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BEHAVIOR OF HOUSE PAINTS ON DIFFEREKT WOODS

By

F. L. Browne, Senlor Chemist,
Forest Products Laboratoryl, Forest Service,
U. S. Department of Agriculture.

At least four factors significantly affect the service~
ableness of exterior paints on wood, namely, the kind of wacuc
painted, the composition of the naint, the technic of appl:.ation,
and the severtty of the climatlec and local conditions of exnosure.
This panebr tonsiders only the first of these fachtors, the «ind
o' wood painted. Even when the best paints and palnting nro-
sedures are used coatlings remain serviceahle much longer on some
weo:ods than on others, Untll further ressearch disclosszs scne
nracticable means of making paint last at least as leong on all
woods as 1t now does on the hest of them the bearing of wood
oroperties on paint behavior should he properly understood 1f
maximum satlisfaction 1s to be obtained from painted woodwoirk,

Tis discussion is based upon information frcm two
general sources, observation of practices and experlence with
wocuses in service and experimentation by means of test fences,
¢mservation of houses in service reveals pnractical details of
raint behavior and particularly of unsatisfactory developments
for which the cause and cure should be sought, Real houses,
however, are rarely availahle or suitatle for experimentation on
a scale adequate enough to develop reliable technical data,

Test fences, on the other hand, offer the necessary freedom for
srstematic vagiafion of woods, naints, technic, and place of ex-
prcsure (8, 5)2.. Condltions that lead to unsatisfactory results

EMaintained at Madison, Wlsconsin, In cooperation with the
University of Wisconsin,

gNumbers in narentheses are references to nublications cited
at the end of this paper,
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with paint on test fences likewlse lead to dissatisfaction on

houses. On the other hand certain forms of naint failure ob-

served on houses in which moisture gets into the sidewalls (2)
are rarely reproduced on test fences but can be reproduced for
study by suftable laboratory devices used in conjunction with

test fence exposures (8),

The nrincipal test fence studies by the Forest Products

. Laboratory from which data are drawn for thls discussion are

called for convenlence:

1. The 1¢24 Series, on the painting characteristics
of softwoods (33.

2, The 1925 Series, on nriming'and svecial nriming
paints (4). .

3., The 1927 Thinner Sertes, on nalnt thinners and
the effect of resins in longleaf pine (7).

4, The 1929 Douglas fir Series, on painting
characteristics of Douglas fir (not yet pub-
1ished), o

5. The 1930 Hardwood Series, on painting character-
istics of hardwoods (11).

6. The 1930 Primer Series, on -special priming
paints (10).

7. The 1930 Extractive Series, on the effect of
extractives in certain woods (not yet pub-
lished).

These tests were made at 11 stations in different parts

‘of the United States, The test nanels were exposed vertically

facing south. Supplemental evidence is avallable from many other
series of tests by the Forest Products Laboratory. The results
with resnect to the nainting characteristics of woods are
thoroughly in accord with exnerience as indicated by commercial
nractices in the selection of woods for building construction in
which painting 1s important and with the writer's observations

of houses in service,
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Classtifications and Properties of Wood

Lumher is cut from trees of many snecles and the group-
ing by species or closely related species 1s retained in mer-
chandising because in general each snecies has more or less
characteristle average properties and finds uses accordingly.

For some uses vpalntabllity is a property of much imnortance but
as a rule other oroperties must likewilse be considered in choosing
lumber for a given use.

Softwoods and hardwoods

A sharp distinction in nractice 1s made between soft-
wood lumber, which comes from coni!ferous or needle-leaved trees,
and hardwood lumber, which comes from broad-leaved trees, 8oft-
wood lumber, however, is not necessarily soft wood; both softwoods
and hardwoods vary widely in hardness and softwoods like southern
yellow nine are much harder than hardwoods like yellow poplar, -
In general the higher the svecific gravity of the wood the harder
it 1s. As a class the softwoods are more abundant, cheaver, more
eaglly worked with tools, and better sulted for the framework and
exterior surfaces of bulldings than the hardwoods., As a result
the softwoods are very much more imnmortant than the hardwoods
from the poilnt of view of exterlor valnting. Sf'ding, shingles,
exterior trim, and millwork are made predominantly frem softwoodsa
although a few of the lipght-welght hardwoods, such as poplar and
basswood, are used for such purposes to a minor extent., Heavier
hardwoods such as osk are sometimes used for front doors, door
81lls, and half-timbering but are more often varn'!shed or stained
and varn!shed rather than painted,

Microscopic structure of wood

Most of -the pronerties of wood are profoundly affected
by 1ts characteristic cellular structure. In the softwoods the
principal wood cells are the tracheids, which are long hollow cells
(fibers) with cellulostc walls, tanered and closed at the eads,
and cemented together in a matrilx of lignin. The tracheids are
roughly 2 to 4 mm. long by less than 0,03 mm, wide and run
vertically in the trunk of the tree. There are also ray cells
running radtally in the trunk which are shorter, and blunter than
the tracheids. The hollow centers of the tracheids and ray cells

B
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Figure 1. Mtcroscoplc structure of a softwood (left)
and of a hardwood with large pores (right).

"The top surface, TT, is transverse (end- grain), TG

tangential (flat- prain or plain-sawed), RR radial
(edge-grain or quarter-sawed), AR annual. growth ring,
S springwood, SM summerwood, MR medullary ray, ML
middle lamella (ltlgnin) which cements the cellulosic
cell walls, SW togethor. In the softwood TR tracheld,
MRT medullary ray trache!d, FMR fusiform medullary ray
containing hérizontal resin vpassage HRD, VRD vertical
resin passage, BP bordered pit, SP simple pit. In the
hardwood F fiber, P pore or vessel, SC open grid at
spliced joint in a large pore, K pits,
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are not completely isolated from each other because the cell walls
contain small pits covered by membranes some of which are known
to have tiny openings ahout 0.00002 mm, in average diameter for
Intercommunicatlion., Alr and liquilds can pass throngh such small
openings but the particles of nearly all paint pilgments are far
too large. In the livinp tree the tracheids and ray cells pro-
vide both mechanical strength and channels for movement of
aqueous sap. - In air-dry wood the hollows are emnty except for
alr, which can move through the wood freely, though slowly. In
some softwoods, such as the plnes, spruces, larches, and Douglas
fir, there are scattered through the structure certain openings
between the cells called resin passages, which run hoth vertically
and radially. The true firs, hemlocks, cedars, cypress, and red-
wood do not normally have resin nassages,

Growth in the l1lving tree trunk takes »lace at the
Junction between wood and bark and in tempevate c.imales 13 con-
fined to the warmer part of the year. Thus each year s new layer
of wood known as an annual growth ring ts dgposived ovar tns weod
of' previous years. During the early part of the growling scison -
snringwcod s formed, which has tracheids with thin walls and
lerge cavities so that 1t 1is light 1n welght and in colior, soft,
and as much as 80 percent of {ts total volume when dry may be air-
space, Later in the growlng season summerwood is formed, which
has radially flattened tracheids with thick walls so that it 1is
heavy, darker in color, hard, and as little as 40 percent of 1its
volume may be air-space., Table 1 presents the writer's determina-
tions of the specific gravity of snringwood and summerwood
whittled from the same annual growth rings in a few samples of
some typical softwoods, Although summerwood has only half the
capacity of =springwood for holding liqulds, liqulds generally
move through summerwood much more readily than through spring-
wood and paint oils nenetrate deeper into the summerwood,

Pleces of wood differ widely In the width of their
annual growth rings, usually expressed as number of rings per
radial inch, and in the proportion of springwood and summerwood
in each ring, If the tree grew rapildly the annual rings ar:
wide. The number of growth rings may vary from less than Z to
more than 100 per radial inch., A high ratio of summerwood o
snringwood maltes wood heavy and strong. The sumrmerwood niey 7ury
from more than one-half of the annual growth ring to an ailmost
negligible provortion of 1it.

