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FOREWORD

This report was prepared by the Vita.Var Corporation
under USAF Contract No. AF 33(€16)-2317, This Contract was
initiated under Project No. 7312, "Organic Protective Coat-
ings", Task No., 73121, "Thermal Radiation Resistant Goatings",
and wes administered under the direction of the Materials
Laboratory, Directorate of Research, Wright Air Development
Center, with Mr, R, L. Stout acting as Project Engineer, This
report covers work conducted from April 1954 to April 1955,

The asuthors wish to express their appreciation for the
close cooperation given by the Optics and Nucleonices Branch of
the Naval Materials Laboratory, Brooklyn, New York, without whose
close support in the evalustion of the critical thermal energies
this report would not have been possible,
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ABSTRACT

The purpose of this investigation, which was to strive to develop a
coating to reduce the vulnerability of aircraft to thermal radiation, has
to a large extent, been accomplished.

'Eighteen typical organic resins and resin combinations have been
evaluated for resistance to thermal radlation and for general paint
performance.

Three dlfferent white pigménts, and one extender pigment, have been
evaluated for resistance to thermal radiation.

Of the vehicles or resins tested, silicone-alkyd copolymers, vinyl
toluene modified epoxy esters, catalyzed epoxy resin and epoxy esters of
fatty acids have been found to be outstending.

Of the pigments tested, titanium dioxide has been determined to be
the most suiteble prime pigment, and probably should be used in combina--
tion of zinc oxide. The sole extender pigment tested, calcined clay,
has been found to contribute considerably to thermal resistance properties.

The recommended finishing systems based on this work are formulated
containing silicone-alkyd copolymer as the vehicle and titanium dloxide
with caleined clay as the pigment component. The pligment volume concen-
tration for optimum thermal resistant properties of 60% is used in these
formulations. These formulations have been identified by the numbers
PV-6 and PV-T.

A limited amount of work is described on the development of an im-
proved primer. The work on the primer is Insufficient for any definite
recommendation.

) Complete formulae for all the coatings and primers are shown 1n
Appendix A,

PUBLICATIQN REVIEY.

This report has been reviewed and is approved.

FOR THE COMMANDER:

LY
M. R. WHITMORE
Technical Director
Materials Leboratory
Directorate of Research
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INTROPUCTION

When aircraft are exposed to the thermal effect of an atomic blast,
the surface of the aircraft is heated at a rapid rate, the exact extent
depending on a number of external factors such as distance from the blast,
bomb design and absorptive conditions of tile atmosphere. There are also
e number of internal factors such as surface reflectivity, insulaticn and

thermal properties of the coating and thé gedmétry of the structure.

: - T

If the exposed surface is close enough to the blast, the more flam-
nable materials such as doped fabric will burst forth into flame and other
less combustidle organic materials will char. Such charring increases the
rate of absorption of radiation consequently increasing the rate of tempera-
ture rise,

Unpainted aluminum alloy skins are capable of absorbing enough heat
to wrinkle the skiln due to mechanical stresses induced by uneven tempera-
ture. Unpainted magnesium alloy would be even more greatly affected due
to the lower reflective properties of this metal.

By experiment, some white paints have been shown to afford some measure
of protection, However, this fleld, as far as is known, has not up to this
time, been systematically explored.

Tiils project is concerned with a systematic study of paint formulation
50 as to produce a practical coating for aircraft having the highest
attainable capacity for %he dissipation of thermal radiation while retasin-
ing, as far as possible, the normal functional properties of a protective
coating for aircraft.

In addition to thermal properties, it 1s deslrable that the proposed
coating be designed to meet the following general requirements:

El) Shall be air drying and suitable for spray application

2) Shall have good adhesion to primed and unprimed alclad
aluminum and magnesium

(3) Shall exnhibit good Flexibility properties at normal and
low temperatures.

(4) Shall be resistant to water and hydrocarbons

(5) Shall possess good weathering properties, particularly
color retention.

It was plenned to conduct a screening study of various vehicles or
binders and concurrently study the effect of various logical white pigment
combinations. With the information cbtained from this work, a study of
Pigment volume concentration was inaugerated utilizing the indicated
pigments with the more promising vehicles.

Although the formulation of improved primers was not a part of the
purpose of this contract, it became apparent, as the work progressed, that
modification of the primer might be of considerable value. Therefore, a
limited amount of work on primer composition has been included in the
project.
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SECTION I

TEST METHODS

PREPARATION AND PRETREATMENT OF PANELS
A. Aluminum Panels

Early in the work, anodized aluminum panels (Cled 24-S) .0L6" im
thickness, conforming to Specification QQ-A-362, were used to prepare
test specimens. However, it was found that the anodizing interferred
with electrical conductance so that it was not possible to obtain
reliable thermsal data in the Navy Searchlight test. At the direction
of WADC, therefore, the anodizing was eliminated.

