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EFFECTIVENESS OF PAINTS AS PROTECTIVE COATINGS FOR WOODl

By

“F. L. BROWNE,
Senior Cherist

-Coatings of paint and varnish retard the exchange of
mnoisture betweein wood and its environment, their effectiveness
varying widely with'the nature of the coatlng material, the
adequacy with winich it is’applied, and,. in the case of coatings
exposed’togtne weather, with ite age. In previous publications
@, 9, 16)= it was p01nted out that the effectiveness of coatings
agalnqt moisture exchange: measures aocurately their value as
protective coatlngs and a technlo of measuring tne effectiveness
obgectlvely was described. - Such methods of guantitative evaluation
of serviceableness, 1ndependent of .personal Jjudguents by inspectors,
should prove especially useful in palnt technology, which has long
suffered badly from lack of them. Although the dominant consider-
ations in serviceableness of paint coatings-are usually mainte-
nance of the integrity and appearance.of the coating rather than
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 aged
coating, among which may be the movement of the wood in reeponse
to changing moisture conditions.

Interest has lately been focused. upon tiae effectiveness
of coatings against moisture becauge of the developrent of mill-
priming and of -back-priming (11, 17). Back—priming hae protection
against moisture as its only. objgctive.. Mill-priming is urged
for protectlon against moisture during shipment and storage and
for superior maintenance of protection and coating integrity
after erection and application of finighing-coat paints. Because
of these new developments study of the effectiveness of coatings
against moisture must consider not only cgmpleted paint jobs

l-Pres.ented before the Paint and Varnish Division of the American
Chemical Society at the 85th meeting, Washington, D. C.,
March 28-31, 1933, and at the 91st meeting, Kansas City, Mo.,
April 13-17, 1936.

gNumbers in parentheses refer to citations listed at the end of
the paper.
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consieting of two or three coats of one kind of paint, but the
effectiveness of priming coats alone and of special priming paints
followed by finishing coats of ordinary paint. The experirents
described in this renort furnish data for discussion of these

new developments.

Experimental Procedure

Hoisture-excluding effectiveness was measured by the
Forest Products Laboratory metnod (3, 2) on test specimens of
southern yellow pine, Douglas fir, northern wnite plnb, and
redwood. The Specimens were 5/8 by 4 by 8 inches in size with
rounded edges and corners. They consisted entirely of clear
heartwood. Coatings were applied to all surfaces of the
specimens after the wood nad been brought to equilibrium at
80 percenty relative humidity and €0° F. loisture movement
through the coatings was measured by the gain in weight of the
specimens after transferring them from 60 percent humidity to
a damp air chamber for 1 week.

Since the coatings tested range in effectiveness from
very high to very low it was necessary.to select tae wood
specimens very carefully and to divide them into sets of closely
matched specimens, each set having its own uncoated control
specimen to serve as a basis for calculatlng tne effectiveness
of the coatings applied to the other specimens of the set. The
experiments required 1,344 specimens, divided into 31 sets of
16 matched specimens for each of the four species. _

Matching of test specimene was accomplished as follows:
The raw material consisted of 1 by 6 inch by 16 foot boarde of
clear soutnern yellow pine, 1 by 6 inch by 12 or 14 foot boards
of clear Douglas fir, 1 by 12 inch by 16 foot boards of No. 3
common northern white pine, and 2 by 6 inch by 16 foot planks
of clear redwood. Each board was selected carefully by visual
inspection for uniformity in density, resinousness, and width
of growth rings throughout its length. All the southern pine,
Douglas fir, and white pine boards were flat grain. The redwood
planks were edge grain. BEach board was given a reference number
and was then cut into test specimens; each specimen was marked
with the number and position in the board from wnich it was cut.
The specimens were then placed in a room at 60 percent relative
humidity until they attained constant weight.

Specimens containing knots or other delfectis weie
rejected and each of the remaining specimens was weighed., Each
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species was then divided into 31 sets of 16 specimens each,
taking the 16 from one board provided that they were sufficiently
uniform in welght The least uniform set accepted was one of
southern p1ne inwhich the range. 1n weight of the specimens was

218 to 245 gramg, & variation of T 5,8 percent: from. the average. ..

In order to keep -the vardation in weight within' “that 1imit some
sets of specinens were:taken from two ‘or even from three “E
different boards but in that.case, care wag taken - to:see,that 45,
the boards were very similar.in width of growth. rings and angle
of interséction of the urfaces with the growth. rings.; .0f the _
21 gete of specimens for: each. .species, 30" sete of white pine, =
11 of redwood; 18 of Douglas flI and 11" of"southern pine came o
entirely from oné board each; tne remainlag sets came from two
boards except four sets of soutaern pine and one of :redwood, '
which came from three boards. For the 21" sets.ofl each specles
the average varlatlcn in weight was T 4.1 percent for southern

yellow pine, t 3.5 pcrcent for northern white pine, ¥ 2.5 percent
for Douglas flr ‘and- X percent for: redwoqd o s

All of the spe01mens Were ‘then transferred to E: damp
air chambér for 1 -week and the increase in- welght. determlned 1n
order to make:sure that the specimens within' each. set were:
reacsonably uniform in. abscrptlon. The specimens were: then i
recondltlonedsln the 80 percent humldlty room Defore palntlng

f:VThe”Bl qets of matched spe01men5'cf cacn sceclee were
then assigned to seven series of sefs, each series. ccn31st1ng of
three groups. The series were de31gnated res pectlvely “the %

"100 series", "2300 series", etc., up to :the "700 seriest ‘and the'
groupe witihin each- serles_nere declrnated rerectlvely “the’ '
"A group", "B group", and "C° group"if Since: each set contained-

16 matched specimens of which one was required for the unpalnted
control specimen for the.set, there were 15 specimens in each set
available for coating. Of tnese two. wére aseigned as painted
controls by means of which the validity of comparlsons between
series could be established, leaving 13 specimens in each set
available for painting- T"11:1:1 ¢coatings to be. studied. Accordingly
the primers and paints to. e tested were divided into seven
series of” 16 painte each. correspondlnw to tne ceven serles of
sets of spc01mens s R g :
0f the three grouns of sets within eacq qerlcs the
"A group" was’ assigned to. the’ tcstlng of priming .coats dlone, o
before and after exposure to the weather. The "3 group" was
assigned to tests:in 'which the priming-coat paints were covered
with two coats of “white lead linseed 01l paint, tests belng made
after the appllcatlon of -each coat and then after exposuré to. the*
weather for ShCCGSSIVe intervals of 6 montas. - The tests on |
group. B reveal tne contrlbutlon wade by qpecial Drlﬂers to the
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\effectlvenees and malntenance or. effuctlveness of completed
paint jobs, in whlqh the flnlshlng coats are the same throughout;
1t will: be shoWm from the, results. tha't this dontribution by
“ﬂprlmers can.not be determined from the effectiveness of the .-

. primer before. it. has been. covered,w1th a. succeeding coat of paint.
"The "C group" was asqlgned ‘to tests in which different paints
were each applied in 3-coat work and tested after each coat and

. after exposure to the weather. for succegsive intervals of 6 months.
Unpalnted control specimens,. however, were never exposed.to the
weather but were always held in 60 percent relative humldlty
Whlle the painted spe01mens Were on the exposure racks.

Durlng ‘the progress of tnece experiments, the Forast
;Products Laboratory. moved into a new puilding in which. a newly
;equlpped set of rooms of constant teﬁperature and hwlldlty is
- provided. The new equipment permits’ closer control of conditions
than was possible in the former quarters. In tne old damp-air
chamber tiht readings varied from a relative humidity of 95 percent
%02 relative humidity of nearly 100 percent; in the new room it
ig heild at approxinately 97 percent. For conditioning the
specinene before subjecting them to damp air and for storage of
unpainted controls.while the painted specimens are. exposed .to
the weather they were formerly placed in a room at. approx1mate1y
60 percent relative humidity; they are now placed in a room held
closely at 65 percent: In thege.experimernts all tests for
effectiveness before exposure to the weather and tests.of group A
after 6 weeks exposure were made in tae .old equlcment

Calculation of Effectiveness Rating

The degree to which coatings retard tne exchange of
moisture between wood and its environment is expressed in. terms
of their effectiveness ratlngs. The moisture absorbed by a

.. coated specimen during 7 days.in 97 percent relative humidity

expresqed asg a percentage of the moisture absorbed by a rmatched
specimen of uncoated wood during the saue interval in 97 percent
humidity is taken as the effectiveness rating of the coating.
Since the moisture movement through very ineéffective coatings,
like that into uncoated wood, depends upon the weight of the
specimen and the kind of Wocd while the movement through very
effective coatlngs depends almost entirely upon, tae surface’
area .of the specimen regardless of 1its Welgnt or, species,
.comparison of coatings, that differ greatly in effectivenes

can.be made fairly only if the effectiveness of edch coatlng has
been determlned with coated and uacoated spe01mens of nearly the
...same Welgnt specles, and dlnen81ons.
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The effectiveness ratings recorded-in’ this réeport are
-averages of the four ratings determined separately for ‘southern
yellow pine, Douglas fir, northern white. plne and redwood,
except where otherw1se stated

Second- and Third—Coat“Péihts“forfGroup“B

All palnted sp801mens of . group B, except certain of
series 600 to be. descrlbed_late; recelved the same second- and

third-coat palnts, the comp081t10n of, which is recorded in Table

Table A. ——Seoond— and thlrd—coat palnts for'épecimeHS"Cf group B

Cowp091t10n _ ‘:_ - Second—coat Third~coat

gallons ...... S S B e & 3  1.53

ss as ma oe

k.63
Raw linseed oil, ga;lons.L,,}},,,}....: - 2.18 3.93
Turpentine, gallons....?,... ........... ¢ 1.50 : .135
Paint drier, gallons.. ....}l........: 1357 3 .1235
Pigment volume, Dercent ...... SanrTs 5 b 41.3 - 28.0

Paints for Painted Control Specimens

~ In order to nlov1de a basis for comparlng coatlngs
tested in ‘different series and to indicate the degree of
reproducibility of the re sults, one specimen of each set through-
out the seven series was painted with white lead linseed oil
paint and a second specimen with a white lead paint made with
a Bakelite paint oil (Bakelite Corporation formula XV-231986).
The composition of these paints 1@ recorded in Table B
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Table B.--White lead paints for painted control specimens

