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Exterior House Paint*
By S WERTHAN

The New Jersey Zinc Company (of

For the purpose of this paper I wall consider hous
to the protective and decorative coatings used on surface
which contam as their major vehicle component an unb
further differentiate them from some of the other oil vet
such as metal protective, barn, trim and trelhs, etc., pai
discusswon to pants that contam an apprecrable percen
pgment.

The painting of buildings and other structures s i
from before the beginning of history, but painting for pr
White Jead, the first white opaque pigment to be usad
known to the eatly Romans Pliny n the first century
facture. The carly artists prepared their own paint by
ment with oil or other medium Whale the records do n
its birst use as a house paint, it apparently was somet
teenth century. The first white Jead plant in the Unite
Philadelphia in 1804 by Samuel Wetherill and Sons |
produced about the middle of the century. The firs
mixed pamnts are commonly accredited ta 1). R Averil
who in July, 1867 patented a paint of this type and b
and sale. The prepared paint industry, as a rea! indust
started until the late seventies or the early eighties.

It is interesting that although, during the past hal
been many developments and changes in house paint |
products never entirely replaced the old and the variou:
used today. These include:

1 Straight White Lead Paints

2. White Lead-Zine Oxide-Inert Paints

3. Lithopone-Zinc Oxide-Inert Paints

4 Zinc Sulhde Pigments-Zinc Oxide-Inert Pai
5. Titanium Pigments-White Lead-Zinc Oxide
6. Titanium Pigments-Zinc Oxide-Inert Paint

Residles changes m the composition of the pigm
been a few changes in the composition of the nonv
straight raw linseed oil to combinations of various ty,
heavy bodicd oils.

A combination of hasic carbonate of white lead, li
and drier was the first exterior house pant to be ge
a painter no longer buys the dry basic carbonate of Jea
and reduces it to paint in his shop, some continue to m:
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by reducng lead-m-oil paste with hinseed i), volaule thinner, and hquid
drter as their grandfathers did hity years ago

While zinc oxide was also reported by Pliny, there 15 no mention of it
being used n pant until late 1 the eighteenth century. Apparently some
was used in house paint :n America about 1830, for it 1s recarded at about
that year the house of Dr Fowler, in the viamity of Franklin, New Jersey,
was painted with zinc oxide made from the zinc ore deposits for which
that region 1s famous. There 1s no record of the type of vehicle used About
the same time, the Frenchman, Leclaire, started the manufacture of zinc
oxide and the promotion of its use in pawnt i place of white lead because of
its nontoxic qualitics and the retention of its brilhant winteness even m the
presence of sulhde gas It was not Jong until zinc oxide ground n a stand
ol (heavy kettle bodied ail) vehicle was bemg used n Europe on bath ex-
terior and interior wood surfaces Based on the limitations placed at the
start of this article, this pamt (Old Dutch enamel) cannot be considered a
house pasnt  Still it was not long until painters, recognizing the merits of
zinc oxide, added some to the white lead in preparing their house paint
Thus was born the lead-zinc type of house paint

This was also about the time that the manufacture of ready-mixed paint
started. The grinder, who had been marketing various brands of white lead
and zmc oxide pastes, was well infurmed regarding the blending of these
two white opaque pigments and extending them with barytes and the sili-
ceous merts This was the offical birth of the White Lead-Zinc Oxide-
Inent mixed pant. In reahity, the pamnters had for snme ume, unknowingly,
prepared their own mixed pigment paint

The late George B Heckel in “The Pamt Industry—Reminiscences
and Comments” describes in his mumitable style the period of “larssez
fawre” 1w Awmencan pamt manufacturing when under such descriptions as
“We guarantee the white fead 1 this package to be absolutely pure,” the
Baswie Carbonate of White Lead i the winte lead pastes varied from 100 to
Q per cent of the pigment  Twa typncal hrands contamed approximately 62
per cent BC W L —28 per cent 2me onnde—10 per cent barytes and 25§
per cent RCW L —25 per cent 7inc oxile—50 per cent barytes, respec-
tively  Strange as it then seemed, frequently the results abtained by painters
with these pastes were supenor to thuse obtained with straight white Jead
pastes But the excessive use of merts because of their low cost in ready
nuxed paints resulted m the opinion that the presence of any inert was a sign
of mlerior quality. Although 1t has long been estabhshed that an exterior
paint contaming the correct types of merts is superior to an mert-free pant.
the impression still prevails that inerts are used only to lower cost

