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ABSTRACT



This thesis 1s a presentation of formulationa for
heat resistant ccatings which will withstand a temperature of
800° F. when applied to mild steel, The methods of prepara-
tion and teating of the formulastions are given along with
tabulations and discussion of results.

A satisfactory genarai heat resistant coating was
obtained with a two coat system, The primer coat consisted
of & cerbonizing organic véhiolc plgmented with & combination
of sluminum, zinc, and cedmium, The top coat was a silicone~
glyceryl phthalate vehlcle pigmented with aluminum,

Best results for & glossy sea blue heat resistant
coating were obtmined also with a two cost system. The primer
cont was the same &s glven above for the general heat reslistant
coating., The top ocost for the blue costing was formalated
from a silicone~glyceryl phthalate vehicle plgmented with green,
blue, and black refractory oxides in fixed ratios,



INTRODUCTION



Organic protective coatings have consliatently
demonstrated an important role in engineering. These coatings
have bsen primarily a development of the arta. Today, however,
their produstion is finally emerging as an industrial sclence.

The five main purposes of protective coatings are
decoration, protection of siructural and techniecal materials,
sanitation, obtaining better illuminstion of objects, sand
producing a desired surface condition.

The protection of structwral materials and the
obtaining of desired surface conditions are of primary interest
to the Navy Department, Euroau of aAeronsutics. In the case of
protection, 1t has been estimated (1) that up to 2 percent of
the world's tonnage of iron must be replaced yearly becsuse of
corrosion, Latest eatimates indicate these losses are greater
than a billion dollars anmually. As for dosired surface condi-
tionas, Lt. Com. A. M. Malloy states (2), "The application of the
best possible smooth finish at the time of manufacture will en-
hance the maximum performance of a 400 m.p.h, fighter airplane
to the extent of at least 13 m.p.he This inoreased performance
18 the equivalent of 140 h.p."

Thus it 1s recognized that the advances of modern
technology in the design and construction of maval sircraft and
ocomponent parts would be nullifled greatly if deleterious effects
of the elements and severe operating conditions oncountered in
service were not offset by protective coatings, As haa been

stated (3), "The small margin dividing vietory end defeat in



(aerizl) combat may often be determined by the thin film of
protection which 1s afforded by protective coatings."

The &eveIOpmaht of & protective coating which willl
withatand the severe conditlions encountered by naval aireraft
poses a problem. Engine exhsust manifolds snd jet assemblies
with adjacent fuselage parts are not only subjected to intense
heat but also to low temperatures encountered at high altitudes
nnﬁ in arotic regions, Fnrthqf, naval aireraft are frequently
in contact with salt spray whioh ls extremely corrosive to
ferrous metals, Structural strength cannot be sacrificed for
corrosion resistance, It is therefore necesassry in many
instances to rely on protective coatings, rather than corrosion
resistant metals, for sdequate proteoction.

There wore no coatings which would withstand the
conditions mentioned above at the time jet propelled alireraft
were Introduced to modern aviation, For the development of
such coatings the Buresu of Aeronautics entered into a contract
with the Institute of Industrial Researsch of the University of
Louisville for development of a protective coating satisfactory
for this application. The requirements for the coating were
as follows;

1, It shell withstand exposure to a temperaturs

of 800° F, for a period of several hundred hours.
2. It shall eliminate corrosion of the bese metsl,

3s It shall adhere when exposed to the vibrations

encountered in airoraft service,



4. It shall pass a bend test over a § in. mandrel
after subjection to BOOO F,

5. It shall néuon conventional application
charscteristics and shall result in a smooth, thin
continuous film.

6, It shall not require a curing temperature greater
than 300° Pe

After the project had progressed for some months the additional
requirement, that it be asa blue in color, was sddeds



HISTORICAL



The use of protective coatings dates bsock seversl
thousand years. Though some progress was made through the
ages, the development of the protective coating industry was
quite aslow,

With the advent of the twentieth century came the auto~
moblle, airoraft, snd s tremendous expansion of industry. As
a result of this expansion progress was also made in the fleld
of protective coatings. However, at the time this research was
started there were no protective ocatings which were entirely
satisfactory above 600° F, :

A number of patents have been granted for heat resistant
coating formulstions in the past fifty years, One of the firat
was given to Princesse Demldoff (4) for a formulation using mag-
nesium carbonate as & base, 7This coating was said to inhibit
the corrosion of metallic surfaces at elevated temperatures.

Other investigators used a varlety of pigments and ve-
hiclesa, These materisls included as pigments, ocarborundum powder,
various metals and alloys of metals, camphor, talc, and titanium.
Linseed oll, fish oll, coal tar, Japanese varnish, and alkall
sillicates were smployed as vehiloles.

Coatings using alkall silicate vehlcles are rather
numerous snd are basically the same. The minor differences which
exist are in pigmentation, variation of pigment vehicle-ratio,
and addition of materials to promote setting.

A survey In 1945 indicated that none of the heat resis-

tant coatings avallable were satisfactory for use above tempera-



tures of 600° F. The modern mode of warfare had greatly in-
creased the need for a aatisfaoctory heat resistant coating of
this type. The Houston Paint and Varnish Club began at this
time an investigation of heat resistant finishes (5)., The
linvaltigution showed that fllms composed of organic binders
disintegrated to an extent that rendered them vaslueless betwsen
600° ¥, and 800° F, for prolonged perilods of heating, In its
latest report (6) this eclub concludes that DC 801w sllicons
heavily pigmented with aluminum, will produce a satisfactory
coating if applied in a thickness of 2-3 mills,

Work whioch has already been completed on this research
progrem (7, 8) has produced coatings whioch will withstand & tempe
erature of 8000 P, and are reasonably sstisfactory with reapect
to adhesion, weathering, and flexibility. antiarnatory vehicles
1ncluded (1) a carvonizing phenolic vernish, (2) a silicone
resin, and (3) & mixture of glyceryl phthalate spar varnish and
[ ailicano resin, Various metallic powders were satiafactory as

pigments,
# See appendix page 58



THEORETICAL



Faints and related finiashes protect metals by the
interposition of a contimuocus inert and sdherent film between
the material surface snd its environment, In the case of
metallic finishes over metals, claatra@hnmiadl relationships
between environment, costing, and base metal play e predominant
part in determining coating efflclency. These electrochemiocal
relationships, in general, play a relatively minor part in the
fleld of orgenic finishes, The degree to which the enviromment
can be blocked off mechenically from reaction with the corrodible
metal assumes major importance in the organic coating fileld,

Orgenic finiahingkmntariala consist essentially of a
continuous, inert, film-forming pi:ase in which 1s dispersed a
pigment or combination of pigments., The liquid phase i1s essentlal
for application purposes., Just as necessary 1s the development
of an lmmobilized structure. The conversion from ligquid to sclid
phase 1s therefore an abaoclute requirement,

Organic finishes may be grouped into three general

classes - paints, enamols, and lacquers,

PAINTS

A paint nnachti:lly ls a dispersion of pigments in a
drying oll., The drying oll is converted to a gel state, usually
by oxldation at normal temperatures., A drier may be added to
accelerats the early atage of drying, The cil may be partially
polymerized or bodied, or may be fortifiled by addition of amall

percentages of soluble resins, These reains are usually
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synthetic, and are added to increase film strength and to
h#asnn gelation, Drylng, as a rule is relstively slow; and
films, when fresh, are soft and resdlly deformeble, Viith age,
progressive hardening ocours attended by a gradusl, definite
reduction in dlstensibility.