: Primerﬂ‘Second—coat Third-coat

”'Compositibn”-_ 'ju (uroup (Group ) ;(Group_c)
. : T i ‘I'.“.,'- .A B c) ; " : ;‘._-'f._»:
Linseed o0il paint, X023 1 o ;
Bagic carbonétﬁﬁWﬁit@%leﬁﬂ?iﬁﬁml“bf'?T357 R R
(87 1bs.), galloNS.veeeues.t L1.D3 ¢ L8B3 " 1.53
Raw linegeed 0il, gallong..:.. : 4.68 : 2.42 s 5.93
Thrpenulne gallons,.uﬁ.;:uﬁu:ts 1u75b}nr. l B0+ i .185
Paint: drler gallons. . 2 g 518580 125 P i o el3B
Pigment volume ne1cent G0 L tue BALEO . &8 8Q“”.;--38a00
Bakelite oil paint, X03 : : :
‘Baglc carkonate white: lgadggQ;  FRefe SRS TS e gk Sdbeee 5
(87 .1bs.), gallons.tif..,.iglA 1.63 ¢ " 1.63° ¢ " 1.53
Nohvolatile in palnt 011 K R TR L 3 e
BEHILONE, « o) SOTNECE S L et oo LrBB-beannd 18 S
lzineral spirits, gallons;....: .88 3 .53 : .58
Turpentine, gallons,.... . qaohs s 200BT B8 o guinsoer
Paint drier, gallomns.. P b PPN A TN If S P T o [ o

Plgment volume, percent ﬂp:..24“60.a,p:414-0.5':AfZBﬁQQ

................

The 100 Series == Aluminum Paints - -

Paints were made with:two forms-of aluminum powder:
dry, polished powder of the degree of fineness designated
"standard varnish grade", and commercial paste aluminua powder,
The paste:consisted of 80 percent by’ Welgnt aluminum and 40
percent. mineral splrlts, the powder was of- -finer particle’ size
than standard varnlsn ‘grade. Each- of-the" followlnf painte was
apnlled as primer on speolrens of ‘groups A, B, ~andsC of.the 100 -
series; and as Qecond— and tnlrd coa+ palnts on- sp301mens of
group C. &

Fo. 104 —- 2 1bs. of paste aluninum in 1 gal. of varnish A.
Ko. 105 —— 2 1lbs. of paste aluminum in 1 gal. of Bakelite
varnish (50-gal. length in oil, 89.5 percent non-
volatile by weight)-

lbs. of dry aluminum in 1 gal, of varnish A.

.07 1lbs. of dry aluminum in 1 gal. of varnish A.
lbg. of dry aluminum in 1 gal. of Bakelite
varnieh.

No. 106 —-
No. 107 —--
¥o. 108 ~-

LAl iR AV)
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No. 109 —- 1.07 lbs. of dry aluﬂlnum in l gal of Bakelite
. . varnish.
No. 110 :~="23 lbs. of dry alumlnuw Tl gal .of ester gum
o varnish of 75-gal. 1engtn in 011 aqd 49 percent
nonvolatile.. :

No. ‘11l :=~ 2 lbs. of dry alum1num in 1 gal of ester gur
R . varnish of 33- gal length in 011 and 49 percent
nonvolatile. . ..
No. 112 -- 2 1lbs. .of dry: alumlnum 1n 1 gal .of commero1al

glycerol-phthalate- synthetlc dryln? 0il vehicle
< and L s eaforyaluminumpainte.
No. 113 —- 2 1bs. of ‘dry aluminum in 1 gal of "4-1bs. cut"
white shellac . varnish and 04 gal.  of castor
RS, B B L e
No. 114 —-- 2 1lbs. of .dry’ alumlnum 1 gal. of raw linseed oil,
o RS X and 0.03:-gal. of palnt drigre.,
. No. 115 =~ 3 1lbs..of :dry aluminum in 1 gal. of nitrocellulose-
) rezyl resin wood lacquer.

~The 200 Series -~ Wiite Linseed 0il Paints

: : -This serieg,. tog -ether w1tn the 300 and 400 series, is
d681gned to dﬁmonstrate tne contrlbutlon to effectiveness agalnqt

“.molsture movemént made by the_klnd of pigment in linseed oil paint.

Paints were made witn eaca of nine opaque white pigments and with
five different mixtures of white pigments or of white and inert
pigments. No white pigment otner than white lead, of course,

is commonly used as the sole pigment in linseed 011 house paint,
but the behavior of the single-pigment paints is of interest

from the p01nt of view of +heorleq of paint formulation.

The - proper proportlonlng of plgments and liquids in
making paints for tiae purpose of comparing different pigments
and pigment mixtures is subject to controversy. Until the
distribution of particle size of the different pignents and their
state of dispersion in mixtures of linseed oil and turpentine
are better understood formulation must remain arbitrary. For
the present the writer believes that paints for fair comparison
should be mixed witn constant ratios by volume of total pigment,
drylng ‘011, and thinner except for a few colored pignents for
whioch ‘an- extra amount of thinner is necessary to make the paint
brushable. Accordingly all of tune white paints were mixed in
the proportlons given in Table 8 for white lead linseed oil
paint, No. X02. The volumeg of the plgments were calculated
' from the bulking values published by Gardner. (14).:
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.. The pigments tested in series 300, were:
No. 203 -- Basic-carbonate- Whlte 1ead
No. 204 -- Basic.sulfate white lead (suosequently Lound to
; contain 6.8 percent zinc oxide). '
No. 305 —- 35.percent leaded zinc ‘oxide. R
No. 208 —- Hixture of 35 percent by welgnt pasic sulfate . :
‘ white lead and 65 percent zinc ox1de, lead-free.
No. 2307 -- Zinc oxide,.lead-free. :
No. 308 -~ Timonox. (antlmony ox1de)
No. 209 ~- Titanium oxide. | :
No. 210 -~ Titanox B (25 percent’ tltanlum ox1de, 75 percent
; barium sulfate). "
No. 211 -- Zinc sulfide. ' .l
No. 212 -- Lithopone: (28 percent 71nc sulflde, 73 percent
= ‘ "~ barium sulfate).
No. 313 -- 80 percent: by welgnt baslc uarboname‘wnlte lead,
~ 'R 30 percent zinc oxide, lead-free, 10 percent
asbestine.
No. 214 —- 60 percent by weight titamox B, 30 percent zinc
oxide, lead-free, 10 percent asbestine.
No. 215 —-- 40 percent by weight lithopone, 45 percent leaded
zinc oxide, 7.5 peroent eilica, 7 5 percent
_ acbestine. -
No. 816 —-- 21.3 percent by Welght oa81c car rbonats whlte lead,
i 24.6 percent- zinc oxide, lead-freej *3.9 percent
| barium sulfate (blanc flxa) 8.2 perceﬁt L
| asbestine. A B
"The 300 Series -- Colored Linseed 0il Paints -

Tane colored pigments were tested as single- plgment
paints only.. Most of them are commercially practlcahle 17 uhat
form except“that the more expensive ones would then make paint
cost too much.. The proportions by volume of pigments, linseed
0oil, and tuLpentlne were the same as in series 370 and in white.

1eaa paint’
amounts of’
were added

No. 304

No. 305
Yo. 306

RO74

No. X023. except that, -in ‘the cases stated, extra
turpentine in’ addltlon to those - blven in- Table B
to make brushable palnts. :

‘f— Iron ox1de red (99 peroent ferrlc oxlde),

2d-coat mixed with 0.86 gal, and 6d —-coat Wlth
- 1.64 gal. extra turpentine. :
—— Spanlsn oxide (85 percent ferric. ox1ue, balance
" silicates).
-— Venetian red (40 percent ferric oxide, balance
calcium sulfate).

-




No.
No.

No.
No.

No.
No.
No.

No.

No.

Nq.

No.
No.
No.
No.
No.
No.

R974

307
308

309.

310G

311
313
313

L Bla,

SIa

318

" l‘-.
P |

Venetian® red: (9 pereent ferrlo ox1de, 12 percent
calcium sulfate, 79 percent calcium carbonate).

‘:Yellow oxide (92 percent ferric oxide monohydrate,

B percent ‘calcium sulfate, 1 percent silica and -
~alumina, 1 /percent free moisture).:

2d.-coat mixed -with 0.35 gal. and 3d. —coat W1th.
,1:gal, extra turpentine. : : .

. French ochre (18 to 24 pércent ferrlc ox1de,

48. percent silica, 20 percent alumina, locs on
ignition 10 percent) : . ‘

Gavome yellow, light. ' i
Primer mixed with 1,39 gal Zd ~coat with 2 -
gal., 4d.-coat with"3:14 gal extra turpentlne

‘Carome yellow orange.

Prussian ‘blue.’ _
Lampblack. R
Primer mixed Wlth 2 78 gal., Zd-—coat with
«. T.19 gal., Zd -coat with 4.74 gal. extra
turpentine..
Grapnlte ; PR St L
Graphite was. coneldered a- leaf shaped plgment
like aluminum and was accordlncly mixed in” the
_ proportion of 1.9 1lbs. per gal. of 11nseed L2 Ot
contalnlng drier., : 3 : 5
Red lead. -
thharne, :
The thharge was stlr*ed 1nto t1e llquldS
w1thout flrst gr1nd1ng w1th 0il in the paint m111

400 Series —- Inert Pigments end_HiXturesA

" The

- of Aluminum with Granular Pigments-

The 400 series was in two parts, tne first of which
consisted of 51qg1e—p1gment linseed o0il paints ma ade With ‘inert
(transparent) pigments mixed in the same proportlons by volume
as Series 200 and white 1lcad paint No. 109 : .

404
408
406
407
408
409

Asbestine.:

;Sllloé

Berytee
Blanc fixe.

- Cnina clay. =; ¥.‘_;; kit f e goa

English cnalk




The second part of series 400 consisted of aluminum,
a 1eaf—shapad pigment; and granular plgﬂentq in linsgeed -0il
No. 416 in'Bakelite vehicle) made by mixing .equal volumes of
aluminum paint No 114 (or No.:LOS):andigranula:;pigment'paints
as-follows: Pardi o o s¥ SRR B SN 7 T

'No+ 4107=~ Aluminum and white ‘Tead, No. 114 and No. 203.