In 1920, after protracted pigment and pamt investigations, our Com-
pany developed and recommended to the industry Lithopone-Zinc Oxide-
Inert paint. For many years prior to this time, lithopone had been used as the

basic white opaque pigment for witerior pants  Because the lithopones of -

that time were light sensitive, tended to darken when exposed to sunhght,
they had found httle use i exterior paints In 1919, Albalith, a hght resis-
tant hthopone, was developed, thus providing a lithapone suitahle for use in
exterior paint, The suggested pamnts contained several mnavations in ex-
tertor house pamt formulation, which, although known to many chemists,
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had never been promulgated These formulations contas
The unc oxide could be either a lead-free or a leaded grs
grade of zinc oxade was used, the paint contamned no lead
lead-less ready-mixed paint. The work of our laborato
siliccous inerts, such as silex, fibrous magnesium silicate,
mica, impart definite beneficial propertscs to the pant
abuse of the use of inerts or extendes pigments had des
paint containing them, we did not hesiwtate to proclain
recommend 20 per cent in the hthopone-zinc oxide |
studies also established that some heat-bodied ol in th
the application, flow and film properties of paint, and it
that 10 per cent of the o1l be kettle boded ol of Q" visce
paints, since they possessed higher-huding and were low
lead-zinc inert paints, met with considerable favor.

At about the same time, titanium-barium pigment w.
manufacturer Similar 1o lithopone, it 15 a composite pigi
sulfate and titamum dioxide mnstead of barium sulfate an
g the twenties and thirties, many exterior house pam
contaimng titanium barium pigment They contamed |
or at least one of them and usually some siliceous inert
to have a shight advantage over hthopone pant m hiding |
a tendency to replace ithopone by high strength lithop
which had become commercially available.

With the advent of titanium dioxide, the trend was'
wm-barium pigment with titamum dioxide and the high
merts. This resulted i unproved and lower cost pamn
advantages of the siliceous inerts, the white pigment ma
the paint manufacturers a zinc sulfide composite glgmcn
was a combination of water ground mica and fibrous
and a Witanium compositc pigment containing magnesiur
ert base  Pants were formulated using eather of these p
znic oxides Another composite litanium pigment 1 w
15 anhydrous calcium sulfate became agvaiable. Althou
pigment was limited almost entirely to 1atersor paints,
the rutile titanium dioxide type of pigment, there has be
it m extersor house paint.

Although, as has been mentioned, paints contamning
ous types of pigmentation are still bemng manufactured
formulations today contam a combination of trtanium «
anc oxde, and imerts ; or titanium dioxide, zine oxide :

Contrary to the many variations in the compositi
there have been few changes in the vehicle. The comt
seed oil, turpentine, and hiquid drier, used originally,
without modification excepting that a boiled (one cont:
fined hinseed oil might be substituted for the raw ml or p
the turpentine The first and only modification up to
the composition of the vehicle was the previously mentic
a small percentage of the raw oil by kettle bodied oil
provemenis were undoubtediy retarded hy ane or two ill
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Figure 1

m enamehzed type vehicles which resulted in some disas
To conserve o1l during the war, the Government, on the :
better mformed pamt techniuans, compelied the pant n
more heavy hodied vil and volatile thinmer in their ext
Thus was broken down the supposition that the ol s
paint must be raw linseed ;i The supenor results that
with the hodied 01] paints have led to a more general u
has also been demonstrated that replacement of a portx
by other drymg oils need not be detrimental (enerally
cent of the o1l n taday's lughest grade exterior house
oil, and this o1l may be linseed or some other type of dr
use of alkyds and other types of resin velicles 15 bein;
merits have not been established

Paint films being orgamc coatings naturally deten
to the clements, the method and rate of this deterior
service obtained from the paint  The large vanety of ¢
in use today may be partly attributed to the lack of :
relative importance of their different properties Anotl
the paint’s properties are only one factor, and frequer
determining the service that will be obtained from the
are the type and condition of the surface to which the
application, the climatic conditions under which it is ap
the weather and other conditions to which the film is
many laboratories have made extensive investigations tc
for exterior house paint, no one has developed a satisf
ation. While there are tests for specific properties, the
depend on actual exposure tests (panel or house) to d
that may be anticipated from a paint.