In hardwoods the functlion of the trachelids are re-
placed by two types of wood cells, the fibers, which chlefly

-—4_
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orovide mechanical strength, and the vores or vesséls, wh*ch serve
as the main channels for movement of liquids in the living tres.
In general shape the fibers resemble the softwood tracheids, that
1s, they are long cells, tavered and closed at the ends but as a
rule are much smaller 1n stze than trachetds, Interspersed among
the hardwood fibers are the vessels or pores, which may be de-
scribed as long pipe-lines extending longitudinally through the
wood. The pore cells are approximately cylinders open and spliced
together at the ends, The pores are considerably larger in
diameter than the fibers and are usually the elements that give
characteristic annearance or "grain" to the hardwoods. It is
convenient to classlfy the hardwoods on the bhasts of size and
distribution of pores into:

1. Hardwoods with relatively large pores,
&. Ring-porous hardwoods
b. Diffuse-porous hardwoods,

2. Diffuse-porous hardwoods with relétively
small pores.

In ring-porous rardwoods, such as oak, chestnut, and
ash, the pores are larger in the early springwood and compara-
tively small in the summerwood. In diffuse-porous hariwoods,
such as walnut, birch, end gum, the pores are more nearly
uniform in size and distribution throughout the annual growth
ring. The hardwoods with relatively large pores have pores
larger than those 1in birch. In rilng-porous hardwoods the
variation in size of the pores makes the summerwood denser and
harder then the springwood but in diffuse-porous hardwoods there
1s usually far less contrast in denslity between summerwood and
soringwood than there is among softwoods,

In many specles bhoth of softwoods and of hardwoods
the older wood nearer the center of the tree differs in color
and in content of certain chemicals from the wood nearer the
bark of the tree, The former 1s the heartwood, the latter the
sapwood, Heartwood 1s usually less readily permeable to
1iquids than sapwood, often much more durable against decay,
and 1s usuelly immune from hlue stain fungi.

5

R 10563




Commercial grading of lumber

: In commerce lumber 1s first claasifled by species and
then the lumber of each specles s cdlvided systematically into
grades according to the numher and stize of defects appearing on
the surface of the boards. Writers about nainting often confuse
classification by species with grading for quality. It is never
correct to sneak of snecles A as lumber of higher grade than
snecles B. For certain uses species A may he nreferred to
snecles B but as a rule there are other uses for which specles
B is sunerior to snecfes A. Even if specles A {s one that
generally holds palint better than svecles B, high grade lumber
of species B 1= probably better for exterlor painting than low
grade lumber of specles A,

Some of the defects considered in grading lumber and
objectionahle for painting are knots, knot-holes, pitch pockets,
vltch streaks, pltch, and loose prain. Lumber or highest grade
admits only boards with minor defects and blemtshes. Among the’
softwoods the four highest pgrades are known collectively as the
select grades, They contain only "lumber of good apnearance and
finishing qualitles" and sre the ones most likely to be us=2d
where painting 1s important. The select grades are identisfied
vy letters A, B, C, D. In redwood and southern cynress the
ilghest grade 1s known as ''clear heart" and admits no sapwoadd
on the face to be exposed to the weather. TLumber containing
dz2fects that Tmnalr painting falls into the several common '
grades identified by numbers 1, 2, 3, 4, and 5.

Grain

Boards cut with their princinal suwrfaces roughly
tangent to the annual growth rings of the tree are known as
flat-grain or slash-grain boards in the softwood industries and
as plain~sawed boards in the hardwood industries., Bosrds cut
with the principal surfaces roughly radial to the annual rings
are known as edge-grain or vertical-craln boards among softwoods
and as quarter-sawed boards among hardwoods. On flat-grain or
vlain-sawed honrds the bands of summerwood flare out into much
larger areas than they do on edge-gralin or quarter-sawed boards,
The two principal faces of an edge-grain hoard as a rule are
oractically alike but those of a flat-grain board are not be-
cause the annual growth rings are convex toward the face nearer

-G
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the hark of the tree, the bark-side, and concave toward the face
nearer the vnith of the tree, the ptth-side. 1In many softwoods "'
the pith-stde is distinctly. inferlor for exterior painting becang
of a tendency to develop during weathering a form of cracking -
known as loose grain,

Lumber cut mostly from relatively small softwood trees.
consists nredominantly of flat-grain hoards., In cutting lumber
from large trees that yleld a hlgh proportion of clear lumber it
18 possihle to turn out a predominance of edpe-grain boards and
to gell edge-graln lumher separately from mixed edge~- and flat-
grain,

Chemical nature of wood

The walls of the wood cells consist chiefly of cellulose .

and cloéely related carbohydrates. The cells are cemented Ho~

gethér with lignin., The ¢ellulosge of all woods ts chemigcallr mudh‘

the same, perhaps identical. The Llignin 4s likewlse very sifilar
in all woods. Together the celluLose, its closely related carbg~
hydrates, and the lignin are called for convenierice the wood sub~ -
stance. Wood substance &8 a hygrcncoptc swelltnp material whose
moisture content and voLume come o equilibrium wdth ithe rolative
numidity of the spppqunddng air,” At saturatioen wood substance

contains roughly 30 nercent by weight of water and 1s fully. swolien.

Green wood always’ containﬂ more than gnough water to saturate the
wood substancs, the excess remainlng ‘ag liquid water or water i
vapor in the a;r ;pape within the ‘wood, On drying the free water
is removed”first. The mo1sture cqntent when free water 1s absent
hut FHe Wood %ubstance 1s safu;ated 18 called the fiber-gaturation
point Fﬁ ther dry}pg caugseg bthe wood substance to shrink but
only" part “the shrinkage sppesrs in changes in external dimen-
sions ‘of the hoard bécause part %8 taken up by change in the
volume of the cavylties in the wood c@lls, External shrinkage is
preatest tangent*ally to ‘the angual growth rings, somewhat less
radlally, and very slipht lonpi udinally. Thus edge grain boards
shrink less in width” than flat- grain bosrds and neithep kind
changes much 1n 1ength 6ur1ng drylny unless the hoards contain an
abnormal tyne of ‘#ood' known as "cqompression wgod",  When in the
alr-dry condition wood is In a pqrtly shrunken condition with itg
moisturs contentiand dimensions: aubjeot to change 1in response to
changes in relative humjdtty of thefair.‘ In thelr effect on The
dimensions of wood, changes: in" humidify are usuvally much more '
important than chanpes In ‘temperature, The common naint liquilds
are taken up by wood only as free liquids in the alr-space and do
not cesuse any changs 1n dimensions of fhe wood, Alcohol however,
causes wood to swell slightly. =~
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In addition to wood substance, wood contalns extraneous
constituents that can be removed falrly easlly by extraction with
suitable solvents and are very variable in nature and in smount,
differing not -only between snecies but often between hear twood
and sapwood and in the heartwood 1n different parts of the same
tree., The extraneous constituents are conveniently classified
into those soluble in organfc liquids like ether -and alcohol and

