FORZST- SER VI"E PATINT PROBLEMS - II
PAINT PURCEASES

Summary

A thorough discussion is given of the reasons why
gld paint specification based principally on chemical
oii;;osition does not .insure a good paint and is not an

o:;zomical basis of purchase. These reasons &re in brief:

o the peint, but in its du:pa'bility, end at the present time
e influence of composition on durability is not accurately

ﬁédéura‘nle and is not a,greed' upon by paint experts, (3) such

ii.zng he fie?.d o:t: possible pprchase operates to the buyer's
o .,._ér;;c'momic disadvantage.

i. A detailed summary is given of the status of our
g_i'esent Inowledge of ‘c.he influence of variations in the

j aifferent ingredients of paint on its behavior when exposed
| to the weather. The writér expresses the opinion that the
|| most suitable vwite paint for Forest Service purposes has a
Pigment composition of epproxirmtely 80 per cent vhite lead

§ and 20 per cent zinc oxide.

- a '_éi:ecificaﬁion excludes some very good products and by limit-
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g::tter delivery to insure compliance with the contract,
t"’

"the entire field of high class paints is open to pur-

: 22 'c@; drying time, drying to satisfectory color and gloss,

| s_é.tisfa.ctory working under the bxush, hiding power, absence
6f flooculation, etc. In sddition test panels can be put
"ont with these sample pa:.nts which after & few yesers w:.lll
Si've & more definite foumdation for the selection of the
'best paints for Forest Service purposes than we now have.
Purchase can then be guided by price, the exeminetion of
the samples, and the statement of composition interpreted
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as best we may in the light of present knowledge of ‘the in-
fluence of composition on durability. When shipment is re-
ce:.ved. the material must equal in every way the sample
submitted and show the stated composition when analyzed.

PTo illustrate the influence that composition
should have on the price of paint, the raw ma’cer’ia.'l.s ‘cost
of various pasint compositions are computed, as well as &
comparison in the cost of & ready mixed lead~-zinc peint
with the cost of the same paint mixed from white lead in
oil, zinec oxide in o0il, linseed oil, clrier and thimier.

In an a.ppendiz a table of "‘bulx:ing values™ of

. eormon paint ingredients is given and the method of using

- them in computing the raw materials cost (to which the re-

tail cost should be proportional) of paints of any given
composition is explained. The chemical names and formulas

‘of 'some of the most common paint pigments are alse given

. as an aid to those not familiar with them in understanding

paint formulas ﬁhich are sometimes expressed in terms of

the chemical names instead of the commercial names.




Need for Standards for Forest

Sarvice Paint Purcrases

District 1 requires 750 gallons of paint annuslly.
Assuming that the remaining western districts have about
the same requirements and that Districts 7 and 8 each take
gbout half as much, the total for the Forest Service would
smount to over 5000 gallons and cost somewhere around $15,000.
luch of “lmis vaint is used in places where it is particulerly
desireble to have the maximum durability possible because
their inaccessibility mekes it undesirable to paint them |
more often than absolttely nedessary. When allowance is made
for the velue of the time consumed in gpplying this ‘Iﬁaint,
the snnuel paint bill would amount %o $30,000 to $45,000.
Thé_hécessity for adopting some kind of standards to insure -
‘the purchase of satisfactory material is at once a.pparent‘.v

some of the Districts ha.ve} felt that the U. S.
Iﬁterﬂepartmental Specifications are too broad to be of
value for this purpose. The specification for white and
tinted paints (Bureau of Stendards Circular 89) for example

calls for: :
Maxioum 1 nimam
Pigment | : 66 62
Liguid (at least 90% pure raw v
or refined linseed o0il )38 34
Retained by 200 mesh screen 0.5 - m—
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\ Maximum Minimum
the pigment to comnsist of: - ) o -

White lead (basic carbon-

ate or basic sulfate or

vmixture) 70 45
Zinc oxide - 55 30

Silice, barytes, asbestine,
tinting color or mixture 15 0

These specifications have seemed unreasonebly brosd to some
of the Digtricts with fhe result that this laboratory has
been asked on several occasions to supply more rigid ones.
Oné District has adopted the 50-50 white lead and zine oxide
paint in their specifipations. fThis is unquestionably a

mistake.

Difficulties with Arbitrary Specificaetions

Based Chiefly on Chemical Composition

Three fundamental prineiples in purchasing ¢nspeci--
fiocation are that (1) the spécification shall define un-
embiguously the important properties of the material in-
question, (2) these properties shall be measurable by methods
which shal;l. yield the same results when }appliei by different
observers,and (3) unless economy is of no imp‘orta.nce, the
speciﬁcation mst not exclude products that would be suit-
gble for the purpose in view in order that the buyer may
have as wide a field to select from as possible so that he
can take full edvantage of the market. INow the paint maker
sells a can of paint, but what the buyer is interested in is
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the length of time & dried film of that paint will retain
its color and hiding power on & certain surface. This
final result is influenced by & number of other factors
than the characteristics of the can of paint received from
the maker, such as the nature of the surface to which it
is epplied, the skill with which it is applied, the condi-
tions under which'it dries, and the conditions to which it
is exposed. These factors are usually more important than
the composition of the paint., ©Since the maker of the paint
‘has no control over these factors & difficulty is immediste-
ly introduced in finding suitable means of measuring the
velue of the paint inAa definite and reproducible way.

In the absence of direct mgthods of specifying and
measuring the things in which the buyer is interested and
also to get around the obstacle of the length of time re-
guired for practicel exposure tests, resort is mede to the
indirect method of specifying the chemicel nature and amounts
of the substences used in making the paint. These can be
measured by acceptable laboratory means and therefore satis-
fy the second fundementel condition above. It remains to
be seen whether they satisfy the first. To do this it is
necessary to show that {a) all materials heving the same
composi tion are identical in sei'vice velue, (b) the relation
between the comvosition and the service velue is definitely

known. Neither of these is the cese.