Palnts are usually manufactured by "grinding" pige
ments into oils using differentliagl) apeed rolls, For certaln
hard abrasive pigments, buhrstone mills may be employed., In
many instences ball or pebble mills ere used. Actually the
plgment particles are not ”groﬁnd”, but clusters of them are
separated to permit intimate wetting of all particles by the
liquid phase, _ |

Gloss of paints, as a rule, is limited, and is

rapidly lost on outdoor exposure,

ENAMELS

An enamel conslista of an intimate dispersion of pigments
in a varnish or resin vehicle, Other than the higher degres of
dispersion of pigment in the vehicle, the essentlal difference
between a paint and an eﬁnmal lies in the nature of the vehilcle,
The enamel vehicle may be an oil-~resin mixture, containing either
natural or synthetic resins, or possibly a mixture of the two,

The oleoreslinous vehicles sre commonly known as vernishes, These
varnishes, containing drying oils, are converted largely by oxygen
absorption. Kewer synthetlic resin vehlcles may be elther oxygen
can&ertible, heat convertlible, or both, depending upon the

particuler resin. li.amels, as 8 class, dry more rapidly than



peints and are appreclably harder and tougher, In certain
compoaitions the use of heat accelerates gelation, At the

same time toughness and hardness are Iinocreased to a polint where
& vitreous character 1s approached, {reat sdvances have been
mede with this type of coating in the fleld of organic finishes,

Because of finer pigment dlspersion and the innate gloss
of the dry vehilcle, enamels astlsfy decorative as wall as pro-
tective demands., Their reslstence to mechanical abuse has made
them highly applicable to metal finlahing,

In oleoresinous varnishas, the ratlo of drylng oil to
resin is of prime lmportance, In ganeral; with natural and many
synthetic reains, the highér the oilvcuntent, the more flexible
and dureble the varnlish. Conversely, air-drying speed, initial
hardness, and brittleneas increase with resin content, Certain
of the more recently developed vaernishes, however, do not follow

this rule,
LACQUER ENAMELS

A lsoquer ensmel consists essentlally of a dispersion
of pigment in a laoquer vehlcle. Thils vehlcle is distinetly
different from the oleoresinous or oil media, The differences
1ie in composition, formmlation, end film forming mechanism,
The non-volatlile residual film ordinarily contains three compo=-
nente. These are the celluloase sster, usually nitrocellulose,

the resin, and the plasticizer, The cellulose derivative Jlends

strength by virtue of its strong and relatively long resilient



molecules, The resin provides sdhesion and hardness, It also
permits the use of thicker films than would bs possible using
a cellulose derlivative alone, The plasticlizer contributes
distensibility to the film struoture,

Becsuse of thelr great drying apeed; lacquer enamels
find wide application and decoration of almost any articles
whare spray application 1s feasible,

ORGANRIC FIKRISH COMPONENTS

Orgenic finishes, in the brosdest clessification, con~-
sist of two components: an organic vehicle and a pigment or plg-
ments. The vehicle constitutes the continuous phsse, and the
pigment the disoontinuous phase., The vehlcle must be convertible
from a mobile state to an Immoblle aclid state of a film, The
fluid state is necessary for purpose of application of the finish-
ing materiel., Of similar ilmportance ia the conversion to a solid
form, namely & film,

The resinous state must be developed before a fllm can
be formed, This state may be preconditioned in the fluild vehiole
by the presence of resin molecules dispersed in a solvent, The
agme state may be developed in the film after application through
polymerization. Such growth of resinous molecules may occur by
chemiscal recction with components in the environment, or by
heating. The primary characteristic of any resin is that 1t cone
sist of very large molecules, These molecules may be long straight
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chalns, brenched chains, or o¢ross-linked cheins, The opportunities
for polymerlzation as the molecule grows larger are increased
tremendously. Large size molecules obviously possess a large
molecular surfaece area which gives molecular surface forces the
opportunity for action. Van der Wasl's forces at these surfaces
can produce solvation, sssoclatlon, and aggregation effects,
Because of these effects, molecules may assoclste into micel-
Iular structure or may adsorb foreign molecules with great tena~
city, The three conditions - large molecules, complexlity of
structure, and large surface ares - characterize the resinous state
which determines solid film formation, The physical behavior of
resins {9, 10) is primerily determined by the size and gecmetrie
structure of the molecules, and only secondarily by chemical
composition, | |

Drlers, usually organic compounds of lead, manganese,
and cobalt, have been used in conjunotion with drying oils end
oleoresincus varnishes for many ysars (11}, Their function ia
primarily caetalytic. They accelerate the addition of oxygen at
the double bonds of unsaturated drying oil acids, Only small pere
centages of driers are nboosaary, The character of the film in
terms of 1ts physical properties, such as tenslle atrength and
elongation, l1s affected by the kind and amount of drier used,
Cobalt driers sffect particularly the surface drying propertles
while mangenese end lead compoundas Influence the through drying
characteristics (12).

Unpligmented organic coatings fipd only limited use as
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protective coatings for metals., The addition of pigments intro-
duges a number of highly importent ochanges in those clear coate
ings 1.0. coloration and capacity for obscuring the underlying
base materials., By pigment addition the organic coating 1ls
strengthened, hardened, and made relatively more durable. The
deleterious effects of certain environmenteal factors are delayed
by pigmentation, For example, the rate of molsture penetration
i:s reduced, and in some instances the destructive action of
ultraviolet light 1is minimized, By incorporation of sulitable
pigmentes in the priming coats of multiple coat ayatems, the
corrosion of the base metal mey be retarded.

One of the outstending characteristics of almost all
plgments is thelr fineness of particle size, The majority of
pigments fall in a range of 0,1 to 5,0 microns in average dia~-
meter. A plgment should not be used unless it will pass a stande
ard 325 mesh screen (13). Fine particles provide a large surface
area, With such large surface areas, Ilnterfaclal propertles of
the pigment-vehiole surface become extremely important. The
woettabllity of the pigment by the binding vehlole 1s determined
by the physical and chemical character of the pigment surface,
These wetting characteristics effect not only ease and stability
of dispersion, but also the type of failure occurring upon
exposure tc the environment. Pigments of alksline character are
wotted readlly end for thies reason materially aid the physical
structure of the paint film, Other pigments are difficult to

wet completely. This effect 1s reflected to a considerble extent



by chalking tendencies of coatings containing such poorly wet
plgments. |

It has been found that pigment-vehicle ratios are
important. With regard to durabillity, an optimum value for
pigment concentration has been established, For a large number
of pigments this value lies between twenty-five and thirty-five
percent by volume of pigment (14), This concentration iz approxi-
mately the optimum renge of application conslstenoy, Hence &
useful relation between durablliiy and plgment content is avail-
able at a convenlent point in formulating new coatings. In
priming coats, when inhibitive pigments (chromates or red lead)
are used, the added electrochemical protection offered by these
pigments permits wider latitude iIn pigment content variation,

There is no single plgment that serves all purposes,
" Reactlve plgments may be used for priming protection or for
hardening and strengthening of the film. Non-resctive piguents
macy be used for coloration, for easing stresses in the coating,
or for retention of coating elssticity. Other pigments have the
particular virtue of excluding ultraviolet light or of reducing
molsture ponatrntiqp. Iﬁ has been learned (15) that the admixture
of several pigments, particularly in top coats, is frequently
sccompanied by a "aymblotlo-like® effect, in which the seversl
plgments exert a nutual benefit to improve the entire cocating,
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COATING PROP-RTIES

The durabllity of a protective coating involves
numerous factors. Thoat»er nejor importence are sdhesion,
flexibility, abrasion resistance, cohesion, and hardness, Con=-
versely, there are certaln characteristics to be avcoided, Some
of these undesirable stibributes ere checking, chalking, bliater-
ing, end fading.