“those soluble in water,

The ether soluble extractive of longleaf and slash pines
1s 8 resin containing turrentine end rosin. Rosin 1s a substance
of acld reactlion capable of forming soans by reaction with basic
paint pigments., The other nines, hoth white pines and yellow
pines, contaln similar resins in material amounts. Western red

- cedar, redwood, the true firs, Douglas fir, hemlocks, spruces,

and larches ordinarily contain only small amounts of ether 'soluble
extractlves except for resins that occur 1n local deposits in the
tree like pitch pockets. Hardwoods do not contain resins like
thoge in the pines. Southern cynress and some of the cedars con-
tain characteristic oils soluble in ether and some of them soluble
in linseed o0i1l., Trese oils are quite Aifferent chemically from
the piny resins and contain very little materisl of acld re-
action, Alcohollic extracts from wood usuelly contain most of the
ether soluble  substances together with some of the water soluble

ones,

_ The water soluble extractives include tannins and other
complex organic substances often of an aromatlc nature, some of
them highly colored carhohydrates, organic acids like formic,
acetic and their homologs, traces of organic nltrogen compounds,
and mineral constituents of wood ash. Woods 1n which the heart-
wood 1s strongly colored, such as redwood, red cedar, and walnut,
owe their color chiefly fo extractives of this class.

. The hoards used for the 1924 Sertes of tests were

analyzed for their content of extractives with the results nre-
sented in Table £.

R 1053
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Table 2. Averags content of extractives in the
boards of softwoods vsed for the 1924
Serles of paint tests,

! ¢ Percent of the dry wood :ii1i{grams of po-
: soluble 1in-- ¢stasstum hydroxide
Wood e et :required. to neutra-

¢ Cold: Hot : Ethyl :Ethyl:1l1ze extract from

swateriwater:alcoholsether:1l pram of dry wood

: : H : thy--~

: : : : : Ethyl : Ethyl

: : H i :alcohol : ether
Alaska cedar 2 2.8 ¢ 3.9 ¢ 4,0 ¢ 1,3 : 2.9 ¢ 0.8
Port Orford cedar s 2,5 ¢ 4,0 3 3.8 3 0.8 ;3 2.7 s 0.4
Vecstern red cedar ¢ 8.0 :11.5 : 13.2 : 1.4 ¢ 7.5 g ied
Sounthern cypress s 1.6 3 2.0 ¢ 9.0 ¢ 5,58 ¢ 2,3 L4
Douglas fir : 3.7 ¢ 58 10 4.3 2 1.0 3 5.5 O
Write flr (commerctal); 2.0 3 3.1 : 2.7 = 0,6 ¢ 1.4 s CLG
Eastern hemlock i 2.2 8 4.2 ¢ 5.0 1.2 ¢ 3.5 3 1.0
Western hemlock s 2,7 1 3.8 ¢ 3.4 ¢ 0.4+ 4.7 s 0.4
Western larch 914,9 217.,0 ¢+ 4,0 3+ 1.1 : 4,6 + 1.0
Ponderossa plne : 2.4 3 5.0 3 5.7 ¢ 3.3 ¢ 6.9 s 3.9
Sugar plne : 4.5 ¢ 7.2 3 9.0 : 4.3 ;3 8.5 s 5.9
Northern white pine : 2.2 5 5.1 ¢ 8.0 :: 4,0 ¢ 6.7 s 3.7
Wastern white pine t 2.8 3 4.3 3 6.5 : 3.3 : 5.6 : 3.0
Southern yellow nine : 3.5 : 6.2 : 8,5 : 6.2 3 £.2 : 7.1
Rodwood : 6,4 :10.92 ¢ 11.8 ¢ 0.7 ¢ 0.6 s 0.5
Sitka spruce s Ro7 5 4,6 ¢ 3.6 1 0.6 3 2,7 : 0.8
White spruce (com.) : 1.3 5 2.4 ¢ 2.2 ; 0,7 3 1.6 2 0,7

Painters often call the bands of summerwood Iin softwoods

"pitch streaks" because they attribute thelr cdarker color and
hardness to the presence of resin. True pitch streaks, however,
do not follow the annual growth rings and affect hoth springwood
and summerwood. Moreover the summerwood of softwoods relatively
free from resin s often just as hard and dark in color as that
of resinous species (Tahle 1). Sumrerwood and springwood of the
same growth rings were whittled out of boerds of ponderosa pine
and southern yellow plne end their content of extractlives deter-
mined with the results shown in Table 3. Boards of high resin

content had more extractives in the epringwood than in the summer-

wood while those of low resin content had a fairly uniform
distribution of resin between springwood and summerwood,

R 10863 - 9.




Table 3. CGontent of extractives found in snringwood
and summerwood of the same annual growth
ring in ponderosa mine and southern yellow
plne. .

H

:Percent of the drj wood soluble

Description of wood s 1in~--
: Cold Hot : Ethyl
s water : water : alcohol
----------------------------- R L T T X SRy S I p S Sp .
Ponderoqa pine, springwood : 1.8 4 3.0 s 3,53
: " summerwood : 1.6 3 2.8 :  3.08
- Southern yellow pine, snringwood : 1.6 ; 5.3 ; 4,76
" " " summerwood 3 1,2 : 3.3 s 4,35
Southern yellow pine, sbringwood ; 2.0 s 6.3 ; 256,42
" " " summerwood 1.1 : 3.9 : 17,71
Southern yéllow pine in which the: : ;
resin was evident to visual in- s s
specttion, ~apringwood : 1.3 H 6.3 : 37,10
: 1.2 : 4.1 s 24,42

summerwood

Behavior of Paint on Woods During Application

The first coat of naint appliled to new wood 's very
largely consumed in f1illing the cavities of those vood cells that
were cut onén in planing the surface of the toards. Much of the
liguid of the priming-coat vaint penetrates deeper into the wood
because 1t can pass through the oit membranes in the cell walls
and reach the cavities In wood c¢ells beneath the surface. Since

-woods vary in the volume of cavities presented at the surface

and in absorptiveness for liquids they likewlse vary somewhat in
consumption of priming-coat naint. In commarison, however, with
porous materials like plaster, concrete, and stucco, wood con-
surmes relatively little paint because 1ts structure is cellular
rather than labyrinthine or sponge-like.

~10-
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Consumption of patint by different softwoods

During the exnosure of the tests of the 124 Sertes
careful record was kent of the amount of paint consumed (1).
There were 44 nanels of each wood. Sets of nanels were palnted
by each of 11 patinters of whom 4 were nrofessional painters and
7 were technlcal men or laborstory alds in paint testling
lahoratories. The average spreading rates for priming-coat
nalnt (square feet covered by 1 gallon of paint) on the differ-
ent woods and the averape specific gravities of the woods are
glven 1n Table 4. In peneral the specific gravity varied

directly with the spreading rate, that 1s, the lower the speciflc

gravity the lower the svreading rate. T.ow specific gravity, of
course, Indicates a relatively large proportion of springwood
with *ts larger cavities in the trachetds. There are, however,
other factors affecting spreading rates because redwood, S'ila
snruce, western hemlock, and Douglas fir had somevhat lower
spreading rates than the speciflc gravity indicates. Paint
seems to wet these woods very quickly and the oil 18 ahsoru~d
whlle the brush sweeps over it, thus encouraglng the nainter to
apply more paint.