B, Magnesium Panels

Magnesium test panels (Megnesium Alloy FS-1) .0l6" in thickness,
conforming to Specification QQ-M-h4, were used to prepare test speci-
mens. All magnesium panels were treated with Dow #7 pretreatment in
accordance with Specification MIL-M-3171, Type III.

The panels were polvent cleaned with toluene prior to application
of the primer coat.

The uncoated side of the magnesium panels were sanded to remove
the Dow #7 pretreatment in order to provide electrical conductivity
for measuring specific temperature rise.

C. Primer Coat

Both métals, alumimum and megnesium, were coated with primer, zinc
chromate for aircraft use, in accordance with Specifieation MIL-P-68894,
Pype II dated 30 October 1950. Both metals were dip coated. )

The primer was reduced with xylene for dip application to obtain
a 0.25 to 0.5 mil dry film thickness. The primer was air dried for a
mininum of 24 hours prior to applitation of the finish coat %0 be tested.

D. Finish Cost

The primed aluminum and magnesium panels vere voth coated by dip
application with the experimental finish coat to be tested. Total film
thickness on the aluminum was controlled at 2 mils plus or minus .2 nil.
Because of the additional primer coat on magnesium, the total film
thickness was controlled at 2.5 mils plus or minus .2 mil. The fiaish
coats were allowed a minimum of 48 hours air drying time before prepara-
tion of the test discs.

E. Application of Coatings
All coatings were applied by dip application. It was determined

by laboratory tests that the most uniferm film thickness could be ob-
tained by means of the dipping method. The coatings were reduced with
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thinners to a sultable consistency to give the best working propertiee
and also to provide the required dry film thlckness.

The coatings were dipped by means of a Payne automatic-dipping '
apparatis, The rate of withdrawal was wvaried accordingly to compensate
for the inherent physical properties of the particular coating being
applied.

F. Film Thickness

_ The thickness of the applied films, both primer and experimental
finish coats, were measured by means of a Filmeter, manufactured by
American Instrument Company, Inec.

Readings were taken on both primer and finish coat. These readings
were made at several points in the central area of the test specimen.

G. Method of Test

The film properties of the experimental finish coats were tested
in accordance with MIL-E-T7729, Type I, Enamel, Gloas for Aircruft use.
For purposes of expediting the evaluation and screening out of inferior
films, a number of tests heve been omitted, and modifications have been
nade on some of the test methods which have been selected.

=1

H. Drying Time

The test for drying was made in acocordance with Specification
TT-P-141B, Method 406.1.

A drawdown of the material on a cleaned plate glass to a wet film
thickness of approximately .0015 inches was made, placed in a horizontal
position, and allowed to dry under ordinary laboratory conditions. The
film was obgerved for the followlng states of drylng:

(1) Set to touch o
(2) Dust free PR
(3) Dry Hard :
{4) Full nardness

I. Flexibility

‘Yhe coating to be tested was applied to a flat tin panel by dip method
to & dry film thickness of 1.0 plus or minus .2 mil. The film was air
dried at room temperature for 24 hours. It was then baked for 48 hours
at 2P0OF and conditioned for 1/2 hour at room temperature. The panel was
then bent over a 1/8 inech mandrel and exemined in a strong light for
cracks over the area of the bend,

J. Specular Gloss
The test for gloss was conducted in accordance with Specification

TT-P-14%1b, Method 610.1. The sample to be tested was drawn down with a
doctor blade having & set clearance of 0.006 inch to yield adry film
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thickness of approximately 0.003 inch on a glass panel. Measurements
were made with a Gardner Labgratory 60° Glossmeter after the panel had
been dried for 48 hours at room temperature.

X. Water Resistance

The coating to be tested was applied to a flat unprimed aluminum
panel by dip method to a dry film thickness of 1.0 plus or minus 0.2 mil
The £ilm was dried for 48 hours at room temperature before immersion. The
penel was then immersed in distilled water to a depth corresponding to
two-thirds of the height of the painted surface for a period of 16 hours.

Imediately upon removal of the panel, it was examined for wrinkling
and blistering. Two hours after removal, the panel was examined again to
obgerve the extent of recovery.

L. Hydrocarbon Resistance

The coating to be tested was applied to a flat unprimed aluminum panel
by dip method to a dry film thickness of 1.0 plus or minus 0.2 mil.. The
film was dried for L8 hours at room temperature before immersion. The
penel was Immersed in hydrocarbon test fluid conforming to Specification
MIL-H-3136, Type III, to a depth -corresponding to two-thirds of the height
of the painted surface for a period of 4 hours.