One of the criteria for a sultable coating material 1is
the strength of its bond to the baase on which 1t 1s appliled,

This bonding is known as sdhesion. Adhesion may be of two types.
These types are mechanical adhesion and specific adhesion,

The penetration of the coating fllm into the interstices
of the substrate, resulting in s physical interlocking of the
coating end the substrate, is known as mechanical edheslon, There
are two factors which can greatly affect this type sdhesion. The
first of these 1a the Interfacisl area between the coating and
the substrate, A roughening of the metal surface can increase
the contact area at least twenty-fold (16). Another factor whiech
affects mechanical adhesion is the fluldity of the film forming
mediume, A fluld medium ean penetrate the substrate to a greater
degrees than e viscous medium, Fluldity may be increased by the
use of heat and/or loiventa. Care mnnt‘bo taken in the use of
solvents, as shrinking stresses developed on their evaporation
may ocause rupture of the bonding,

Cleanliness of the base surfece is an oxtremely impor-
tant faotor in the edhesion of coatings, While a contaminated

layer may itself be readily wetted by a centing vehlole, the
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adhesion of such a layer to the base material 1s frequently of

low order., Hence the adhesion of the film to the base is low,
Recent experiments (17) hnvo indicated that contamination by grease
or 01l to the extent of tenths of & milligram per square inch of
surface definitely affects the adherence of most organic finishes.

Specific adhesion is that adhesion which depends on the
electrochemical relationship of the coating and the base metal,
The electrical forces residing in the atoms and the molecules of
the metal Interact with the electrical forces residing in the
polar molecules of the finishing mediug. The distance over which
these attracting forces can act is extremely short, This dise
tance, which smounts to several molecular layers, would be ap-
proximately one~thousandth of the thickness of an average singlee
coat paint film, Therefore, the primary requlrement 1s that the
ocoating medium come into direct contact with the base metal,

An essential characteristic of s protective coating 1s
its flexibility, However, the fact that a coating hes good flex-
1b1lity should not be taken as the sole criterion that it willl
be satisfactory. Although a costing which exhibits good adheslon
will in ell probebility by flexible, the converse need not hold
(18). The flexibility of a coating is primarily determined by
the vehicle employed. |

The characteristios of hardness end ahrasion resistance
are closely interlocked with adhesion, cchesion, and flexibility,
In general, as hardness increases, flexlbllity will decrease,
Further, a softer coating is, as a rule, more abrasion resistant



than & hard one, It is therefore necessary to comprémise on
some properties to obtain a coating with the optimum charactere
istica,

Film thickness 1ls a vital factor in costing behavior,
Finlshes muat be tested at controlled film thicknessea., For
good correlation, this thiclimess should correspond to that used
in service, Krumbhasr (19) emphasigzes the fact as follows:
a1l data on mechanicel film properties (and indirectly on the
performance end durability) are dependent on the thickness of
the film. The sams finishing material at two different coating
thicknesses may exhibit widely different behavior; the durabllity
may vary and the type of fallure may be completely changed,”

The selection of a ccating which will offer resistance
to water 1ls a fundamental requisite in the design of coatings
for protection of steel surfaces. This resistance is & function
of both vehlcle and pligment. Leafing plgments offer great re-
sistance to water penetration (20)., Probably the best known
examples of leafing plgments are aluminum powder and waterground

18

mica. Vehicles employed with such pigments should be sufficiently

fluid to permit mobility of the pigment particles. This mobility
will permit the leafing characteristic of the pigment to exert

itselr,
There is slsc cathodle protection against corrosion,

Examples of materials which provide this protection are zinc
dust and red lesd, This aotlon is thought to be due to the _
neutralizing effect obtained by the use of such pigments (21),.
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It is known that zinc dust 1s anocdilc (1n character) to iron,
Far thermore, zine metal has the property of diffusing inter-
granularly into the metallic iron surface at high tempera-
tures (22).

In the preparation of a heat resistant coating, the
problem is more speciflic., The number of materlals which may be
used is definitely limited becsuse of oxidation and/or decom~
position at the required temperature of 800° F, There are numer-
ous metals sulteble for use as pligments at high temperature,

Zinc and sluminum have already been found edaptadble to this pro-
blem (7, 8). Such inerts as mica and asbestine are also suitable.

The problem then resclves itself into utilizing these
pigments in the proper vehilcle.

Polytetraflourethans 1s probably the most heat resistant
resin known at the present time. At 620° F. 1t undergoes a solide
phase transition with & sherp drop in dlelectric strength.
Dielectric strength 1s an importsnt factor. Urops in dlelectric
strength indloate molecular decomposition which eventually re~
sults in film fallure. In the neighborhood of 750° F., 1t decom~
poses to yleld gaseous produsts, Small smounts of flourine=-
contalning gases are given off at temperatures as low as 400° F,
This materlal was not studied in the pressnt work, for it is
difficultly soluble, and has very poor adhesive characteriatiocs
(23) .

The ailicones are quits applicable to high temperature

work., There are methyl silicone resins which suffer no decomposi-



tion or disintegration over a period of years at 400° F, These
resins maintain their dleleoctric strength for long periods at
temperaturea as high as 5500 F, Avove 5009 F, the methyl sili-
cones oxidige, leaving & residue of silica, Phenyl silicone
has greater thermal stabillty, but 1is not so ductile as methyl
silicones A copolymer of phenyl end methyl sllicone may be
prepared whioch has the desirable characteristics of both the
phenyl and methyl sillioones. These copolymers have as thelr
upper service limit a temperature of spproximately 500° F, How-
ever, in the absence of oxygan; these and other silicones are
thermally stable at temperatures as high as 9009 P. (24, 25).
The possibllity exists that a sultable antioxidigzing or plasti-
cizing material may be found to prevent or retard this type of
faillure,

The coumarone~indene resins are also stable at high
temperatures in the absence of air; but, like the sllicones,
they oxidixe in ita presence.

Anothsr poasibility for s heat resistant coating lies
in the use of a vehicle which will carbonige and leave the pig-
ment "fritted®™ or fused to the surfece of the metal,

4 logieal approach to the problem lies in the further
investigation of the most satisfactory formulations found by
Lutz (7), and Hayne (8): A bass coat utilizing s zinc, eluminum,
and oadmium pigmentation of a heat reactive varnish offers good
possibilitles, A finish coat which 1s an aluminum pigmented
sillcone-glyceryl phthalate formulation also appears to be
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satisfactory.

| Glyceryl phthalste is one of the more heat resistant
resins, It i1a not, however, as heat reslistant as the silicones.
Attributes for which it is imown are flexlbility snd sir-drying,
Further, 1t is more fiuild than the silicones, It was therefore
thought that & copolymer might be formed with the silicone and
the glyceryl phthalate, This copolymer would embody not only
the heat reaistance of the silicones, but alao the flexibility
and alr drying characteristicas of the glyoeryl phthalate,



EXPER IMENTAL



Considering the material presented in the previous
section, and the recommendations of Lutz (7), and Hayne (8),
the following plan was set forth;

1, Extensive tests would be run on Hayne's two cost
system; an aluminum pigmented sllicone-glyceryl
phthalate vehicle used as a finish coat, and an
sluninum-zinc~cadmium pismented cerbonizing phenolic
vehicle used as a base coat., These teats would de-
toermine exsoctly the characteristics of the system,

2. Modifloations of this aystem would be tested in an
effort to lmprove its properties,

3¢ VWork would be done to give the best two coat system
a sea blue plgmentation.

before presenting the experimentasl data, the procedure
and apparatus will be disoussed,

The pligments to be incorporated in a formulation were
welighed Into & one~half pint ean., Enough vehicle next wasa
welghed into the can, sc that on proper mixing a stiff paste would
be formed. These weighinga, werse made on a triple beam balance
scourate to 0,01 gram. A half-dosen steel balls, approximately
one~quarter inch in diemeter, were placed in the can., The can
was sealed and placed on a rotating mixer (26), This apparatus
simulated the action of a pebdble mill, and ®ground" the pigments
into the vehicle. The mixing period was varled to meet reguire=-
ments of the differant formulations. Periodic mioroscope checks

were made to determine whether satlisfactory grinding and



dispersion were beling obtained., When the pilgment was properly
disperssd, the remainder of the vehicle was added and the oans
were again plasced on the mixer. After another one to two hours
mixing, formulations were ready for application.