(2) Ierely specifying the chemical nature and the
proportions of the &ifferent components of.a peint does mnot
insure its being of good qua;Lity. In the first place the
quality a:qd suitebility for paint menufacture of such
materials as zinc oxide, white lead, silica, and barytes may
vary very widely a.dcord.ing to the control of certain factors
in the processes of manufacture. To take 2 specific case,
in the manufacture of zinc oxide the fume is conducted through
a long flue and over & series of huge bags where the particles
of pigment settle out, the coarsest ones being collected in
the first bag and the finest in the last. Now neither the
coarsest nor the finest particles are most suitable fdr paint
pigments because the hiding power of 4.i:he résulte.nt pa.int’ is
less then is produced by perticles of en intermed.iaté ‘si.ze.‘
.The size of particles affects enother most important property
of & paint pigment, namely, the amount of 0il necessary to
reduce & given amount of pigment to a paint of a given con-
sistency. Again, the "whiteness™ of all white pigments varies
conéid.era.‘nly with variations in minute amounts of impurities
pfese_nt. Thus French process zinc oxide is usually whiter
then American process zinc oxide. | *

In the second place the quelity of the resultent
peint varies considerably with the care with which the raw -

materials ere worked up into the final paint. To take an




extreme case to illustrate the point, no one would expect
to be able to make & paint by mixing together in a paint
peil with & paddle linseed oil, drier, thinner and dry
rigments such as white lead, zine oxide, and barytes even
though these pigments are ground to the proper degree of
fineness to begin with. To make good paint the pigments
are first ground to a2 paste with the oil, using heavy
peint mills, and the paste then thinned with the rest of
the vehicle. This procesé of peint grin&ing is not under
scientifiec control, but is an art.

Now tbese factors of variations in the raw materi-
als and in the manufacturing process are not taken into’
consideration in the ordinary specification based on
chemicel composition. It would probably be possible to
draw up 2 specification that would include them 811, but
it would be so complicated and so expensive to enforce thet
it would not be practicable. éonsequently thesevimrortant
matters of selecting proper raw materials and working them
up satisfactorily into paint have to be left to the judg~
ment of the menufecturer. Whether or not tﬁe paeint is
purchased on specification, the reliasbility of the menu-
facturer is the only guarantee of ouelity &t the present -

stage. of our paint Inowledge.




(b) Surprising as it may seem, the rels tion be-
tween paint composition and its service velue is not yet
known, glthough we do know & good desl about the behavior
of paints of different composition under different condi-
tions. The reason for this is thet we have no accepted
neasure of the service value of any peint. When paint is
applied to & surface it is in its best condition foth from
the standpoint of appearance and protection during the first
few months. Its velue in both these respects then begins
“to fall off slowly and continuously. There is no point &t
which we can say that it has ceased to function satisfactorily.
It is entirely a matter of personsl opinion aé to when the
surfece should be repaihfed. But when it comes to comparing
the service value of two paints of different composiﬁion, say
for example & straight white lead paint with & 50-50 lead
end zinc paint, we are confronted with the added &ifficulty
that the two pﬁints feil in altogether different ways and
different paint experts will not agree &s to which one has
failed first. |

The followingAquotations from the reports of
different groups of inspectors who examined the 1906, 1907
and 1908 test fences &t North Dakota Agriculturel College
during the fell of 1910 illustrates the divergence of
opinidn among experts in judging the behevior of different

kinds of peint:
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"It was cleerly demonstrated that in climetes
of the North Dskota type white lead elone is not
entirely satisfactory. The eddition of zinc oxide:
to white leed forms paint that has proven much
superior to white lead alone. It was conclusively
demonstrated that mixbtures of white lead and zine
oxide, properly blended with moderate percentages
of reinforcing pigments such as asbestine, barytes,
gilica, and celcium carbonate, have proved most
satisfactory from every stanépoint, and are superior
to mixtures of prime white pigments not reinforced
with inert pigments™ - Paint Bulletin No. 1, page 9.

" "On the 1906 fence, white lead (basic carbonate)
only is giving satisfactory results. On the 1907
fence, the pure white lead (basic carbonate) paints
are generally holding up well end are better in
general condition end general appeerance then any
of the other pasints. On the 1908 fence, some of the
pure white lead paints are chalking noticeably. In
the light of the informstion furnished by the 1906
and 1907 fences, it would appear probable that this
chalking of the pure white lead paints on the 1908
fence in comparison with the other peints will be
found relatively less in another year" - Paint
Bulletin Fo. 2, page 4. :

"Under the conditions of the above tests &all
white lead pigments require addition of other pig-
ments. 2Zinc oxide is available for use in moder-
ate proportions. The various inert mineresl pigments
are capable of sdvaentageous employment in moderate
proportions. Equivalent percentages of sublimed
and corroded white leads show & greater preservation
of elasticity by the former™ - Paint Bulletin No. 3,
page l2.

The men who have conducted these North Dekota

tests from Senstor ILadd who started fhem t0o Professor

Pearce who now has them in charge have alweys been of the

opinion thet no paints showed uwp better than straight

white lead from the standpoint of durability. On the

other hand Dr. Gardner, who conducted the test fences
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for the Peint Manufacturers Association believes that the
most durable paint contains zinc oxide and inerts in
addition to white lead.

Such differences of opinion among paint men have
characterize& the inspections of &all- the test fences the
results of wﬁiéh nave been made public. They are due to
the entire absence of an& means of measuring the service
value of & paint film and to the decidedly different ways
in which peaint films of different composition Behave on
‘weatheringe.

In view of this situation it is at once ap~-
parent why the committee which prepared the U. S. Inter-
departmental Specifications was compelled to adopt the
broad specification guoted &bove. The only Jjust criticism
that can be made of this specification is that it excludes
e number of good paints and therefore violates the third
fundamenteal prigciple of specification writing given sbowve.
The specification does not permit the use of straight white
lead paint or paint containing less than 30 per cent zine
oxide. (It should be noted tkat the New Jersey Zinc Com- .
. peny in their "fspaz Eandbook Fo. 1" designed to aid the
sale of zinc oxide sevs on page 9, "paint should contain
from 20 to 40 ver cent zinc oxide.") Moreover the
specification does not vermit the vse of the newer pigments

titanox and timonox at &ll, although there is good evidence
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that both of trhese can be msed to make & very satisfactory

mixed paint.