No. 411 -- Aluminum and:red lead,; No. 114 jand No., 315.

No 4135+~fA1um1num swhite lead, zinc oxidef-asbestine;
Ve g8 Nd.« 114 and No. 213 R

ho 413 -- Aluminum and zinc. ox1de, No.. 114 and No. 207.

No. 414 -- Aluminum and iron oxide, No 114 and No. 304.
Noy 415 -- Aluminug-and asbectine, 114 and No. 404.

‘Ko 416 —— Aluninwa.and white. lbad 1n Bakelltg Vbthle,
No. 108 and No« 503: : i s PSP

The 500:Seriés ——:Vehicles with
and without Granular Pigments. .

- The 500 seriés was designed: to study tne eerct of -
dlfferent paint vehicles on moisture movement through paints and
through coatings of the. vehicles alone, ~without. prments. The
vehicles were linseed oil, 33- gal;1éeter gun varnish (see No.
111), 75-gal. ester gum varnish (see No. 110),. Bakellte varnigh
(see No. 105), and Bakelite paint oil (eee No.:X03). The
pigments were basic carbonate white'lead,:iron. oxide (see No.
-304), -end asbestine. The proportions by volume of plrments and
nonvolatile part of the vehicle were always the same as in
series 300 and in white lead paint No. X02 but the proportions
of thinner in the paints made with varnish vehicles were, of
course, higher in order to make the paints brushable.  The two
ester gum Valnlshes already contained sufficient thinner to
attain that end. The Bakelite paint oil, however, contained
only 11 percent volatile by weight, wa*oh was sufficient for
whlte lead palnt but for iron ox1de paint aadltlons BF tumpentlne
were required in amounts of 3.3 gal. for primer, 3.13 gal for
second-coat, and 3.8 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. otk ~

No. 502 -- White lead in linseed oil.

No. 503 —- #aite lead in Bakelite paint.oil. g
No. 504 -- W¥hite lead in 75-gal. ester. gum: varnlsh
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.




No. 508 -— Iron oxide in 33-gal. ester gum varnish.
Ko. 509 —— Asbestine in Bakelite paint oil.

No. 510 -- Asbegtine in 7b-gal. ester gum va*nlsh
No. 511. -~ Asbestine in 33-gal. ester gum varnish.
No. 512 -- Bakelite palnt ¥ e % : e ;
No. 513 -- Bakelite varnish. (qee No 105).

Wo. 514 -~ 75-gal. ester gum varnish.

No. 515 —- 33-gal. ester gum varnish. : %
No. 516 -- Llnseed 0il .containing paint drier.

The 600 Series -— Pigment Concentrafion

The 600 -séries wag designed to' reveal the effect of

variation in the ratio of pigment to drying oil on the effective-

ese againet moisture movement. Three painte were used white

ead in linseed oil’,” white lead in Bakelite paint oil, and‘white
paint No.. 214 (tltanox B, zinc oxide, asbestlne) -~ The
concentration of pigment is expressed in terms of pigment volume,
which is the percentage of pigment by volume in the nonvolatile
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 hardenlng of the paint coating.

The 60N series differs from all other series in that
the second~ and third-coat paints on group B, instead of being
white lead paint, were paints of the same pigment composition
as the prlmlng—coat paint and mlxed always in the proportions
by volume given for white lead paint No. X023 in Table B. For
group C the second- and third-coat paints were identical with
the primers both in composition of plément and in proportlons
of pigments and liquids. : PR

Bagic carbonate white lead in linseed oil:

No. 603 -- Pigment volume 34.6 percent.
No. 604 —- Pigment volume 29:0 percent.
No. ‘805 —- Pigment volume 33.0 percent.
No. 608 -- Pigment volume 38.7 percent.
No. 807 —- Pigment volume .43.0 percent.
No. 608 —— Pigment volume 47.7 percent.
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Titanox B, zinc oxide, asbestine in linseed 0il:

No. 609 -- Pigment volume 39.0 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 33.0 percent,
No. 615 -— Pigment volume..38.7 percent.
No. €16 -- Pigment volume-47.7 percent.

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 to
aluminum paint when it 'ie sprayed. The 700 séries was de-
sigied to determine whether these:factors affect the resistance
of the coating to moisture movement. : Primers for groups A, B,
and C and second- and third-coat paints for group C were
applied by the tool indicated in the following list but second-
and third-coat paints for group B were always applied by brush.

No. 708 -- Waite lead linseed oil paint, brushed.
No. 704 -- White lead linseed oil paint, sprayed.
No. 705 -- Wnite paint No. 313, sprayed.

No. 706 -- White 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 0.35 gal. of
mineral spirits, sprayed.

No. 710 -- No. 709 force dried at 160° F. for 1 hour.

No. 711 —- Aluminum paint No. 110, sprayed.

No. 713 -- Aluminum paint No. 110 thinned witn 0.35 gal. of
mineral spirits, spraved.

No. 713 -— No. 713 force dried at 160° F. for 1 hour.

No. 714 -- Aluminum paint No. 1123, sprayed.

No. 715 —- Aluminum paint No. 112 thinned with 0.35 gal. of
turpentine, sprayed.

No. 716 —- No. 715 force dried at 160° F. for 1 nhour.




RZSULTS —-- PART I

Groups A, B, and C Before Exposure to FJeather

The measurements of effectiveness of the different
coatings within each series are closely comparable becavse they
were made on matched epecimens of wood. The ratings reported
in Table C are the averages of the four ratings obtained on
each of the four gpecies of wood. The grouping of the paints
within each series was designed to bring togetner the kinds of
paint between wihich closest comparisons are desired. Comparison
of a paint tested in one series with a paint tested in another
series is somewhat less reliable but the degree of uncertainty
on that score can be gaged by the results with the two painted
controls that were included in all series, painted respectively
!with white lead linseed o0il paint ana witn wihite lead Bakelite
0il paint.
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Table C.--Average effectiveness zatings of primers alone
{gmou w,_vaﬁzigng followed oy two coats of white

lgig_ group 3), t nroe COLEQ of slm1lar Dajnt
{zxoup CY. i

Key to Symbols: Ll effectiveness of prlwe¢ oniy; U}, effect-
1§eness cf D jr¢mer arter BXDObUle +o the weatner TSI € months;
, effectivenecs after appl ylng qecond ant By e?fectlve—'
ness after applying -third coat. L e '

Cxoun A GIoup'B

Serles 100

102 :White lead in lingeed oil.

103 :Whiteslead in Bakelité 01¢
Aluminum paiuts:

104 :Paste aluminuw, varialsh A.

105 :Paste in Bakelite varnisi.

106 :2 1lbs. powder, varnlsh A.

XN

o0 W

b =3 =T

107 :1 1b. pcwder, varnish A&... ? ) b

108 .5 lobs. powaer, J3ekellite : : - - ; ' 5 4B
covaznish... .. vocvrcvcenn T AS: A2y TBG: THY El: 34: 88: 95

109 :1 1b. powder, 3arelit . . : 3 !
! VATNIBN. .. .e e cecoe. .- 201 B0y 47 Y3: 84: 13: 77: 90
. 2 1lbs., rcwdex ol : ; : : ; : : I s
110 :75- gal. ester gum varnish.: 13: 16: 8: 83: £€8: €: 6l: 90
111 :33-gal. ester gum varnigh.: 34: 56: 30! 83: 91l: 16: 00: 98
112 :Glyceryl-nhthalase varnish: 16: 19: 14: 73: 86: ©9: 8l: 93
113 :Shellac-castor oil......... 18: 8: 3L1: 71: &7: 11: 78: 93
134 :Raw Linssed o6il.....-...... 12: 18: 15: €4: 83: 13: 57: 77
115 :Kettle bodied linsced cil.: &Q: 36: 24: 75: £4: 34: g4: 89
116 :Nitrocelluiose tacousr....: Ci...: 11: 71: 86: 10: 31: 43

Series 2800: . : ; : : : : :
203 :White lead ir 2ekelite oll: 63:. .1 84: 7@: 79: 68: 86: 89

White pignents ia Jinssed ¢cii: : ; g : : :

202 :Basic carbonaie Whics LeaC. obl: 27: L8. BL: 68: 19: 63: 73
204 :Bagic sulfate white jlead..: 141 16: .3+ 55: 69: 15: 49: 69
205 :35% leaded zirc uxide...... SEA WA BY: B4y 73% 29 B3z 78
206 :Mixture of 204 =2nd 307 SO el 32 6Bt %Yes: T2y 70t 75
207 Zips oxids, lzal-Fras. ¢ Zdy RGe LDz 67: 73: 46: B8: 75
508 :Antimory oxife.......:....t 233 4By 1.7: 60: 63: 31: 63: 68
209 :Titanium dicxide. ...... 20: 39+ 20: B6l: B88: 33: 60: 63
310 :Titanium-baxium pigren t 2% 3%, 30 Gg’ 68’ 23: 60: 64

(Continued on next page)
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Table C.--Averaze effectiveness ratings of primers alone
(group A), primers followed by two coats of white
lead (group B), three coatg of similar paint

(group C). (Continued)

Group A Group 3 Group C
No Description of primer  {—c-——c—-i--— S e e i e
Bl opl ot op® op” apl ER S
Serlee 200 (contlnued) : : - $ s $ - :
WWhite pigments in linseed oil (continued): : : : !
211 :Zinc sulfide.....vcvvuuenn. 213 1Bs 17& 687 .683 21y Bl 65
213 :thhonone..................: 80z 18:; 18¢ B8y B74 B0: bl! BB
313 :Mixture of 202, 207, 404. Bds 21z 38¢ 6873 78y B8y 71l: 74
214 :Mixture of 810, 207, 404. 20:. 30t 21: 63% B9 24: 6b: 70

2l5 :mixture, 3123, 205, 404 405' 28: 233: 30: B65: 70: 33: 73: 75
216 :leture, 202, 2307, 404, 407 26: 26: 35: B4: T0: B37: 67: 73

Serles 300: - : : : : - : :
308 :Whité lead in linseed oil..: 21:...: 10: 83: 71: 13: 56: 69
503 :White lead in Bakelite o0il.: 60:...: 55: 80: 8D: 58: 84: 86