With the exception of certain speciasl cases, the teat
panels were 3 in, by 3 in., mild steel panels, FPanel thickneas
was approximately 1/32 in., These panels were polished with
emery oloth, and solvent cleaned with scetone to give & clean,
uniform surface for coating evaluation. The coating was appliled
using a conventional spraying hood and gun. Following the coat-
ing application, the panels were air dried for sixteen hours,
Then a more intensive curing pericd was applied to the coating,
This ouring consisted of a three hour period under an iInfra-red
lamp (27). Panel tempersature for the duration of the curing

period was approximately 276° F.
If the panels were not to be glven a finish coat they
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were placed in the muffle furnace, Thils furnace (28) was Mloromax

controlled to X109 F. In most cases, the temperature used for
testing was B00° F., The testing period was sixteen hours, After
being heated, the panels were given a visual inspection. Those
coatings passing the heating teat were subjeoted to a "shook"
test. This test consisted of guenching the panels from 800° P,
into water at room temperature, Coatings thet di1d not fail
quenching were subjected to a bend teat which was performed over
a tapered mandrel (29)., The dlsmeter of this mandrel tapered
from 1} in. to 3 in. in eight inches length., After the bending



teat, the panels were given s scratoh test to check adhesion.
Only the ocutside bend 1s considered in this test.

Coats which were successful to this point were tested
in an accelerated weathering unit, Figure 1, This unit conasiate
ed of a rotating basket inside a copper drum, “The panels were
sttached tc the basket, which made ome revolution every two
hours, During basket rotation, the penels passed directly under
the spray of nozzles. In addltlon, the chamber was completely
filled with water mist,

A salt spray chamber, Figure 2, was used for more
severe weather testing. This unit consists of a rectangular
tank, with one bottom portion containing a twenty percent salt
solution, Panels were hung in the upper portion. The tank was
filled with a dense salt mist by means of & compressed-air
operated spray-nozzle system. Water saturated air wss supplied
at 10 peselags to the spray nozzle,

If a coating warranted further testing, a pipe stand
(30) was used, This stend consisted of & fourteen inch length
of 1} in. standard steel pipe., The preparation of the pipe for
coating evaluation was similar to that of the panels. After
belng cured the pipe weas mounted in a vertical position on a
ring stand, Wells were drilled intc the pipe st various points,
80 that temperatures could be measured, at intervals, using a
thermocouple potentiometer Bombinntion. Heeting waa accomplishe
ed with a Meker burner. A length of one Inch copper tubing was
mounted consentrically inslide the steel pipe, This tubing
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permitted heating of the pipe with a reasonable temperature
graedlent between 1ts two ends, Using this method of heat transfer,
it was posaible 4o obtein temperatures of approximately 800° F,
at the longitudinal center of the pipe., Water was sprayed on the
pipe at frequent Intervals, This test more nearly approached
sctual service conditions than eny other, V¥When psnels are heat-
ed in a muffle furnace, the panel and coating are in a bath of
unifarm temperature, When the panel 1s quenched in cold water,
the entire panel again goes into a bath of uniform temperature.
In the csase of the pipe stand,'hovever, the lnner surface of the
coating is exposed to radlation réam a8 plece of metal which 1s

at a very high tamperutura; The outer surface of the coating

is exposed to room temperature, The same condition exists when
the pipe 1s sprayed with water,



TWO COAT SYSTEM

Following thn'oxper&montal plan set forth, a group of
panels coated with the system H2l, Hl was prepared, The com-
position of these formulations 1ls shown in the following table.

TABLE I - COMPOSITION OF BASIC TWO COAT SYSTRM

Sample Type of
Humber Coating Plgment Vehicle

B21 Base i1a 52 20 30 Phenolle

0 Finish &M 10 DCBOE 16 G.P.#
Note: Al - Aluminum paste

Zn - Zinc powder

Cd -~ Cadmium powder

Fhenolic - Heat reactive phenolic varnish
DCB02 - Dow Corning 802 silicone resin
G+Ps ~ Glyceryl phthalate spar vernish
All quantities are parts by welght

After testing several groups of panels coated with this
syatem, it was observed that some panels falled slightly on guench
or bend tests. Furthermore, on standing overnight a can of coating
Hl would gel,

The addition of small smounts of mioronized mica to
coating formulations reportedly improves dending and adhesive
charscteristios (31). Hayne (8) notioed that the presence of zinec

# All abbreviations are explained in the appendlx,



in formulations prevented skinning in the can, With these
feots in mind, formuletions were tested using varicus top and
base coats, The following tables list the composlition of these

formula tions,.

TABLE II - BASE COATS CONTAINING METALLIC FIGMENTS ,
MICA AND ASEESTINE

Sample ‘

Humber Pigment Vehicle
H19 14 52z " 30 Phenolis
HZ1 14 6z 2 o4 30 Phenolie
H61 1 Al & Zn 2 cd 0.9 Asb, 30 Phenolie
ES2 1A} & Zn 2 Ca Ou® M.M, 30 Fhenolic

Kote: Asb, ~ Asbestine

M.M, - Microniged mioa
All quantities are parts by welght
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TABLE III - FINISH COATS CONTAINING METALLIC
PIGMENTS, MICA AND ASBESTINE

Sample

Numbeyr Plgment Vehicle

Hl 6 Al 10 DC8O2 156 G.P.
H36 541 0.6 @Zn 10 DCBO2 15 G.P.
H38 5 Al 1.0 2n Q.6 M M. 10 DCBOZ 15 G.P.
050 541 1.0 2n 10 DCBO2 15 G.P.
Hb54 5 Al 1.0 Zn 0.5 asb, 10 DGBG? 15 G.F.
use 6 Al 0.5 asd, 10 DoB02 16 G.P.
HE7 5§ 41 1.0 Cd ‘ 10 DCBO2 15 G.P.

Note; All quantities are parts by welight

These particulsr formulations were ohosen because Hayne (8)
reported them to be satisfactory as single coat aystems except
for weathering. It was felt that if the proper matoch of base
and top coat were obtained, good weathering also could be
achieved. Results using these formulations as two coat systems
are set forth in a table on the following page.

H2) was the only undercoat glving a good bend teast
with various top coats, MNorsover, it was the only undercoat with
no quenching fallures, The indicastions were, therefore, that HZ21
was the best undercoat, Because of the fallures of HbB1l and HbZ,



the use of micronized mica and asbestine in the undercoat l1s

definitely eliminated,
and flexibllity of the coatings.

These materials did not improve adhesion

TABLE IV -~ RESULTS OBTAINED USING VARIOUS TWO

Fallure
on

Quench

Coatlng
Composlition
lat 2nd
HB1 H36
HBR H36
Hb68 H38
Bb62 BS54

COAT SYSTEMS

Pooyr ox

Falled

on Bend

Coat
Composition
ist 2nd
H19 H1l
Hl9 HBO
HZ1 H36
HEY H38
HE1 Hl
EB1l H38
HB1 H54
HSE2 H)

Fair
on
Bend

Coating
Composition
lst £nd

Hel H54

Good
on
Bend

Coating
Composition
1st 2nd
H2) H)

H21 HEO

Several psnels of the system H21-Hl, and HE21-HS50 were
prepared and extensively tested by repeated heatings and quench-
ings., After a number of quenchings, the panels with HS0 top

coat began to flake slightly.

