ' itnout grinding ,
No . 316C, the . effectiveness of'the successive coats was 1, 12 ,
and 60 percent, respectively, the" -,jump occurring between the .
last two coats . Oils and exterior varnishes without pigwe'rits ,
Nos . 512 to 51G, built yap effectiveness slowly anal' rarely
attained great effectiveness even'in three coats .

Edwards (10) explained the characteristic jump i n
effectiveness at one point in the process of building up a
coating by studying the relation between the -tiickness -of a
coating and the rate at which moisture diffuses through it ,
which he defined as the permeability . The reciprocal of the
permeability is the impedance to moisture movement . Iii general ,
the impedance . is directly proportional to the thickness Of ' the
coating, provided the coating cons i._sts of the Same kind of pain t
throughout, For coating 202C in Table - C the effectiveness for
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three. coats was,found to be 73 ; corresponding tb an impedanc e
of 3. .65 ;- if , the three coats were unifa _ in thickness the
impedance for .two coats would be, 2 44 andfor one coat 1 .2 2
co-rresponding to effectiveness ,ratings of,60 and 1 8
respectively , which agree: closely with the observed ratings

. of::63• and .19 . S: nila.r, c .al.c:ulnation for. paint 1040 for which
the ob•serYed . effectiveness wav 92,x87 and 71 for three, two ,
and one coat respectively, lead to theoretical ratings of 8 9
and 76 for two coats and one coat, again agreeing reasonabl y
well

Some of the, data, however, depart from the

	

-
priAciple of proportionality between impedance and thicknes s
far too seriously to be accounted' for by experi:nental -
inaccuracies . The discrepancy usually takes the form of
lower effectiveness for the priming coat than computatio n
from the .effectiven;ess ; of three coats : indicates, though th e
effectiv ness of two coats usually conforms to the theory .
Thus for No . 1060. an effectiveness of 94 for three co a
agrees with - tine value .92 f iundfor two coats : but one cola
should: have a rating of 82 instead O .47 as found . Difference
in thickness of -tile : coats : does not ac_cour t for the discrepancy
l ecai4e .tai :primer Was

	

fact thicker thane tile obis : two
coats . Many of :the : .a.luminur primers reveal a simila r
discrepancy between the :observed and calculated -effectiveness .

A paint :pr,ime:r is subject to a process o f
filtration and impoverishment inli.quidbecause-paint liquid s
penetrate wood measurably but pi-gffe.ts enter only as far as
the .cavities in those wood : cells that have been cut open i n
planing the wood surface. (:5 ; = X15 ) . . ` Ni th' a pruning coat thi s
,loss of liquid may easily rob the -Pigment of enough non-
volatile :oil to, . forma con:tinuous matrix, in which-case . the
filri .is. .porous and : directly permeable to moisture-laden air .
It-is well known,- .of course, that an inadequate primer take s
oil from the ' su-cce-edirg-`:coa.t of paint to fill these space s
left when its own . o;il , was absorbed by the wood . It seems '
probable that aluminum .Ypriier ; because of the leafing action
and the relatively low volume concentration of the pigment ,
is ; more-sensitive'to such impove•rier1ment than ?oriners mad e
of granular pigments unless the vehicle has been bodied
sufficiently tv :re.strain its penetration into the wood with -
out --theasszstance' of pigmentation . At 'any rate the fact
that in these tests aluminum primer often proved-relatively
ineffective.as a-p:rimeralor e but contriouteci -:iotaoly t o
the effeectivene-ss of the completed coating-is probably due
to porosity of the film of the primer until resupplied with
liquid from ' th:e: next coat of - paint
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'-xv,, .4 )

Few primers made with granular pigments in thes e
experiments exhibited . materially lower -effectivenes4'than tha t
calculated from the effectiveness of three coats 1 :5f the Paint :- °
All the granularpigment primers were mixed with a -rea.sox ably
high proportion of pigment and . .were-'alo.piied genqrously enough
to insure ade-qua.cy as priilers for .h.olding out succeeding -.

	

,

	

.

	

.
coats . If they had been thinnest . ; .Induly and brushed .out to

o far as is so often done in practice' they probably would hav e
shown the same failure to attain- the- effectiveness calculate d
from that of the a-caa-b jobs which was observed with some o f
the aluminum primerp .

	

.

	

.

	

,-

	

-

	

.

RESULTS, .-- PART . I I

Weathering Tests of Groups.B andC

All specimens of groups B and. C, representing complete
paint jobs, were exposd to the weather at 45 degrees facin g
south at Madison, , Wis., and tested. for effectiveness an d
inspected fOr integrity of the coating at intervals of 6
months during a total exposure of 3 years . The results appea r
in Table 1 .

.;,

.t .

....:

	

.r.
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Correction for Unexposed Backsof Specimens

Only one side of the 'painted specimens was fully ex-
posed to the .weatherwhen they were :n ,positions on :tae expo-
stire racks but both sides were-subject tb absorption "of mois -
ture while they were hanging in t'e ;97 percent room to deter-
mine the effectiveness . On the freshly painted specimens the
effectiveness, of course, was the same for both sides bu t
after exposure to the weather the two sides differed mater-
ially. The effectiverie6s measured is the average of the ex-
poeed and unexposed sides . For that reason the changes i n
effectiveness caused by weatherin, g . were in 'fact materially
greater than the data of Table 1 show .

Visual iaspebton of :the painted specimens at the
end of 36 months) chewed 'that the coatings on the backs o f
nearly all specimens were still . glossy, free :from fissures ,
intact, aid similar iri appearance to'young : .coating:s -excep t
that many of the-white paints were distinctly yellow as wQul d
cc expected from repeated exposure to 97 percent_' humidit y
without subsequent exposure to direct sunlight . It is there-
fore reasonable to suppose that tne effectiveness of the coat-
ings on the backs of the specimens remained approximately th e
same as it was initially . If that assumption is correct th e
changes in effectiveness of the exposed faces were just twic e
tne changes recorded in Table 1 and the effectiveness of th e
exposed face of a specimen at any tim e

r
ET, can be computed from tne formula :

ET = 2 ET - EO

	

-

where ET and EO are the ratings recorded in Table 1 for T
months and 0 months, respectively .

To test the validity of the assumption that the ef-
fectiveness of the unexposed backs of the painted specimens re-
mained relatively unchanged certain specimens at the conclu-
sion of the exposure test were painted on the exposed face s
with three coats of aluminum paint . _These specimens, to-
gether with their unpainted controls were seasoned in 65 per-
cent relative humidity and tested for effectiveness in th e
usual way with the results recorded in the third column o f
Table 2 . The fourth column gives the calculated effective-
ness of the coatings on the backs of the specimens, assumin g
that the freshly applied aluminum paint on the faces Wa .s 90
percent effective . In most cases the effectiveness of th e
old coating on the backs of the specimens agrees satisfac-
torily with the effectiveness of the entire coating initially ,
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..) 0o .0
J 4)) w 4 3

0) U

	

m co J m
.4 010) 0 4 H co •+4) 0
m -1 0)

	

H1 40 .0 31
.4

	

a)

	

o)n ■W

	

a) 41

	

o

m o J A +3
4

	

4

	

- 0
03 0) m td 0

307 4. 4
4 k J

	

m . Cos a) a)

	

a) a)

	

a) 4
0 :

	

E as (0 . .a1 m
m m

	

4 . 0o 444 m .4 E

	

+1 0 m0 3 .0 4 10 O O. 0m 4)40 Em mTo

	

-4 To w a)

	

o) 04)

	

b 0.4. 10 0 0
)

NOC m 4o 0 .0 E, 4> J
.0 40

m m J
o a. 0.Jm4 13 .4 t0 m10

U41d 3 + )4. 300 m
m 0 .