Influence of Composition on

Weathering of Paint Pilms

While the several paint test fences that have been
put out in the past have not settled the question of the best
pé.int composition beyond dispute they have afforded & wealth
of informetion on how paints of differént kinds behave under
different conditions of exposure. Some of this information

will be reviewed very briefly.

White lead v

The only white pigment.that is ever recommended in
this country for use .in exterior paints without admixture of
other pigments is white lead, principally besic carbonate
white lead. Straight white lead paint is usually bought as
& heavy paste conteining 92 pekr cent white lead and 8 per |
cent linseed oil and then is reduced with o0il, drier, and
thinner by the painter just before application. About a
third of the paint used each yeer in this country is peste
white lesd. This is consumed for the most part by‘ the
mester painters, who greé.tly prefer to make their own paint
from the peste because of the greater elasticity it g;ivés

them in edepting their paint to particular conditions.
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The amount of zinc oxide paste pesint sold is considerably
less then & tenth of the white lead peste. Recently at
least one concern has put & ready mixed peint on the market
the pigment portion of which, aside from tinting pigments,
consists entirely of basic carbonate white lead.

traight white lead paints give what is often
called & "soft" paint £ilm. White lead paints are also
generelly considered to adhere strongly to wooden or
metal surfaces, and for this reason white lead is & very
popular priming coat for both wood and metel. When such
paeints are exposed to the weather they lose their gloss
~and begin to chalk after a year or sb. They may chelk
quite badly for some time and then practically stop
chalking for the rest of their life. This chalking is not
in itself a particulerly serious matter, at least from fhe
standpoint of protection of the surface. With tinted
paints, ﬁowever, it mey ceuse some change in color, &nd
in any case such & surface is more easily discolored by
dirt and smoke than a herder paint film. OChelking seems
to be increased by climates of high humidity. White lead
paints after several years of exposure elweys show fine A
checking, but do nmot scale or peel. They form an excellent
foundstion for repainting. As shown ebove, experts do not
agree as to their relative durability es compared with

harder paints conteining zinc oxide or zinc and inerts, but




after considering the published records, insvecting the
fences at Fargo, North Dakota and Sayville, Long Island,

end talking with most of the paint experts who heve been
prominently &ssociated with such tests, the writer feels
‘thet the sitvation is something like this: The straight
white lead peint passes through a stage, after two or

three years of service, when, judged by its general appear-
ance (which is 211 we have to go by), it is in & less favor-
able state then the zinc containing paints, but on further ‘
éxposure the difference becomes much less, and no peint will
keep the surface covered with a film capable of hiding the
surface and imparting color to it for a longer time than
streight white lead. The writer is wnable to give an opinion
as to which kind of paint fails soonest from the standpoint
of protection of the surface as he knows of no wey qf measur-
ing it. He does not feel that the time required for the
painted surface to lose its gloss is any measure of -this
prop;rty, as has been suggested.

Sublimed white lead does not differ very greatly
from basic cerbonate white lead as far as the behevior of
the paint film is concerned. It probably chelks a little
more readily end checks slightly less. Tre quick process
leads &lso herave very similerly to basic carbonate made by
the Dutch process. | '

Before leaving white leed it should be mentioned

that besides god& edrecion, white lead is usuzlly said to
&




impert "elasticity" to the paint film. It has been Found
that the moisture content of 2 dried paint film varies
considerably with the humidity of the atmosphere to which
it is exposed and that the tensile strength end elastic
modulus are greatly affected by the moisture content of
the film. In perticular, & "hard" paint film containing
‘much zine is very,'bi?ittlel at low moisture contents, while
e straight lead film is very much less brittle under these
conditions. This gives & theoretical foundation to the
observed fact that more zinec can be safely used in paint
exposed continuously to atmospheres of high humidity than
when the paeint is used in dry climates. |

Zinc | oxide

Zinb oxide alone as a paint pigment is not used,
- in this country at least, for & number of reasons. Its
high oil requiremént gives & paint which brushes out to a
.very thin cozting, leaving very little pigment per uni'b of
area and consequently having too lit‘c_le hiding power. The
dried paint film is very hard and brittle and fails rela-
tively quickly by cracking end sceling, leaving a surface
that is not in good condition for repainting. These ob-
jections can be overcome by the choice of suitable vehicles
and it is said that such paints ere used in France, but

they have never been of zny im;poi‘tan_ce in the United States.
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Addition of zinc oxide to white lead paint cuts
down the ckalking and gives & surface which reteins its
gloss longer,‘holcls its tint better, and is not so easily
soiled. PFor these reasons, va'f‘ter two or three years of
,servme it may appear to ‘ne in better shepe than straight
white lead paints. As stated above, however, the writer
does not think thet there is sny reason to believe that -
the addition of '}z,incr prblongs the useful life of the paint.
On the other hand, the use of more then & certain esmount of
‘zine undoubte‘a..ly duts _down the durebility. Opinions dif;fer
as to what the optimum zinec content is. The New Jersey Zinc
Company, the largest producer of ‘zine oxide, places it
between 20 and »40 per cent, récoﬁﬁenﬁng about 30 per cent.
Dr. Peerce of North Dakotse told the writer that ke felt that
for Horth Dakote climate, not more than 20 ,p\er cent should
be used. Jo..n Dewa.r, & prominent master painter, told. & re-
- cent meeting of master peinters that it is good practice on
the Atlantic seeboard to prime with straight white lead and

use sbout 25 per cent zinc oxide in the finishing coat.