Observations showed, however,

that cans of formulation H50 did not skin, when permitted to

stand as long as ten days,
could be formulated which would contain less zinc than HS50 and

It was thus felt, that a coating
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still retain its snti-skinning properties, Consequently formu-
latlions H69 and HGO were.praparad. These formulations contaln-
ed only one~-tenth gram of zinc. Panels coated with these formu-
lations falled on guenching, thus eliminating the possible use
of ginc in a top coat formulation,

With other formulatlions completely elimineted, extensive
teats were begun on the H21-Hl1 system to determine 1ts exact
characteristica, One of the firat tests was that on the plpe
stand, The plipe was heated for a perlod of seven to ten hours.
After repeated sprayings with cold water while the pipe was at
elevated temperature, the pipe was then allowed to eool, An
inspection showed that the only fallures ococurred where the pipe
hed been definitely above 900° F.

The question of resiatance to hot 6i) and solvents
arose, To teat this resistance a group of panels were prepared,
 After they wers cured, the psnels were heated in the muffle furnace
for fifty-four hours, The heating periocd included quenching at
eighteen hour intervals. The panels were then heated In S.A.E.
30 motor oll at 200° F. for five hours, This test was followed
by & ten hour heating perfod in oil at 300° P. 01l heating had
no effect on the costing, The same panels were heated in toluense
at 2000 F, for five hours, and then pleaced in the accelerated
weathering unit, After 120 hours exposure the panels were remov-
ed and inspected. Inapectlon showed that the coating weathered
similarly to panels which had received no oil and solvent treate

ment, &8light washing was evident but no rust,



A8 8 final weathering test, a group of panels were
prepared using combinations of top coat and baese coat, In
addition formulation H49 was elso tested, This coating had the
plgmentation of H2) in the vehicle of Hl. These panels were
heated for 100 hours at B800C F. before being tested in the spray

chamber,
TABLE V - RESULTS OF 200 HOUR SALT SPRAY TEST
Goating
Composition : Results
1st 2nd
H - Rusted bedly
H49 - Rusted baedly
B21 - Rusted
H21 H2) S1ightly rusted ~ Badly washed
H21 H49 Very slightly rusted - Badly washed
HE2l Hl Fo rust - Some washing

The data of Table V show that the aystem H21l - Hl
has better weathering characteristlos than the other systems,
8ystem HE1l - HAO was _alm a sllicone-glyesryl phthalate finish
coat applled over & phenclic base ebnk._ However, panels
copted with this formulation showed signa of rust, This test
shows that leafing of aluminum in the top coat definitely in-
hibits passage of water.



BLUE HEAT RESISTANT COATING

A logical starting place in developing a blue heat
resistant coating was felt to lie in pigmenting the top coat
of the previously developed system. The blue pigment chosen
was iron blue, This pigment was selected becsuse it has excel-
lent baking characteristics end permanency of tint, Using this
pigment, coating B58 (see Table VI) was formulated. This coate
ing consisted of the existing gop coat with addition of iron
blue pilgment. The effect of 1£un blue on the color of this
formulation was not noticeable onAtho pansls, From this fact
it was evident that the proportlion of aluminum in the top coat
would have to be greatly reduced to permit blue coloration. On
the basls of this test the remainder of the formulations of
Table VI was prepsred,



TABLE VI - PRELIMINARY ELUE COATIEGS

Sample
Kumbey Pigment VYehicle
68 1l 1.B. 6 A 10 DCBOR2 15 G,.P.

HESZ 1 U.B. 1al 6 2n 204 10 DC802 15 G.P.
H6S 1 I.B. 1Al b62n 204 10 Dc802 15 G.P.

H6é 1 U.B, 10 DCBOZ 16 G,P,
H6S 1 U,.B. 5 zn 10 DCBOZ 15 G,P.
HEE 1 U.B, 0.6 A1 . 10 DCBOZ 16 GuP,
H67 1 U.Ba 0.6 A1 652Zn 10 DGBOR 15 G,P,

ras 2 UaB. iA b2n 2C4 10 DCBOR 15 G,P,

Eote; I.B. - Iron blue
- UsBe =~ Ultramarine blue
~ All qusntities are parts by weight

Formulation H49, previously discussed, was the best
 non~blue finish coat of low aluminum content, It was felt

that another blue pigment might have better tinting strength
than iron blue, Referring to the table on pigments (32) it
was found that ultramarine blue had good permanency of t&nt' and
excellent baking ohsrecteristios. Formulations H62 snd HES,
blue varlations of H49, were prepared so compare iron blue vim
ultramerine blue, After beling sprayed, but before being fired,
panels coated with the iron blue formulation hed a deep bluilsh
hue, Those coated with the ultramerine blue formulation were a



1ight blue. After being fired for seventeen hours at 800° F,,
the panels coated with H6S were a dull grayish-tan color, Those

coated with HE2 retained the original 1ight blue color. The
panels of H6Z2 were returned to the furnace, After eighty~-three
hours of heating, the presence of ultramarine blue was still
evident although the panels were lighter in color, The grayish
tan color of panels coated with H63 was apparently due to de-~
composition of the iron blue pigment,

To incresse the effect of ultramerine blue on coating
color, formulationa H64 through HE8 were prepsred, In these
formulations the ratic of nltramsrina blue to sluminum was in-
creased, All panels falled with the exception of those coated
with H66, Panels coated with H66 withstood heating, quench, and
bernd tests. The blue color, while much lighter in shade, did
remain after the panels had been heated forty-two hours st
8009 F, At this point the only blue coatings which had held up
were those using the metallic pigmentation of H49,

Formulations using Chinese blue and phthalooyanine
blue, HEP through H72, were prepsared in an attempt to find a
blue pigment with greater tinting strength. Chinese blue is a
member of the iron blue family., Phthalocysnine blues are re-
portedly stable at very high temperatures (33)., Both of these
pigments decomposed, however, when coatings contnining‘thom were
heated to 800° F,

It was noted that, in order to intensify the blue color,
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the ratio of ultramarine blue to other pigments, and to vehicle
would have to be inoreased a large amount., Therefore, the
formulations of Table VII were prepared,

TABLE VII - FORMULATIONS CONTAINING HIGH
ULTRAMARINE-VEHICLE RATIOB

g::ﬁ: Pigment Vehicle

HTS 5 UsBs 1 4l 30 Phenolisc

H74 6 U.Be 1 A2 5 Zn 30 Pnenolic

B75 65 UsBs 1 A1 : 10 DCBOZ 15 G.P.
B76 6 UusBse 1 42 6 Zn 10 Deaoe 15 G,.P,
15 10 U.B. 1Al 5 Zn 10 DCso2 15 G.P.
15 b U.Bs 1 A 2.8 Zn 10 DCBO2 15 G.P.
17 10 UuBs 1 Al 5 FegOx 10 DC802 15 G.P.
I8 10 U.B. 1 Al 5 Ca 10 DCBo2 16 G.Fa