	

4{ ..

	

.4 .34) 0
W O

w )4 m C) O 4)N P. 0m 0. m

	

0 4 .

	

4. 0)4A 41

	

m 4 mm 4)O

	

•0H 4.4 4
4

	

0 43 .0 0 0)
4 30 0 O 17E 011040.
4)-1 J h: ' 4 130

d 4
)a -4 44

	

.
>

	

.>' H S-1 0'13 O
1 of f(. . ..~ E 00 '10H O

	

4 4 3 0
1>

	

m 4x .4 0 44.1 ?•.H0)

	

4 .0 .i a4. U rl.O +0

	

m m

	

- 44)4

	

4.4) Hi gt>6 0
1

	

o . 0 )
. 0 -1

MU m al m • . .1i 30

4. C
A 0043i x

W 4)10 40-+ .0 0m . 4a a)

	

am m U
km J 0 in m - U

m 0540' 40 .4 14 3
k 440 )044 4m 4.4'03 .4 0> m 7 k H E
0) m W UO P. 4 •4

N > a4m

	

.4f.1WI b m
4

Q
WI WI H

4) m
1q[1
12
'

U

In
11
W

4 1.3 IdChc7O44)4 c000

	

00 0 4(.444 N~O~•sl '0

	

0J 4lJ +

	

I

	

I(01a4C+. 1..4) 0 ,4 +(140' 4 (.V' 174 4

G.ch 0c704045-0 ooo

	

6(5 .-I Ch (.41010.+.0) ONN Mf+ 10 .p. 4G 30(503 I

	

4..U' 4.. Gtcso4., 4

N N

	

10 (010+10 + 1'01044 + 1D V) Ch :h 307 (+.no 00(445045 C9clOHCSG rh NM'P .N1a U' HHNN 441010 104 104174 0C70' M 4

NW Ch (140307144 C4M0H4c5H 10 NNNNN C~ WHWNN N4+NN $,a 1717131+ Wroor). W- 304 C5N 4

H NNN

-1 W

pp

N

	

r3l W .•I noon

bNA Nrl 00,0,0 1
rl

000 0OU)0 NW0 0D,0'-I u)0)r1 NH Na0p4 00,t 4nHMN IOWA(0(O

1114 0)030110 '0N0.10H0.M N no-M u-1M 0 N4MH W44-01 4 1D 4HN4 170)4( /0 30/00) 4NW (0 /0101011310 10 Na4-4'01ON 10 NNNHH .THNNN Nn H N MNNM HM1n0 111MMNH
.1 I	

M ,
0 0

	

b0 I wl' 4100 COOMAONM N3 W

m 1 > 1 0)1 1003 100.0.40(10m
U I 101 NM 0.140)1113

I W I WI I NO. '00.0.100.10
I I m I NI 1110) 1010HNH1 0

k)

	

W I
I k 1 301 0O. 0.7.0 .0.0(0'0 I m 1 WI I

I
O I a

	

NM 0(0(01000( 00.

+• 1I 1 IC 1 4>. 4444(. 4.1 I

	

1

	

I4) )

	

1 . .
0. 1

	

1 W

	

I
40 1 .4 1 3 I 44 44444 4
0) 1 4 1 •• 1

H 1 .4)1 1 c1 ,04 10 I++ 4
A) 1 4 1 c)l NM 41044). W M.. 1 H

11C I

	

4, 4,1 W4 100+000)
4. I I co I NM MMP.MM M
O I	1

	

I

	

I
-4 1 I H N10 N0) 100H0) (00031000 0 . WC-44N 3)1000)30 430003 HO 010.0 4 %OMM H0N30 H
O 1 Im1p~ 1 WI 1 Mtn 1010104104 4430)In N 4

	

HHH 10110)1

	

Hu) 11131010 4113113 44 4
(1 1 4 1

	

1
O I01 I 101 NO 10 1 0 N0101n NOM 100) 4 30

	

NOW HH

	

101 4041 101011 010100)
N 14.. I

WI I 330 3030300130/0 3D 3030 3030

	

30 4

	

0\0140101

	

4,0 410113 In 113113/0/0 113/0/010 4

	

id

	

l

~ Im I a)oann'I 40) NNN31111N1~n 110 1100 1300 1301- 1100 }1010444 1(341144 0)10/100)11010 0)01 110 11030011In 010114) 13010 1050/00 10 4I m l WI I4 t G 31001WI .l I WII

	

W 0)0)0)301030 NN-C- NW

	

(0 01013701 10 /00101/001 01'1101

	

,ON 30 1D30 1010 1p NNN NC-C-00m
0)1 HN 430/0/00(0) 04,0 ON N '010 101001 0)00)0113 04-0110 104 off OO 1043 NN (10113110

O. I W I WI I NW 100030'0W 101010 0)10 co 10 1010 10 00 N1o3O3030 1011300p.1113 1010 NC-NCH 1030
1
-30 NNNNN

I m 1 .41 ti0 'WW1NC00) (0WN WW1301W0 P. N'10ONNN- 100-330 N IND 50011010300 NCO NNNN NC-NN 4N NC-C.-WII
I ON '0040(4110 100)30300N(0 10 1011110 H01050N NHO. O . Nul 3010 1030 3 1000 . 30 NOCV 0311 030 '00.10100.10 100.30(0(01010 10 N1-10W10 (04-303030 WWNN NW NNNN NNNN NN(0(0 W

3

	

-4

	

44

	

10
H .H1
H D

.
4 0) >

	

d .d " m

	

H

	

-I m 40 -4 H1+ d M 4) 1%.40>> m m +i

	

.4

	

O'O

	

4 4 4 0

	

4)b M

	

NO

	

-4 06(0

	

.y 0)
b

	

q

	

4)Hm

	

J

	

Op~ 7 O 0 I4m 0 NOCVONMO' a
4 Y

m

	

m m C C k

	

k m m 4) N

	

C

	

4 4 E

	

0 C

	

4
J ))4444 4

J

	

4 kk0)

	

•mm Jm0H a00

	

m

	

430-11 l:.

	

m4) .l 4H m 0 .4+3 . . a 0)>

	

4) 7 -1 CJ 430) 0

	

E

	

y .1 H' 41 0 0) 0)`0 C)4)H > m --1 -1 1 1 C > >

	

4)O'
,-1

.1 .1 4) .-1 4.