Immedlately uporn removal of the panel, it was examined for blistering,
wrinkling or other film failure, Twenty-four hours after removal the film
was examined for extent of recovery.

M. Accelerated Weathering

The coating to be tested was applied to a primed aluminum panel to &
dry film thickness of 1.0 plus or minus 0.2 mil and allowed to air dry
for 48 hours. The panels were then exposed In a National Carbon Weather-
ometer for a total of 300 hours, after which they wereexamined for film
fallyre,

N. Anchorage

The coating to be tested was applied over a primed aluminum panel to
a dry film thickness of 1.0 plus or minus 0.2 mil, and air dried for 2k
hours. It was then baked for 48 hours at 220°F. After removal from the
oven, the panel was conditioned for 1/2 hour at room temperature, after
which flexibility and toughness was determined by cutting a narrow ribben
of the film loose from the panel by means of a knife blade held at an
angle of about 30°. :

Obgervations were made to determine whether the f£ilm could be cu
loose in the form of & ribbon without flaking or chipping. :

0. Critical Energy and Specific Temperature Rise.

The critical energy and specific temperature rise data were compiled
in the Naval Materials Iaboratory at Brooklyn. These data were determined
by means of the Searchlight test on specimens prepared in the laboratories
of the Vita-Var Corporation.
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The method used by the Waval Materials Laboratory is described below:
1. Source of Radiation

The source employed for the exposure of the paini specimens to
intense thermal radiation consists essentially of a carbon arc and
tvo parabolic reflectors, one to collimate the radiation, the other
to focus the collimated rays upon the sample. The source is operated
at 80 volts and 150 amperes. The condensing mirror, placded coaxially
with the collimating mirror and of the same size and shape as the
latter, focuses the collimated beam upon the paint specimen which is
mounted in a holder of glass silicone laminate.

The irradiance of the source at the receiving focal plane is
60 cal/cm2 sec, over the 9 mm area employed. To attenuate this irra-
diance to the desired levels, attenuating screens were employed in
the path of the collimated beam. The exposure time was controlled
by means of & knife-bladed shutter which is activated by an electronic
timer and an energized solenoid.

2. Measurement of Temperature Rise

- The temperature rise of the unpainted rear surface of the speci-
mens was determined by means of iron-constantan thermocouples (No.30),
Pressed against the metallic surface, connected to a recording
("speedomax") potentiometer. The potentiometer measures and records
the electromotive force of the thermocouples which is generated as &
result of the temperature rise of the metallic surface. From the
electromotive force determined, the temperature rise of the specimens
is computed in & conventlonal menner.

The Spectrophotometric data were obtained on specimens prepared by the
Vite-Var Corporation laboratories, and tested at Wright-Air Development
Center, WPAFB, Chio, in accordance with the methods described in
Appendix D.

For 211 of the testing excepting exterior exposure, including
those sent to WADC, 3" x 5" x .01l6" panels were used. For exterior
exposure the panels used were 5" x 12", . 130 discs, 9 millimeters
in diemeter, were punched from the 3" x 5" panels, and submitted to
the Naval Materials Laboratory for each of the searchlight tests.
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SECTION II

VEHICLES

Bighteen typlcal resinous binders and/or combinations have been com-
pounded with titanium dioxide and evaluated for resistance to thermal
radiation. The various vehicles tested are listed below:

Soys Modified Alkyd
- Pure S51llicone Resin
Sillcone-Alkyd Copolymer
Vinylidene Chloride - Acrylonitrile
Vinyl Chloride - Acetate Copolymer
Cellulose Acetate - Butyrate '
Acrylic Polymer
Plasticized Nitrocellulose
Qil Plastlicized Phenolic Resin
10 cCatalyzed Epoxy Resin
11 Alkyd Plasticized Catalyzed Urea-formaldehyde
12 Epoxy Ester
13 Alkxyd Silicone blend
1k M. W. Kellogg X200
15 Vinyl Toluene Modified Ether-Ester
16 Polyester - Toluene diisocyanate
17 Combination of Silicone Resin with Aerylic Polymer
18 special Kel F Elastomer Gum

O O-1 OV LS IO

With two exceptions, all of the above resins were compounded with
titanium dioxide at a ratio of 50% non volatile resin to 50% pigment. The
M. W. Kellogg X200 and the Vinyl Toluene Modified Ether-Ester were tested
later in the work when it had become apparant that higher pigment volume
concentration was desirable. The two latter binders were, therefore,
tested at what was considered their optimum pigment volume concentration.
Hereafter referred to as P.V.C.