Colored pigments in linseed oil: : A : : -
304 :Iron oxide red........ »enew i 248 368: BlY B3: 70 23¢ B3: 5B
305 :Spanish oxide......v.vuun. .2 13% 18: 113 61: 69: 12: 34; 53
306 :Venetian red, 40m Fegoo....: ¢ A8: By 60: B9: %% 26 4b
307 :Venetian red, 9} Feg03.....: B: 13: 6: 63: 73: 6: Bb6: 83
308 :Iron oxide yelloJ..........: 34: 35: 21: 63: 68: 24: 55: B3
309 :Yellow oChre....eveeeveenns 1 15% 3287 1l0g Bl 703 14:-583 53
510 :Chrome yellow, lemof..wssss : 89: 46; 35: 65 63: 36: 49: 56
311 :Chrome yellow, orange..... s 178 3%7¢ 117 ©l:-69::18:47: 63
312 :Prussian Dlu€......ceevee.. ¢ 14: 39: 10: 60 69: 17: 46: 58
413 ilempblack.cciievi.in. wiewe s 8188 841 BEBE 877 Tlz 27+ 58:-bRB
514 :Graphite., ........... . S— r 4s 24: 4% 89: 75:° 107 BBy B4
915 tRed legldesssvninseinsssn cesast 192 34: 10: B6: 73: 12: 563 67
316 thharge ....... G4t gy e P =3, =81 B0: 83~ 1: 12: &0
Sér1es 400: : 1 - : H i :

4028 :vwhite lead in linseed:oil..: 84 ...53 178 B7: €8 16:- 8B6Y .BY
405 :White lead in Bakelite oil.: 81l:...: B60: 78: 80: 61: 84: 88
Transparent pigments in llnseaa 011 : : : ¢ : -
404 :Asbestine..seescoccn-easeest 1bl 387 9t 59; 68: 7: 37: 55
405 :8ilica...... v esesvesnreseast 83 173 1: 61y 713 14: 48 89
208 1Barytetsnswrianuwcasnsassuwl 1OF BBf By B7r €7: By B5y- 60
407 Blanc fixe..vivevvevernnnn : 383: 37: 16: 55: 60 14: 47: B89
408 China clay..,veevvevennns «« i 13} B78 BE 80 68> ¥: &4: 55
409 :English chalk..............%: 13: 33 8! B7: 68: 6 44: bS

(Céntiﬁued'on next page)
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Table C.--Average effectiveness ratings of primersg alone
(group A), primers followed by two coats of white
lead (group B), taree coats of similar palnt

(group C). (Contlnued)
' ' :Group A.rwGrdﬁp 5 : Group ©

: 2 ;g1 : Eg gl £ ;g% :ph :EP FES
Serles 400 (continued): ke T g : da: o ATRLTCETE 1 L

Aluminum and granular pigmeats: r 4 : : PR
410 :Vixture.of 114 and 203.....: 8: 35: 4: 60:-78:..9: 73: 74
411 gMixtire of 114 and 315.....¢ I2:5 20 3::.60:75:  B: 65: 75
4138 fhlxture of "114 ‘and 2313.....: 15: 33: - 64 621:75:° 1: 65: 78
413. :Mixture of® 114 and 207.....: 25: 37: 13:.67: 75: 13: 63: 77
414. :Xixture of’' 114 and 304..:..:-15% 33: 4:.58: 74: 8: 6l: 73
415. ;kixture of 114, and-404....::-16: 25% 7: 6l: 73: 8i 53: 67
416. :mixture ofj108 and .203:....:: 36: 37: 33: 77 80: 40: 88: 90
Serles 500& TRogs 3 "oy r ot 1 ok B v ;

. Vehicles without plgments TR S : ¥ : 7 -
516 tLinseed 011t ves e arneoetenn * 3: B8: O: 38: 683: "3: b: 21
514 :75-gal.'ester gim varnlsh .1 0Ot By 03 38 63: b l4y 367
515 133-gal. ester gum varnlsh..: 0: 6: 0O: 41: 64: 13: 37: 65
512 :Bakelité paint oil. sé..8°08 8% O0: 35: 63: 12: 47:°66
513 :Bakelite varnlsh...ﬁ.hp;.;.f Oy 7: 2: 40: 63: 13: 49: 73

White lead int : o T OBeE TR AN : : : i
508 .tLingeed 01l . v ws veiwe e z,.;;;:118:'202'15:_55: 70y 19: Bl: 6

504 :75-gal. ester gum varnish. Qi -81°30: 7: 48: 67: 3: 63: 83
505 :33=gal: ester gum varnish..: 23:°30: 33: 57: 70: 33: 8b5:.91
503 Bakellte palnt 011..;...;.,:,62._Sl:.E?: M5y Bl: 65: 86 81
‘Iron oxide ‘red in: : EER A T L L S : :
507 :75-gal. ester gum varnish..: 33: 43: 34: 6lL: 70: 39: 75.:88’3
508 :33-gal. ester gum varnish..: 28: 31: 30: 58: gd:. 33; B2 B8
508 - .Bakellte paint 011 eeen el “3Y 183, B ABT 63' 8: 64y BY -
Asbestine in: . - AR B RS PR CLRL A T
510 :75-gal. ester, gum: varnishi;: -0: 1i: 5 50:-60 "14: 50: 70
511 .:33-gal. ester gum- varplsh..: 20: 19: 18: .55:-87: 30: 66: 83
509 *Bakellte palnt 011.......i.: 31:'31 25 B3 74"30: 60' 78

.c— “ 5 l i

Serles :600¢ -(On graup B the 2d.: and 34, coat palnts hsve the same
pigments ‘as the prlmer and plgment volumes 58. 8 and 28.0 percent
respectively.) | £ 5 5%

White lead in linseed 011'-' S : : ';?: A AR o
602 :Pigment volume.24.6%...:::.: 191 17: 17: 53: 68 20:!55: 86
B04 :Pigment volume.29.0%..+....+ 16: 17: 14:.54r-88:°18: 51: 63 -
605 :Pigment volume :33.0%.......: 3Li 23: 18: .53: -68: 34: 53 65
806 :(Pigment volume 38.7%.......% 36Y 23: 2l:. 55: 69+ 35 b5y 63
807 :Pigment volume 43. %...u:};; 257 211 22:. 55:- 71t 2B: 563 64:
608 :Pigment: volume 47i7%...:,;.; 373 25, 23 59'<71"26._60’-671
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. 704

Table C.--Average effcctwvenecs ratlnbs of
(group A), primers followed by two coats of white
lead (group B)., ‘three coats g

primers

alone

quilar paint

sane plgments as stne primer anG pigment. voluﬂes 38, 8 and

708

‘ §groug §; '(uont1nued) % S
= = -ﬁ¥ per: {Group A Gioup>~ f*”Group C
‘No . Deccrlntlon of prlﬂer :gi-zéijgéiqgigfigs—géi%:£§—:ésf
’JES}Ze:'éBB*“Eéi_QESEE“é_EES"Eé*'dﬁa‘éa'"c5;€'géln%;“HEEE"%ié o

'28.0 percent respectively.) - (Cbntlnued) 1508 !
" Titanium pigment, Zn0, aﬂbeSblﬁe wi 'iﬁ' - Sl M S 3
. 1809 +Pigment ivolume: -39, omr;, - 301 35w 2 b8 126 671 63
2,610 Plgment volume 33.0%.. .. 281 351 "B51.:53 {36885 561 63
811 :Pigment volume 38, 7p.uz....:'34ﬁ 325:50¢:575169:=30: 573 &7
812 :Pigment voluse 43.0%...:%% .0 '83::387 30: 568 68 30: 57! 66
813 :Pigment volume 47. 7p;:.¢¢;£5{29:&23{“88:105 73 331 d7: 66
- Fhite 1ead in Bakelite palnt oLl & T L s ¢ e
603 FPigment volume 34.6h.... .. w}564¥558$564$'80 ~89 -66: 84: 87
614 :Pigment ‘volume 29. Oo..}yuili-saf;485557$-92 “89: 60: 83: 88
615 :Pigmerit volume 38.75h... .00 ¥ .32 38¢.87: 81188t 40: 83: 87
616 Plgment Volume 47 77.£5a;£h4%4I&-27$138¢?895 89 ‘457 84: 85
Serles 700 - : G
702 :White leéad in linseed oilis.: A1&is. . 13w H3: 73: 13: 47: 723
7035 :Wwhite lead in Bakelite- 011fx?61-.;.f'61:’77: 83: 60: 84: 88
' Paintgs applied by spray EUTL S el i3 L P lnyaPy iy, 3
Ho 108 T8pTaYed & vovw o vl Wt i & 4::.5' 1f 48: 75v 3 44: 68
17705 :lio. ¢8l3 sprayed.. ;;;;;.ﬁhh 14:- 11234 .83y 78:.°854 Bl: 73
706 iNo. 214 sprayed:;;.;;.m;;m.;;lé 184155 561 181288, b8y 72
707 1No. 7104 .sprayed... ... 00 0303903840 38177 8411404 1735 184
:No. 108 sprayed:.:.i.......: 41 1:16:-85:-881 18: 69: 85
709 ‘No.: 108, thinned, sprayed ¢ 4=y =4 .69 87 T 73: 86
710 :Ne. 709:force drled .:-;11;17:;10.:69: 85: 14: 73: 84
Pl Ko 2110 aprayed . wies k wa v.;r: +G3-.8y 83 6818547 Bl: 83
718 :No. 110, thinned, prayea -555 68 i3rib4 8507 (18, 19% B
713 :No. 713 :force: dr;ed.;;g..g..:—S -3: -2 56 :84: -3: 25: 63
‘714 :No. 112 gprayed.. & iy .:"3:,;03 47 .57: 85:: 8! 661 85
715 :No. 112, thinned, sprayed  Br:—4: 23::89:.86r =27 31 77
71€ (No. 715 force dried........: 4; -3: 3: 87: 8b: -6:8 38 65
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Effectiveness of Primers

It has been generally assumed that protection of
the wood is attained in painting primarily by application
of the priming coat and that additional coats serve chiefly

for appearance and durability.  Back-priming degends entirely .

on that assumption as.does mill-priming also’ in‘so far as it
aims to protect lumber during shipmwent, storage, -and, - -
erection.  The results, however, -show that nearly all of the
pnimers tested were very low in effectlveness even when the
same paint applied in three coats proved very effective ,
indeed. Moreover there was oftén no comnection between the -
relative effectiveness ‘of paints as primers alone and their
relative effectiveness ‘in two or tnree . coats. For exampleg
aluminum palnts Nog. 110 and 112 proved much more effective
in 3- or ih 3-coat work tnan corresponding coatings of the
common wai'té.paints, Nos. 202 and 213 #o 216 inclusive, yet
as primers ‘alone the white paints were more effective thea
the aluminum palnts. -when,. however, the two aluminum priners
were covered with two ' coats of a whlte peint; such as white
lead, the resulting coating wasg more efféctive tiaan a 3- coat
job Wluh ‘the :white paints -alone. ' In other words these
aluminum- Drlwers, altiough not. partloularlv effective by
themselvés, contributed materlally to hlgn effe“tlveness 1n
the completea paint gob : - . 4 x %

o Four alumlnum prlmers, Nos. 104, 105 106 dnd 108
proved unusually effective éven 'as priming ooats alone. ;
Primers 106:and. 108 owe: their high effectiveness to the nature
of the varnish vehicles because white lead priwer No. 503,
rade with a very-similsar vehlcle, proved even more eff ectlve
than alumifum primér No. 108. 'But:without .any- pigment, Nos.