	

1:1))

	

N N 01-* 4)H RR. 4 4) a4 O a) cto.Tp,
.3010) -C1Nm4m 3. 0 gym 0 -404 30 0 A O 4 M111

	

4) 0 .

	

NNN-d .4 .4 -+03 1006. 0(0343 0Hai- -W

	

IX a MI 14H HH

	

4)4-100) 0 m

	

4E

	

- ' - H W

	

473 H Hmfi

	

47

	

0411 m

	

4 440 0 .-17

	

N0CVN

	

J

	

H
0 +3 0

	

- - - 3 4. 4. . 0 0 0 ' 0 0 C mm00 .4OH 4054 .-I

	

OHHO 30004)4) - - 01 41 3 m
H~4 C k k 4. k O0,0JJ 4)0 .4000+0 0)

	

0km

	

NNNN

	

4)'44'143 >Im0 O
0104)

	

7

	

-1 .-I m mm m00.3 -44 (CdHH

	

4041 04,4) 01
0- 14 -I100)43

	

4.4.4 .- bb

	

.x4 . 14 4rm

	

4.HH H

	

mm 0,0)4)40

	

1

	

4)

	

m HH A03130. 10 E0 43 34'0i43 -mm 1 00101 41,T)24'')4440-34(04
. 0)401.,-101010

	

14+0 OOON

	

30 .140

	

400 mm

	

011
ma) H H 0 0 0 o 30

	

- 1 1 01 (0 - - I m M 0 040 .I >a 00 E H C

	

0 41 m -1 C C -103333 C U m '0 m-10

	

I H--1 0CO.O.O.0 .H• •330 C

	

H

	

m

	

.10m¢1 013 10770 m41010) HH 1440)0 14

	

130 0{44) 4k 4.

	

I

	

H H k 0 .1 4) 0

	

a

	

4) . 0 0 .44 m a

	

1. 44.

	

400 .44 O¢ m m +1 H -1 4) 4 fm mU Ifl

	

I

	

4 m m

	

•N 0)0)01 110 4) 0UH

	

E C C 0 0e)0 1-10)0

	

0?E 000 1
m

	

I431) --1+0 410041A 00401 4k••Jm-1-1 40 .40004 4+34+0--+1+34114)43 *0400 00-0. .4 0)m

	

1 0 . 1 . 4m m H H H H 1 1 > 0 1 1 1 0 4 4 0 4 -1 4 0 0 W 4 0 4 .04-1C)4 )4 K 14 14 - H 0 0 4) 0 C 014,1. 7 E m 10 .4 0)A

	

1 0 .C 440 00

	

11310 rl S 7 0 m .-I O .17 -+ m m u1 -1 - I C-1-1 .1 -I -1 -1 .. . .1 0130 10 H k O. m m 4.41 .0110 4. 4) 4. 4 1 . - I NH$4H1y 440)1(31 NM mk .4GN4)34WMN 04E-)E-)N ..3 0)14 :810[3Rti1-I0)>7 1.1414)0 4). .7014 .4 1N4) 1
M 0) 4 11310 30 100(0040) 103 11)30 -1'0) 10 4 0131 30 11' 01 01 0) 1 4 0110
N NNNNN NNNNN NNNN 0)0110101 1011010'1)101010 1010101010 N

04

akol

	

4-

.E 304 MI 40 . 100(04-0(10O m W I
1

[AI )

41 N4 0.10)0)0)113
01 HO NOO.030 0

HI ( '0(0 100 .10.

••

	

••
. . . . . . . . . . . . . . . . . . . . . . . . . .

(010
p

00.4

	

,M N ••W 44444 1413 1113104 4 011N (0 40301104 44111 130
O

44104 .-1-I
M10N OM N 111 401130) W4 00.0) H 10NNW 4 0 101010'010( NW W N4 ONO.4n14 111 11330104 4)1(0 113(114113 44100 1033030)
NHH 4- 30 -I 010.100 In NO104(0 0H1010 NW 001100 104H1(1 H30NN 0COMM NU) O. 301133010 30 '044.4n N'0301 •010 10010110 10111 10N '01131010 4
N1003

	

113113 N tOW In4M 10113 MW0. (030307. HO . H0) 10M 303044 3H10H4'00.10 4-10 0 . N30NNN '04314X'. 30301010 3010 /011301 10 winN 30 10 30 10 113
41-M030011)1(0 N 31113000 113101/1/030 ONWN 100 WH4N 04 OH N04(0(0WO.WNNWM O. 30303010(0 3041130/4 WC-NC- NO . 1130,11 10 .0113 .030 10L130N111

0.0+0. 00.100(113 OM. N NN COO 10 (0 N3010100 0M1 0)3 30 1 3 10 NO. 1 ' 0 1 1 1 0011 1 0 10IO3030 1O 1001ON N
033 N0(00(000CW4 a(0 NWNNN 1100 101 140130 0 NC-N-N- WW 110n1M4n1N0 1100 1313111 130 pp3131110 110113

444 4444 0 I +441x.

	

44 4 44NNN 44444 NNNN 44 4444' 44410 C04%. 0, 4

N

	

N 1444 444-4 0 10+ +4441441 4 44NNN 44444 NNNN 44 4444 4440 410(0(0 4

10NON 11 N N 44444 101010+10 HHHH 0 0 O I N OMNMH41s+H M NNNNN MMMP .M NNNN 14 4444 44410 4M4N M

104+44)++0)MNIL0-IP.P1 .-1 NM W044 HNMNNN 1 101010 0410101010 HHH HNNNN 0) 0N10 4444 044410 1 0 1 0 104M4N N

14I NM N0004N 4N10 10 0

	

H M4 HIM)-) 103001'10. 011

	

O

	

0030 10 N .-4 .-4H

	

CN10

CN N 4 1- 103 00.0 W° o4W CO MCO (00 COWP. 0 1100C-NC- 1 0 100 1 0 1100 1300 N 10ONN N COO N10D 100N- 10)00)1'0 1'0 •00 Ntiti0WI I	
k

	

t

	

Am

	

.C ,q

	

H~

	

• 0
0 m rl

	

00

	

U

	

x444 1
0 Iw .20 1
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column 2 of Table 2 . Specimens 316C, however, are notable ex-
ceptions in that the effectiveness of the coating over-th e
unexposed backs fell from 60 to 26 during the 36 months o f
testing . This paint was litharge stirred in linseed oil ,
without grinding in a paint mill and was imperfectly dispersed .
Unlike most of the other paints the unexposed backs of th e
specimens at the end of the test were lacking•in gloss. It
seems probable that reaction between the litharge and linseed
oil continued long after the paint dried and left a distinctly
porous coating . The measured effectiveness of the coating
after 36 months was 19 ; if that of the back was 26 the effec-
tiveness of the face was 12 . The data of Table 2, however ,
justify the assumption that the coatings of the practica l
exterior paints retained about the same effectiveness agains t
moisture movement on the unexposed backs of the specimen s
throughout the test and that tae changes in effectiveness of
the coatings on the exposed faces were in general twice th e
changes recorded in Table I .