Inert pigments

A few years &go the theory of "minirmum voids"
proposed by R. S. Perry was rather widely heralded as &
fundamentel law on which & peaint science could be based.
The theory likened paint to concrete in vhich we have
pa.rt'icles of verious size, namely sané, gravel, and
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crushed rock susrended in & solid metrix of cement, and find
the greatest strength when.fhe proportions of the compoﬁents
of various sizeé are so sdjusted &s to give & minimum of
"voids"™ to be fiiléd up by the cement. Applying this to
peint, it was considered that best results would be obtaihed
with & mixture of pigments consisting of very fine particles
such as zinec oxide, coarser particles such &s white lead,
and still coarser particles such as the inerts. This theory
was particularly populer because it seemed to justify the
use of inert pigments om other grounds than economy. At the
present time, however, the theory seems to have been very
largely ebandoned by painx exyerﬁs. |

The inert pigments, such as silica, barytes, blane
fixe, caldum carbonate and asbestine, are used in the manu-
facture of ready mixed paints for several purposes. They
tend to eep the pigment in suspension more satisfactorily
and to prevent "ceking in the can.™ Their differences in
0il requirements give the menufscturer certein valuable ald-~
ventages in adjusting the consistency of the paint in re-
letion to the pigment oil ratio. The chief adventaze of -
the inert-pigments, however, is their cheapness, This is &
perfectly legitimate reason for employing them in paint
manufacture, provided thete is no misrepresentation involved
in the sele of such paints. Some lerge paint manufacturers

also find it sdventegeous to use the inerts becanse they can
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hold their manufacturing costs more neerly constent during
fluctuations in the raw meterials markets by a2djusting the
content of inerts.

The inert pigments impart practicelly no hiding
power to the peint film, consequently the hiding power of
& peint i1s reduced in proportion to the amount of inerts
present. This at once places & limit on the amount that
can be employed in & good pa.int. But in addition it is
universelly agreed that the durebility of the paint film
igs cut down if the content of inerts is increased beyond e
certein point. It is of course impossible to obtain eny
very substential sgreement among paint experts &s to where
this point lies, but some light is thrown upon this question
by the writer's experience in consulting & meeting of psint
chemists &t }Dr. Gardner's laboratory last spring on the

- question of the best foi'mula. to choose for the nixed paint
:;«.n our "Study of the Painting G';xaracter'isti ¢cs of Different
:{ﬁﬁds of Wood."™ We proposed o use a.. pigment composition of
45 per cent white lead, 40 per cent zine oxide, and 15 per
cent inerts as being the paint that differs most widely in
behavior from straight white lead and is still in accord-
ance with the Interdepartmentel Specification. All of the
Paint men consulted were of the opinion that & more durable
Paint would be obtained by Zeeping the inert content under
10 per cent.




A few years ago many paint experts believed that
the addition of & linited amount of inert pigments added
to the life of the paint. The writer feels that at the
present time, howevér, this view has been largely sbandoned

énd the question at issue has shifted to how much oan be
. sdded without noticesbly reducing the durability.

The above discussion of inerts in paint is not to
be confused with the presence of barium sulfate in certain
pigments such &s lithopone, titanox and timonox 'paints in
. which the barium sulfate is an integral pert of the pigment.
In the case of lithop?ne the barium sulfaete is formed simml-~-
. taneously with the zinc sulfide by mixing solutions of zine
sulfate and barium sulfide. In the cases of tité.nox and 4
timonox the titanium oxide or a.ntimony.ozide is precipitated
in the presence of the barium sulfate. The amount of barium
sulfate in these pigments is generally from 70 to 80 per |
cent, but the barium sulfa.te pa.rt:.cles ere believed to be
coated with & film bf aasorbed titenium oxide, zinc sulfide, !
.or entimony oxide so that the letter substances control the.

behavior of the pigment.

The newer white pigments

Titenox and timonox have only recently become
of importance in the peint industry. The former is being

-exploited by seversal American ma.nufa turers and the latter
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is an English product. Titanium oxide and antimony oxide
are far superior in hiding power to zinec oxide and white
lead, but if used elone would be too expensive. When
precipitated on a ba.se’ of barium sulfate, which may form
 &s much as 80 per cent of the totel piygment, pigments
of hiding power egqual to the older pigments are obtained.
Titanox wheﬁ used slone in paint gives & "s_oft"
film that chalks badly. Addition of zinc oxide hardens
the film and gives & very dureble paint. It is said th&f
titenox peints will permit the sdmixture of &s much &s
60 per cent inerts and still give & very satisfactory
paint. Since this pigment has been introduced so recent-
ly it is not yet fossi'ble to say exsctly how it can be
best employed or how its durability compares with the
older paints, but the present status of the numerous
exposure tests indicates that it will prove very satis-

factory.

Lithopfne |
o Lithopone has been used practically exclusively
for interior purp'oses beceuse of its tendency to turn dark
in sunlight and its lack of durability for exterior ex-
posure. The first objection has been overcome by im-
proved manufacturing methods and the New Jersey Zinc

Company has been experimenting extensively on methods of
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improving its durability for exterior purposes. They re~
port that the indications are that ways ma&y be found of

- using it satisfactorily for such purposes.

Drying oils ‘

Liﬁéeed oil~is;by;far_the most important drying
0il used for péint'manufacturé, but it is not the onlj |
0il that is suitable for such purposes. Dr. Gardner has
published infoiﬁation concerning & long list of such oils
‘which would be suitable if available in sufficient quenti-
ties, It is not at all improbable that some of these may
become importent in the future, but at the present time
only soya bean oilyapd to & much lesser extent perillea
oil find eny practical use. thha&en oil is used for
certain.specialties, but not much for general house
painté, elthough its slow drying and frequently its un-
desirable odor are the only objections to it'as it gives
an exceedingly dureble faint film. Perilla oil is generally
considered the equal of linseed o0il as it hes & higher
iodine number, dries as rapidly, end has proved equally
satisfaétory in practical peint tests. If it ever be-
cones available in important emounts it should be recogzg-
nized in a good paint specification. Soya bean oil does not
have &s high an iodine velue as linseed oil and does not
dry as repidly. It should not be used alone as & paint

0oil, but when mixed with linseed oil in proportions &s
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high as 50 per cent it behaves verry satisfactorily and
hes given excellent results in practicel exposure tests.
It should alwajs be remembered that it is to
the buyer's advantage to maintein as wide a source of
supply &s possible because this tends to give him the
adventage of the market. A specification which limits
the source of supply unnecessarily tends to give that
sdvantage to the seller.
| Linseed o0il from North American seed is generally

considered more desireble than that from South Americen
seed. The Interdépartmental‘Specificationﬁ (Bureau of
Stan&afds CircularAsz) allows an iodine number as low as
170 for the South American oil but requires & minimum of
180 for North American. O0il with an iodine number under
178 is slower drying. At the present time, however, the
paint industry bas to rely very largely on South American
linseed oil.