An exterior hause paint serves a dual purpose, ti
and the beautification of the surface to which it is appli
of the paint film includes the progressive disintegration ¢
by chalking, sloughing, checking, and cracking, and fai
under surface, such as blistering, peeling, and scaling of
erties, besides these integrity factors, that influence th
film are degree of retention of gloss, color (white or tint

It seems opportune at this time to discuss the relatsc
of the paint to its various properties. We will conside:
the pigment, the composition of the vehicle, and the rai
the binder in the dry film Although exterior house p:
not been a definile scientific process, there are certa
reasans for the comhbinations ofpigments that have beer
consider some of the facts that are known regarding the
hy the various pigments to the paint

Figure L.—Magnified crors-section drawings illustrete the
chavacteristics that have tehen place us howse paints heve evolv,

# {¢al A) wnto compaosite pigment paints (colun
dmul;in‘ of of the older peint has been replaced by balance

wwolled eronon in modern paints, making possible & couting the
during its service hife bt also leaves & sounder jowndetion for r
angs ¢re from The New Jersey Zinc Compeny's motion pictu
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Al of the white pigments (titanmum, sine sulfide, zine oxide, and lead)
impart opacity or hiding. although they chifer appreciably m this property.
On a werght hasis, pure rutile titanmm dinsude rates highest and white lead
Jawest \i’hcn white lead and zinc oxide weie the only opaque whife pig-
ments, their opacity was a major consuderation in their use, but today with
the much higher hiding titamum and 7ine sulfide pyrments available, their
contribution to the pait opacity 1s a mmor consuderation for the clusion of
lead and zinc in the pigmentation

The characteristics that the various white pigments impart to a hinseed
o1l pant have heen determined hy weathering tests For a number of years,
our laboratory has exposed many series of claphoard test panels panted
with «ingle and mixed pigment lnseed oil paints, covering the various
migments and combinations of pigments used i exterior house pants. The
weathering charactenstics of the films have proved very enlighteming. I
will only take time to mention a few of these characteristics,

During exposure to the weather, the straight basic carbonate of white
lead pamt film accumulates dirt, beconung increasingly dirty. They also are
darkened by sulfide [umes After about nne vear of exposure, a characteris-
tic crowfoot type of checking starts to develop  With continued exposure,
these checks increase in depth and severity and form httle islands of film
The exposed layers of the film flake off in small pieces taking surface dirt
with them Thus nather a uniformly clean nor attractive appearance is
ohtaned In general, the cohesive strength of the film 1s less than the ad-
hesion of the film to the wood surface, so over a number of years a portion
of the film remains 1t is this property that has resulted in a coantinued ac-
ceptance of this paint  The film has httle resictance to mildew, and this type
of discoloration may he encoumtered in locahties where mildew is prevalent
The tinted paints do not fade but darken and develop a muddy appearance.

The weathering process is shghtly different in the casc of basic sulfate
of white lead The basic sulfate film 1s weaker than the hasic carhanate paint
film It does not develop visible checks, but the surface layer disintegrates
and sloughs During early exposure, the film holds dirt. but goes through
cveles of cleansing due 1o the sloughing of the expused surface of the film
While the film does not develop the prononnced checks and cracks of the
B CW L film, its faiture to wood = more rapid  The hlm is also susceptible
ta mildew and sulfide darkening The tinted film tends to fade

The zinc oxide film is much stronger than either of the Jead films.
There 15 very little apparent surface chsintegration and the film retains its
gloss over a long period of exposure. The film becomes progressively dirty
especially during the winter months. Thereys a tendency for the traces of
acidic gases in the atmosphere to react with the surface particles of 2inc ox-
ide 1 the film to form soluble salts ar soaps, which with rain act as cleansing
agents  While the film remains intact duning many years of exposure, it
eventually develops cracks and ultimately pieces of the film flake from the
wnad  Zing oxide possesses fungistatic properties, and thus the film is resis-
tant to mildew growth The tinted film halds its tint very well (the best of
all the white pigment films) : the tint does not fade but shows a slight tea-
dencv to hecome more intense.

\ leaded 2ine onicde ilm is a strong Alm but not so ¢
free zanc oxide film  The film shows goad gloss retention, ;
ly shght surface disintegration develops. Ultunately, as
lead-free zinc oxide, cracking and flakmg of the film fror
The Alm shows less dirt relention and bester cleansing ¢
the lead-free zinc oxude Alm It 15 also resistant to the g
The tinted film is definitely poorer than the lead-free zing
retention ; st shows a shight tendency to fade (You note
1stics of the leaded zinc oxide pamnt film are what would b
the film characteristics of its two pigment components.)