Formulations A-1 through A-3 are based on a soya modified alkyd pre-
pared in this laboratory. This series was prepared to determine whether
different performance might be expected from different grades of titanium
dioxide. A-1 contains non-chalking type rutile titanium dioxide. A-2
contains medium chalking type rutile and A-3 contains free chalking anatase
titanium dioxide. Reference to Table I will show that there is little or
no difference in the performance of the three different grades of titanium
dioxlde pigment samples when exposed to the searchlight test. From the
standpeint of probable exterior durability and economy, it was decided to
1se the non-chalking rutile as the standard pigment for screening the
remaining resinous binders.

The pure silicone chosen for evaluation was GeneralElectric's SR82.
Tris resin was used in formulation A-L. While this appeared to dry to
toueh, it was found Impossible to cure the Film under atmospheric condi-
tions, as the film remained so soft and pressure sensitive that test
cpecimens could not be prepared. The pure silicone was therefore discarded.
Several attempts were made to modify the silicone resin to improve thic
condition. 1In A-15 the silicone resin was modified with 20% of acrylic
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polymer and in A-16 with 30% of the same acrylic polymer. In formulation
A-20, the silicone resin wes modified with 30% of epoxy resin (Shell 864}
and in A-21 30% of a second epoxy resin (Shell 834). None of these modi-
fications provided films suitable for the preparation of test speclmens
for the searchlight test. This line of approach was, therefore, abandoned.

Formulations A-5 and A-19 contain silicone-alkyd copolymers as the
binder. The former is made with Plaskon ST873 and the latter with Dow
Corning 807. Reference to Table I will show that these two materials were
approximately equal for Critical Energy values. The Dow Cornlng resin was
.somewhat superlor for specific temperature rise.

Table I will show that the gilicone-alkyd copolymers gave better re-
sults in the searchlight tests than most of the other resins tested. This
is particularly true of the A-5 formulation at the higher intensity.of
irradiance (45 cal/em?/sec). The need for further study of this type
vehicle is definitely indicated by these results. Furthermore, a study
of Table III will show that the film properties of both A-5 and A-19 are
sufficlently good so that good exterior durabllity can be expected.

- The results for A-f, A-7 and A-8 show the thermal properties for
Vinylidene Chleride-Acrylonitrile Copolymer, Vinyl Chloride-Acetate
Copolymer and Cellulose Acetate-Butyrate respectively. It will be seen
that these polymers, in general, gave results almosi equal or inferior
to those reported for the oil modified alkyd resin.

Because it was listed in the contract as one of the binders to be
tested, nitrocellulose was included in this screening series. Formula-
tion A-1l contains nitrocellulose plasticized with a non-drying oil
modified alkyd. The searchlight test resulis shown for this formulation
in Table I are surprisingly good. However, in view of the well known
property of nitrocellulose to violently decompose under heat, it is
doubtful whether further work with this material would be worth while.

Exhibit A of the contract requires that a phenolie resin be évaluat-
ed. To fulfill this reguirement, formulation A-12 was prepared. Since
it would be impractical to formulate with a phenolic without plasticizer,
a 25 gallon varnish was prepared using a para phenyl-phenol formaldehyde
resin {Bakelite 254) cooked with equal parts of tung and alkali refined
linseed oil. Reference to Table I will show relatively good results for
A-12 when exposed to the searchlight test. However, Table III which
gives results on pgeneral paint performance shows considerable yellowing
on exposure to artificiel weathering. This 1s what might be expected
from a phenolic vehicle and it can probably be assumed that this aftfer
yellowing would detract sufficiently from the reflective properties to
detract materially from the ability to reflect thermal radiation,

A-13 shows the effect of using & combination of an epoxy resin (Shell
1C01) with a urea lormaldehyde resin and catalyzed vith ethylene diamine,
It will be seen from Table I that, while not quite as good as the silicones
alkyd, the results are sufficiently good to warrant further attention.
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A-1% was formulated to evaluate a plasticlzed urea formaldehyde resin,
The urea resin was plasticized with an alkyd and was catalyzed with a
proprietary acidic catalyst just prior to application. Reference to Table I
will show that while this formulation gave fairly good results, it was not
sufficiently outstanding to merit further consideration.

Formula A-18 is based on an epoxy ester of soya fatty aclds. This
vehicle is a half ester. That is, it contains one-half of the fatty acid
equivalents theoretically required to completely esterify the hydroxyls
of the epoxy resin. The epoxy resin used is Shell Chemical #1007. Refer-
ence to Table I shows thisg vehicle to be amon& the outstanding resins
tested in the searchlight test. Table III will show this coating to have
good general paint properties, with the exception of a slight chalking
tendency.

Past experience has also shown this type of vehicle to give very good
exterior durability and chemical resistance. Further work with the epoxy
type resins is clearly indicated.