It shonld he emphastlzed *that the extent of the varla-
tion in »aint consumed ts tco small to be of much nractical 1im-
purtance, Redwood toolk about 11 nercent more and southern pine
about 13 vnercent less priming naint than the average wood. The
snreading rates of second-coat and thlrd-coat naint were 1Inde-
pendent of the nature of the wond so that the variastions in
total paint consumed amounted to rouchly plus or minns 4 percent
of that required for the averapge wood. By mixing the vriming
paint for redwood wlth slichtly more and that for southern pine

with slightly less liquid the variations could he offset entirely.

Personal vartetlons among nalnters exert far more effect
on soreading rates thon variations between woods. In the experi-

ments of the 1924 Eer’es the averagpe snreading rate at whlch the
dirferent palnters anpiied priming-coat paint vartied from 561 to
Bc9 square feebt ver pallon. The exnerienced vnainters applied
paint more generously than the technical men and laboratory alds
because the former had an average snreading rate of 604 and the

intter 751 square feet ner gallon. The writer believes that as a

r+1e priming-coat paint should he applied at 650 to 600 square
feet ner gallon nand suhsequent cocts at 600 to 650 square feet
ner gallon for best results., All of the snreading rates for new

wood In Tahle 4 should be regarded as too high for best practice,
though they are nrohably renresentetive of much practical pnainting
and reveal the extent of vartation hetween specles reasonahly well.

R 1053 -11-
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Table 4. - Svoeciflec pravities and =oreanding rotes found for

primiugF-coact auint on softvoods vhen ncw
and afler westhering for one year.,

:EvecilTlc:Aoproximate: Averape snreading
¢ pravity: volume of srate of oriming-
sof wood : alr-cvece :scout naint on
Wood ‘ i In woodE geemaceooao
: : ¢ New :  Vwood
: : H sweathered
: : H sfor 1 year
——————————————————————————— e e
s ¢+ Percent Squarc feet
: : : ner gFullon
Woods with soresding rates below 640 squara fech ner gallon:
Twestern red codar ;. 0.5830 3 7d TToie T TR0
Waite r1r (comwmercial) : 362 3 76 PR IS B KA
Suger pilne : 82 3 76 s 674 223
Redwcod < <370 74 e SaR. Bi2
Eastern hemlock s W37 ;75 s 8012 . a1
Sttka spruce : s 080 3 74 : =20 290
Western hemlock : 0473 3 68 s 625 400
Vicods with spreuding rates between 640 and 700 squarc feet ner pgal,
“Nortliern white pine ; LCTE T : 6t 3 361
Port COrford cedar : 2444 70 s 0722 42 4
Douglas fir : 495 - 67 s 666 319

Vioods with spreading rates sbove 700 squuire feet per gallon:

Eastcrn spruce{comnecrcial): 88 ¢ 74 AL 394
Western white ovinec : ,402 73 742 349
Southern cypress : .408 73 : 75e s 410
Ponderosa plne : 0421 : 72 s 768 410
Alaslka cedar : 432 7L ¢ 766 457
Wwestern larch : .520 3 65 PR A S YR 360
Southern yellow pine : «H31 65 s 790 393
Averare for all woods tested . 685 1 3380

ft'Computed by considering Lhat the entire welght of the oven-dry
wood 13 wood gubstance of gpecific ravity 1.5. This intro-
ducas an error, usuully small, in that the extractives in the
wood are assumed to hwave the same apeciflc gravity as wood sub-
stance.

E'Eastern hemlock, Port Orford cedoar, and eastern snruce were not
reprecsented by full sets of test panels so that the data for
these woods sre not fully comparable with those for the other

woods,
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The dlscussion so far refers to smoothly planed wood such
as the planed gide of house siding. Rough surfaces such as the
sawed slde of bevel slding take much more paint. Weather-beaten
wood becomes rough and consumes much paint if subsequently painted,
The last column of Table 4 nresents data for smoothly vloned woods
exposed vertically facing south at Madison, Wis. in 1924 and vainted
one year later after they had become greatly roughened. After
weathering all woods seem to be greedy for paint and no relation
can be discovered between svreading rate and specific gravity of
the wood.,

Hardening of palnt on different woods.

Ordinarily the time of hardening of paint devends almost
entirely on the composition of the peint, the Intenslity of sunlight,
and the tempersture and relatlive humidity of the ailr, Ixtractivss
present in certoin woods, however, may retard hardening under ceor-
tain circumstances (14), In full sunshine and at temperatures whove
70°F, paints made with sufflcient drier should harden vromptly on
all native woods provided that the wood 1s reasonably dry and the
relative humlidity of the sair Is not unusually high, Exceptionally
olly boards of southern cyorsess, however, may retard the hardening
of linseed o1l paints that contaln no white lead or zinec sulfide
pigments., On redwood and southern cypress containing rmuch more
than 20 percent moisture, priming-coast oaint may remain liquid for
days, especially in the absence of sunshine, at temperatures well
below 70°F., and with paints that contain no white lead or zinc
sulfide pigment. Unverified reports from industrial sources point
to difficulty viith hardening of paint under similar conditions on
some. of the hardwoods thut usre relatively rich in tannins, such as
the oaks, chestnut, and walnut. The identity of the extractives
in woods that ars responsible for retarded hardening of paint 1s
not yet known. It has been vroved bLhat the responsibility lies
with some of the extractives because water soluble extract of red-
wood and alcohol extract of southern cypress have been traensferred
to white plne a2nd eastern hemlock and imparted to those woods the
property of retarding hardening under the circumstances described.

Filler necessary on hardwoods with large pores.

Ordinary peinting by hand brushing or spray application
does not succeed in f1lling the large pores in hardwoods that have
pores larger than those in birch, The lurgest pores remaln as ob-
servable depressions or even as holes In the cca ting even after
three substantlal coats of nailnt have been applied. As time passes

R 1053 «12-
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Figure 3. - Large pores in hardwoods are not rilled
by conventlonal vainting.

Upver view ~

Lower view -

Chestnut pvalnted with three coats of
white lead vaint with the lerge pores
2t111 showing as deoressions in the
coating.

Chestnut painted with three coats of
lead and zinc paint showing failure of
the coating hegiuning over the large
pores.
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the disintegration of the costing sets in abnormally early at
these points of weakness and shortens the life of the coating.
Appurently paint that i1s fluid enough for application by ‘brush

or spray gun 1s too fluid to plug or bridge lurge pores
adequately. If the large~pored hardwoods mast be used under

paint coatings they should first receive a wood filler, that 1is,

a plgment paste thinned with volatile thinner for conventient
application and then rubbed into the pores shortly after the
volatile thlnner has evaporated, A smooth, level surface for the
reception of subsequent coats of paint can be oroduced in that way
but the extra cost of the filling operation mukes the prover paint-
ing of large~pored hardwoods relatively expensive.

Dafects -in lumber of low grade.