The zinc sulfide prgments produce weak films, althoug
what with the mert component Straight zinc sulfide proc
film, followed by high strength lithopone, lithopone. and tf
cate base pigment, which 1s the weakest They all fail by
erosion of the ilm The rate of erosion of the films 151
their strength, except that, due to the reinforcing propert
base, especially the muca, the erosion of the siliceous ba:
delayed The crosion keeps the films quite clean The F)
high resistance to mildew, especially m the case of the
ment in which magnesium silicate appears to he a food for
The discoloration of the film caused by copper metal is m
the case of other white pigment films

The anatase titanium dioxide pigments produce |
films of the white opaque pigments, In the case ol these
of the composite pigments tend to be stronger than that of
wim dioxide They all fail by erosion or sloughing of the
anatasc titanium dioxide and the magnesium silicate b
chalk the fastest and generally there is a heavy layer of r
the surface of the film. Usually only one year is requir
chalk to the wood The rapid chalking results in good
anatase titaniuny dioxide rating highest among the white
cleansing characteristics and maintenance of whiteness
barium and calcium base pgment hAlms chalk and crode sl
but tend to hald more dirt and to develop cracking or slo
anatase titanium dioxide pigment films are susceptible to
the calcium and magnesium silicate base pigments. The
dioxide paints are the poorest of all the white pigment
tention. The films fade severely.

The rutile titanium dioxide pigments produce stron
anatase pigments. The rutile titanium dioxide paints van
type and rate of weathering depending on whether they co
or non-chalking grades and the straight titanium dioxide o
ment Al of the rutile titanium dioxide paint ilms chalk
the corresponding anatase pigment flms. In general, t}
rapid enough to prevent the accumulation of dirt. Thi
photogenic yellowing resuits in the ilms during exposure
hright whiteness of the anatase pigment films. This dev
filn whiteness 1s especially prevalent in the nonchalkin
titanium dioxide  The slow erosion of this grade result:
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for the hlm The pigments are susceptible to nukdew, the caloum base-
thalk resisting grade produces paint hims more susceptible than any other
white pigment films Alse, the tendency {or tins pigment film to retain dirt
15 very pronounced The rutile ttammam pgment pamts possess definitely
hetter tint retention than the anatase and rate next to the zinc sulfide pig-
ments They tend to both fade and to become muddy

Inerts such as whiting, calcium sulfate, silica, and magnesium silicate
in hnseed o1l develop practically no hilmg They offer little protection for
the Jinseed oil binder so the films fail rapidly lIn the chenically nonreactive
extender, such as silica and magnesimm silicate, the bond between the nert
and the oil binder 1s very weak, and the film faslure 15 by disintegeation or
chalking In the case of the calowm pigments, where soap formation may
occur, a stronger bond between the pgrient and binder exists and disintegra-
tion may be accompanied by checking and cracking. None of these extender
pigments possess fungicidal properties, and some are actually food for the
mildew fungr In general, merts have shghtly detrimental effects on tint
retention

Water-ground mia is an mert that warrants separate constderation
l.ike the other siliceous nerts, st develnps practically no mding and pro-
duces weak films But because of its thin lanunar particles, it apparently pro-
tects and seinforces the filin. Whle the other mert-linsced oil films disinte-
grate within a year when exposed to weather, the mica paint film mamtains
its integrity for several years

Althaugh explanations have been given (nr a few af the specific weather-
ing charactenistics of these vatious single pigment pant films, it seems de-
sirahle that some [urther reasons for their weathering characteristics be
presented before we consider the formulation of multiple pigment paints

The lead and zinc oxide pigments are chermically acuve, that is they
react with orgamc acuds in the vehicle or formed in the film during exposure
to produce soaps Thus there 1s a direct cheimical hond between some of the
pigment parucles and the organic hinder The soaps tend to form on the
surface of the pigment particles which may result in a gradual transition in
the film from pigment particle to soap to organic hinder  Both lead and zine
<oaps are burr shaped, thus providing a further reinforcing effect The
chemtcal bond between pigment particles and the arganic binder tends to
produce strong films. The lead soaps are softer and more plastic than the
7imc soaps 1t s the ultra-violet rays in the sunhght that are most destruc-
tive of an organic film  Zinc oxide 15 apaque to ultra-violet light and thus
shields the binder from these destructive rays The basic white lead pig-
meuts are transparent to the ultra-violet hight and permit the progressive
aadation and disintegration of the film by these rays 1t is the combination
of these and other factors that impart to white lead films and to the zinc
oxide fillys their weathering characteristics