512 and 513, or with iron oxide ‘pigment, No. 506, this vehicle.

was very ineffective as a primer alone. In alunlnum ‘paints’
Fos. 104 and 105 the nature of the .aluminum powder is elso a
potent factor:in effuctlveness, tho.?lnenesq -of~ the powder-'
probably being the de% ermlnlng property. - In-another series
of  tests mot Ancluded in this report. it.was found that the.
gubstitution :of standard lining for qtandard varnisin alumlnum
powder gave much. the ' same comparatlvu results as tnose found
between alumlnum nalnts Nos 104 and 106. ' P e

- It is ev1dent tnat speolal prlmers can be made :
that will protect wood effectively when uéed as primerg alone
- and will make good ‘foundations for hlbnly effective and -
durable coatings when covered by ordinary paints. Aluminum
primer does not meet these dual requirements unless the grade
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of aluminum powaer and the nature of the varnish vehicle are
much more closely specified than is now ‘customary. If the
vehicle is wisely chosen, whité primers of high effectiveness
can also be obtained but it remains to be determined whether
such prlmers will also have -thé property of retardlng the -
flaking of paint coatings from conspicuous bands of sum‘erwood
that is the principal merit of good alumlnum Drlmers for ’
wood (4, 6). C :

In another publication (7) it is shown that the
prlmers used in these experlments are much more effective in
keeping moisture out of wood when tested by ex0031ng them to
a spray of water simulating rain for 18- 1/2 hours- than When
exposed to 87 percent relative humldlty for 1 week. -

Theory of Wood Priming

.

In general each SUCC@SSlVe coat of palnt apnllea to
wood improves the eéffectiveness of the Coatlng against” m01sture
movement but the increments attributable to each of the -~ ’
successive coats are very unequal. One of the coats, usually
the second, seems to acaleve the major portion of the final -
effectiveness. For example, the effectiveness of white lead
paint on specimens 203C attained 19 percent for tae primer,
jumped to 63 percent with the second coat, and then increased
only to 73 percent with the third coat. Aluminum paint No. 106
jumped from 47 to 92 percent between the primer and second:coat
and then increased only to 94 percent with the taird coat. On
tiie other hand with aluminum paint No. 104 the major portion

of the effectiveness was attained with the primer, 71 percent.:
Again, with litharge added t6 linseed o0il witaout gzrinding, ]
No. 3100 the - effectlvenesq of the successive coats'was 1, 13,
and 60 percent respectively, the jump occurring betweeéen the
last two coats. O0ils and exterior varnishes without pigrents,
Nos. 512 to 516, built up effectivencse slowly and rarely '
attained great effectlv nees even in three. coats.

Edwards .(10) explained the characteristic jump in
effectiveness at one point in the process of building up-.&
coating by studying the relation between the thickness of a
coating and the rate at which m01sture diffuses tnrough 1 5
which he defined as the permeability. * The reulprocal oL the
perweablllty is the impedance to moisture movement. In- general
the impedance is -directly proportional to thé thickness of ‘the
coating, provided the coating consists of the dame kind of palnt
throughout. For coating 202C in Table C the effeéctivenese'for
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three coats wasg' found .to be 73; :corleSpondlng to:an iﬂpedance
of 3. 855 if the-three -coats were uniform: in thickness the:
1mpedance for two: coats. would bei 8:44-and for one coat 1.233
corresponding to' .effectiveness ‘ratings of. 80 and 18 -
respectively, -which-agree- closely with thé:observed ratings
.of 63 and 19.. Similar; calculatlons for:paint 1040 for which

the observed: effectlveﬂesq wag ©8,: B7; and 71l .for three, two,
and one coat respectively, lead to theoretlcal ratings of 89
and 76 for two coaus and one coat again agreelnv reasonably
well.:; : Al W A ,._he.if-- e, A0 Ba

v Some of the data, nowever debart from the ,
pr1n01ple of proportionality between impedance.and thickness
far too seriously to.be’accounted for by’ experinental -
inaccuracies. The disorepancy usually takes tne form of
lower effectiveness for the priming coat than computation
from the effectivengss of (three coats.indicates, though the
effectivbness of two coats usually conforms to ths the\ry.
Thus for No. 106G an effectiveness of 94 for three coa
agrees withftne value 98 found-for: two codts: but one coab _
ghould have.a rating-of 82 insteadsof -47 ae found. Difference
in thickness of ‘tiae:codts does notrdccount ‘for tae dlsorepancy
because the primeér was: iy fact:thicker taan: ‘tae otaer two -
coats., Many of-the ;aluminug primergireveal a similar
discrepancy: oetween +ne ObseIVed aqd caleulateu e;fectlveness.

A palnt p*rmer lg- subgect to ‘a process of
;flltratlon and impoverishment  in liguid :b8cause paint liquids
-.penetrate wood measurably but pldmeﬁts enter only as far as
.the cavities in those wood cells tnat have been cut open in
planing the wood surface (5, 15). With'.a priming coat this
Xoss of liguid may eaqlly ‘rob thie pigment: of enough non-
volatile 0il.to form ‘a: continucus matrix, in whicn-case the
film is porous and: dlrectly perreable to m01stare laden -air.
It 1s well known,.of course, that an inadequate primer takes
,011 from the succeeding coat of paint to flll these spaces
left when ites own.oil was: absorbea by -the wood. It seems-
probable that aluminum pririer, becauce of the 1eaf1ng action
and the relatlvely low volume concentration of the pigment,
ie ., more: sensitive: to esuch: 1Mpover19nment than primers made
of granular<p1gments unless the vehicle has been bodied-
sufficiently to:restrain-its perdetration 'into the -wood Wlth—'
out -the assigtance of plgmentatloq.- At ‘any Tate ‘the fact
tnat in these 4ests aluminun primer often pToved relatlvely

_i.Aneffective as a-primer.alore but: contrlouted 1otaoly ‘to o

the effectiveness:of :the completed coating ‘is: ‘propably due
- %0 porosity -of .the film :of ithe: prlmer untll resupplled w1th
ligquid from  tne next coat of paint. -
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Few primers made with granular pigments in these N
experiments exhibited materially-lower effectiveness ‘then- thatf
calculated from thé effectiveness of three «cogts of the paint.'-
All the granular plgment primers were. rmixed with & ‘Teasonably
hlgh proportion of plgnenf and were: aaplled generously enocugh
to insure adéquacy as primers for holdlng aut :gucceeding o
coats. If they had been thinned uhduly and brushed out too
far ag ie co often doné in practice they.probably would have
shown the same failure to attain the effectiveness calculated
from that of the 3-coat jobs. Whlch was. observed Wlth some of -
the aluminum primers. . ;

RESULTS. —- PART 11

weatherlng Tests of: Croups B and C

A1l specimens of groups B and Qs representing comple te
paint JODS, were exposed to the weather at 45 degreeg facing
south at Madison, Wis., and tested for effectiveness and
inspected for 1nteg;1ty of the coating at intervals of 6

monthe during a total exposure of 3 years. The results appear
in Table 1.
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CorrectioniforfUnexposedeécks;of Speciménsv

3 : - Only one:side of the:painted:..specimene wds fully ex-
"posed to the ‘weather. when:they. were in .position:onthe expo-
“sure racks butiboth sides were subjeect::to dbsorption of:mois-
ture while taey:werezhanging in:the.97 pércent room: to deter-
mine the effectiveness. On the freshly painted specimens’ the
effectiveness, of course, was the same for both sides but
after exposure to the weather the two sides differed mater—
ially. The effectivénéss-measured is the average of the ex-
poded and unexposed sides. For that reason the changes in
effectiveness -caused By Wedthering were in fact materially
greater than the data of Table 1 show.

-Visual inspection of thé paintéd. gpeéimens at the

- end of 36 months’ ¢howed-that theicoatings on:the:backs of .
nearly ‘all spécimens wére &till! gloegy, free from fissures,
intact, ahd simildr infappearancé .to*young. é¢oatings except
that many of the. whlte paints werg: distinetiy yellow:as wquld
pe expected from repeated exposure to 97 percent! humldlty
without subsequent exposure to direct sunlight. It is there-
fore reasonable to suppose that the effectiveness of the coat-
ings on the backs of the specimens remained approximately the
same as it was initially. If that assumption is correct the
changes in effectiveness of the exposed faces were just twice
the changes recorded in Table 1 and the effectiveness of the
exposed face of a specimen at any time

¥
Ep, can be computed from the formula:

§¥:8§T‘Eo

where Eqp and E, are the ratings recorded in Table 1 for T
months and O months, respectively.