As mentioned earlier, several attempts were made to modify the pure
silicone resin SR82 in order to obtain a sufficiently cured film for
satigfactory coating performance, - Later in the work the resin supplier
recommended that it be modified with a special proprietary alkyd resin.
A-22 is such a formulation containing 60% silicone resin and 40% of alkyd
resin (GE #2520 Glyptal). Table III shows this coating to have produced
& falrly satisfactory film although it is fairly brittle as shown by the
flexibility test and is somewhat susceptible to water lmmersion. How-
ever, reference to Table I wlll show that the resistance to thermal
decomposition is excellent as indicated by the critical energy value.
For scme reason the specific temperature rise is higher than some of the
better performing resins tested. It is doubtful that it would be of
value to lavestigate this vehicle combinstion further.

The vehlcle used in A-25 is a combinatlon of a poly ester resin with
toluene dilsocyanate. The poly ester is made by esterifying trimethylol
propane with adiplic acid and phthalic anhydride with subsequent polymeri-
zation. Table I shows this vehicle to have excellent resistance to thermal
radiation. The general paint perfdérmance properties can be expected to
be good in view of the results reported im Teble III. An important dis-
advantage in the possible use of this type of coatling lies in the fact
that 1t must be supplied as a two package system since it is guite unstable
after the poly ester and diisocyanate have been mixed, and has a limited
pot life. The two components, therefore, must be combined immediately
prior to application.

‘ As explained earlier, A-23 and A-2h were prepared near the end of
the work. At this time information had been compiled on the effect of
increased pigment volume concentration, and on the use of calcined clay.
The earlier formulations had been designed to contain 50% titenium
dioxide and 50% vehicle solids. This ratio results in a pigment volime
concentration of approximately 21%, with some minor variations dependent
on the density of the resin involved. A-23 and A-24 are designed as
exploratory evaluation formulations using the best availdlile information
8t the time of thelr formulation. A-23 contains M. W. Kellogg X200 as
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the binder. The binder contained in A-2k is a vinyl toluvene modified
ether ester furnished by WADC under the number XOR-T¥#. -This vehicle is
described in WADC Technical Report SH—B?S,BPégé 124D, Paragraph 3.

Reference to Table I shows outstanding results for both M. ¥W. Kellogg
X200 and XOR-7 vehicle in the thermal radiation test.

Table IIT shovws that except for some lack of flexibility as shown
by the bairline cracking reported, the WADC vehicle could be expected to
give good coating performance.

The vinyl toluene modified epoxy ester then certainly merits further
consideration. Because of economy and avallability problems, it is
guestionable whether any further work should be planned for the M. W.
Kellogg %200.

of the group of resins tested and reported, five stand out as having
good thermal properties and general perfermance properties sufficient to
agssume that practical airecraft finishes could be developed. These include
the following:

: 1 Silicone - Alkyd Copolymers

2 (Catalyzed Epoxy Resins
3 Epoxy Esters
4 Vinyl Toluene Modified ILpoxy Esters
5 M. W. Kellogg X200

Of the five polymers listed above, it is probable that the M. W.
Kellogeg X200 should be eliminated for reasons of economy and availability.

All of the searchlight test results on the vehicles tested, as
determined by Naval Materials laboratory, as shown in Tables I and II.

The accelerated paint performance test results on the vehicles are shown
in Teble III.

* Sherwin-Williams Company
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SECTION III
PIGMENTS

Concurrently with the study of vehieles, a study of pigments was
conducted., Since the maximum reflectence was required, it is obvious
that the pigment or pigments cMosen would be white. It was believed
that since brightness and opacity were prerequisite, titanium dioxide
would be the indicated pigment. However, since the field of the current
investigation was little known, it was decided to include in part two
additional hiding pigments in the study. These pigments are antimony
oxide and zinc oxide. Because the opacity of titanium dioxide would
obviously be required to attain the objective, it was included to a
greater or less extent in all of the pigment experiments.

Formulae.PE-l,‘PE-e and PE-3 were designed to show the effect of
replacing 10%, 20% and 30% respectively, of Ti 02 in formula A-1 and
ad justing to a constant PVC of 21%.

It will be noted from Table IV that PE-1 which contains 10% zinc
oxide 1s a definite improvement over the control for both critical
energy and temperature rise. The control used in this formulation is
A-1. PE-2 containing the 20% substitution of zinc oxide is about equal
to PE-1. However, PE-3 containing the 30% substitution of zinc oxide
shows no substantial improvement over the control. From these results,
it appears that there is an optimum level of zinc oxide in the neigh-
borhood of 10% which contributes to resistance to thermal radiation.