Zinc sulfide does not react chemically with organic acids to form soaps,
but 1t 1s organophilic in nature  The zinc sulfide pigment particles in a paint
film are well wetted by the arganic lander  While the sirong chenucal bond
that exists 1n the case of zinc oxade 1y shsent, stsll the sleaphilic nature of
the pigment smparts a degree of strength to the film ‘The pigment does not

8

possess a hugh degree of opacity to ultra-violet hight ra
vent the progressive disintegration of the film

Titanium dsoxides do not react chermcally with the
vehicle to form soaps They also are hydrophilic rather t
rutile titanium dioxide is defimitely more oleophilic tha
anatase pigment 1s not opaque to ultra-violet hight while
possesses a fairly high degrec of opacity. These properti
chalking and disintegration of the anatase titamum dio
the greater durability of the rutile film.

In general, the exterwler pigments are chemically 1
in nature and so tend to produce weak films Fibrous
and water-ground mica because of the relatively farge st
their particles provide reinforcing properties In the case
ments, some calcium soaps may be formed by reaction
ents of the vehicle Then the particle size of the precipi
and nodular These facts may explain the poarer weath
of their ilms  Alsa, the inerts account-for the difference
tween the straight zinc sulfide and titamum dioxide film
composite pigments, .

The weathering characteristics of paints composed
ations of these white opaque and extender pigments cot
similar manner. It would be found that their weatherin,
resultants of the weathering characteristics of the cc
Thus, a formulator having a clear knowledge of the wea
tics of the individual pigments can select the combina
desired weathering characteristics Exterior honse pain
be extremely simple if there were not many other prog
considered. These include ease of paint manufacture, s
in the package during storage, and pant and film prof
sistency, brushing, leveling, drying, opacity, gloss, colo:
similar to our discussion of weathering, the characte
variaus pigments on each of these properties could be pre
beneficial to consider vehicle constituents in a similar n
effects of the ratio of the pigment to the hinder on the v
ties Because of limited space, it is better that we move ;
ent day paint formulation. I will try to call attention to
vehicle praperties as they arise during the discussion.

Perhaps the first consideration to the paint formulat
lead and zinc oxide were the only available white pigr
dollars paid a painter for a day’s labor and anything les:
paint was heresy Sufficient lead and zinc could be p
provide ample hiding with three coats But today, whe
1s general practice and even one coat painting is being pre
reccive as much hy the hour as their grandfathers did hy
abtained with lead and zinc must be reinforced with higl
such as the titamum and zine sulfide Usually the desire
by the inclusion of from 1 to 1-1/3 pounds titaninm dio:
pounds of ZnS) in a gallon of the paint  Based on the pe
pigment, this 1s usually about 15 per cent titanium di

9
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leained for best whiteness and cleansng properties, this should be the
anatase grade

Starting with this 1 to 1-1/3 pounds anatase titanium dioxide, let us go
ahcad and formulate an exterior white house paint  Our sigle pigment ex-
posure tests tefi us that an anatase titantum dioxade pamnt film 1§ weak, chalks
very rapidly and is susceptible to mildew, also that zinc oxide and leaded
7inc oxide films are strong, resist chalking and are fungistatic  They, there.
fore, are logical pigments to use with anatase titanium dioxade Experience
has shown that 234 to 3 pounds lead-free zinc oxide or 315 to 4% pounds
leaded zinc oxide should be used with 1 to 1-1/3 pounds anatase titanium
dioxide On a percentage basis, the 15 per cent titanium dioxide in the pig-
ment requires about 30 per cent lead-free or 47 per cent leaded zinc oxide

We are now on the road toward balanced weathering, that is controlied
erosion and cleansing properties  The weathening of the film can be further
modified through the addition of white lead pigments. Whate lead is usually
used more because of paint properties other than the weathering of the film.
Tt 15 believed to beneficially aflect paint mixing and grinding, paint applica-
tion and flow, paint drying under adverse application or exposure conditions
and to aid adherence of the flm to the wood surface The quantity used
varies from none to three or four pounds in the gallon of paint or 0 to 30
per cent of the pigment,

This pigment composition of the white paint now is:

Pounds Per cont
Anatase Titanium Dioxide 110123 15
Zne Oxide 2% 103 30
White Lead 0toJor4 0to 30