 With peints confaining'a large smount of zinc
oxide it is desirable to use o0il having low acid number.
The Interdepartmental Specification permits a maximum
acid number of 6.0, but for a paint containing more than,
say 30 per cent of zinc oxide in the pigment portion,
an oil with an acid number less then 4,0 should be used.

Alkeli refined linseed oil is_particularly suitable for

-22=




this purpose. The reason for this is thet zinc oxide 'is
the most chemicelly active of the common paint pigments and
combines readily with the free fatty acids of the o0il to
form zinec soaps, whose solubility in the paint wvehicle is

limited. The lead soaps are much more soluble.

Thinners '

The function of the thimmer in paint is to reduce
the mixture of pigment and oil to a suitable consistency
for epplication by means of the b'rushl». Moreover it is
commonly considered that & paint vehicle which has been
reduced in viscosity by the addition of thinner is absorbed
more readily by the wood aﬁc’l 'bilerefore serves to attach ‘the
peint film more firmly to the wood. In certain spec:ial‘cases
where the wood contains large amounts of certvain oils or
resins it is seid thet a thinner heving good solvent péwer
for thesé neteriels, such &s benzol or turpentine, helps
to fix the peint more firmly to the surface. Having done
its work the thinner eveporates completely Irom the paint
film and ‘;herefére exerts no further influence on the dur-
ebility of the peint.

The rate of eveporstion of the thinner has &
practical significance in peint meking because a too highly
volatile thinner leeves the film too guickly and results

in brush nerzs end laps unless the painter is musually




skillful. It is &lso likely to kheve & low flash point,
thereby increasing the fire risk.

Al though turpentine used to be used practically
exclusively as & paint thinner it kres been largely re-
placed by certein special petroleum distillates cut to
have approximately the same boiling point range and con-
sequently volatility as tuyrpentine. This substitution is
due chiefly to the higher cost of the turpentine. It is
a perfectly proper one because the "mineral spirits®
serves the purposes of & peint thirmer as well as turpen-
tine.

For the speciel cases of certain oily or resinocus
woods mentioned ghove it mayvhe desirable éo.thin the priming
coaet with either benzol or turpentine. Sinée the gresat méjor-
ity of the thinner for the priming coat is added to the paint
talken from the cen anywey, this metter need not be taken into
consideretion in purchasing the paint.

The statement is sometimes made that turpentine acts
as & drier in peint. While it is true thet cerfain turpen-
tines, particularly highly oxidized ones, 40 accelerate the
oxidation-of linseed o0il slightly, this &ction is insighifiéant
in comparison with thet of the lesd and mengenese driers vhich
are employed, and is therefore of no consequence. Such oxi-
dized turpentines 2lso leeve & slight amount of & resinous
meteriel behind in the paint film,‘but there is no evidence
0 show that it pleys any pert in'the durebility of the_painﬁ.

P4 -




Driers

The amount of driers useé in paint should be
limited to & quantity sufficient to bring sbout the dry-
ing of the o0il in & reasonable length of time, say 18
hours. Excessive amounts seriously cut dowm the durability

of "the paint.

Recommended System for

FPorest Service Paint Purchases

The purchasing agent will invite bids for the
required quantities of paiﬁts of specified colors. These
bids are to be accompanied by complete statements of the
composition of'the peints inéluding the nature end amounts
of the different pigments, of the drying oils, &nd of the
thinners, and the relative amounts of total pigments, oils,
and thimmers. 4 quart can of the paint which the bidder
proposes to furnish is also to be submitted.

The sample cans of paint furnished can be tested
for caking in the can, drying time, drying to satisfactory
color and gioss; satisfectory working under the brush,
hiding power, absence of flocculation, etc. In additionm,
for guidance in making future purchases, two or three
wooden test panels, of the species most commonly painted
in the District in question, could be peinted with each

semple of paint and exposed &t some convenient location,




rreferably one that has climatic conditions similar to
those cormonly encountered in the Distriet. After keep-
ing records of such tests for four or five years the
Distriéts would then have their own exposure records from
which to form & judgment of the kind of paint they think
most suitable for their own needs instead of having to re—
1y upon the conflicting opinions of different paiht ex~
perts based upon test fences in other parts of {the couwntry.
On the basis of the information furnished by the
Buresu of Standards, this laboratory, or such other sources
of information they may wish to donsider, the Districts
will decide what paint composition is most suiteble for
their purposes. The paint submitted which coﬁes nearest to
this stendsrd will be accepted, provided that the sample
has passed the tests mentioned above satisfactorily and
provided further that none of the other paints are much
cheeper in price. Where other paints offered are notebly
lower in price, however, it will be necessary to decide
whether the nore expensive raint is sufficiently supérior

to justify the difference in price.
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In this connection the following considerations
of the raw material cost of paint of various compositions
will be of interest. The computations are based on the
pigment-vehicle: ratios given in Circular 142 of the
- Paint Manﬁfacturers' Association and the Chicago market
report for Noveﬂber.5, 1923, as publishéd in the Amerioah
Paint Journsl. The liquid portion of the paint is as-

sumed to consist of 90 per cent raw linseed oil and 10
ﬁer cent combined drier and petroleum thinner. In order
fo include a typicel cheap pasint, the Sears and Roebuck
"outside white™ peint has been included, the formmla for
vhich is given in their paint catslog. The bulking |
values of the various pigments are taken from Citcular
148 of the Paint Manufacturers Associstion. It must be

. remembered that these are raw meterial costs only and do
not incluée the cost of grinding and mixing the paint,
manufacturer’s and jobber's overnead, packing, transporta-
tion, and profits. The coéts‘to the consumer would prob-
ably be at least double the raw mneterial costs, but all
these lat{er costs are indepenient of the composition of
the paint. The raw material costs on which the figures are
based are:

Raw linseed 611 $0.82 per gellon or

0.106 per pound.