When lumber 1s to he cut Into smaller pleces for use it
is sometimes economlcal to buy lumber of & common grade, cut out
the defects, #nd obtain clear lumber for the Important surfaces.
kTven then the wood may be somewhat inferior Tor painting to lumber
of the sume speciles In & select grade because the common grades L
come in considerabls. provortion from parts of the tree that grew
rapldly, have wider growth rings, and do not hold paint quite so
well as the wood of somewhat later growth. In buillding con-
struction, however, where nearly all of the lumber 1is used with
as little cutting as possible, defects in common grades must be
covered with paint,

Very small knots may be concealed satisfactorily and may
retain paint about as well as the clear wood, Large knots, however,
can rarely be concealed hecause they do not follow the clear wood
in swelling and shrinking with changes in molsture content and on
weathering they often crack open, breaking the coating with them.
Over knots in the pines, both white plnes and yellow pilnes, paint
often becomes promptly dlscolored with a yellow substance that
appears to be soluble in linsced oll and the coating over the knot
soon becomes brittle and scales off. For that reason it is
common practice to shellac knots but the eghellac should be applied
after putting on the oriming-coat naint, not before it. Unfortunate-
1y shellac 1s not so durable for exterlor exposure as pood palnt but
somewhat longer 1life over the knot can be obtalned by adding 5 or
6 ounces of cestor oil to a gullon of the shellac varnish., When
aluminum priming paint is used an extra avplication over the knots
may prove more satisfactory than shellac. It 1s never desirable
to shellac knots in any wood other than a pine because knots 1In
such woods do not discolor or embrittle paint and often hold pailnt
longer than the clear wood.

=]13=
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FMgure 4. - Premeture fallures of naint over defects
in lumber of low grade,

A ~ Cracking and flaking of the coating over a nitch
streak while the coating 1s still reasonably souu
over the cleuar wood below the pltch streak.

B - Unsatlsfactory sppearance over knots and ralsed grain’

even though the coesting remains sound. Note that on
this wood, which 18 not a pine, the paint remeins
intact over the knots although the knots themsslves
crack badly. ‘

C - Discoloration and flaking of paint over a knot in
one of the pines long before the coating over the
clear wood has begun to disintegrate.
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Pitch pockets sre best nainted by cutting them out with
& chisel and rilling them with good nutty after the priming-coat
paint has been anvlied. Knot holes should be puttied in the same
way., Pitch streaks may war Lhe vainted surface by exuding resin
and embrittling the conting Lut the writer knows of no method of
decling with them satisfoctorily excent by rcojecting the hoard or
at least that part of it containing the pitch streak. Loosc graln
likewlise is beyond remedy, Vood checks or cracks should be puttied
after priming to keep them from acting as centers of eurly dis-
Integration of the coating,

By the time that proper attentlon has becen glven to the
defects in common grades of lumber the extra costs for nainting 't
usually make it more exvensive than the select grades that vre
better sulted to uses celling for velnting. For uses in wi.ch
good palint service is immortunt select prades of the wocein o
Jr-nog 1 and 2 of Tesble 6 are best but If cicaper woodn amuon e
crisen 1t w11l often be better to btuy a select grude of & cheaper
suscles than ¢ common grade of a wood of groun 1 cr 2.

Effect of “oods During Eurly Life of Pulnt

Asg & rule the nzture of thre wood has lititle effect on the
behavior of w»aint durling its eurly life, say during the rlrst yesr
or two after znnlicatlion, The composition of the nailnt, the
adequacy of the technic of noplicutlon, and local &nd climatic
conGltions are usuelly much more Important thaen the kind of wood
through thts period,

Undesirable curly developments over defects in luwaber of
low grade wave s resdy been discussed. DExudation of resin through
peint coatings over clear wood sometimcs occurs carly without im-
nolieing the integrity of the coating. Tt is obscrved on the onines
wore often then on other softwoods but has been found occasionally
cvan on softwoods that contatn reletively 1little viny resin. Such

exudation 1s most likely to occur when the luwmber has been seasoned

at low temoeratures and i{s used soon ufter menufacturing. Lumber
kiln dried at higher temperatures or stored for some time before
uee is less likely to exude resin bectiuse less of the turventine is
i¢¥t 1n the resin to meke 1t soft enough to nove freely. The olls
111 Alasks cedar, Port Orford cedar, eastern red cecdar, and southoin
cypress may cowme through paint and collect In a stlcky mass on the
surface 1f there is no circulrstion of air over the surfaces, us
when bosrcs are stacked on top of one another. There 1s no such
occurrence 1f &ir circulates over the surfuaces because the olls are

14~
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slowly volatile, Colored wnter soluble extractives in western red
cedar, redwood, &#nd some of the lLardwoods c¢o not come through sound
vaint costings unless free woter in some wavy gets into the wood
behind the coating, If cracks anvenr in the couting the conting at
the edges of the cracks may be discolored for ¢ short time im-
mediately after & railn storm but the writer has never seen cnough
discoloration =so produced to affect muteriully the good apvetruance
of the coating.,

Occasionally flat-grain boards of softwoods exposed to
the weather and painted on the pith-side will develoo loose grain
and crack the coating within u few months even though there was no
evidence of loose pgrain when the valnt vwas suplied. The bark-sides
0¥ such boards rarely, if ever, develop loose grain., The pines
s«)ﬂom show lodse grain even on the plth side exceuvt on Tloors or
other places of severe nmechanlcul wear,

If long 1ife of naint coutings is to be assuared the
moisture content of lumber rwszt remain clwnys woll below the fiber-
seturation noint. Vhen free water sccumile tes within the wood early
fallures of paint may occur that the writer has dlscussed in detall

elsewhere (2).

Effect of ".ood rYroperties on Disintegration of Zaint

The deterlioretion of paint ¢
but overlapping stages as follows (12)

ostings oroceeds in successive
1. The soillng stespe., The coating prudually becomes dirty.
2, The Tleiting rtare, The coutling loses LLs ploss.

3. The chalking stape. Dirt mey be thrown off more or
less comnletely but colors a near to fade.

4, The flssure stege, FKlssures are of two general types,
denending upon the nstures of the »oint:

a. Checking, The fissures sre ot flrst superficial
but later may venetrate entirely through the
coating,

-1H=
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b. Cracking. The fissures pass entirely through the
coating when first observed. The costing 2t the
edges of the crscks =sooner or later comes loose
from the wood and curls outward. As a rule crack-
Ing comes at & more advanced stape of deterioration
than checkins.

5. The stage of disintegration. Behavior in the fissure
stage determines the form In whilch dlsintepration takes
place:

a,. Crumbling, whlch develops from checking, consists
in the falling away of tLiny fragments of couatilng
cut off when the filssures become interwoven
(reticulate) and oeretrate entirely through the
coating,

b. Flaking, which develoons from cracking and curling.
The loosened edges of coating that curl outward
finelly fall off, after which the newly formed
edpes curl and the nrocess continues orogresstvely.
Flulking 1s usuelly a more ranid form of disintegra-
tion than crumbling,

The solling, flatting, end chalking stages may be con-
s*dered the early life of the coating, the fissure stage the later
i’7%e, and the stage of disintegration the verlod of paint neglect.
(}vod nractice in paint maintenance calls for revnalnting before the
ceating has passed far into the veriod of neglect but unfortunately
meny buildings are not renuinted until the coatings bhave been neg-
lected for a long tims.

The efirect of the wood usually aspnears firgt after the
f2ssure stage 1is reached und dominates further developments by
¢ time the stage of disintegration sets in. Uo to the fissure
ctzge the coating seens to remailn toupgh and acherent enough to
scay Intect end follow sllpht swelling end sbrinking of the wood
with changing atmospheric conditions. Flssures apvear when these
vroverties are lost and the coating becomes brittle, loses its ad-
herence to the wood, and remains clinging to the surface chiefly
through mechantcal anchorage in the cuavities of the wood cells at
the surfaces of the boards (6). The situation might be exvressed
by saying thet in its early life the coatlng stlcks to the wood
but when the paint has become embrittled with ape the vood holds
the coating as best it can.