To test the validity of the assumption that the ef-
fectiveness of the unexposed backs of the painted specimens re-
malined relatively unchanged certain smecimens at the conclu-
sion of the exposure test were painted on the exposed faces
with three coats of aluminum paint. . Theee specimens, to-
gether with their unpainted controls were seaconed in 65 per-
cent relative humidity and tested for effectiveness in the
usuval way with the results recorded in the third column of
Table . The fourth column gives the calculated effective-
ness of the coatings on the backs of the specimens, assuming
that the freshly applied aluminum paint on the faces was 90
vercent effective. 1In most cases the effectiveness of the
old coating on the backs of the specimens agrees satisfac-
torily with the effectiveness of the entire coating initially,
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column 3 of Table 2. Specimens 316C, however, are notable ex-
ceptions in tnat the effectiveness of the coating over-the
unexposed backs fell from 60 to 268 during the 38 months of
testing. This paint was litharge stirred in linseed oil | o
without grinding in a paint mill and was imperfectly dispersed.
Unlike most of the other paints the unexposed backs of the
specimens at the end of the test were lacking in gloss. It
seems probable that reaction between the litharge and linseed. -
0il 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 36 the effec=
tiveness of the face was 13. The data of Table 2, however,
Jjustify the assumption that the coatings of the practical
exterior paints retained about the same.effectiveness against
moisture movement on the wiexposed vacks of thne specimens
throughout the test and thdt the changes in effectiveness of
the coatings on the exposed faces were in general twice the
changes recorded in Table 1. ' ;

! .

Visual. Inepections of the Exposed Paints

At each interval of 8 months during the exposure
tests the coatings were inspected for chalking, checking,
cracking, and integrity by the methods used by the Forest
Products Laboratory (3) for ordinary exposure tests.: The
results are summarized in abbreviated form in Table 1. The:
term chalking has its usual significance. Checking refers to
readily visible checking, the earlier stages in which a
magnifying glass was necessary to see checking clearly are
not recorded in Table 1. Cracking refers only to sigmoid
cracking, which is not followed immediately by curling or
flaking. Cracking followed  immediately by curling and flaking
is reflected promptly in the rating for integrity. The '
integrity of coatings is rated on a scale of good, good—, fdir+,
fair, fair-, poor+, poor, poor-, bad+, bad, and bad—-. When ‘the
rating reaches poor the coating is considered in need of
repainting and durability is therefore defined as the age at
which integrity is first rated poor. If between inspectionsg
the rating falls from one better than poor to one worse than
poor the age at which poor was attained is calculated by linear
interpolation. In Table 1 the data for integrity are: summarized
by recording either the durability or, if tae integrity . ’
remained better than poor at. the end of 36 montas, the rating
for integrity at age 38 months. Specimens removed from test:
vefore the last cycle though still rated better than poor 1in:
integrity are left blank under the integrity heading.

Chalking, checking, and sigmoid cracking depend on
the nature of the coating, not on the nature of tae wood,
and therefore occurred simultaneously on the four woods.
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Table 2.——Aﬁefaée'effeCtiveness of uﬁe§p6Sed bscks“of'certainA
speelmens determineéd at the. oonclusion Of the f
‘w‘l::. Z {5 ,}Tiweathering tbStSn P .

Key to Symbols EO; initial effectiveness rating, which wes f
the same for face and bao ‘ EAl’ effectiyeness of aluminum
paint applied to fece at conclusion of expo ure test, assumed

to e 90. E36, effectiveness ef bacK of specimens at: age o
36 months. - e S0 £ BY pety

ReTerenecg . ““f% 'Watll Bl Tor wuimm, £ 0 0w i Lhssitue e oo gui 4
No. =~ .~ ;.fij :Lg%gs+ Egl)/a"ﬁépermined:EEG calculated
202B , 68 77 B4
203B 79 85 80 -
20lB 69, 78 66
205B 72 - 80 ¥
20hB 72 &0 7
207B 73: &0 70
208B 68 | 79 : 68
209B 68 78 66
210B 6& 77 6L
211B 68 o 6L
212B 67 78 66
213B 72 : 78 66
o1lB 69 79 68+
215B 70 - 79 684
216B 70 79 68
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Crumbling, curling, and flaking, however, usually develop
much more repidly. on .southern jyellow pine and Douglas fir
than on northern whiue pine and.redwood. For. that res son
it is necessary to,record the duyabilities..or final ratings
in integrity . :eparately for, the. four woods, : -

Changes in,Effeetiyenessfof;Paints with Age

i

In general the effectlveness of paints ageinst
moisture movement increases during the first few months of
exposure to the weather. Nearly all of -the coatings tested
were more effective at age 6 months than they were before
exposure. Previous tests likewise reveal that tendency (2).
Some paints remaln. near their maximum effectiveness for
many months while others soon pass through the maximum and
decrease steadily 1in ‘effectiveness thereafter. - The two
control paints, white lead in 1inseed oil (XOE) and white .
lead in Bakelite paint oil (X03), illustrate .the two types.
White lead in linseed oil declined stead1ly in effective—
ness after i1ts maximum at: 6 months while white lead in
Bakelite peint oll was almost as effective after 36 months
as 1t was at the beginning., Chalking, checking, and crack-
ing of palnt coatings clearly determine which of these two .
types of behavier shall prevall but. the significant feeture.
of chalking and. checking in this connection is not the age |
at which they first appear. but- the rate at which they pene- .
trate through the’ coating. oo, M ,

Series 100 -- Aluminum Paints ' ;o

As primling coats. under vhlfe lead paint in. nlace -
of conventional priming (group B) all of the aluminum paints_
improved both the initial and. the maximum eff ectiveness. a/8
during subsequent exposure that 1ls characteristic of white
lead paint when used for all three coats From the point
of view of protection this long melntenanoe of effectiveness.
1s more important than incressed initial effectivenéss’ (lo)

Aluminum in the. peste form proved as effective as
dry aluminum powder of standard varnish grade when substi- ..
tuted pound for pound in the same vehicles (compare 104
with 106 and 105 with 108)., .The paste aluminum, however, .. .
contained 40O percent mineral. spirits and made paint equiv- 4
alent in composition to.a mixture of 1.07 1lbs. (0.L485 kg.) .
of dry aluminum per gal. (3.79. 1, ) of. varnish of slightly
lower content of. non—volatile. _Such. mixtures. made with dry
aluminum (107 and 109) proved less effective than the. paints,
made with 2 1lbs. of dry powder or 2 1lbs, of paste aluminum.
per gal. For equal effectiveness, therefore, less aluminum
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1s required in the form ' of aluminum pdste than in the form of
dry powder of standard varnish grade. SubSequent tests not
reported here indicate that dry powder of standard lining
grade 1s llkewise effective with lower proportions of alum-
inum than the coarqer staendard varnish grade.

- Two vehlcles, shellac plasticized with castor oil
and a nitrocellulose lacquer, proved lacking in durability
elther as primers for white lead paint (group B) or as com-
plete -paintg (group C).  -All the other vehicles tested made -
aluminum primers that greatly improved the maintenance of
effectiveness throughout the 1life of white lead paint. From
this point of view there was little basis for preference
among the ‘satisfactory vehicles; all left coatlings that were
more effectlive after 36 months than were many good paints
initially (series.300, group C, for example). Among the.
satisfactory aluminum primers, " however, some proved more suc-—
cessful ‘than others in prolonging the life of the coating
on southefn yellow pine and Douglas fir. No. 111B, for
example, made with ester gum varnish of %3-gal. 1ength was
not entirely satisfactory in- improving durability on soushern
yellow: pine and Douglas fir although-it was satisfactory in ;
maintaining effectiveness. Nos. 114 and 115, made with lin-
seed 01l without resin, were very satisfactory from the point
of view of durability: but ‘were notg correqpondlngly superior
to the other satisfactory aluminum primers in effectiveness
against moisture movement., Raw linseed o©il, of course, does
not make an aluminum primer of proper cons1stency for
good working properties but kettle bodied linseed oil makes
a very satisfactory one.

As complete paint coatings (group C) all of the
satisfactory -aluminum paints proved outstandingly durable
both in maintenance of integrity of the coatings on all woods
and in maintenance of effeotlvenesq against moisture movement.

Series;EOO ~~ White Pigments in Linseed 0il

‘Except where otherwise indicated all paints made
with granular pigments only throughout this study were mixed
in such proportions that the priming~coat paint contained 19
percent total pigment, 58 percent nonvolatile vehicle, and
2% percent volatile thinner by volume; second-coat paint 29
percent total .pigment, U5 percent nonvolctlle vehlcle, and
26 percent volatile thinner; and third-coat paint 27 percent
total pigment, 69 percent nonvolaulle vehicle and U percent
volatile thinner. Second-coat white lead pain* for group R
was mixed with 29 percent pigment, Ml percent linseed 011
and 30 percent volatile thinner.
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BCEEEEL As priming coats under white lead paint the white
paints of series 200 did not alter significantly the initial
or maximum effectiveness against moisture movement or .the
changes in effectiveness with age. All primers that con-
taired zinc ‘oxide, namely Nos. 205, 206, 207, 213, 214, 215,
and 216, gave rise to conspicucus a‘ligatoring of the top
coats of white lead paint in rlace of the usual finely re-
ticulated and inconspicuous checking normal for white lead:
paint - Bimilar alligatoring occurred throughout the tests
wherever there¢ was zincé oxide in a primer under white lead,
for ‘example, 4128, U13B, 705B, and 706B, and was severe
enough -to reduce the durability of the coatings to 24 months
or less ‘even on white pine and redwood. Over primers made
with antimony oxide, titenium dioxide, titanium barium
pigment, zinc sulfide, and lithopone (208 to 212, incl.)
white lead paint checked in the normal inconspicuous manner
and ‘the coatings proved fully as durable as the control
qpecimens with white lead pa*nt for primer and top coats
Specimen . 204 on which.the primer was basic sulfate white
lead develdped alligatoring of thé white lead top coats on
group B.and 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 sulfate
white lead containing some zin¢ oxide. Analysis of a sample-

the original supply of dry pigment revealed 6.8 percent
zlnc oxide by weight.

\ The effectiveness at 36 months was sllghtly higher
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 an unusually high
molsture content because of a thaw following a heavy fall of:
snow. Two weeks in 65 percent relative humidity failed to- -
establish equilibrium moisture content sufficlently closely
and reduced the subsequent absorption in 97 .percent relative-
humidity. The uncoated ccntrol panels, of course, were not
subject to that error, which therefore operated to make the
effectivenesd seem higher than it actually wad. 'All of the
values for the 36 month period throughout the study are prob-
ably slightly too high but the error is greater for coatings
of low effect:veneqq than for those of hlgh effectiveness.