Note: All quantities are parts by weight,

Panels were costed with the formulations of Table VII and
heated at 800° F. Observatlion showed that a dampened cloth
wonld wash the blue pigment from the panels coated with H7S
and H74. This poor adhesion was due to the fact that the
vehicle used was of the carbonizing type and ultramarine blue
will not "frit" to a metallic iron surface, The only coating
which blistersd or flaked on heating and/or quenching was I7.
This coating failed on quenching. The essentisl difference



between this formulation and the others of this group was that
I7 contained ferric oxide powder, This material was added In
order to darken the coating and to incresse hiding power., The
niding strength of ultramarine is of low order, The original
color of I7 was a grayish black. VWhen heated, the coating on
these panels turned & lavender color, This change in color,
alone, indlcates the unsultablllity of ferric oxlde as a pigment
for thils problem. |

None of the other fo;mulationa evidenced any failure
other than fading after being haated for seventy~two hours, A
few panels were made up of I3 avaf & base coat of HZ2l, These
panels did not give evidence of fading. Formulations conteining
only five parts of ultramarine blue had much poorer covering
ability than thoses containing ten parts of ultramarine blue,

None of the blue coatlings so fer discussed were close
to the desired celor. All were much too light, A number of
formuletiona were prepared incorporating lampblack with ultraw-
marine blue in a silicone-glyceryl phthalate vehicle. As
shown in Table VIII, aﬁ heating these coatings to 800° F,, the
lampblack reacted with the oxygen in the air, and thus its
effect was removed from the coating. In those cases where the
formulation was not spplied over a base coat, some ultramarine
blue also feded out, Thus the base coat not only gives corrosion

resistance, but slso glves better adhesion to the finish coat,
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PAELE VIIXI » FORMULATIORS CONTAINING LAMPELACK
| Color Before Color After

g::g:: Pigment a%eggégsﬁ. atﬂ;sg%n%‘
Ii0 10 U.,Bs 0.4 L.B. Deep Blue Ul tramarine
Black
111 5 U.Be 0.4 L.B,. Deep Blue Ultramarine
Black
ne 10 U.Bs 0.8 L.Bs 1 41 Grey Light Blue
118 10 U.B. 0.2 L.B. Dark Blue Ultremarine
114 10 U.,Be 0.1 L.B. ; Dark Blue Ultramarine
118 5 UsBe 04l LeBse 2.6 Zn Dark Blue Ultramerine
Note: Vehicle in all cases was 10 DGCBOZ2 15 G.P.

L.B, =~ Lampblack
All quantities are parts by welght.

Copper-brongze powder wes tested in an sttempt to obtaln
a dark topocat. Along with this plgment, chromium oxide green
was also evaluated. It had been observed that the color standard
had s greenish cast, Chromium oxide green will withstand tem~
peratures of refractory intensity (34), and has a green shade,
Thus, along with the gopper~bronse powder, the applicability of
chromium oxlide green to the problem could be determined, Before
formulating the finlshes, the copper-bronsge powder was heated
in a erucible over a Meker burner for two hours., This heatlng
converted the powder to a dark oxidc; The formulations of

Table IX were then prepared,



TABLE IX - FORMULATIONS CONTAINING
COPPER~ERONZE OXIDE

Semple

Number Pigment Vehicle
116 10 U,.B. 5 CuBusOs 10 DC802 15 G.P.
.7 b C.0.B. 1 CuBu0w 10 DC802 15 G.P.
s 5 Ce0.04 2 C.B.0,. 10 DC802 15 G.P.
119 2 Ca0.G. 2 0uBuOs 3 Zn 10 DCBOZ2 15 G.P.
120 2e6 Co0.Gs b C.B.0s 10 DCBOR 15 G.P.
121 1 Ce0uGe 6 CuBeOs 10 ©eBO2 15 G.P.
iz2 Geb C.0.G4 5 C.B.0. 10 DCBOZ 15 G.P.
123 1 CaOuGo 5 C,Bs0, 1 Al 10 DC802 15 G.P.

Note; CeBsOe - Copper ronze oxide powder

CeOeGe = Chromium oxide green
All quentities are parts by weight

All of the formulationa listed above were heated in the muffle
furnace for eighteen hours, This treatment was followed by a
guench in cold water, None of these panels falled, V¥While
coatings containing & large ratic of copper bronze oxide to
ochromium oxide green were darker than those with lower ratilos,
the desired darkuning was not obtained.

The preparation of a uniform black copper-bronse
oxide was difficult, Some commerclslly prepared copper oxide
was obtained and & group of formulations compounded, 138, 137,
138, 139, 146, I47, 148, Extensive testing of panels coated



with these formulations was not carried out., Particle size of
the copper oxide powder iaa too large, and gave a rather rough
coating possessing poor hiding characteristics, The copper
oxide powder was acreened, and only that powder which pessed

a standard 200 mesh screen was used In formulations, Larger
particles were reduced to 200 mesh on the roll mixer using steel
balls in a paint can., The formuls tions of the following tabls
were made to test tﬁo suitability of this fine copper oxide
powder to the problem,

TABLE X - FORMULATIONS CONTAINING 200 MESH
BLACK COPPER OXIDE POWDER

Sample

Numbe» Pigment Vehicle
149 1.5 U,.B, 10 Cu@ 5 Zn 10 DCBOR 15 G.p,
180 1.5 U.B. 10 Cuo 2 MM, 10 DCa0e 15 G,P,

151 1.5 UuB.s 186 Cuo 10 Desog 15 G.P,
156 1.5 U.B. 10 Cuo 30 Phenolio
Fote; Cu0 ~ Black copper oxlde powder

All qnantitaoa'are parts by weight

Using the above formulations & muoh smoother finish was obe
tained than when unsereened copper oxide was used. It was also
found that prior to heating, the test panels approached the
desired color, Furthermors, these coatings passed heating,
quench, and bend tests, Facts which caused discontinusnce of



work with black copper oxide powder are: (a) the coatings
changed to & gray ocolor on heating, ahﬁ (b) the coatings exhib-
ited poor adhesion.

In searching for a sultable bleck pigment, manganese
dioxlide was investigated., The following formulations were
| tested in this phase of the investigation.,

TABELE XI « SILICONE~GLYCERYIL PHTHALATE FORMULATIONS
CONTAINING MANGANESE DIOXIDE

Sample

Number Pigment ‘ Vehicle
1268 5 En 2 C.0.G, 0.1 KnO2 10 DCBO2 15 G.P.
129 5 Zn 2 C.0.G., 0.5 MnOg 10 DCBOZ 15 G.P.
150 5 Zn 2 C.0.G. 2 MnOg 10 DCBOZ 15 G.P.
131 5 Zn 1 Cu0.Gs 2 Mnog 10 DCBOZ 16 G.P.
132 5 2Zn 1 C.D.G, 4 MnoOg 10 DC802 15 G.P,
133 5 2n 1 CeOuly 4 ¥n0g 1 U.,B, 10 DC802 15 G.P.
I34 2.5 2n 0.6 C.0.G. 4 MnOg 1 U,B, 10 DCBOZ 15 G.P.
136 1.Ce0.Ge 4 ¥nog 1 U.B, 10 DC802 15 G.P.
140 3 2n 4 MnOg 2 U.B, 10 DC8OR 15 G.P,
141 3 Zn 4 ¥n0g 1 U.,B. 10 DCBOZ2 15 G.P.
142 3 Zn 0.5 C,0,0. 4 MnOg 2 U.B, 10 DCBO2 15 G.P,
143 3 Zn 0.5 C.0.0. 4 MnGg 1 U.B, 10 DCBO2 15 G.P.