Visual . Inspections of the Exposed Paints

At each interval of 6 months during the exposur e
tests the coatings were inspected for chalking, checking ,
cracking, and integrity by the methods used by the Fores t
Products Laboratory (3) forordinary exposure tests . : Th e
results are summarized in abbreviated form in Table 1 . The :
term chalking has its usual significance . Checking refers t o
readily visible checking, the earlier stages in which a
magnifying glass was necessary to see checking clearly ar e
not recorded in Table 1 . Cracking refers only to sigmoid '
cracking, which is not followed immediately by curling o r
flaking . Cracking followed :immediately by curling and flakin g
is reflected promptly in the rating for integrity . Th e
integrity of coatings is rated on a scale of good, good-, fair+ ,
fair, fair-, poor+, poor, poor-, bad+, bad, and bad- . When 'the
rating reaches poor the coating is considered in need o f
repainting and durability is therefore defined as the age a t
which integrity is first rated poor . If between inspection s
the rating falls from one better than poor to one worse than
poor the age at which poor was attained is calculated by lin=ear
interpolation . In Table 1 the data for integrity are . summarize d
by recording either the durability or, if the integrit y
remained better than poor a.t . the end of 36 months, the ratin g
for integrity at age 36 months . Specimens removed from test :
before the last cycle though still rated better than poor in ;
integrity are left blank under the integrity heading .

Chalking, checking, and sigmoid cracking depend o n
the nature of the coating, not on the nature of the wood ,
and therefore occurred simultaneously on the four woods .
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Table 2 .--Averageeffectiveness of	 unexposed , backs of certai n
• .

	

-

	

specimensdetermined e t the . conclusion= Of th e
- weatheri.nr, test s

Key toSyrnbbls. :., initial effectiveness rating;, whichi wa-s

the same for face and back ; EA 1 , effectiveness of aluminum --
exposur e applied toface at conclusion of

	

test, :assumed

202B 68 7 7
203B 7 9
204B 69 . 78
205B 7 2
206B 72 8o
207B 73- . 8 0
208B 68 '79
209B 68 78 -
.210B 68 7 7
21;1B 68 77-
212B 67

8

2133 72 78
214-B 69 7 9
215E 70 7 9
216B 70 7 9

- -302C 6.9. `8a
315C 6 7
316C 6

	

58:-' 6o2c 65

	

'74
6o 4c 62

	

7 1
'6o5c 63

	

:

	

'7?-'
_6o6c 63

	

:

	

74 -
60,7C 7 2

67

	

.

	

7 1
6i . :67

	

:

	

,7 6
6120 65

	

7
613C 66

	

6 7
.

61-~c 87 89
6i5c' 8 0
6160 85 63

6 4

66
.70
70
70
6 8
6 6
6 4
6 4
66
6 6
68
6~ .

'6 8
70
72
26.
58
56
5 8~ .
5

4
52

: :6 2

44 :
88

36
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Crumbling, curling, and flaking, however, usually develop
much more rapidly on southern yellow pine and Douglas fir ,
than on northern white nine and .•redweed . For . that ,re a -son
it is necessary t o ; record the du.vabilj_ties, or final ratings
in integrity .separately -for the four woods .

Changes in . .Effecti.veness of:. Paints with-Age .

In general the effectiveness of paints agains t
moisture movement increases during the first few months o f
exposure to the weather . Nearly all of-the coatings teste d
were more effective at age 6 months than they were befor e
exposure . Previous test s . likewise reveal that tendency (2) .
Some paints remain near their maximum effectiveness for
many months while others soon pass through the maximum and
decrease steadily in effectiveness thereafter . The two
control paints, white lead in linseed oil (X02) and whit e

vlead in Bakelite paint oil (X03)', illustrate the two types . .
White lead in linseed oil declined' steadily in effective-
ness after its maximum at : 6 months while white lead i n
Bakelite paint oil was almost as effective after 36 months
as it was at the beginning. Chalking, checking, and crack-
ing of paint coatings clearly determine which of these tw o
types of behavior shall prevail but . the significant featur e
of chalking and checking . in this connection is not the ag e
at which they first appear but-the rate at which they pene-
trate through the ' coating . '

Series 100 -- Aluminum Paint s

As priming coats under white lead paint in plac e
of conventional priming (group B) all of the aluminum paints
improved both the initial and the maximum effectivenes s
during subsecuen.t exposure that is characteristic of whit e
lead paint when used for all three coats . From the point
of view of protection this long maintenance of effectiveness. .
is more important than increased initial effectiveneSs ('1) .

Aluminum in the paste . form proved as effective as . ,
dry aluminum powder of standard varnish grade when substi- .
tuted pound for pound in the same vehicles (compare l0?~
with 106 and 105 with 10g ) . The paste aluminum, however ,
contained 40 percent mineral spirits and made paint equiv-
alent in composition to a mixture o f . 1.07 lbs . (0 .485., kg . )
of dry aluminum per gal . (3 .79 . 1 .) of varnish of slightl y
lower content of .non-.volatile . Such mixtures made with dry
aluminum (107 and 109)'proved less effective than the paints :
made with 2 lbs . of ' dry powder or 2 lb's'. of paste aluminum.
per gal . For equal effectiveness, therefore, less aluminu m
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is required in the form of aluminum paste than in the form o f
dry powder of standard varnish grade . Subsequent tests no t
reported here indicate that'dry > -powder of standard lining
grade is likewise effective with lower proportions of alum-
inum than the coarser standard varnish grade .

Two vehicles, shellac plasticized with castor oi l
and a nitrocellulose lacquer, proved lacking in durabilit y
either as primerYs . .for white lead paint (group B) or as com-
plete painte (group C) . All the other vehicles tested mad e
aluminum primers that greatly improved the maintenance o f
effsectiveness throughout the life of white lead paint . From
this point of view there was little basis for preferenc e
among the satisfactory vehicles ; all left coatings that wer e
more effective after 3, 6 months than were many good paint s
initially (series. 300, group C, for example) . Among- the .
satisfactory aluminum primers, however, some proved more suc-
cess'ul'than others in prolonging the life of the coatin g
on southeiln yellow pine and Douglas fir . No. 111B, fo r
example, made with ester gum varnish of 33-gal . length, wa s
not entirely satis f actory in'improving durability on souther n
yellow pine and . Douglas fir although . it was satisfactory in

	

.
maintaining effectiveness . Nos . 114 and 115, made with lin-
seed oil without resin, were very satisfactory from the poin t
of view of• durability but were not correspondingly superio r
to the other satisfactory aluminum primers in effectivenes s
against moisture movement . Raw linseed oil, of course, doe s
not make an aluminum primer of proper consistency fo r
good working properties but kettle bodied linseed oil make s
a very satisfactory one .

As complete paint coatings (group C) all of the,
satisfactory aluminum paints proved outstandingly durabl e
both in maintenance of integrity of the coatings on all wood s
and in maintenance of effectiveness against moisture movement .