Silica $16 a ton or 0.006 per pound

Zinc oxide, Green 0.110 per pound
sesal
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Sublimed white lead $0.0875 per pound
Basic carbonate vhite $0.0925 per pound

lead

Drier and thinner 0.30 per gallon (essumed)
Whiting $lé e ton or 0.008 per pound

Barytes %éé a ton or 0.013 per pound _

Talc $16 a ton or 0.008 per pound

All lead peint:

100 1bs. white lead peste (8% oil) 2.65 gallons

Pigment cost 92 x 0,0925 = "~ $8.50
0il in paste 8 x 0,106 = 0.85

Requires 4 gallons of .0il liguids 4.00

Linseed o0il 3.5 x 0.82 = 2.87
Thinner and . '
drier = 0.5 x 0.30 = ‘ 0.15
“Wotal 151 pounds of material 6.65 J12.97
‘ , . per gallon

This paint contains spproximstely 70 per cent pigment and 30
per cent liquids and is correct for third coat work. It

weighs 19.7 pounds per gallon.

All zinc paint:

100 1bs. zinc oxide paste (18% oil) 4.05 gellons

Pigment cost 82 x 0,110 = - $9.02
-0il in paste 18 x 0.106 = 1.91

Requires 8 gallons of oil liquids 8.00

Linseed 0il 7 x 0.82 = 5.74
Thinner and

drier 1l x 0.30 = 0.30

“Total 162 pounds of material 12.05 J16.97

1.4l per gellon
This peint contains spproximately 50 per cent pigment snd 50
Per cent liguids end is correct for third coat work. It

weighs 13.5 pounds per gallon.
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50~-50 lead and zinc paint:

100 lbs. composite paste (20% oil) 4.12 gallons

~ White lead cost 40 x D0.0925 = $2.70
Zinc oxide cost 40 x 0,110 = 4,40
0il in paste .20 x 0,106 = 2.12

" Requires 4.25 gellons of oil liquids 4.25
' Linseed oil 3,58 x 0.82 = 2,94
Thinner and drier 0.67 X 0,30 = 0.20
Totel 153 pounds Ox material 857 113.36

. 1.60 per gal.

This peint conteins approximately 60 per cent pigment and 40

per cent liquids and is correct for third coat work.

15.9 pounds per gallon.

It weighs

Composite pigment conteining 45% lead, 45% zine, 104 silica:

100 1bs. composite paste (25% oil) 4.87 gailéns

Silice cost 7.5 x 0.008 = 80.06
Zinc oxide cost 33.8 x 0.110 = 372
White lead cost 33.8 x 0.0926= 3613
0il in paste 256 x 0.106 = 2,65

Requires 3.25 gallons of oil liquids 3.25

Linseed oil 2.6 x 0.82 = 2,13
Thinner and ' :
drier 0.65 x 0.30 = 0.20
“Total L12b pounds of material 8.l2 J11.89
| ~ 1.46 per gal.
This vaint contzins epproximately 60 per cent pigment and 40
per cent liquids and is correct for third cost work. It

weighs 15.4 pounds per gallon.
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Sears, Roebuck Paint:

Composition in weight per cent Bulk in Cost
gellons dollars

Sublimed white lead 25.0 0.468 2.188
Zinc oxide 8.3 0.176 0.913
Whiting (cslcium carbonate) 23.3 1.033 0.186
Barytes (barium sulfate) 6.7 0.181 0.086
Talc (magnesium silicete) 5.0 0.211 0.040
Linseed o0il : 27.5 3.542 2.915
Naphtha drier 2.2 0.329) :
Naphtba = 2.0 0.310) 0.192
100.0 6.250 6.520

v 1.04 per gal.

Weight per gallon 16.0 pounds. - :
Assuming now that the cost to the consumer is about

twice the raw meterial cost, the prices that would have to be

paid for these pzints, other things being eguel, are as follows:

Sears, Roebuck paint } $2.08 per gellon
Straight zinc paint 2.82 n

45 Lesd - 45 Zinc - 10 inerxt '

paint 2.92 o

50 Lead - 50 Alnc palnt 3.20 n

80 Lead - 20 Zinc pseint 3.54 n
Streight lead paint 3.72 "

Inguiry at locel paint stores on No%embez'zz, 1923,
shows that the retail price of Devoe aﬁd quﬁobis 50 lead -
50 zinc paint is %4.00 per gsllon, and Patek Brothézs peint
composed of 65 lead-25 zinc- 10 silice is the same price.
Buying in larger lots the prlces would probably be more
neerly &8 1ndlcatec gopove. The local price for vhite lead
in oil on the same d&; was $14.75 per 100 pognds, for linseed
oil §1.25 per gellon, end we recently psid $0.21 per pound
for a 25 pound kxeg of iapaz zinc oxide grounéd in oil. The

cost of mering & 50-lead-50-zinc paint conteining 60 per cent
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pigment snd 40 per cent 0il on the besis of the gbove figures
would bDe:
White lead in oil 47 1lbs. or 1.25 gels. § 6.94

Zinc oxide in o0il 5% 1bs. or 2.15 gals. 11.13
Linseed oil (drier

and thinner) 6.5 gsls. 8.10
~9.90 )26.17

“2.64 per gal.
and for the 80 lead -~ 20 zincf peint containing 66 per cent
pigment:

White lead in oil 78 1bs. or 2.07 gals. $11.51

4inc oxide in o0il 22 1bs. or 0.89 gels. 4.62
Linseed oil (drierxr

and thinner) 4.61 gels. 5.78
’ 7.57 J21.91

“2.90 per gal.
~~ The mixed paint manufaéturers insist that peints made
in Vthis way from the pigments grouné in oil, ‘li'nseed 0il, &rie:r,
and thimner sre inferior to the reedy mixed paint having the
sane compdsition. The master peinter enéd the white lead msnu-
facturers of cowrse hold the contrery opinion. The writer can
see no reason for any difference between psint made in these
two ways becesuse the grinding of the pigment in the oil takes
place in the memfaciure of the peste. This paste is then
.thinned ty/adding more vehiclé. It seecas immgterial waether
this lest oper;.tion is performed ©ty the »eint menufecturer or
by the peinter. Hence it is spperent thet we &sre peying sbout
$4.00 less $2.64 or $1.36 per gellon for the convenience of
getﬁing sur peint reedy mixed in the csn. ihen we comnsider
that for proper peinting we heve to sdé 0il enc thinner to nsk e

the first snd second cvet peint enywsy, this conmveniemce is not

& very grezt one.
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It is generally customary to figure the cost of
labor ir applying paint as twice the cost of the paint. Ve
shall take this as $6.00 per gallon. Hence, if we assume,
rather arbitrarily it is true,. that the straight zinc and
the Sears Roebuck paint will last fo?r years, the 50-50 lead-
zinc and the lead-zinc-inert paints %ive years and the others
six years, we find that the cost per gallon per year would be:

80 lead - 20 zine paint $1.59 per gallon per year

Straight lead paint 1.62 bt
Lead-ginc-inert paint = 1,78 ¢ " by "
50 lead ~ 50 zinc paint 1.8 " " " n
Sears Roebuck paint 2.02 " b n "
Straight gine paint 2,21 7 n n "

Vie may as well consider that the spreading rates of the dif-
. ferent paints are‘thé same becsause, while a given'painter
will spread one over.more surface than another, a second
painter may do just the opposite. The assumptions made in
regard to the durability of the different peints are entirely
arbitrary for reasons that have already been discussed and
represeﬁt merely the rough estimate of the writer based upon
his views of how paint should fail and how soon it should he
repainted. For Forest Service purposes, however, much con-
sideration should be given to the fset thet paints containing
much white lead tend to leave a better surface for repainting
than those high in zine esnd inerts.

It will be noticed that if the writer's estimetes

of the durability of the different palnts are anpro 1mately
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correct and if the selling prices of paints were proportionel
to the manufacturing cost, the spread in the costs per gallon
per year is not nearly as great as the spread in the original
costs per gallon. The Sears Roebuck paint was selected for
these calculations because it has the reputation of being a
very good paint in its class. It will be noted that while
48.7 per cent by weight of the pigment portion of this paint
consists of true pigments, a consideration of tke bulk occupied
shows that the true pigments ococupy only 31.5 per cent of the
total volume of pigments. The hiding power of this paint

must necessarily be low and for this reason if for.no other

it will require repainting soomer. However, if it lasts five
years against six for straight lead paint, its cost per galion
per year will be the same, $1.62. This is probably an over-
estimate of its durability. Vhere the labor charges can be
neglected, as for example in the case of & householder or
faﬁmer repainting his bouse in his spare time, this paint will
cost less than any of the others per gallon per year if it
lasts only four years, the value beiqg $0.52 against $0.58
for the lead-zinc-inert end $0.59 for the 80 lead-20 zinc
peint. Thére is 2 wide field in which suck painis are reallj
economical, provided the selling price is in proportion to
the raw material costs ahd that they are made by reliable

menufacturers.




Vie may now consider further the question of how
much more the purchaser is willing to pay for the paint of
his choice than he would»have to pay for other psints that
are offered, If the above estimetes of the durability of
the different paints were accurate this would be a simple
metter and could be expressed as follows:

Let C De the cost of the cheapest paint in the
Six year class in dollars per gallon

" X be the maximum price that could be paid
- for a paint in the five year class

" .P be the cost of applying the paint

Then X + P =C + P
5 6

or X _.5C=-2F
- 6

Obviously the result depends very largely oﬁ the estimated
cost of applying the paint; the highef this is the greater
nust be tbe price differéntial against the more durable
paint. These considerations, bhowever, attribute an altogetﬁern
unjuStifiable accuracy to the ahove guesses‘concerning the

durability of the diffefent paints.




L more practical procedure is to establish two

classes of paint based on the pigment composition witk an

arbitrary price differential between them. The following

are suggested:
Class A
Pigment consisting of

Vinite lead (basic carbonate
or basic sulfate or mixture)-
Zinc oxide ' -
Inert. + -
Liquid to consist of at least
90 per cent linseed o0il (orx
suitable drying oil) and to be
30 to 36 per cent of the total
paint by weight

Clags B
‘Pigment consisting of .

White lead
Zinc oxide
- Thert

Liguid to consist of at least
90 per cent linseed oil (or
suitable drying oil) and to be
34 to 38 per cent of the total
paint by weight.

Haximnm. Minimum

100

30
10

70
55
15

60

45
20

This class is to include 2lso titanox or similar

paints made by reputable manufacturers.

4 price differential of about $1.00 per gallon be-

tween class A and class B paints is suggested.,.This would

mean that the lowest priced paint in class &4 would be pur-

chased unless the lowest one in-class B W® more than $1.00




cheaper, in which case the letter would be ordered. This
price differential is slightly greater than the difference
between the cheapest class B and the most expensive class A
paint at present market prices and computed on the basis of
the raw material costs as above.

It should be noted theat this division into clasé
A and class B paints is intended only for the gunidance of
the purchasing agent in selecting a paint from those offered
and is not to be used as 8 specification to be submitted to
the manufacturers as the basis fbr bids.

Yhen the shipment of the paint purchased has been
received it must metch in every respect the sample pre-
viously submitted with fhe bid, and chemical analysis must:
show that it conforms o the manufacturer*s statement of

composition.

Testing of Peint Purchased

Any system of purchésing paint which involves an
agreemen$ as to composition between buyer and seller re~
guires that the buyer test the material received to see
that the‘contract has been carried out. The amount of such
testing will probably be less under the system of purchase

herein proposed thkan when arbitrary chemical specifications
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W ddo s oot

are used because in the former method the paints purchased
will be usually the standardized product of the manufac-
turers while in the latter case they are 1likely to be

specially made or "specificétion paints®, ‘But in either

case, the Districts should make arrangements for the test-

ing of their paint supplies.




APPENDIX

Method of Comguting,Raw Katerial Cost of

Paint from the Composition

The raw meterials cost of any peaint can be
quickly computed if the composition, the cost of the dif-
ferent ingredients, and their bulking values are kmown.
The iulking values are the volumes in gallons oécupied by
one pound of the ingredients in the finished psasint and
are obtained by mnltiplying the true specific gravity by
| 8.33, the weight of a gallon of water. A table of the
bulking values of scme of the important paint materials
taken from Circular 148 of the Educational Bureau of the
Paint Hanufacturersf Association of the United States is
given below. The wholesale prices of the raw materials
can be obtained from the weekly market reports of such
trade'journals as the "0il Paint and Drug Reporter”,

(100 William Street, New York City, $5.00 a year) and the
"American Paint Journal®, (3713 Washihgtdn Boulevard, St.
'iouis, $2.00 a year).