-]l

R 10583




In softwoods the snringwood holds the aged coating to
better advantage than the summerwood because of the laorger cavities
in the wood cells (Table 1), not because of a difference in resin
content (Table 3). At any rate disintegration vnroceseds much more
ranidly over the sumnerwood than it coee over the springwood and
the amount and distribution of summerwood in softwood boards very
largely determine how long the coating lasts, On hardwoods the
orincipal factors seer to be the size and dl'stributlon of the pores
together with the svecific gravity of the wood. Repainted coat-
ings behave in much the same way as initlal coatings exceont that
the fragments of coating thet fall off may be somewhst larger and
may not begin to fall off quite =0 soon.

Spveclfic pgravity of wood

3ince the propertions of sumnerwood and soringwood very
largely govern both the swecifile gravity and the rate of dias-
integroation of aged naint on softwood hourds & deiyinite relation

youtween specific gravity and palnt durevility on softwoods 1s to
‘be expected, Such a relation 1g shown in Flgure .£, in which the

average durability of the oaint coetings on the softwoods tested

In the 1924 Serles is vlotted against the averape sveciflc gravity
of* the boards of those specles uged in the tests. In general the
wends that held aped paint well were the woods of low specific
pravity and those that held palnt poorly were high in spscific
vcavity., The relation 1s by no meens exact, however, because red-
weod, southern cypress, Alaska cedor, and Port Orford cedar held
vaint better and whlte fir poorer than the snecific grevity indi-
cetbed, Reasons fTor these discrepancles are suggested in subsequent

naragraohs.

Flegure 6 presents similar dats obtained in the 1930 hard-
wood Series, If hardwoods with large pcres, hardwcods with small
pores, e¢nd softwoods are considered sepncratcly the general relation
between svecific gravity and rate of disintagration of coatings
eppliea for the woods within each group but Lhe rclation differs
for the three grouvs. On the rardwoods with small pores the coat-
ings lasted longer than they did on wood of equal svecific gravity
in the other two groups. The end-point of the useful 1life ol a
coating as the writer judges it occurs wery early in the stage of
disintegration, however, and if dlsinterration is allowed to nroceed
very far before renainting the compar’son between softwoods and
hardwoads with small pores changes iIn favor of the softwoods. On

o
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flgvre 5, - Relation bhetween specific pravity
of softwoods und duratiliity of
coa tings of hcuse paint.
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Figure

6.

- Relation between svecific pravity of wood

and Gurablility of »alnt for (a) softwoods,
(b) herdwoods with small pores, sntt (c¢)
hardw=oods with large pcrss. Tha enamel
finish on hardwoods with large pores
failced prematurely because of a faulsy
combination of onipments in a wcod filler
used on those woods only, consesguently
the normal rolatlon of durablility to
specific pravity was not realized on
those wouds.
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Figure 7. - Effect of specific pravity of softwoods
on durubillity of naint and of soveciul
priming ovaints for the heavier solftwoods.

Parts A und B are adjacent areas of the same boards
painted with the same kind of paint. The too board

is redwood, Lhe second board northern white pine, the
third board Douglas fir, and the bottom bourd southern

. yellow pine. Part A was palnted conventionally, using

the white paint vroverly thinned for the vriming coat,
Part B was primed with a special primer consisting of
fleke graphite in long-oill svar varnish., Both parts
then received a second and a third cout of white paint.
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the softwoods disintegratlion of the coating remains for a long time
confined to the bands of swmmerwood hut on the hardwoods with small
pores the relatively uniform texture throughout the annual growth
ring vermits disintegretion to spread fairly rapidly over the
entire board. For that reason only the lightest hardwoods with
small pores should be considered as acccentable as the softwoods

for conventional house painting. None of the hardwoods with large
nores can be regarded as satisfactory for such purposes because
conventional pvainting leaves the nores unfilled.

Width of annual growth rings in wood

Among softwoods *the distribution a2s well as the amount
of summerwood affects bthe disintegration of paint. For the seame
ratio of summerwood to springwood the indlvidual bands of sumner-
wood are narrower tha greater the number of snnual growth rings
per radial inch, thet 1s, the less rapidly the wood prew. In )
Figure 1 the depa: tures from the general rclation botween specific
gravity and durability are largely attributable tc such differences
in width of annual rings. Many of the boards of white flr used in
the 1924 Series of tests contatned "compressicn wood", which 1s an
abnormal type of wood in which there 1s a high prcportion of summer-
wood but it ls lighter 1in weight than normal summerwood. The white
fir likewise tended to have few annual rings per inch. These facts
account adequately for earlier disintegration of the coatings on the
white fir than the speclfic gravity indicatcd. On the other hand
all of the boards of Alaska cedar and rort Orford cedar had very
many annual rings ver inch, as dld many of the boards of redwood
and southern cypress, These woods therefore would be expected to
hold paint longer than woods of simllar swecific gravity but fewer

rings per inch.,

Among the diffuse-vorous hardwoods the width of the annual
growth rings seems to have very little bearing upon the rate of dis-
integration of coatings as would be expected from the fact thet there
is 1little difference in texture between svringwood and summerwood,

On the ring-porous hardwoods, ull of which have large pores, the
width of tho grovith rings likewise seems to be of minor ilwmportance,

-18-
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Figure 8. - Characteristlic forms of vaint disintegration

Upver view =~

Lower view =

on softwoods and on hardwoods with small
pores.

Badly neglected coating of lead and zinc

naint on southern yellow pline, Disintegra-
tion ls sttll largely limited to the bands
of summevrwood.

‘

Similarly neglected coating of lead and
zinc paint on yellow hirch, Disintegration
of the coating has lald bere much larger

areas of the wood.
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Grain of wood

Edge-grain boards of softwoods present much narrower bands
of summerwood on the painted surface than flat-grain boards of
similar specific gravity and rings per radial inch, For that reason
couatings last longer on edge-grain bourcs of softwoods. Among the
hardwoods, however, theroc seems to be less dlifference iIn the rate
of disintegration of vaint on quarter-sawed and plain-sawed boards,
cspecially among the hardwoods with small nores.

Vartation within svocies

Different boards of the same specles, even different
boards from the same tree, may vary widely 1in specific gravity and
in number of annual growth rings per inch, The durability cf »naint
varies correspondingly. Account 1s not tuken of such varjioticus in
thoe conmrercial grading of lumber, excent 1In structural tiurecas of
some specles where mechanical strength rather than oaintability is
the object in view, Wwhenever it is vractlcable to buy lumber on
special svecifications or to cull over a large suoply of boavds
for those best sulted for nainting i1t 1s possible to take advantage
of the veriation in specific¢ gravity, grain, and rings ner inch to
select boards nuterially better for nainting than the genersl aver-
age for the species. ~

Results of the 1929 Douglas Tir Sertes of tests illustrate
the vossibilities in selectlion of lumber for nainting, Five ship-
ments of Douglas fir siding were obtained, four representing so-
called "red" and "yellow" Douglas fir each sub-divided into "soft"
and "dense" types, and the fifth revresenting u specinl seclection
of Louglas fir fcr good painting characteristics. "Red" and
"yellow" Douplas fir in "soft" and "dense" types are traditional
clagsliflcations by lumberimen but they are not recopgnized 1in the
present methods of grading for scle. Vwhon the specific gravity and
ring count of the boards were determined the average values and
ranges ln these vroperties were much the same for the four groups
and the average curabllity of the coatingrs was likewise much the
same, On the group specially selected for painting, however, the
durability of the coatlnes was better than the averape for the
other four shipments, namely 44 months as compared vith 38 months,
when the boards of all shipments were reclassified according to the
measured sveclfic gravity and further cgubdivided into flat-prain and
edge-grailn boards the duta of Table 5 were obtained. Edge-grain
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Figure 9. - Variation in properties within a species.