Series 200 -- White Pigments in Linseed Oi l

Except where otherwise indicated all paints mad e
with granular pigments only throughout this study were mixed
in such proportions that the priming-coat paint contained 1 9
percent total pigment, 58 percent nonvolatile vehicle, and
23 percent volatile thinner by volume ; second-coat paint 2 9
percent total .pi ,went, 45 percent nonvolatile vehicle, and
26 percent volatile thinner ; and third-coat paint 27 percent
total pigment, 69 percent nonvolatile vehicle, and 4 percent
volatile thinner . Second-coat white lead paint for group P
was mixed with 29 percent pigment, 41 percent linseed oil ,
and 30 percent volatile thinner .
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As priming coats under white 'lead 'paint : the whit e
paints .of series 200 did not alter significantly the initial .
=ormaximum effectiveness against moisture movement or th e
changes i.n . effectiveness with age . All primers that con-
tained zinc .oxide, rarely Nos . 205, 206, 207, 2.13, 214, 215, :
and 216-, gave rise to conspicuous alligatoring of the to p
coats of white lead 'paint in place of the usual finely re-
ticulated and inconspicuous checking normal for white lead
paint . -Similar alligatoring occurred throughout the test s
wher-ever therm was zinc oxide in a- primer under white lead ,
for' exariple, 412B, 413B, 70513, and 706B., and was sever e
enough to reduce the durability of the coatings to 24 month s
or less even 'on white pine and redwood. Over primers made '
with anti .tony oxide, titanium dioxide, titanium bariu m
pigment ; zinc sulfide, and lithopone (208 to 212, incl . )
white lead paint checked in the normal inconspicuous marine r
and 'the coatings' proved fully as durable as the control
spec'i-mens with white 'lead paint_for primer and top coats .
;Specimen- 204 on which the primer was basic sulfate white
lead developed alligatoring of the white lead top coats O n
group •B .:arid sigmoid cracking of the basic sulfate white lead
paint on group C . It was therefore inferred that the pigment
manufacturer, through an error, had supplied a basic sulfat e
white lead containing somezinc"oxide . Analysis of a sample. -
of .the original supply of dry pigment revealed 6 .8 Percen t
zinc oxide by weight .

In group C of the 200 series where the - same pig-
ments were used in all three coats of paint the paints - repre-
sent three different types of disintegration with age :
(1) rapid chalking leading to early failure .by erosion, (2 )
moderately rapid chalking followed by checking and eventuall y
by . eiumbling, (3) slaw :chalking, sometimes followed by check-
ing, but always followed eventually by cracking, curling ,
and flaking (8) , though the type of cracking is not alway s
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The effectiveness at 36 months was sligh-tly hide r
than that -at 30 months for most of the specimens of group B
that survived until the 36 months period . This is an exper-
imental error resulting from the fact that the 36 month period
ended: when the exposed specimens were at a.n unusually high
moisture content because of a - thaw following a heavy fall of .
snow . Two weeks in 65-percent relative humidity failed to
establish equilibrium moisture content sufficiently closel y
and reduced the subsequent absorption in 97 .percent relative '
humidity, The uncoated control panels, of course, were not -
subject to that error, which therefore operated to make th e
effectiveness' seem higher than it-actually- was . All of the
values for the 36 month period throughout the study ar.e prob-
ably slightly too high but the error is greater-for coatings :
of low effectiveness than for ,those of high effectiveness .



sigmoid . The distinction between: rapid 'and slow chalking ' re- '
fers to the rate at . ;rohich chalking penetrates through th e
coating, ' not to the age at .which it is first observable, which
with most of the white paints was about age 6 months . T9 the
first type belong paints 209 .to 212, made respectively wit h
titanium dioxide, titanium-barium pigment, zinc sulfide, and
lithopone . These paints showed very material loss,of ef-
fectiveness as, early as age 12 months and within two year s
the coatings became too thin to hide the surface of the wood ,
failure taking place about as rapidly on white pine and red-

. wood as on southern . pine and Douglas fir . To the. second type
be],ongs .paint 202, made with :basic carbonate white lead . The
effectiveness declined from the maximum at .6 month s. at .first
slowly,' then more rapidly .and crumbling developed more rapid-
ly on southern pine and Douglas Sir than on white pine-an d
redwood . Pure basic sulfate white lead probably belongs in . !
this class but the presence of zinc oxide-in the sample for . '
paint 204 ' caused it to develop sigmoid cracking instead o f
checking . $ To the third type, belong _paints 205, 207, and 21 3
to 216, which eoritaih zinc oxide 'alone or in: admixture .with
other pigments . The efYebtiveriess of these _paints varied'
with age between the course ethibited .by basic carbonat e
white_lead and the course exhibited-by paint 214, whic h
changed' little if at all . in effecti•veness between ages 6 and

, 24-months andarras still high in effectiveness and intact on -
all woods after 3b months . The facts that chalking, though

,
. n.

clearly evident at 6 months, penetrated the coating ver y
slowly, checking remained entirely absent, and sigmoid crack-
ing was delayed to the 30th'month account for the long re-
tention of effectiveness by this-paint . -Paint -2084 made ,
with antimony oxide, did not proceed far enough in deter-
ioration during the 36 months for definite classification;
It probably resembles white lead paint but chalking an d
checking proceed less rapidly . Microscopic checking appeared
at age 30 months and was not yet visible without magnifica-
tion at 36 months .

In initial and maximum effectiveness all of the
paint.s that contained either white lead or zinc oxide wer e
superior to any of the paints that contained .neither whit e
lead nor zinc oxide . The-difference is too small to be .sig-
nificant as far as protection 'of wood is concerned -but -I .s o f
interest in connection with the theory of the action of pig-
ments . in paints .

Series 100 -- Colored Pigments in Linseed Oi l

As primers under white lead paint the colored pig- .
Merit paints except red-lead and litharge. proved slightl y
superior to any of the white priming pail ts t of series 200 _
but inferior to the - satisfactory aluminum primers •of,serie s
100 in their effect on maintenance of effectiveness against

R974
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moisture movement . The iron oxide pigments, lemon chrom e
yellow, Prussian bl1e, and graphite likewise improved the
integrity of the coatings on southern yellow pine and Dougla s
fir but they were not quite so satisfactory in that respec t
as the summarized data of Table 1 indicate because in mos t
cases the checking pattern of the coating was coarser and
more conspicuous by reason of the color showing through i t
although it was not coarse enough to be classified a s
alligatoring .

As complete paint coatings the colored pigmen t
paints except red lead proved lower in initial and maximum
effectiveness than the paints of series 200 that containe d
white lead or zinc oxide and approximately equal to the whit e
paints containing neither white lead nor zinc oxide . Re d
lead increased in effectiveness up to the 18th month, after
which its effectiveness decreased rapidly . The litharge
paint rapidly lost effectiveness after are 6 months ; as al-
ready pointed out the unexposed backs as well as the face s

e became ineffective by the end of the test . The two chrome
yellow paints remained as effective after 36 months as the y
were initially . , The other -colored pigment paints followed a
course of change in effectiveness similar to that of whit e
lead paint but at somewhat slower rates so that, while les s
effective than white lead paint at the beginning they wer e
as effective or a little more effective at the end of 3 6
months . In maintenance of the integrity of the coatings
all of the colored pigment paints except red lead Tain t
were more durable than any of the white paints of series 20 0
except Nos : 208 and 214, neither o f .which had yet reached th e
-end of its life . On the whole-the-colored pigment paint s
took longer to develop chalking than did the white paints .
The colored pigment paints, except red lead and litharg e
paints, developed neither checking nor si ;uioid cracking
during the test .