In group C of the 200 series where the same pig-
ments were used in &ll three coats of paint the paints repre-
sent three different types of disintegration with age: .
(1) repid chalking leading to early fallure by erosion, (2)
moderately rapld chalking followed by checking and eventually
by orumb71ng (3) slow chalking, sometimes followed by check-
ing, but- always followed eventually by eracking, curling, :
and flaklng (8), though the type of crac&ing 1s not always
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sigmoid. The distinction between rapid and slow chalking re-~
fers to the rate at which chalking penetrates through the
coating, not to the age at which 1t is first observable, which
with most of the white paints was about age 6 months. To the
first type belong paints 209 .to 212, made respectively with
titanium dioxide, titanium-barium pigment, sinc sulfide, and
lithopone, These paints showed very material loss of ef-
fectiveness as early ds age 12 months and wlthin two years
the coatings became too .thin to hide the surface of the wood,
fallure taking place about as rapidly on white pine and ped—
wood as on southern pine and Douglas fir.  To the second type.
belongs paint 202, made with baslc carbonate white lead.. The
effectiveness declined from the maximum at 6 months at first.
slowly, then more rapidly and crumbling developed more rapid-
ly on southern pine and Douglas fir than on white pine and
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 of
checking. " To the third type belong paints 205, 207, and 213
to 216, “which contain zinc oxlde alone or in admixture with
other plgmnnts.' The effectiveness of these palnts varied
with age between the course exhibited by basic carbonate
white lead and the course exhibited by paint 214, which »
changed 1little if at all in effectiveness. Detween ages 6 and .
2l months | and was still high in effectiveness and intact on
all woods after 36 months. The facts .that chalking, though
clearly evident at 6 months, penetrated the coating very
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 208, made

with antimony oxide, did not proceed .far enough 1n deter-
loration during the 36 months for definite classificationi

It probably resembles white lead paint but chalking and
checking proceed less rapidly. Microscopic checking appeared
at age 30 months and was not yet visible Without magn1f10a~
tion at 36 months., :

In initial and maximum effectiveness all of the
paints that contained eitheéer white lead or zinc oxide were
superior to any of the paints that contained neither white
lead nor zinc oxide. The difference is too small to be sig-
nificant as far as protection of wood is concerned but is of
interest in connection with the theory of the action of pig-
ments in paints.

Series 300 -- Colored Pigments in Linseed 0il

As primers under white lead paint the colored pig-
ment paints except red lead and litharge proved slightly
superior to any of the white priming palnts:of series 200
but inferior to' the satisfactory aluminum primers of series
100 in their effect on maintenance of effectiveness against
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molsture movement. The iron oxide pigments, lemon chrome

--yellow, Prussian blue, -and graphite likewise improved the
‘integrity of the coatings on southern yellow pine and Douglas
-~ fir but they were not quite so satisfactory in that respect

as the summarized data of Table 1l-indicate because in most
cases the checking pattern of the coating was coarser and
more conspicuous by reason of the color showing through it
although it was not coarse enough to be classified as
alligatoring.

As complete paint coatings the colored pigment
paints except red lead proved lower in initial and maximum
effectiveness than the paints of series 200 that contained

- white lead or zinc oxide and approximately erqual to the white

paints containing nelther white lead nor zinc -oxide. Red
lead increased in effectiveness up to the 18th month, after

swhich 1ts effectiveness decreased rapidly. The litharge
.paint rapidly lost effectiveness after age 6 months; as al-
-realdy polnted out the unexposed backs as well as the faces

became ineffective by the end of the test. The two chrome
yellow paints remained as effective after %6 months as they

-were initlally. The other colored pigment paints followed a

course of change in effectiveness similar to that of white

‘lead paint but at somewhat slower rates so that, while less

effective than white lead paint at the beginning they were

as effective or a little more effective at the end of 36
months., In maintenance of the integrity of the coatings

all of the colored pigment paints except red lead.pzint

were more durable than any of the white paints of series 200
except Nos, 208 and 214, neither of ‘which had yet reached the

' -end of 1ts life. On the whole-the-colored pigment paints

took longer to.develcop chalking than did the white paints.
The colored pigment paints, except red lead and litharge
pailnts, developed neither checking nor sigmoild cracking
during the test.

Series Y400 —-—- Transparent Pigments in Linseed 0il

As primers under white lead paint the transparent
pigment paints, Nos. W04 to U409, part B, proved very sim-
llar to each other and to the white paints of series 200
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 well
as the coatings based on white primers free from zinc oxide.

. ; The complete paint coetings with transparent pig-
ments, group C, looked more like varnishes than paints when
freshly applied but chalking set in within 6 months and
penetrated rapidly, after which the coatings turned white
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and had fairly good hiding power. No, U409, made with English
chalk, developed checking within 18& months, .None of the others
developed checkine and none ‘sigmoid cracking. . The. course of '
the changes 1in effectiveness and the, durability were very
similar to those of the rapldly chalklﬁg white paints, Nos.u
209 to 212, part .C. -y

Series 400 -- Aluminum’ and Granular P;gments in
' Linseed Oil" ‘

As primers under white lead paint, No. 411 which
contalned red lead, and Nos. U412 and U413, which: contained
zinc oxide, led.to early failure both in 1ntegr1ty and in
effectiveness. The other primers of this group, in which .
aluminum powder was mixed with white lead, iron oxide, or
asbestlne, proved very satisfactory in malntenanoe of both
effectiveness and integrity of the coatings. In each case
the additien. of aluminum powder made the primer more satls-
factory than the cocrresponding primers made with the gvanular
plgments without the aluminum. In group C where the paints
were used for all three coats the admixture of aluminum im-:
proved the effectiveness, the maintenance of effectiveness,
and the durability. . s

Series 500 .-— Vehicles

As primers under white lead paint none of the clear
vehicles, Nos. 512 ‘to 516, éexhiblted any advantage either in
effectiveness or in durability. As complete coatings they
were all much less durable than good paints. Linseed. oil
and 75-gal. ester gum varnish were low in effectiveness from
the beginning. The 33%3-gal. ester gum varnish, Bakelite
resin paint o0il, and Bakelite resin varnish were-fairly
effective initially, 1norea51nglv'so in the order named, but
they all lost effectlvenese much more rapidly than  good
paints.

As vehicles for white lead pigment either for the

priming coat only or for sll three coats, neither of the

ester gum varnishes proved ac satisfactory. as linseed oil.
The Bakelite resin paint oil with white lead, however; made
a priming paint that compared favorably with good aluminum
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 were
retarded by substituting the Bskelite paint oil for linséed
0il but the paint failed by cracking and flaking rather
than by crumbling.
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The Bakelite paint 0il wes a poorer vehicle than
the ester gum varnishes for iron oxide primers to be:.used
under white lead paint, at :least from the.point of view of
maintaining effectiveness. With iron oxide for pigment
the ester gum varnishes made distinctly better primers than
they did with elther white lead or asbestine for pigment
but with Bakelite paint o0ll iron oxide made a less satis-
factory primer than was obtained with elther white lead or
.asbestine. '

As vehicles for all three coats of paint the
Bakelite paint oil was superior on the whole to either of
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 with
asbestine. Although all three paints made with asbestlne
were comparatively short-lived (and were transparent),
In each case they were more effective and more durable than
the corresponding clear vehicles without pigmentation.

Series 600 -- Varying Pigment Volume

In the 00 series the paints in both group B and
group C have the same kind of pigment in all three coats
but on group B the second and third coats have pigment vol-
umes of 38,8 and 28.0 percent, respectively, while in group
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 volumes
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 appesrs,
however, that there is a fairly wide range of pigment volume
within which the effectiveness and maintenance of effective-
ness 4o not vary greatly but that the extremely high pigment
volumes lead to earlier loss of e&ffectiveness and reduced
durability. Even the unexposed backs of the coatings of pig-
ment volume 3%8.7 percent and higher lost effectiveness ser-
iously by the end of 36 months, as shown in Table 2.

Series 700 ~- Sprav Application

Comparison of the results of application by spray
gun with the results of brush application -of similar paints
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 spraying
seems to be detrimental to the maintenance of effectiveness.
Such thinning has been common practice in spray application
of aluminum primers but there seems ‘to be no good reason for
it inasmuch as aluminum paint without such thinning is par-
ticularly 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.

3
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Comparison with Data of Edwards and Wray

- Edwards .and Wray (12) recently published data on
changes with age in the permeability of paints to moisture.
They used a different technic feor measuring the movement of
moisture (1€) and expressed their results in terms of the
moisture impedance of the coatings, which is the reciprocal
of the permeablility in milligrams of moisture per square
centimeter per hour. The method of calculating the effec—~
tiveness rating from the impedance or vice versa was de-
scribed by Edwards (L0). Seven paints tested by Edwaerds and
Wray at New Kensingtgn, Pa., resemble paints reported in this
paper .clogely enoiugh to permit comparisons.

, . In Table 3 the data reported by Edwards and Wray
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 paint
are given, expressed in terms of the effectiveness of the
exposed, face only, assuming that the unexposed backs re-"
tained their initial effectiveness. For 5 of the 7 kinds of
paint the results.agree excellently. . Paints usually deteri-
orate somewhat more rapidly at Madieon, Wis., than at New
Kensington, Pa. For. two coatings, lithopone in linseed oil .
and unpigmented 50-gal. Bakelite varnish, the writer's re~
sults are lower than those of Edwards and Wray. Apparently
the Bakelite varnish was much more durable at New Kensington
than at Madison. . ; '

Maintenance of Effectiveness on
: Different Woods

The effectiveness recorded in Table 1 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 pine
and Douglas fir than on white pine and redwood. Paints that
fail rapidly by chalking, however, do so at nearly the same
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 the
cases of sixteen coatings selected for illustration. Eight
of the coatings exhibited 1little or no difference in be-
havior on the four woods as Jjudged by visual inspection
while eight failed in integrity much more rapidly on some
woods than on others. Of the first group of eilght coat-
ings, six coatings were exceedingly durable and remained
falr or good in integrity on all woods after 36 months
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while two coatings failed rapidly on all woods, No. 209C by
rapid chalking and No. 213%B by consplcuous alligatoring. The
second group of elght coatings includes six of average dur-
abllity, 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 coatlings
on the different woods are due principally to differences in
~the rate of: ‘absorption of moisture by the uncoated control
specimens and to practical difficulties in applying the coat-
ings 1n exactly the same thickness on all woods, All coat-
.ings except No. 203C were less effective at the end of the
exposurée test than they were initially and No. 2030 had less
than 1ts initial effectiveness on southern pine. Among the
coatings showing little difference in integrity on the four
~woods -at the.end of the test there is, as a rule, no strik-
ing contrast in final effectiveness on southern pine and
Douglas filr as compared with white pine and redwood. For the
_group as a whole the average final effectiveness on southern
piné and Douglas fir is 52 and 42 and on white pine and red-
wood U8 and 54, respectively. For coatings 209C and 213B,
which failed. early on all woods, the final effectlveness seems
- $0- be.-higher on redwood than on the other woods, but to all

practical purposes 1t 48 as low on: white pine as 1% is on
.southern pine or Douglas fir. Of coatings 304C and 104G,
- ‘both of which retained good integrity at 36 months, 304C was
- ‘relatively low in effectiveness 'and 104C relatively high in
“;effeotiveness throughout the 1life.