This combination contains 2 high proportion of active pigments and on
weathering may become too strong a film It might under abrupt changes in
stress-strain conditions, such as may be caused by the sudden freezing of a
water-saturated film, develop cracks or lose adherence to the wood surface.
As our tests have shown us inert extender pigments produce weak films.
Through the inclusion of inert pigments, the Elm can be weakened in a very
desirable manner The pasticles of extender pigment distributed throughout
the film provide many points or foci where strains developed in the film may
be released by microscopic ruptures between the Innder and the inert par-
ticles instead of by large cracks in the film,

As previously stated, the most effective inert extender pigment is water
ground mica. This inert besides providing the multiple foct for release of
strains reinforces the film  Usually five ounces to a pound or three to ten per
cent of the pigment is sufficient. The cost of water-ground mica, and its dust-
ing and poor paint-making properties have retarded its adoption by the paint
formulator The other siliceous white extender pigments, which provide
some of the benefits obtained fram water-ground mica, are usually selected,
Among these iibrous magnesium silicate 15 rated highest. Experience indi-
cates that 34 to 134 pounds or 10 to 20 per cent of the pigment is required
although more may be beneficially added

10

The composition of the pigment portion of our white

Pounds
Anatase Titanium Lhoxide 1to 1Y)
Zine Oxide 2V w03
White l.ead (BSWL or BCWL) OQwlor4
Fibroys Magnesium Silicate Yato 1Y)

We now have mdicated 4 to 9-5/6 pounds or 60 to S
composition of the pigment of our white house paint Wea
pigment since the content in white house paint will vary fr
Lo eleven pounds, and then we must account for 100 per cel
This is best accomplished by increasing the content of in
ment. In the case of the formula containing no lcad rath
magnesium silicate to make up the pigment deficiency, i
increase the zine oxide content by approximately ten per ce
per cent mica. Also, in any of the formulas, should extr.
desired, extra anatase titanjum dioxide should be added w
increase the 2inc oxide content by approximately ten per ce:
white house paint is:

Pounds
Anatase Titaniym Dioxide 1to l‘/?
Zime Oxide 24 to 3V
BCWL and/or BSWL OtoJor4
White extender Pigments 1 to 4
You will note that we actually have three types of pign
1 n
per comt percent

Anatase Tuanuom Dioxide 15 [H
Lead-free Zinc Oxide 40
Leaded (35%) Zinc Oxide 7
Whae
Inert Extender Pigments 45 38

While No. I11 is perhaps more representative of the major
commercial paints, there is a defimte trend toward No. I 3
I (fumeproof paint).

The paint formulator has considerable leeway withi
modify these basic pigment formulations to meet his spec
lowering the guality of the paint. He may raise the tita
opacity, increase the zinc oxide to improve mildew resi:
ground mica for greater weather resistance, etc.

We could consider the pigment composition of tinted |
manner, but it will not be necessary, In a white tint base
anatase titanium dioxide, a rutile titanium dioxide or a zin
will be used, because of the superior tint retention they in
film. Since the tinting pigments usually impart appreciabl
of the opaque white pigment is not required. Also. because
ing tendencies of the zine sulfide and the rutile titanium |
greater protection they and the tinting materials provide
heavy chalk and too rapid erosion is not encountered. Gox
be prepared using only white lead 2nd zinc oxide as the ¢
ments. Formulations similar to those shown for white

1
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rutile titanium dioxide replaces the anatase are frequently used, although
the titantum content 1s usually reduced  Also, a zinc sulfide pigment formula
such as the foliowing has found considerable favor as a white tint base:

Per Cent
Lithopone 50 to 60
Zine Oxde 30 to 40
Mica and/or Magnesium Silicate 10 to 20

In the pigment composition of his white tint base, the paint formulator
has even more leeway than in his white in the selection and proportioning
of his pigments There has been some tendency to use a titanium-calcium
composite pigment for the white oanuc pigment both n the tint base and
white paint. While this pigment has an advantage over combinations of
titamum dhoxide and siliceous inerts in the gloss imparted to the film, it is at
a disad gewn dirt ret mildew resistance, and the weathering of the
film Pigmentations containing titanium dioxide with very high contents of
a ground natural chalk are being suggested While they are low cost, there
should be a greater tendency to encounter Alm failures than with those that
1 have previously presented