Series 400 -- Transparent Pigments in Linseed Oi l

As primers under white lead paint the transparen t
pigment paints, Nos . 4o4 to 409, part B, proved very sim-
ilar to each other and to the white paints of series 20 0
that contained no zinc oxide, such as Nos . 208 to 212 .
Checking of the white lead paint over the transparent pig-
ment primers followed the normal inconspicuous pattern .
Up to age 30 months, when these specimens were removed from .
test, the coatings maintained their integrity about as wel l
as the coatings based on white primers free from zinc oxide .

The complete paint coatings with transparent pig-
ments, group C, looked more like varnishes than paints whe n
freshly applied but chalking set in within 6 months and
penetrated rapidly, after which the coatings turned whit e
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and had fairly good hiding power . No . 409, made with English
chalk, developed checking within l months, No.ne of the other s
developed checking and none 'sigmoid cracking . The course of
the changes in effectiveness and the, durability were very
similar to those of the rapidly chalking white paints, Nos ,
209 to 212, part C .

Series 400 -- Aluminum and Granular 	 Pigments i n
-Linseed Oi l

As primers under white lead paint, No . 411, which
contained red lead, and Nos . 412 and 413. , . which containe d
zinc oxide, led to early failure both in integrity and i n
effectiveness . The other primers of this group, in which
aluminum powder was mixed with white lead, iron oxide, o r
asbestine, proved very satisfactory in maintenance of both
effectiveness and integrity of the coatings . In each cas e
the additipn of aluminum powder made the primer more satis-
factory than the corresponding primers made with the granula r
pigments without the aluminum,.. In group C where the paint s
were used for all three coats the admixture of aluminum im-
proved the effectiveness, the maintenance of effectiveness ,
and the durability .

Series 500 .-- Vehicle s

As primers under white lead paint none of the clear
vehicles, Nos . 512 to 516, exhibited any advantage either in
effectiveness or in durability . As complete coatings the y
were all much less durable than good paints . Linseed .oi l
and 75-gal . ester gum varnish were low in effectiveness from
the beginning . The 33-gal . ester gum varnish, Bakelit e
resin paint oil, and Bakelite resin varnish were fairl y
effective initially, increasingly so in the order named, bu t
they all lost effectiveness much more rapidly than goo d
paints .

As vehicles for white lead pigment either for th e
priming coat only or for all . three coats, neither of . th e
ester gum varnishes proved as satisfactory as linseed oil .
The Bakelite resin paint oil with white lead, however ; mad e
a priming paint that compared favorably with good aluminu m
priming paints (series 100B) and a three-coat paint of high
initial effectiveness, excellent maintenance of effective -
ness, and good durability . Both chalking and checking wer e
retarded by substituting the Bakelite paint oil for linseed
oil but the paint failed by cracking and flaking rathe r
than by crumbling .
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The Bakelite paint oil was a poorer vehicle than
the ester gum varnishes for iron oxide primers to be use d
under white lead paint, at least from the ,point of view o f
maintaining effectiveness . With iron oxide for pigmen t
the ester gum varnishes made distinctly better primers than
they did with either white lead or asbestine for pigmen t
but with Bakelite paint oil iron oxide made a less satis-
factory primer than was obtained with either white lead o r
asbestine .

As vehicles for all three coats of paint th e
Bakelite paint oil was superior on the whole to either o f
the ester gum varnishes when pigmented with white lead ,
iron oxide, or asbestine . The 75-gal . ester gum varnish was
more satisfactory than the 33-gal . varnish when pigmented
with white , lead or iron oxide but not when pigmented wit h
asbestine . Although all three paints made with asbestin e
were comparatively short-lived (and were transparent) ,
in each case they were more effective and more durable than

! the corresponding clear vehicles without pigmentation . s.

Series600 -- Varying PigmentVolume

In the 600 series the paints in both group B and
group C have the same kind of pigment in all three coat s
but on group B the second and third coats have pigment vol-
umes of 38 .8 and 28 .0 percent, respectively, while in grou p
C they have the same pigment volumes as the priming coats .
Pigment volume is defined as the proportion of pigment by
volume in the nonvolatile part of the paint . The experi-,
ments cover the range from moderate to high pigment volume s
for gloss paints . Commercial paints often have lower pig-
ment volumes than any of the paints tested .

The experiments on pigment volume are not exten-
sive enough to justify too detailed discussion . It appears ,
however, that there is a fairly wide range of pigment volum e
within which the effectiveness and maintenance of effective-
ness do not vary greatly but that the extremely high pigmen t
volumes lead to earlier loss of effectiveness and reduced
durability . Even the unexposed backs of the coatings of pig-
ment volume 38 .7 percent and higher lost effectiveness ser-
iously by the end of 36 months, as shown in Table P .

Series 700 --, Spray Application_

Comparison of the results of application by spray
gun with the results of brush application-of similar paint s
in other series reveals no significant differences attribut-
able to the method of application . Addition of extra
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volatile thinner to aluminum primer or paints before sprayin g
seems to be detrimental to the maintenance'of effectiveness .
.such thinning has been common practice in spray applicatio n

•' of - aluminum primers but t4ere seems 'to .be no good reason fo r
it inasmuch as aluminum paint without such thinning is par -

r titularly easy to apply with good spraying equipment . Forced
' drying is likewise frequently practiced in mill priming .
In these tests the results with forced drying are not consis -
tent•enough to justify conclusions on the subject .

HS

:f
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Comparison with Data of Edwardsand	 Wray.

Edwards and Wr"ay (.13) recently published data o n
changes with age in the permeability of paints to moisture .
They used a different technic for measuring the movement o f
moisture (la) and expressed their results in terms of th e
moisture impedance of the coatings, which is the reciproca l
of the permeability in milligrams of moisture per squar e
centimeter per hour . The method of calculating the effec-
tiveness rating from the impedance or vice versa was de -
scribed by Edwards (?U) . Seven paints tested by Edwards and .
Wray at New Kensington ) Pa ., resemble paints reported - in thi s

4

	

paper .closely enol-gh -to permit comparisons .

In Table ) . the data reported by Edwards and Wra y
for. 3 . coats of, paint on white pine are recalculated and ex -
pressed in terms .of the effectiveness ratings . Below each
paint selected, the writer's results with a similar pain t
ar e ,"given, e.xpres.sed in terms of the effectiveness of the

t exposed; face only, assuming , that the unexposed backs re-
tained ;their initial effectiveness . For 5 of the 7 kinds o f
paint the results .. agree excellently ._ . Paints usually deteri -
orate somewhat more rapidly at Madison, Wis ., . than at New
Kensington, Pa . For two coatings, lithopone in linseed oi l
and unpigmented 50-gal .