Rote; All quantities are parts by weight
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By using manganese dioxide, a color was obtained which, prior

to heating, approached that desirsd. This color was not stable,
Upon being heated all coatings scquired a grayish cast. It was
observed in addition, that sdhesion could not be improved by
varying the manganese dloxide -~ zino ratio. The sdhesion of all
formulations was poor, They did, nevarthslesa; withstand a

temperature of 8000 F.
Since none of the black or dsrk gray pigments thus far

studied hed shown any promise, further investigations were msde,
Literature studies indicated that grsphite might be suitable in
these coatings, and formulations were prepared containing graphe-
ite. In these formulations, the graphite exhibited extremely
poor wettabllity. As a result, 1t wes decided to grind'thia
pigment into DC8OZ2 silioome, on a roll mill, (Figure 3), prior
to addition of other plgments. The graphlte was ground into

the silicone varnish in & one to one weight ratio., After seve
eral pssses through the mill, the graphlite still appeared poorly
wet, and work with this pigment was discontinued,

Limited success had been obtained in preparing a coat-
ing of the desired charaoteristics using ultramarine blue,
chromium oxide green, and various black and gray pigmenta, A
completely new type of colored pigments was therefore investi-
gated, These pligments were chromium, cobalt, and mangsnese
aluminates. These pigments, in addition to thelr availability
in the ﬁeairedlcolora, were all of similar chemical structure,
It was believed that they would be mutually compatible and would






give the desired color match., Moreover, since they were
structurally similaer, color adjustmenta in the soating could
be made at any time without materislly eltering physical pro-
perties of the coating.

The first step in using these pigments was determindng
the approximate pigment ratio of the varilcus colored oxides
nesded to obtain a sultable color matchs The pigments were
ground together using a glass plate and muller, DCB02 silicone
was used a8 the binding medium, A near perfect color match was
obtained with the following pigment weights,

0,16 g» Bleck Oxide 3300 - 0,35 g. F-3203 Elue

0412 go P-3630 Green 3.9 o De8og

This formulation was brushed on a panel over a base
coat of H2l, The psnel was cured and heated in the muffle
furnsce at 800° F, for sixty~five hours, Upon the removal of
the panel from the furnasce, the color of the formulatlion weas
found to have remained the desired shade, By using the pigment
ratio given above, and by bearing in mind the fac¢ that the
percent by welight of total pigment in a formulation should be
spproximately twenty-five percent, a series of possiule top

coat formulations w=ss prepared,



Sample
Number

169
170
172
IS
174
I7%
I76
187
ise
el
X900

Note:

TABLE XII = TOP COATS CONTAINING MINERAL
OXIDE PIGMENTS

Pigment
2 Bleck 4.5 Blue 1,6 Green
1.15 Bleck 2.5 Blue 0.75 Green

4 Black 4,5 Blue 1.50 Green 6 Al

4 Black 4.5 Blue 1.60 Green 3 Al

4 Bluck 4.5 Blue 1,560 Green & T.F.

4 Black 4,5 BElue = 1,50 Green b5 N.F,

4,5 Black 2.0 Blue 1,50 Green A

2 Black 4,5 Blue 1,60 Green 0,5 W.M. 0.25 Al

2 Blsck 4.5 Blue 1,50 Green 0,5 W.M. 0,20 Al

2 Black 4.5 Blue 1,60 Green 0.5 W.M.

2 Black 4,5 Elue 1,50 Green 0,6 W,M, 0,25 Al
With the exception of 189 and 190 sll formulations in
the preceding table were made in & 10 DC802 - 15 G,P.
;ghggggé vfgz:g&atiana 189 end 190 were made in a
TeFe = Tin flake
H.F, - Nlckel fleke
WM, =~ Waterground mioa
All quantitioa are parts by weight

Formulation 169 was tested on psnels as a slngle coat

system, and also in oonjunotion with H21l es a two coat system,

These panels withstood fifteen hours exposure at 800° F,,
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quenching, end bending. Adhesion was not quite as good as
desired. After 200 hours in the accelerated weathering unit
panels of the two coat system HR21-I69 showed only slight washing
on the unbent portions, Thirty hours in the salt apray chamber
had no additional effect.

Formuletion I70 was an attempt to increase adhesion
by sddition of zinc. Thia coating did possess better adhesion,
However, the color was too light, end the coating showed a
washing tendency when weathered,

Formmlations I72 and I73 were attempts to pligment the
basic topcost Hl, To minimize the leafing characteristics of
the sluminum, and thus improve hiding power, these formulations
were permitted to stand fifteen hours before spraying. This
standing had little if any effect on the leafing characteristics
of the aluminum. A sample of degreased aluminum was obtained,
and tried in these formulations., The hiding power of this
aluminum was also very great. Attempts to reduce the hiding
ablility of aluminum were then discontinued,

In further attempts to increase adheslion of the blue
coating, tin and nickel flake were tried in formulations I74
and 175, These materisls nelther 1ncrogned sdhesion nor pere
mitted attalnment of a good color mateh,

Several formulations, J87 through 180, were prepared
using 3256 mesh waterground mica and smaell amounts of aluminum,
Waterground mica 1s sald to offer leafing characteristics

similar to those of aluminum (35), However, mica does not



hinder the hiding abllity of the other pigments. Mice was
therefore added to inorease the adheslon, e&nd impart better
weathering characterlstics to the coating, Formulations con-
teining small amounts of aluminum were too light in color,
Those containing only sllicone as vehlcle did not cure properly
at the desired temperature,

Formulatlon 169 was applled to the pipe stand. The
coating did not fail on those portions of the plpe which were
at 8000 F, or less, It waa obgprved, however, that there was
a color gradlent along the plipe., The hotter portions of the
pipe were lighter in color, A coating with the same pigmentation
88 I69 but with & vehicle consisting entirely of DC802 silicone
was applled to the plpe stend, This coating did not cure under
the Infra red lemp, There was no color gradient on this plpe
after 1t was heated at 800° P., and the coating did not fall
below 800° F, Both pipes had been previously sprayed with H21

base coat,.

SINGLE COAT SYSTEM

Efforta were ma&e to modify the originsal two coat
aystem, H21-H1l, to obtain & single coat system,

Tests were run using an alkyd resin {(Beckosol 1316)
and & melamine formaldehyde resin (Melmac 245~8); both with
and without addition of DCB0OZ siliocone. The results are shown
in Table XIlI,
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TABLE XI1II - HEAT RESISTANT QUALITIES OF VARIOUS

KESINS
Vehicle - 15 Ers., 15 HIra. 15 Hrs. 15 Hra,.
4760 F, 5760 P, 87569 F, 8009 P,
De8so2 Good Good Good Falled
Melmaoc 245-8 Failed - - -
Beckasol 1316 Good Falr Burned -
15 Kelmac~l0O L(BOR Good Good Good Falled on
‘ Cooling
15 Beckasol~l0 DCBO2 Good Good Burned -

Note: All quantities are parts by welight

Stainless steel flake ina also tested in attempting
to prepare a satisfeactory one-coat system., The formulations
used are shown in Table XIV, All coatings were heated at 800° F,.
for elghteen hours, and quenched in cold water, There were no
failures., The coatings all corroded after twenty-four hours
in the salt spray cabinet. The corrosion was more marked in
the case of those coatings contalning & phenclic vehicle than
in those containing silicone-glyceryl phthalate vehicle., This
correlation was particulerly noticeable after forty-eight.
hours exposure in the salt spray ocablnet,



TABLE XIV « PORMULATIONS COKTAINING STAINLESS

STEEL
g:ﬁﬁ:-; Plgment Vehicle
166 6 8.8. 30 Phenolic
I166 5 S.8. 1Al 30 Phenolie
167 6 B.8. 10 DOBOZ2 15 GaP.
168 5 8.8, 1 Al 10 DCBO2 1B Q,P,
Note: S.8. = Stainleas stesl

All quantities are phrts by weight
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Pwo satlafactory two coat systems were obtalned.
These syastems will withstand temperstures higher than 800° F.,
end do not peel off when quenched in cold water from that
temperature, The coatinga will bend satisfactorily over s one-
half inch mendrel., The base coat for both systems 1s the same,
It 1s s zinc~aluminum~-cadmium pigmented ecarboniging phenolile
varnish, For one top coat an aluminum-zine pigmented silloone~
glyoeryl phthalate vehlcle is used, For the other, an aluminum
plgmented silicone-glyceryl phthalate vehlcle 1s used, The ,
firast top coat does not gel in the cen as rapidly as the second,
The heat resistant charscteristics of the second top coat are
superior,

The voatinge do not require alr-drying, but must be
baked under an Infra red lamp to obtain proper curing., The
better system (that with the aluminum pligmented top coat) has
good weather resistance and will withstand the sctlon of oil
and toluene at 300° F, and 200° F. respectively.