Reference to Table V will show that the zinc oxide has improved
resistance to hydrocarbon and also, to some extent, gloss retention.
However, as might be expected, it has decreased flexibllity as shown
by eracking on the mandrel flex test. '

a5

In formulations PE-I and PE-5 the titanium dioxide was held con-
stant at a ratio of 1-1 to the vehicle solids and zinc oxide loaded
at 50% and 200% levels based on the titanium dioxide content. Thls
was done to determine the effect on thermal properties when zinc oxide
comprised a major part of the film.

It will be seen from Teble IV that no significant benefit is ob-
tained from the high loading of zinc oxide.

The same procedure as outlined for zinc oxide was followed to
evaluate antimony oxide., PE-6, PE-7 and PE-8 represent 10%, 20% and
30% antimony oxide respectively. In each case the pigment volume gon-
centration was adjusted to 21% by manipulation of the titanium dioxide
concentration. In PE-Q and PE-LO the titanium dioxide was held constani
as outlined for the zinc oxide series and antimony oxide loaded at
levels of 50% based on titanium dioxide content in tre case of PE-G,
and 200% for PE-10. :
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Table IV shows that no significant benefit is obtained at any
level of antimony oxide loading. PE-6 and PE-7.show some improvement
for ecritical energy but no advantage in specific temperature rise.
From these results it 1s evident that antimony oxide offers no adventages
for the purposes of this project.

Since this laboratory has had some experience In the incorporation
of ceramic frits in organic and seml organic coatings to achieve heat
resistance, two formulations were prepared containing such materials.
Formulation PE-11 contains a frit having & fusion range of 900°F - 950°F,
while PE-12 contains & higher melting frit with a fuslon range of 1300°F -
1400°F. It was thought possible that these frits might provide suffi-
cient insulation properties to contribute to reduction of specific tem-
perature rise. The vehicle chosen for these experiments was the silicone-
alkyd copolymer (Plaskon 873) which had given good thermal results in the
vehicle screening series in formulation A-5.

Reference to Table IV will show no advantage in the incorporation
o° the ceramic materials. PE-1l gave a specific temperature rise of 9.1° ¢/
cal/em? and PE-12 of 8.59G/cal/esd. Formulation A-5 which contained
no frit allowed temperature rise of 8.2 calories at approximately equal
irradiance, In view of these results, the ceramic materials have been
given no further consideration.

Formuletions PE-13 and PE-14 were designed to evaluate the three
major types of titanium dioxide pigment in one of the more heat resistant
vehicles. PE-13 contains the medium chalking type rutile titanium
dioxide, while PE-1l contains the free chalking anatase pigment.

Formulation A-5 which contains the non chalking rutile type plgment
is inecluded in the comparison. The vehicle in all three coatings is the
silicone-alkyd copolymer Plagkon ST 873.

Reference to Table IV will show the anatase to be inferior in.
critical energy value. This might be expected due to the known fact
that anatase is less opague than rutile. The difference of 0.8° G/cal/cnf
in specific temperature rise of the two types of rutile may or may not
be significant. It will be noted that these two specimens have been
tested at a single level of irradience and A-5 was subjected to 9.7
ca.l/cm2 while PE-13 received only 5.6 cal/em®. In order to draw con-
clusions, these coatings should be tested over a much wider range of
irradiance, )

Tt will be noted from Table V that all three of these formulations
gave good results in the laboratory tests for general paint performance.
T4 will be further noted that, as might be expected, the coating contain-
ing the anatase pigment PE-1k has begun to chalk after 300 hours of
artificial weathering. The medium chalking type rutile shows slight
loss of gloss while the coating containing the chalk resistent pigment,
formula A-5, has retained iis gloss.

Exhibit A of the contract directed that ceramic grade ftitanium
‘dioxide be used in this work. It was the opinion of this laboratory that
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use of this grade of pigment would not produce e practical surface
coating. Notwithstanding, an experimental coating vas attenpted using
the ceramic pigment in the soya alkyd vehicle (formula A-10). This
combination gelled to a rubbery mass in the process of digpersion in
the porcelain ball mill. The ceramic grade titenlum was, therefore,
given no further consideration.

From the results reported, it becomes evident that the proper
hiding pigment for continuance of the work should be rutile titanium
dioxide. It 1s probable that zinc oxide should be included at the

approximate level of 10% of total pigment.
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SECTION IV

VARIATION IN PIGMENT VOLUME CONCENTRATIONS

Exnibit A of the contract provides for the preparation and testing
at two pigment levels in addition to the original 50% pigment - 50% resin
ratio. These have been calculated in terms of pigment volume concentra-
tion (P,V.C.) Formulas PVl was prepared at a P.V.C. of L40O% and PV2 has a
60% pigment volume concentration. The original 50-50 weight ratio is
equivalent to approximately 21% P.V.C., All three of these contain titanium
dioxide as the sole pigment. Since preliminary thermal radiatlon results
indicated the silicone-alkyd copolymer to be outstanding, this resin was
chosen as the vehicle for these experiments. Although some advantage was
ghown for the incorporation of zinc oxide in Section III, this pigment
could not be used because the resin used 1s unstable in the presence of
2ine oxide.