	

Bakelite varnish, the writer's re -
suits are lower than those .of Edwards and Wray . Apparently
the Bakelite varnish Was much more durable at New Kensington
than at Madi.son• .

Maintenance of Effectivenesson
Different Wood s

The effectiveness recorded in Table1 is the -aver-
_age of separate determinations on four woods . In general ,
paints- behave in the same way on all woods during the early
life of the coatings but once crumbling or flaking sets in
the disintegration proceeds more rapidly on southern pin e
and Douglas fir than on 'white pine and redwood . -Paints that
fail rapidly by chalking, however, do so at nearly the sam e
rate on all :four woods .

In Table 4 the initial effectiveness and the calcu-
lated effectiveness-of the exposed face of the specimens when
last examined are given for each wood separately in th e
cases of sixteen coatings selected for illustration . Eight
of the coatings exhibited little or no difference in be-
havior on the four woods as judged by visual inspectio n
while eight failed in integrity much more rapidly on som e
woods than on others . Of the first group of eight coat-
ings, six coatings were exceedingly durable and remaine d
fair or good in integrity on all woods after 36 months
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Table 3 ; --Comparison	 ' of certain paints wit h
'results reported byEdwards an d
Wray .

Key,toSymbols :, E0, , 6, etc ., effectiveness rating for th e
exposed face of the coatings at the , age indicated by the sub-
.soript .

Effectiveness rating s
Description of paint

	

:	
2 . L~B .

	

-3 6

: 96 :

	

96

	

: ---

	

: --

: 84 :

	

84

	

: 84 : 7.6

: 97 :

	

97

	

: 98

	

: 9 7
: 85 :

	

85

	

: 89

	

: 7 9

: 97 .97

	

: 98

	

: 9 8
: 87 :

	

87

	

: 89

	

: 8 5

: 90 :

	

83

	

: 83

	

: 48
: 86 :

	

82

	

: 66

	

: 28

• 82 :

	

65

	

• --

	

•

: 39 •

	

23 21

: 89 :

	

87

	

• -- •

: 95 :

	

95

	

• • .93

	

: 8 6

: 87 •

	

87

	

: 87

	

: 8 5
45 :

	

41

	

: ---

	

•

Aluminum powder in 80-gal .
ester Om varnish

No . 110 in Table 1

Aluminum powder in glyceryl-
phthalat e varnis h

No . 112 in Table 1
: 97 : 98
: 93 : 97

Aluminum power in 50-gal .
Bakelite varnish

No . 108 in Table 1

White lead and zinc oxid e
in linseed oi l

No . 213 in Table 1

Lithopone in linseed oi l
No . 212 ih Table 1

: 97 : 9 8
95 : 9 7

• 86 : -8 7
74 : 9 0

83 : 3 9
55

	

5 5

Gray Bakelite enamel
No, 203 in Table 1 • 89 : 9 7

88 : 93

- 1

Clear 50-gal . . Bakelit e
varnish

No. 513 in Table 1
91 : 9 0

: 73 :'65
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while two coatings failed rapidly on all woods, No . 209C by
rapid chalking and No . 213B by conspicuous alligatoring . The
second group of eight coatings includes six of average dur-
ability, one (No . 203C) of great durability but failing on ,
southern pine within 36 months, and one (No . 513C) a dur-
able varnish but low in durability as compared with paints .

The variations in initial effectiveness of coating s
on the different woods are due principally to differences i n
the rate Of absorption of moisture by the uncoated contro l
specimens and to practical difficulties in applying the coat -
ings in exactly the same thickness on all woods . All coat-
•ings except No . 203C were less effective at the end of th e
exposure test'than they were initially and No . 203C had les s
than its initial effectiveness on southern pine . Among th e
coatings showing little difference in integrity on the fou r

-woods .at .the . end of the test there is, as a rule, no strik-
ing contrast in final effectiveness on southern pine and
Douglas $ir as compared with white pine and redwood . For the
group as a whole the average . final effectiveness on souther n
pine End 'Douglas fir is 52 and 42 and on white pine and red-
wood 48 and 54, respectively . For coatings 209C and 213B ,
which failed . early on all woods, the final effectiveness seem s
to be-higher .Qn redwood than on the other woods, but to al l
practical purposes it . is as: - low on, white pine as it is on
southern pine or Douglas fir ., Of. coatings -'304C and 1040 ,

- '•bo.th of which . .retained good integrity at 36 months, 304C wa s
relatively low in effectiveness and 1040 relatively high in,

• effectiveness throughout the life .

Among the coatings showing marked difference in in -
• tegrity ,on th.e four woods at the end of the test there is a
fairly good parallel between- final effectiveness ratings and
final integrity on the four woods . Coating 203C failed i n

, integrity :'and: showed loss- of. . effectiveness only on souther n
pine . Coating 202C failed' in Integrity . on :southern pine and
Douglas fir and had less effectiveness on those woods than o n
the others . ' ' Coating 2070 •remained' ,intact for 36 months on
redwood only and retained moderate effectiveness on redwood
only, Far the grqup . as a whole the average final effective-
ness on southern pine and 'Douglas fix 'was 21 and 35 and on
white pine and redwood 42 and 48,respectively . Coating 315C ,
however', vs' 'about 'equally . ineffective on all woods at 3 6
months although still rated fair- in integrity on white pine
and redwood and considered a failure in integrity on souther n
pine as ' early as 21- months . :- On the :othe r . hand coating 203 C
was rated 75 in effectiveness at 36 months ' although rate d
poor in integrity on southern pine ,
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For closer comparison of the changes in effectivenes s
during the life of coatings with the changes in integrity judged
by visual inspection Table 5 records average results obtaine d
with the two control paints in group C . These paints wer e
white lead in linseed oil, No . X02, and white lead in Bakelit e
paint oil, No . X03, the former a paint of faixly high initia l
effectiveness, steadily' decreasing after passing its maximu m
and' the latter a paint- o f , very high and. long-maintained effe c-
tiveness . Each paint was applied to 7 specimens of each wood ,
one s:eecimen in each of the 7 series of tests . The values re-
corded in Table 5 are averages for these 7 specimens in each
case .

At age 12 months ` coatings of X02 on all woods wer e
approximately equal in effectiveness and as effective as the y
had been initially . They were chalking markedly and wer e
checking enough to be seen without a magnifying glass : - At 1:8
months they appeared much the same to visual inspection but on
fouthern pine and Douglas fir the effectiveness was slightl y
lower than its initial value . At 24 months, decrease: in effec-
tiveness-on southern pine and Douglas fair was definitely mor e
serious than on white pine and redwood, .though to visual
inspection the coatings remained. intact on all four woods . At
30 months the effectiveness was very low on all four woods ,
though lowest on southern pine and Douglas fir ., and failure :
in integrity was clearly visibl e , on southern pine and: Douglas
fir though the coatings remained intact : on white pine . and red-
wood even at 38 months . It seems safe to conclude that paint s
of this type fail as protective coatings before they fai l
visibly in integrity . It is also clear :that such paints o n
woods that hold paint well may remain intact to visual inspec-
tion for a long time after they have failed in protection, a .
conclusion drawn by the writer as early as 1928 from observa-
tions of wood checking and other signs of wood weathering in :
painted panels on which the coatings were still considered '
intact (1) .