These four boards of ponderosa pine were taken from
test-panels after the paint coatings had worn out

and were resurfaced to reveal the wood. Boards 4

and B held paint well, boards C and D poorly. Board
A had 36 annual rings per inch, specific gravity 0.40;
B had 87 rings, specific gravity 0.48; C had 6 rings,
specific gravity 0.48, and D had 15 rings, 0.73.
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boards held paint longer than flat-grain boards of similar specific

gravity and boards of low specific gravity held paint longer than
boards of the same grain but high specific gravity.

Table 5. Variation in durability of
paint coatings on Douglas fir
classified by grain and by
specific gravity

Monthg : - Months
Below 0.5 , 41 : 44
0.5 to 0.8 : 38 : 39

Above 0.8 : 29 : 37

A
3

/
%

. Extractives in wood

Certain extractives in wood of some species undoubted-
ly affect the durability of coatings but in general the effect
of such extractives is small in comparison with the effects of
dguch physical characteristics as specific gravity, ring count,
grain; and grade. This fact should be emphasized because the
importance of extractives in wood is grossly exaggerated in much
of the literature on painting.

It is difficult to account for the position of redwood,
southern cypress, Alaska ccdar, and Port Orford cedar in Figure O
and of redwood in Figure 6 wholly on the basis of the high ring
count in the lumber of those species used in the 1824 Series and
the 1930 Hardwood Series of tests. Some of the boards of reawood
and southern cypress had relatively few annual rings per inch and
yet held paint longer than the specific gravity indicated. In
the 1930 Extractive Series the cold water extract of redwood and
the alcohol extract of southern cypress were transferred to
boards of eastern hemlock before painting. Disintegration of
the coatings was definitely retarded by the redwood extract but
the results with the cypress extract were not so conclusive., It
is possible that the ingredient in redwood responsible for the
good effect on paint retention is the same one that retards
hardening of paint under poor drylng conditions. If so the close
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botanical relation between redwood and cypress suggests that the
same substance or one similar to it may occur in cypress among its
water soluble extractives rather than its alcohol soluble ones
and that more significant results might have been obtained with
the water rather than the alcohol extract of cypreas,

Figure 5 reveals a difference between the pines and the
goftwoods other than the pines in the relative durability of pure
white lead paint and of lead and zinc paint. On each one of the
pines the pure white lead paint outlasted the lead and zinc paint
but the lead and zinc paint outlasted the white lead paint on
all other softwoods. The same tendency appoears in Figure 8 in
that redwood and white pine held white lead paint about eqgually
long but redwood held lead and zinc paint much longer than white
pine, but the tendency is not so clearly shown for southern
yellow pine and western larch. With the two latter woods the
high proportion of summerwood dominates paint disintegration so
much that minor effects of extractives are often obscured but
the tendency for paints containing zinc oxide to disintegrate
faster on the pines of lighter weight than on other softwoods of
similar specific gravity has run consistently through many series
of tests by the writer. The data of Table 2 strongly suggest a
connection between the ether goluble extractives of acid reaction
present in the pines and the relative rate of disintegration of
paints that do and do not contain zinc oxide. The suggestion
was confirmed in the 1930 Extractive Series of tests when it was
found that transfer of the alcohol extract of ponderosa pine to
eastern hemlock impaired the durability of lead and zinc paint
but did not affect that of white lead paint. It is further in
line with an opinion prevailing among paint experts that paints
containing zinc oxide should be made with linseed oil in which
there is no more than a very moderate amount of free acids al-
though linseed oil of materially higher acid number is congidered
suitable for making white lead paste paint.

The effect of the extractives in the pines geems to be
due chiefly to the nature rather than to the amount of extract
present in the wood. Since a very small volume of paint is
placed on a relatively large volume of wood it may well be that
the least resinous boards of a pine contain enocugh of the reac~
tive substance to complete whatever reaction takes place in the
paint, in which case boards containing still more resin would
act no differently. In the 1937 Thinner Series of tests boards
of southern yellow pine were sampled for determination of their
content of ether soluble extractive and then painted for obser-
vation. The variations in durability of white lead and of lead
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and zinc paint followed closely the variations in specific gravity
and ring count of the boards but were independent of the content
of ether extract, which varied from about 1 to nearly 20 percent
by weight of the wood. '

Olassification of Woods for Painting

Table 6 presents a classification of native woods ac-
cording to their desirability for exterior house painting by con-
ventional methods. Most of the woods are clasgsified on the basis
of the 1924 and the 1930 Hardwood Series of tests together witn
observations of the woods in use on houses or other practical
service., A few less important woods that were not tested are
classified according to their physical and chemical properties
and their similarity to some of the woods tested. Average ship-
ments of lumber of a gelect grade in mixed flat- and edge-grain
are assumed. Lumber specially selected for superior painting
characterigtics as pointed out in the preceding discussion may
be entitled to a higher rating than that given the species in
Table 6.

It was found in the 1925 Series of tests and in other
tests (13) that the differences between woods of groups 1 and 2
on the one hand and groups 3 and 4 on the other in their effect
on durability of paint cannot be reduced materially by altering
the proportions of pigments, linseed oil, and turpentine in the
conventional priming-coat paint or by substituting special vola-
tile thinners for the turpentine. The generous use of volatile
thinners in priming coats for woods like southern yellow pine
and Douglas fir, though often recommenced, ig distinctly bad
practice. On the other hand numerous tests (4, 9, 10) have shown
that certain special priming paints used in place of the conven-
tional priming paint add materially to the durability of paint
on woods of groups 3 and 4. When such woods are to be painted
results more nearly comparable to those obtainable on woods of
groups 1 and 2 will be obtained if one of these special priming
paints is used.

The most satisfactory special priming paint so far
discovered for this purpose is aluminum priming paint. It con-
sists of 1-3/4 to 2 pounds of dry aluminum powder of standard
varnish grade in 1 gallon of very long-oil spar varnish. If de-
gired 2 pounds of commercial paste aluminum of 1-1/2 pounds of
dry aluminum powder of standard lining grade may be used in
place of the standard varnish powder. Aluminum priming paint,
if properly applied so that the grain of the wood is entirely