Reference to Table VI shows no improvement in the increase in P,V.C.
from 21% to 40%. However, PV2 with & P.V.C. of 0% shows a decided
improvement both in critical energy for failure and specific temperature
rise. :

Reference to Table VII shows that as the plgmentation is increased
there is a tendency toward embrittlement as shown by cracking in the
mendrel test. However, it does not necessarily follow that a less
flexible film would have unsatisfactory durability since P¥2 is in rela-
tively good condition after 300 hours of artificial weathering.

Since such dramatic improvement was obteined in going from L40% P.V.C.
to 60% P.V.C, it was decided to formulate & third variation at 70% P.V.C.
Formula PV-3 was prepared for this purpose. This formuletion 1s '
definitely over pigmented producing a chalky film of poor integrity.

Based on the results obtained at 60% P.V.C. with the silicone-alkyd -
copolymer and, in view of the fact that good results were obtained in the
vehicle study using the catalyzed epoxy resin, PVi and PV5 were prepared
to evaluate that vehicle at 60% and 70% P.V.C. respectively.

The vehicle, in each case, was Shell Chemical's XA-200 formulation.
f
Both PV4 and PVS proved to be unsatisfactory coatings being formu-
lated for over the critical P.V.C. for the epoxy vehicle. The pigment
volume was then reduced to 45% in PVB. This, too, proved to be over-
pigmented since the film showed hairline cracking on drying.

It was found possible to formulate & reasonably satisfactory coating
using the catalyzed epoxy vehicle at a P.V.C. of k0%, Tais was accom-
plished with formulation PV12. However, Table VI shows PV12 to be
considerably inferior to PV6 both for critical energy for failure and
specific temperature rise. It can be concluded, then, that the silicone-
alkyd at its highest practical P.V.C. 1s superior. to the XA-200 catalyzed
epoxy vehicle at its highest prectical P,V.C. '
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Since it had been established that higher P,V,C, with titanium
dioxide had produced superior results, experiments were designed to
determine the effect of the incorporation of an extender pigment replacing
a part of the titanium dioxide at a P.V,C. of 60%. PV6 and PV7 were made
for this purpose. In PVG the titanium dioxide was held at a level
arbitrarily considered optimum for hiding and the P,V.C. adjusted to 60%
using a special calcined clay (Whitetex) which was chosen for its thermal
and chemical stability. In PV7, to determine the effect of increased opacity
together with the incorporation of clay, the titanium dioxide was increased
33% over PV6 and the P,V.C. adjusted to 60% with the clay.

Table VI shows an improvement in speciflc temperature rise for PV6
and PV2, and an ilmprovement for PV over PV6. The clay, then, does have
a beneficial effect in reducing tempersture rise and the added opacity
in the PV7 apparently tends also to reduce temperature rise. However,
no positive conclusions can be drawn until these coatings have been
tested over a wider irradience range.

In Table VII it will be found that both PV6 and PV7 gave reasonably.
good results in the general paint performance testing with the exception
that both showed slight cracking in the flexibility test.

However, reference to Table XI will shovw that neither PVS or PVT
showed any failure after 500 hours of accelerated weathering. From past
- experience, this would indicate durability of at least one year under
normal atmospheric conditions.

Since the higher pigment loadings as demonstrated by PV2 and PV6
and PV7 showed lack of flexibility, and PV1 at L0% P.V.C. did not, it
was declded to investipgate the effect of reducing pigment loading so0
as to explore the region between 60% P.V.C. and 40% P.V.C. To accomplish
this, a series of five coatings were prepared and tested. FPV9 and PV1O
utilize titanium dioxide as the sole pigment and may be compared directly
with PV2. PV9 is formulated at 50% P.V.C. and PV-10 at 55% P.V.C. The
dsta in Teble VI indicate a slight sacrifice in thermal properiles when
compared to PV2. Comparisons of the data in Table VII indicated no
substantial gain in £film flexipility. It is apparent, then, that com-
pronise downward in P.V.C. would offer no advantage over the V2
formulation elther in thermal properties or flexibility.

Tne series of formulations PVllh, PV15 and PV16 represent an attempt
to reduce pigment volume to a level below that of PV6 Gsing a combination
of titenium dioxide and clay but reducing the P.V.C. to 55% in the case
of PV14 and to 50% and 455 respectively for PVLS and PV16.