Paint X03 presents a different picture . Chalking :
was first observed at 12 months, microscopic checking at 1 8
months . The checking remained microscopic even after :38 months ,
On southern pine sli ght cracking and flaking on most specimen s
at 24 months led to a: rating of fair in ;integrity which wa s
not yet paralleled by any loss in effectiveness but did ale:-
pear as loss of effectiveness at 30 and 33 months, by th e
end of which time the integrity was rated poor on mos t
specimens . On Douglas fir slight, flaking was evident An th e
integrity ratings at 30 and 36 months but the effectivenes s
r wined practically as high .ap_ Wit leas initially . On whit e
pale and redwood. the integrity regained . good and the :
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Table 5.--Effectiveness and integrity ratings fo r
_

	

tt-?o paints on'fourwoods at eac h
interval of 6 months during the . tests .

Key to symbols : ED , initial effectiveness rating ; EE, E12 etc . ,
effectiveness of exposed face at 6, 12, etc . months ; X02C ,
average of specimens numbered 1020, 202C, etc . to 7020 ; SP ,
douthern pine ; DF, Douglas fir ; WP, white pine; RD, redwood.

Refer- :
ence . E0

	

E6

	

E12

	

x'18 ' x' 24 : E30

	

E3 6No .

:
X02C

	

: t
SP

	

: 76
DF 63
WP 7 1
RD

	

: 3 5

X03C

	

.
SP

	

:SP
DF

	

:
91
8 7

WP

	

: 8 9
RD

	

: 8 7

Refer- :
enc e
No .

	

: 0

Fair-: Poor-: Bad
Fair

	

: Poor : Bad
Fair : Fair

	

: Fai r
Fair : Fair

	

: Fai r

Fair . Fair- : Poor
Good.

	

: Fair+: Fai r
Good : Good : Goo d
Good : Good : Good

	

86

	

76

	

66

	

42

	

-2

	

8

	

: -'85

	

71 .. .

	

61

	

47

	

9

	

.

	

1 7

	

83

	

: 77 : 77

	

63

	

23 : 23

	

83

	

75

	

65

	

59

	

21

	

3 5

: 95 : 91 : 87 : 93

	

59 : 6 5
: '93 :

	

89 : 93

	

93

	

85 :

	

8 7
: J3 :

	

91 : 93 : 95 :

	

85

	

87 '

	

93 : 91 : 91

	

93

	

85 . 8 7

Integrity determined by visual Inspection
----------- --- -- ----------

: 6

	

12

	

18

	

24 :

	

3O : 36
: months : months : months : months : months : r , r I Ls : month s

X02C :
SP :
DF : m
WP : r
RD :

X03C .
SP :
DF : m
WP :
RD :

+P

	

▪
- H

•

	

: x
. r i H
• 1,4 •

• 0

Fair :
Fair :
Fair :
Fair - :

o 0 .H .

0 •
m o :

8974 -38- ,3 8-



effectiveness retained its initial: value at 36 months .
Coatings of this. type, therefore, do not exhibit loss o f
effectiveness until break-up of the coating is clearl y
evident. to visual inspection .

. Effectivene.ssas a Technical Measur e
of. Paint' Durability

' Measurement of the changes' in effectiveness agains t
moisture movement' during the aging of paint coatings might
prove useful as a basis for an arbitrary definition of paint
durability for strictly technical purposes . Durability migh t
be defined, for example, as the age of the coating at whic h
its effectiveness falls to 50 percent of its initial value .
Such a definition would give signigicance to a term that i s
now a meaningless catchword unless carefully defined in

t accordance with a standardized system of visual inspection s
and evaluation such as that in use by the Forest Product s
Laboratory (3) . Even in the latter event measurement o f
durability by visual inspection rests upon personal judgment s
and the uncertainties inherent in subjective methods.
Measurement of durability in terms of effectiveness agains t
moisture movement would eliminate personal judgments entirely ,
substituting readings of the balance instead .

On the other hand durability defined in terms of
effectiveness is not identical with durability as the user o f
house paint understands it . Paints, like white lead in
linseed oil, that the average user considers durable for at
least 4 or 5 years on white pine and redwood would be rate d
as durable for less than 3 years while paints like white lea d
in Bakelite paint oil would have to reach a very advanced
stage of disintegration at which successful repainting i s
impossible before reaching the end of the technical life .
Present methods of evaluating durability, however, suffer mor e
or less from the same disadvantage because the technologist
is prone to set the point of failure much earlier than doe s
the practical user of paint .

Most of the common white paints lie between th e
extremes represented by white lead in linseed oil and whit e
lead in Bakelite paint oil, that is, they retain effectivenes s
somewhat longer than white lead in linseed oil but becom e
practically ineffective long before the coatings disintegrat e
badly on woods like white pine and redwood . The assumption
often made by paint technologists that protection is satis-
factory as long as integrity is satisfactory is unsound .
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. The fallacious assumption` has : survived: so long because littl e
or no- effoTt was made to measure protection' and. in the common
Uses' of•-house paintprotection is of minor consequence anyway .

For special uses where protection by paint i s
really necessary paints should be chosen in accordance wit h
t4eir'_ability2to retain .effectivenese : against moisture move-
ment for a long time, as _revealed by tests of the kind
described in this paper . Paints exhibiting the effectivenes s
history of white lead in Bakelite paint oil possess the
,necessary quality but' are -subject to the disadvantage tha t
the form of ultimate failure is 'very unsatisfactory from the
point ,of view of. repainting . Much the same- effectivenes s
nisto 'y i s• attained when' tae white paint is applied over a
good aluminum primer but in that' case the Waite . paint, if
wisely chosen, gradually wears thin enough to show the colo r
Ofthe aluminum 'beneath, revealing the need for .repainting ,
at a tame when the effectiveness of tne` coating is still
fairly high .
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_Specimen 210C, titanium-barium pigment in lintte d
after 24 months exposure . Typical of failure by , trtagttla
chalking . Effectiveness 28 .
Z M 26581 F
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•

Specimen 214C, titanium-barium pigment, zinc oxide, an d
asbestine in linseed oil, after 24 months exposure .
Typical of very durable white paint chalking slowly an d
with sigmoid cracking in early ; still microscopic, stage .
Effectiveness 92 .
Z M 26585 F



Specimen 205C, leaded zinc oxide in linseed oil, after
24 months exposure . Typical of failure by conspicuou s
sigmoid cracking, curling and flaking . Effectiveness: 60 .
.Z M 26576 F



s

Specimen 213C, white lead,zinc oxide, and asbestine i n
linseed oil, after 24 months exposure . Typical of fail-
ure by cracking, curling and flaking . Effectiveness 66 .

Z M 26584 F


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53