E o explain the method, let us take the practical

example of the following paint:

Bagic cerbonate white lead 45 é
Zine oxide 40 7
Silica 15 7
Pigment portion 100 # 60 %
“l-
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Raw linseec¢ oil QOé

Ifinerel spirits 579
Liquid drier . 5%

Ligquid portionm ]TGZ}'Z 40%
The compositions are first converted f.rozn percentages of
pigment and liquid portions respectively to percentages
of the totel paint by multiplying the pigment ingredients
b-y 0.60 an‘d the liquid izigreaients by 0.40, giving the
number of pounds of the different ingredienﬁs in 100 pounds
of paint as follows:

Pounds Bulking Bulk Cost Cost

in 100 velue in per in 100

1bs.of (per 1b.) ©peint pound 1bs.of

paint (Gals.) or paint

gallon

Wbite lesd 27.0 0.01763 0.476 0.092653 2.50
Zinc oxide 24.0 = 0.02121 0.502  0.1100 2.64
Silicsa 9.0 0.04531 = 0.408 0.0080 0.07
Linseed oil 36.0 0.1288 4.638 0.82 - 3.80
Ilinersl spirits 2.0 0.1549 0.310 0.30 0.09
Drier 2.0 0.1497 0.299 0.30 0.09

100.0 6. 640 19.19

1.38 per
gellon

In the next column sre given the bulking values per pound
of these meterisls. Inltiplying the pounds by the bulkxing
velues gives the bulk of each‘materid in the peint and the
sum of these, or 6.661 gsllons, is the totel volume of
painfb. The weicht per gellon is therefore E%%%i or 15.0
pounds. In the fifth cqlu:an is given the cost per pound

for the solids @mé per gellon for tkhe liguids. iultiplying
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in the case of the solids by the weights (colwmn 2) ana
in the ca.s‘e Aof the liguids by the volume f column 4) gives
the coé‘b of the materials in 100 pounds of paint, given
in the last column. The sum of these is the cost for
materisls in 6.661 gellons, so that the cost per gallon is
$1.38. |

In the mamufacture of paint there is a loss due
to volatilization, wetting of stones and co_ntainers, etco
- which is usually figured at 2 per cent but has been neg-
lected throughout this report.




Table of .Bulking Velues

Speeific Vieight per One ponhd
gravity solid gallon bulks,

pounds gellons
Raw linseed oil 0.932 7.764 0.1288
Boiled linseed oil , 0.942 7.847 0.1274
Raw soya bean oil 0.929 7739 0.1292
*Liquid paint drier 0485 . 64681 0.1497
Turpentine 0.867 7.222 0.1385
*Mineral spirits. 0.775 6.456 0.1549.
Benzol 0.882 7.347 0.1361
Benzine (62°) - © 0.745 6.+206 0.1611
Solvent naphthe (160°) 0.902 7.514 041331 -
Bagic carbonate white lead 6.81 56,73 0.01763
Basic sulfate white lead 6.41 53.40 - 0401873
Zine oxide 50,66 47.15 0.02121
Zinc oxide, leaded 35%  5.95  49.56 0.02018 -
Lithopone : ' 4,30 - 2b.82° 0.02792
Titanox - 4.30 - 35.82 0.02792
Asbestine : 2.85 23.74 0.04212
Barytes 4.45 37.07 0.02698
China clay 2,62 21.82 0.04583
Silica 2.65 22.07 0.04531 -
Talec 2,84 23.66 - 0.04227
Writing | T 271 22,57 0.04431
Ochre . 2080 23.32 0.04288
*Venetian red (20% Feg03) 3.05 25,41 0.03935
Indian red (90% Feglz) .  4.92 40.98 0.02440
Stenna, raw 3.27 27.24 0,03671
Sienna, burnt 3,95 32490 0.03040
Umber, raw 2668 = 22.32 0.,04480
Umber, burnt 3.80 31.65 0.03160
Red lead 8.80 73.30 0.01364
*Chrome green, C.P. 3.90-5.08 - - o
Chrome yellow, C.Z, 6.0 - -
Lampblack : 1.78 14.83 0.06743
Carbon black l.81 15,08 0.06631
Drop black . .54 21.99 0.04548

* These materials vary considerably in specific gravity.
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CHEMICAL NAWES AND FORMULAS
OF SOME COLIJON PAINT PIGMENTS

Commercial Article Chemical HName of Chemical Formula
- ChieT Component :

Basic carbonate white lead Basic lead carbonate 2Pb003’2b(03)2

Basic sulfate white lead  Lead sulfate and (PbS04, about 75%
: lead oxide,usually (PbO about 20%
contains some zinc

oxide (Zno about &%
Zinc oxide Zino oxide ZnO
Lithopone Zinc sulfide and (2zns 29.5%
barium sulfate (BasO, 70.5%
Pitanox ?itanium dioxlde and (TiO 16 t0 30 %
- | barium sulfate 34 85 to 70 %
Asbestine - Megnesium silicate:  MgSiO, |
Talo - lMagnesium silicate MgSiOgz
Barytes Barium sulfate BasS0,
Blanc fixe ' Berium sulfate BaS0,
Clay ' Aluminnm silicate and(A18(8103)5
) . Silicon dioxide
Silica Silicon dioxide - 810,
Whiting ; Calcium carbonate CaC0g
Ochro Iron oxide (ferric (Feg0z ebout 10 to
N oxide) and clay ( 30%
Sienna Iron oxide snd clay FepOz about 25-60%
Umber Cley containing iron (FegOz sbout 25%
: oxide and manganese dioxide(iMnOp about 5%
Venetian red Perric oxide and (Feg03 20 to 40%
celcium sulfate (CaS04 80 to 60%




Commercial Article

ndian red

%d lead

-hrome yellow, C.P.
‘russian blue

hrome green, C.P.

Chemical Name of
Chief Component

Perric oxide

Lead oxide

Lead chromsate
Perric .‘:-’e_rrocyanide
Mixture of Prussian

blue and chrome
yellow

Chemical Formula

Fep0z about 90%
Pba0,

PbCr0,
Fe4'@e(cn?a =