As stated earlier, there are three factors to consider in formulating
pamnt, that is composition of the pigment, composition of the vehicle, and
the ratio of pigment to vehicle In general, hnuse paint vehicles consist of lin-
séed oil, bodied linseed oil, volatile thinners, and liquid driers The properties
of the vehicle depend on those of the constituents and the propoctions in
which they are combined Refinement of the oil to improve its color has no
influence on the weathering characteristics of pawnt prepared with it A nor-
mal raw hnseed oil with an acid number of two to four 1s entirely satisfactory
if best whiteness of the liquid paint is nut a requirement, since the vellow
color of the raw oil film is bleached on expnsure of the pant film to the sun.
11 best color m the can is desired. a refined hight colored o] 1s preferable

The hodied oil should be a heat bodied ol in which temperature and
conditions have been controlled so that progressive bodying of the pamt will
not occur because of its reaction with the active pigments  Oils possessing
viscosities over a wide range are suitable. The viscosity of the bodied oil
and the ratios of untreated oil, bodied oil, and volatile thinner in the vehicle
are interrelated  Optimum combination 1s dependent on the relative impor-
tance the formulator places on various paint properties and the quantity and
composition of the pigment with which it is to be combined. The film
formed by a heat bodied oil is more weather resistant than that formed from
an untreated oil. The transformation of a raw linseed oil film to a solid and
then the disintegration of the film 1s caused by oxidation. In the cooking
of an oil. the increase in viscosity (or the first stage in film formation) is
due to polymerization. The ol when exposed as a filmy continues to solidify
and then disintegrates because of uxidation But its disintegration will be
slower than that of the raw oil film hecause part of the film formation was
due to polymerization Thus from the paint durahulity angle, it would be pre-
ferable that all the oil in the paint vehicle should be nne that had been poly-
merized to 2 high wviscosity. There are other paint properties that make
this undesirable First, the pigment in the paint must not settle to 3 hard
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mass during prolonged shell storage. The good wetting
propertics of bodied o1l would promote setthng of the p
house paint must not offer too great resistance when being
reasonably large brush So the high viscosity oil could unl
greatly reduced with a volatile thinner. But the consister
(that is the yicld and flow properties) must be adjusted so !
of desired thickness is apphied to a rough surface it will fill
without the contour of the irregulanties being reproduced
surface of the film. Also, there should be sufficient flow in
the deep brush marks will level out without there being a |
paint to sag These propertics are best obtained when the
both untreated and bodied o1l The proportion of bodied oil -
viscosity. It may be from perhaps 15 per cent to 50 per cer
the viscosity from “Z-6" to “X " The higher the percentag
the viscosity of the bodied oil, the higher must be the perce
thinner in the vehicle. While a bodied oil of 2-5 or 2-6 an
tent of only two-thirds of the vehicle was used in the oil-cor
made during the war, in the post-war paints there is a tren
oil cantent to provide a thicker nonvolatile paint film Varic
can be used and equally excellent durability can be obtainec
sentative combination is one part bodied oil of Z-2 to Z-3 v
parts raw hinseed oil, with the tota! oil in the vehicle 72 to

This discussion has been restricted to linseed oil. Ma
being considered as partial replacement for linseed oil. 1
to discuss this phase of the subject, but will say that there
to believe that such substitubion can be made. Our own |
great deal of evidence that replacement of the bodied lins
bodied oils can be made with no deleterious effect on a
properties,

Elither turpentine or a petroleum spirit may be used tc
consistency and application characteristics. While vario
of the soluble soaps of the drying metals lead, manganese,
calcium are used, a combination of lead and manganese nap!
erally favored. A suitable combination is approximately 0.5
0.018 per cent Mn, based on the total oil content in the vehic

We have discussed the composition of the pigment and
of the vehicle ; all that remains to complete cur paints is to d
pottions of the two. The ideas on this are quite diversi
studies were made scveral ycars ago covering the lead-zinc
barium pigment-lead-zinc-inert, and lithopone-zinc oxide-in
in which a representative composition of the vehicle was 80
refined linseed oil, 8 per cent bodied linseed oil (Q viscosity)
volatile thinner and drier  These studies indicated that ther:
hmited range for the pigment volume content of the nonv
optimum paint durabibty This range was generally accepte
30 per cent pigment volume During the war when the no
was changed to a combination of very heavy bodied oil and
volatile content increased to over 30 per cent, it was neces
the pigment content to ohtain paints of apphcation consisten
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varied in pigment volumic but averaged ahout 35 per cent In the present day
paints that 1 have outhined, in which the oif content of the vehucle 15 72 to 76
per cent, the pigment volume 1n the nonvolatile film of paints of brushing
consistency generally falls beiween 30 and 35 per cent Studies that have
been made indicate that the pigment volume ol present day paints may be
varted appreciably withaut changing the durability of the paint and that the
30 ta 35 per cent 15 within the optimum range In fact, exposure results indi-
cate that if the pigment-vehicle ratio is selected to produce correct paint
application consistency, both the pant durability and the pigment volume
will {al] within the optumum range Therefore, our paints will be ade to cor-
rect application wnsislem:z with the assurance that oplimum durability will