Coatings which have micronized mica and/or asbestine
in elther of the two coats exhibit poorer adheslion than thoae
without these materials,

Iron blue, Chinese blue, bronze blue, phthalocyanine
blue, and Indanthrene blue are all unsatisfactory for a high
heat resistant blue coating. The only standard blue pigment
which was found to be capable of withstanding an 800° ¥, tempera-
ture, was ultramarine blue, Chromium oxide green withstood the
8000 F, temperature., No standard black pigment was found which

~



would serve satiasfactorily st this temperature,

Various mineral oxide pigments were obtained which
permitted blending to the desired shade of blue, A ressonably
satisfactory coating 1s obtained when these plgments ere used
in a silicone~glyceryl phthalate vehlcle, The coating should
be eapplied over the previocusly mentioned base coat. HFurther
work 1s necessary to lncrease adheslion of thils coating to the
base cost, as this partioular property is not yet as desired.

Attempts were made to modify the two coat system aso
that e single coating would satlsfy the requirements, Various
reasins other than silicones and glyceryl phthalate were oval-
uated, These resins included melamines and alkyds. No satis-
frotory single~coat system was obtsined,

A number of proprietary heat resistant coatings were
evaeluated. All these coatinga falled on heating and/or
weathering,
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APPENDIX X
NOMENCLATURE

Asb, = Asbestlne

Al = Aluminum paste

C.B.0s ~ Copper-bronze oxide

Cd - Cedmium powder

Ce0sGs -~ Chromium oxide Green

Cu0 ~ Blaok coppsr oxide powder

DCBOY ~ Dow Corning 801 siliocone resin
DC802 - Dow Corning 802 silicone resin
GsP. « Glyceryl phthalate aspar vernish
I.Bs - Iron blue

L.Bs = Lampblack

H.N, - Micronized mica

N.F. -~ Niockel flake

Phenolie ~ Heat reactive phenolic varnish
S.8, ~ Btalnless asteel flake

P.Fe - Tin Ilake

UsBe - Ultramarine blue

W.M, - Waterground mlca

Zn - Zino powder



Sample
Rumber

136
i3

139
146
147
148

Sample
Numbey

7
158
169
160
16l

Notey

APPENDIX II -~ FORMULATIONS CONTAINING BLACK

5 Cu0
5 Cuo
5 Cu0

5 Cuo

10 Cug
20 Cul
10 Cuod

COPPER OQXIDE POWDER

Pigment
0.80 C,0.G,
026 CaOuGe
0450 Co040.
0.25 C,0.G,

0u76 CoQ4Ga

2,0 U.B,

1.0 qug !

1.0 U.B,
0.6 UsBe
1.5 U.B,.
3.0 Ue.B.
1.6 U.Bs

Vehicle

10 DC802
10 DCBoR2
10 £C802
1C DC802
10 DCeoR
10 DCBo2
10 DC802

15
16
15
156
16

P

15

69

GuPs
GoPo
GePo
G.P.
@.P,
@.P.
G.P.

APPERDIX III - FORMULATIONS CONTAINIRG GRAPHITE

Pigment
0.4 Graphite 5.0 U,B,
O.4 Graphite 5.0 U.B.
4.0 Graphite 1.5 U.B,
4,0 Graphite 1.5 U,.B,
5,0 Zn

1.0 Grasphite

Veﬁiqlq'
30 Phenolle
10 DCLO2 1B G,P.
30 Phenclile
10 DC8eg 15 a.p,
30 Phenolis

All quantities are parts by weight
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AFPERDIX IV
PROPRIETARY COATINGS TESTED

Thurmalox #10 - Withatanda temperature of 800° F, Poor
adhesion after heating., After heating, panels rusted

within twenty-four hours in e water mist,

Sherwinn-Willliams Heat Reslistant Aluminum -~ Withstands
temperature, Rusted after twenty-four hours in a water
Spray.

DuPont Hest Resistant Aluminum - ¥ill not withstand 800° F,
Poor weathering.

Yarnall Industrial Finlenh - Withstanda 800° F, Poor weather-
ing. ‘
Glidden ¥White Heat Resistant Paint - Falled at 800° F,
Permite 1100 - Failed at 800° F,

Fermite 1001 - Blistered at 800° F., ~ Husted in twenty~
four hours in weatherometer,

Socony~Vacuum Heat Resistant Paint -~ Withstands 800° F, =
Poor sdhesion.

"Kaycote" Heat Resisting Paint « Withstands 800° ¥. - Poor
weathering.

"Mico" Heat Resisting Paint - Withstands 800° F, - Poor
woathering.
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APPENDIX V
COMMERCIAL MATERIALS USED AND THEIR MARUFACTURERS

Paste, Aluminum, Grade A, Army-Ravy Aero. Spec.
ANTT~-A-461n -

Contrastor: U, S. Brongze Powder Wks. Inc,, New York, N.,Y,
Paste, Aluminum, 30 LN

Reynolds Metals Co, Inc., Loulsville, Ky,
Stendard Zinc Dust -~ 22 (Horse Head Products)
New Jersey 3ales Co,., Hew ';Iork, N. Y,

¥D 201 Cadmium Powder |

Metals Disintegrating Co, Ino,, Elizabeth, N, J.
MD 760 Niokel Flake

Metals Disintegrsting Co. Ine., Ellgabeth, H. J,
¥D 8601 Tin Flake

Metals Disintegrating Co,, Ine., Elizabeth, ¥, J,
Stainless Steel Flake

Charles Hardy Inc,., New York, N, Y,

Grephite ~ Fed., Spec., 83-3-669 Orade fino
Joseph Dixon Crucible Go., Jersey Clty, K. J,.
Mioro Mica - 3000 Hesh |

English Mica Co., Spruce le, K. C.
Wgterground Mloa -~ 325 Mesh

English Mica Co., Spruce Pin., N, C.

Black Copper Oxide Powder ‘3.?256

Merck and Co, Ine., Rehway, H. Jo



iz,

13,

14.

15,

16.

17.

i8.

19.

Ultramarine Blue #3155

Ce J« Osborn Co., lew York, N. Y.

Chromium Oxide Green #3102

Kentucky Color Co., Inc,, loulsville, Ky.

F-3203 Blue Oxide

Ferro Ensmel Corp. Inc,., Cleveland, Ohlo

F=3630 Green Oxide

Ferro Enamel Corp., Inc,., Cleveland, Ohlo

Black Oxide 3800 .

B, F. Drakenfeld & Co. Inc,, New York, N. Y,
Varnish, Spar, Glyceryl Phthalate, Spec, AN~T?T-V~116
Beckwith Chandler Ge:ép.. Hewark,N. J.

Varnish, Heat Reactive Phenolic Clear - VG5203

E. I. duPont De Nemours & Co, (Inc,), Wilmington, Delaware
DC802 81licone Resin |

Dow Corning Corp., Midland, Mich,
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