~22-
R 1053




(eFed 1¥SU UO POUUTIUOD 8Tq2%)
¢ : STSUSUOLTS BOIL ! scnids exrIg ¢ :
¢ . TIUURH]s5Us BOOIg sonads LIuSwiedug :
1€ : 5+ds ®eo1g : soruads ursisey :
3¢ - T , esoxepuod sturg : outd BSOISPUOg ! :
3¢ : 21J03U00 SOULJ goutd eToda3por :
¢ : eT1fydogessy eSSy : FOOTWSY UISLSoy. ! :
1% : STsuapeTeY BIusy, FOOTWSU UILLSeT . ° :
¢¢- : 5°ds seIqy ITF 9TUH ¢
: : :SPOORY IOC: .
Q¢+ : 210ITdTIN} UOIPUSPOTITT xetcod soTyer : :
59h° 03 Of" ¢ 5°ds BTTOUIEY : gerrouwdey :
MNM. oq 2¢- : 5-ds sayndog : gooouatoggop :
2" : : 'Iqed eITILy ! Gboozss®eg 1 T CnodF 3O Spoos U0 op A9yl wWeus:
G- : 5+ds snindog : © vedsy &  A7pidBI oJowW 94RIFSQUISID g DUB:
: : 1 5p0CHApIZL: v sedfy Jo sjured yorus wo speop: ¢
: : : 1 dnoad:
9¢- : BIOOIQUOT STIIS ! sutd 93TUa UIS1SsSg 0 JO 3pooa uo op Joyq wsug Arpidea:
g : BUBTLJISQUET STULJ © outd IESTg ¢ 2J0W }BUASWOS 99BaFeUTSTD g odAq:
oY : sTgoxs}s snulg ¢ outd 9ITHM UJISULION  JO 89350Y] 1ng ATMOTS 94eIF9LUTSTD:
; . : :5PoCETT08: v odfy JO SquUTBA GOTUA WO SPoOH: 2
I : suagstarsduss Bronbag pocapey - :
N : WruoI3STP UMTPOXE], * sssxdao UISYINOg T :
¢ : ereotTd efnuy IRPOD DOJI WISYSSp ! :
¢ : seprofys sigedfosemeyy : qIeEe0 WIsulnog T :
Oh" ! eBueTUOSMBY sTJedLosBuRy) I2pPed PIOFIQ 3I0g :
ce- : STTRIUSPTO00 =fnyy :gIeped 9}TUR UILYJION ! . :
Gs- : SUSIINDSD SUIPIVOQIT FIEPsO esmedur :
2’0 :sTsuejexioou stredLosemen) : IE2ps0 BASETY ATHOTs 9181F93UTSID § pUe:
: : 1Spoo#t10g: ¥ sadfy Jo sjured UOTUM WO SPSOK: T
hy1aRaIZ OTITOedS: oweu TeBITURLOg QWRU TIOWWO) : dnoa? 70 uotidiaosag : -on
saTyBqUasaadsy: : : 1 dnoIn

‘squamdTd I8Y10 UIT4 POXTW 9PTXO ugﬂN 2uturesuoo sjuled se yous ‘FurderI pue ‘FurTano ‘Suryoero Lq TrEI g odLy
70 ssouy fgqured pesT siTus ornd sB yoms ‘SUITQUIIO PUR FUTHOSYD £3 TTBJ 9% 3=0u3 I8 v oddy Jo s

1uteg 9sMOp Ic s3uTirO) Pefy TTOH 03
£3T1TqQY JI0F SPOOK SATIBY JO UOTLBOTI,SSBT) g SIQEL

gt




. (eeTqrIed suutd) outd ysTls puw
‘ (B4TUTYDS STUTd) sutrd IBoTLIOUS “Amvﬁmﬁn.mdhﬁmv sutd yoatd ‘(STIYSUTTA STULT) sutd JesTFuoT ,Addmmp
mmmmmv sutd £TTOTQOT :SUTMOTTOJ Y3 JO SIO0W JO SUO WOIF SDIBOQ UTBIUOD AW Jequ outd HO0TTe4 UILYINOS
‘ordmexs zog -setoads oyy JO 9IOW IO Ou} WOIJ SPITOQ UWITLUCD TIT4 SWEU TWOWIOO SYY ISPUN qudnoq Isqumy
J0 sqmemdtys TBTOJOWNOD S95B0 AUPW U] -oWCU UOWWOO owWes oYj £Q usouwy ATTWRI oys JO s9T0eds 8U0 UTY] SJIOR

3
. *pe1seg aIem 9Tu4 setosds 9Uf JO 9JOW
I0 ouo o sorgxedoad ur £3TIBTTWIS 09 JFUTPIOOOR PSTFISSBTIO 1nq s3s81 JuTed 8AT12IRdWOO UT DPOPNTOUL 30U saToedg 3
-£y1avad gyytoeds eFerosr syl woIl ATepra AITA ATW sPIVOQ TTOPTATPUT sordads Aot UTUITH |, *$81721S
PO1TUN SUq UT UMOIH spooy Jo sersredoay ysdueaqg eatrzeredwog, ‘gGT -ON UTISTTRG TROTUUOS] OINITMOTIZY JO
-qde@‘g ) UT PeYSTT (Ueeld uweys SUNMTOA PUB uZTam LID-USAO UC DIs®Q) sstoads euq 0y £31ARIZ 0TJToads oFvisav 3
: : jnuTes ‘Tero: B
: : AIOFOIY ‘WIS ‘4nu3ssyUor L1aedead:
: : ‘US®B ST UOMs ‘udJIIq UTI! sex0d suq TTTI 0% pagtnbal st:
: :osoyg uwgy xedreT saxod:IsTTTJ POOK esneosq Futqurad asmoy:
: : UITA SPOOLPITY TTY: TTUOTJUSAUOD JOI STQRIILSUN $POOy: G
3" : STTB1USPIOO0 XTITVT ! UOJIBT UIS|S8l ! :
mj. : BUTOTIB] XTI®T ° . osremey :
3H9° 9% Gr ¢ z°+ds snutg : sutd MOTTeL uIsyjnog :
e : BSOUTSSI SNUIg sutrd Leagoy :
Giye : BITCITXB] ©SNS|0pNosg ITI serdnoqg :
! : : SPOOM110G: :
9t~ : @oT1qenbe wsshy FmE otedny ¢ :
e ¢ wurrIoeadls JequeptnbilT ! T wn® pey :
5.G° 0% fft 5+ds 1907 : oTdep :
g0 : BOT}BATAS BSSAR qme [oerg :
509°0 02 GO ¢ 5-ds BTngeg : uoxtg : ¢ droid jo spoos mwo op L8yq UBRYL:
9¢-0 ¢ Tr7oFTPuRIe sufog ! quo9eg £1p1del axo0W 99BIFSLUISID g DUT:
: : 1SPOORPITHE: Vv soddy Jo sjured UYOTUM WO SPOOK: f
ghy1aea® O01J108dS! swvu TROTUTLOg SWRU UCWWO) : drnoz8 yo0 uotadraoss( ©rotoy
2AT1BIUSSIIAY: : : :dnoas

cgsquemStd J9Yq0 UATA POXTW SPIXO OUTZ JuUTUT®RIUOCD siuted s® yoms ‘Juiye(s pue ‘Fuiland ‘3uriovao Lq [Tey ¢ odfj
Jo esquy ‘qured pesy ojTus eund ST goms ‘FurTqunio pue Fumoeyd £q TTeF 2eUs esoyy eaw ¥ edha jo squred

(*qu0D) quUTBJ OSTMOH JFO SFUTYBO) POy LTUH 0%
£4TTTQY JOJF SPOOH SATIB[ JO WOTITOIIISsTI0~-' 9 9Tq®L




2

concealed, greatly retards crumbling or flaking of paint from the
bands of sumwerwood thereby minimizing the dlscrepanoles in
durability between alfferent woods. Graphite priming paint made
by addlng 1l pound of fiake graphite to 1 gallon of 1ong—011 spar
varnish seems to have.much the same effect as aluminum primer
but there is as yet much less background of experience with
graphite prirers than with aluminum primers. Because of their
uark color at least two coats of white or. llght colored paint are
1sually required over aluminum or graphite primers.
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