ob d from the sp pigment and vehicle combinations, Before leav-
ing this subject, I wish to mention that one orgamzation has recently prom-
ulgated the idea that oil requirements of the pigment are the controlling
factor. They propose that the magnesium sidicate in the pigmentation be re-
placed on an equivalent oil requirement basis by a ground natural whiting.
Since the oil requirement of the whiting 15 much lower than that of the mag-
nesiom silicate much more is used and thus the total pigment volume in the
dry film increased several per cent Further data are needed, more to deter-
mine the merits of the ground natural whiting as an inert than the sound-
ness of the oil requirement theory.

The paint manufacturer has learned that although he produces an ex-
cellent paint, the results obtained with st may be far from excellent. Ad-
ditions made by the painter, poor application, panting under unsuitable
conditions of weather or temperature, smproper preparation or an unsatis-
factory surface, or abnormal exposure conditions may result in premature
fatlure of the best paint. Paint manufacturers in their endeavor to over-
come these difficulties print directions on the labels of the paint container
But experience has proved that frequently the user does not read the direc-
tions, and if he does, may not follow them

In a further attempt to avercome some of the failures due to improper
reduction of the finish coat paint for the priming cnat to poor preparation
of the surface to be painted and to the use of woods that present a pant
adherence problem, special priming paints were formulated There is no
question that better results were ohtained with these special primers than
when the prewar raw linseed ail type house paint was used for the priming
coat These priming paints were the first to be formulated with an appreci-
able percentage of bodied 01 in the velucle 1n fact, the composition of the
vehicle does not differ greatly from that used in present day regular house
pamts, except that some of the primer vehicles contain a small percentage
of varnish  Since the primer serves a different purpose than the finish paint,
its requircments are somewhat different The primer pant &im should
possess good adherence to the wood, maintain distensibility, and not be
detrimentally affected by moisture It should be compatihle with the finish
coat and dry with low sheen so that st promotes nesther separation nor failure
of the finish coat film Since 1t 15 not cxposed to the atmosphere, it does
not need the high resistance to mildew and dirt nor the good maintenance of
whiteness and tint that are so important m the finish coat pamt  For this
reasin, mam {ormulators nse little zine oxide m their special primer but
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depend on white lead for reactivity and seap formation and va
hardening effect. They also take advantage of the good durabi
opacity of rutile titamum dioxide or the excellent buffering
Cryptone MS (zinc sulfide-magnesium silicate pigment). To
tional opacity and film thickness, they tend to use higher pig
than in finish coat paint. There are two types of pigmentatis
favor. (3) titanium, lead, and inerts, and (b) Cryptone M!
2inc oxide. The vehicle generally contains more, but a lower vis
o1l than used m regular house paint, and the zinc oxide-free
usually contain some resin varnish. Aluminum powder prim
been promoted. While their resistance to water is good, they b
vantage of frequently causing alligatoring of the hnish coat a
are gray they require two coats of the white finish paint.

hile the special primer twocoat system possessed adv
two coats of the prewar raw linseed oil type paints, its advant
coats of today’s house paint is questionable. Since present day p
pared with a similar type of bodied oil vehicle, as a priming coat
many of the properties of the special primers. They posse
penetration and dry with sufficiently low gloss to provide goo
the second coat. The paint can be packaged at a consistency s
coat application without any additions being made by the paint
paint manufacturer is assured of the composition of the paint f
the advantage that the painter will make no error and apply a
lated only for the primer coat as a finish coat.

As in the case of the various pigment compositions for
excellent resuits can be obtained with or without the usc of a s
It is this fact, that desired results can be obtained in various w.
mits the paint technician to use his knowledge and ingenuity ir
his paints and that provides the healthy competition that
industry.
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