e # Among the coatings showing ‘marked differenoe in in-
- ~tegrity on the: four woods at the end of the test there 1s a
fairly good parallel betweéen final effectiveness ratings and

... final integrity on 'the four woods. Coating 203C failed in
- Antegrity ang: showed loss. of.effectiveness only on southern

" pine. Coating 202C failéd in integrity ‘on southern pine and
.Douglas fir and had less effectiveness:on those woods than on

. 'the othérs. Coating 207C remalned intact for 36 months on

- 'redwood only and retailned moderate effectiveness on redwood

- only, - For .the group as a whole  the average final effective-
ness on southern pine and Douglas fir was 21 and 35 and on

. white pine and redwood 42 and L4&,respectively. ' Coating 315C,
howeveér, was about equally. ineffactive on all woods at 36

- months although still rated.falr- in integrity on white pine
- and .redwood and. considered a failure in integrity on southern
pine as early as 21 monthé.. :On the:other hand coating 203C
was rated 75 in effectiveness at 36 months although rated
poor in integrity on southern pine,‘ : .
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For closer comparison of the changes in effectiveness
durlng the life of coatings with the changes in integrity judged
by visual inspection Table 5 records average results obtained
with the two control vaints in group C. Thege vaints were
white lead in linseed o0il, No. X02, and white lead in Bakelite
paint oil, No. X03, the former a palnt of falrly high- initial
eflectlveness steadllv decreasing after passihg its maximum
and’ the latter a paint-of very hlgh and lonp—malntalned effec~
tiveness. Fach paint was applied to 7 specimens of each wood,
one sbecimen in each of the 7 serjes of tests. The values re-
corded in Table 5 are averages for these 7 specimens in each
cage.

At age .12 months coatings of X02 on all woods were
approximately equal in effectiveness and as effective as they
had been 1n1t1ally. -They were chalking markedly and were
checking enough to be seen without a magnifying glass. At 18
months they appeared much the same to wisual inspection but on
gouthern pine and Douglas fir the effectiveness was sllghtly
lower than its initial value. At 24 months, decrease in effec-
tiveness «on southern plne and Douglas fir waq definitely nore
serious than on white pine and redwood - though to visual
ingpection the coatings remained intact on all four woods. At
30 months the effectiveness was very low on all four woods,
though lowest on southern pirne and Douglas fir, and failure
in 1ntegr1tj was clearly v131ble on southern plpe and: Douglas
fir though the coatings reualnedﬂlntactVOQ white pine.and red-
wQod even at 36 months. It seems safe tc conclude that paints
of this type fail as protective coatings before they fail
visibly in integrity. It is also clear:that such paints on
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 1933 from observa-
tions of wood checking and other signs of wood weathering in:
palnted(p?ne1s on Wth the coatings were still considered

ntact (1 - :

Paint X03 presents a different picture. Chalking:
was first observed.at 12 months, microscopic checking at 18 !
months. The checking remained microscopic even after :35 nonths,
On southern pine llqﬂt cracking and flaking on most specimerns
at 24 months led to a rating of fair in- 11te@r1ty which was
not yet paralWeled by any -loss in effeotlveqess but did ap=
vear as loss of effectlvenes at .30 and -35 months, by the
end of which time the 1nte@r1ty was rated poor on most
specimens, On Douglas fir slight flaking was evident .in the:
integrity ratings at 30 and 38 Tontho but the effectiveness

ggalned practlcally as nhigh ag it was initially. On whlte
pine and redwood the. 1nteor1ty Temained “ood and the
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Table 5.--Effeotiveness”énd integrity ratings for
two paints on four woods at each
interval of 5 months during the tests.

Key to symbols: Ei, initial effectiveness rating; Eg E{g etc.,

effectiveness of exposed face at 6, 12, etc. months; X02C,
average of specimens numbered 1080 2080 .etec. to 702C; SP
SOuthern pine; DF,; Douglas fir; WP white pines RD,_redwoodg

Refer~ : s : : :
TR | L I P S
eroe i By 1 Zg EipivBg . Epy b Egp ! Egg
X020 it - : : : : : :
8P - .76 388 §. U6 § 8B § 43 ¥ -2 3 8 -
DE-,. 2 65" "L 88 2 i@ el 5 47 % G g - 17
WE. -« 71 ¢ HBT ™ -3 W § B85 -§ 23§ 23
RD-¢ o5 ;8 .89 9 %8 % €8 #.83 .28l & &5
X030 : ; : : :
BB ¢ @1 .4 95 1 91" : 87 @ Q&.- . B9 I3 €5
DFF : 87 ++93 789 : 93 & 93 & 85 g &Y
WP .v 89 & 98 3 9.3 B3 _4.956 @ BE"} &P
RO ¢ BF 2-.983 3§ .8L 31«91 %2 83 § B .§ "BY
e et S YR e e Lot )
Refer—; Integrity determlned by visual inspection
BIICE  § m o e e e e e e e e e e
No. : Q. -6 1 128, 2 1B ¢+ 34 v 30 3 3B

:months:mouths:months:months:months: mor s imonths

e e  § o b s e e
.

-

—— U ORI SR, R R
— e — ¢ - -1 2 o !
. L] \J . . .
. . “ . . .

X030 " e B : g : s : -
P ¢ B» o : oo ¢ Fair : Fair-: Poor-: Bad
DF. . 2. @ % ¢ o ¢ Fair : Fair : Poor : Bad
WP : 8 ¢ H : 2 : Fair : Fair : Fair : Fair
RD : ) T « Fair - Fair : Fair @ ‘Paix

X030 : £ b o : :
T - % b i 8 t oo-H: Fair : Fair-: Poor
DF ¢ o 1 ® ¢ u 1 B2t Good ¥ Fairy: Fair
WP 3,9 Y B +d 21289 %: Good ¢ Good-: Good
RD : O - 8 t T wo: Good : Good : Good
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¢_geffect1veneqs retalned 1ts 1n1t1al value at 36 months,

, Coatings  of this: type;’ therefore, do not exhibit loss of
effectiveness until break«up o The coatlnv ig clearly
evident, to v1sual 1nspectlon.k ;

Lff@Ctlv&nEsS as:a Technlcal Measure
'ﬁ;,of Palnt Durablllty

Neasurement of ‘tHe" changes in effectiveness against
moisture movement ‘during the aging of paint coatings might
prove useful as a basis for an arbitrary definition of paint
durability for gtrictly technical purposes. Durabllity might
be defined, for example, as the age of the coating at which
its effectlveness falls to 50 percent of its initial wvalue,
Such a definition would give signigicance to a term that is
now a meaningless catchword unless carefully defined in

taccordance with a standardlzed'system of visual inspections
and evaluation such as that in use by the Forest Products
Laboratory (3). Even in the latter event measurement of
durability by visual inspection rests upon personal judgments
and the uncertainties inherent in subjective methods. :
Measurement of durability in terms of effectiveness against
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 of
house paint understands it. Paints, like white lead in
linseed o0il, that the average user considers durable for at
least 4 or 5 years on white pine dand redwood would be rated
as durable for less than 3 years while paints like white lead
in Bakelite paint o0il would have to reach a very advanced
stage of disintegration at which successful repainting is
impossible before reaching the end of the technical life,
Present methods of evaluating durability, however, suffer more
or less from the same disadvantage because the technologist
is prone to set the point of failure much earlier than does
the practical user of paint.

Yost of the cormon white paints lie between the
extremes represented by white lead in linseed oil and white
lead in Bakelite paint oil, that is, they retain effectiveness
gonewhat longer than white lead in linseed oil but become
practically ineffective long before the coatings disintegrate
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;fallaeiousfassumptibniha@iSurvivedfsowlonngecause little
‘or no’ effort was made: to measure protection: and in the common
“lises of house paint: orotectlon is of mlnor consequence anyway.

For special uses where protectlon by palnt is
really necessary paints should be chosen in accordance with
tneir ability “to retain:effectiveness. against moisture move-
ment for a long time, as revealed by tests of the kind
described in this paper. Paints exhibiting the effectiveness

"history of white lead in Bakelite paint o0il possess the
;neoessary quality but are SubJeot to the disadvantage that
* the form of ultimate failure "is very unsatisfactory from the
“point of view of Tepainting. Much the same effectiveness
nistory is attained when' the white paint is applied over a
good aluminum primer but in that case the white paint, if

' w1se1y chosen, gradually wears thin ‘enough to ‘show tihe color
of the - alumlnum peneatn, revealing the need for repainting,
Cat & fime when tne effectlveness of tne coatlng 15 SGl;J
falrly hlgh 5 : R I

r-i
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Specimen 210C, titanium-barium pigment in linseed oll,
after 24 months exposure.

Typical of fallure by rapld
chalking. Effectiveness 28.
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Specimen 214C, titanium-barium pigment, zinc oxlde, and
asbestine in linseed oll, after 24 months exposure.
Typlcal of very durable white paint chalking slowly and

wlth sigmoild cracking in early, still microscoplc, stage.
Effectlveness 92.
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Specimen 205C, leaded zinc oxlide in linseed oll, after
24 months exposure. Typlcal of fallure by consplcuous

sigmoid cracking, curling and flaking.

Z M 26576 F

Effectiveness 60.



Specimen 213C, white lead,zinc oxlde,
linseed oil, after 24 months exposure.

ure by cracking, curling and flakilng. Effectiveness 66.

Z M 26584 F

and asbestine in
Typical of fail-
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