Comparison of the results on PVL4, PV15 and PV1S in Table VIT will
show tha® when the P.V.C. is decreased to 45% as in PV1S it becomes
possible to pass the mandrel test for flexibility. However, it is
denonstrated in Table VI that the critical energy value Tor failure
drops and the specific temperature rise increases for the 45% P.V.C.
forqulation. It would appear advantasgecus then to remwain in the area
of 50% - 507 pigment volume concentration for vest results under exposure
to tHermal radiation.
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It will be recalled that in the vehlcle screening series it was
not found practicel to utilize the pure silicone resin (GE SR-82) be-
cause of the difficulty in obtaining a satisfdactory cure under atmos-
pheric conditions. This has been found to be true in spite of
modification with other fast curing film formers. It was thougnt
possible that if the silicone resin were modified with an epoxy resin
and formulated into a coating at the relatively high pigment volume
concentration of 60%-a satisfactory coating might be produced. This
led to the preparation of PV-1l. This formulation consists of 60%
silicone resin and 30% epoxy resin (Shell Chemical #B864) as the binder
and titanium dioxide as the sole pigment. The pigment volume is 60%.

The results on the thermal testing of PV-1l while good were not
particnlarly impressive. These results may be found in Teble VI.
" Table VII will show that the general paint performance results on this
combination of vehicles at $0% P.V.C. are certainly not outstanding.

It appeers from the results outlined, that two outstanding coastings
have been produced from the standpoint of evaluation by means of the
searchlight test as developed at N.M.L. These coatings are PV-56 which
contains titanium dioxide at a level of 3.24 lb/gal. and calcined clay
to bring the pigment volume toc A0%, and PV-7 which is also A0% in P.V.C,
but contains 33% additional titanium dioxide. Because of the lack of
complete data in the testing of thermal properties and because of the
economy effected by the 'se of caleined clay rather than titanium dioxide,
it becomes apparent that the most suitable coating for attainment of the
objective, to date, is PV-A.

Coating PV-5 has been prepared commercially and a gquantity suffi-
cient to coat & number of alrcraft has been supplied. It has been
guccessfully aprplied by common commercial methods and, to date, has
fulfilled all of the reguirements of & ugeful and practical alrcraft
coating, Hovever, there may be a problem in maintenance, since this
iz a low gloss material and may present some problem in cleaning. .

There have heen several references in the foregoling to insufficient
irradiance data. This matter should probably be clarified at this point.
Zarly in tre project it became apparent that the time consuming thermal
testing was rampering progrecs of the work because planning of the coat-

It vag decided, therefore, at a meeting among VADC, NML and Vita-
Var Personnel to reduce “he searchlight testing to a single irradiance
on aluminum alloy only, for the screening work, and to develope complete
data, if reguired at a future %time, on suen coatinge as had shown
promise in the preliminary screening. Time did net, however, permit the
corpletion of this plan.

~ Should further work be initieted on this project, it would be of
value to test such coatings as A-11, PV-2, PV-6 and PV-7 at irradiance
levels both above and below the 10 calories (approximate) reported in
the present work.
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SECTION V

FILM THICKIESS

Three coatings previously described were chosen to study the effect
on thermal radiation resistance when the film thickness of the coating
is varied. The coatings chosen were AL Which meets the requirements of
MIL-E-TT729, PV2 waich is formulated at 60% P.V.C. using titanium dioxide
as the sole pigment snd a silicone-zlkyd copolymer as the vehicle, and
PV6 which is pigmented with a combination of titanium dioxide and calcined
clay and contains the same silicone-alkyd (Plaskon ST-873) as the vehicle.

Table VIII shows the results obtained wihen the film thickness was
varied for each of these coatings., It will be seen that coating Al was
tested at 2,4,6 and 8 mil thicknesses. PV2 and PVG were tested at 2,3
and 4 mils. The results show thet as the thickness is increased the
thermal properties are conslderably improved. In the case of Al the
critical energy value and specific temperature rise are shown 1o reach
optimum at & mils.,

In the case of PV2 the eritical energy for failure rises sharply
between 3 and 4 mils and the specific temperature rise value progressively
decreases as the thickness is increased. On PWO the critical energy
value remains fairly constant. However, the specific temperature rise
value progressively improves as the thlckness is increased. It is not
¥nown what might result if the thickness of films of the two latter coatings
were increased beyond 4 mils.

From these data, it would appear that for best results, Al should

ve applied at a dry thickness of 6 mils and PV2 and PV6 at a dry film
thickness of at least L mils.
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SECTICN VI

PRIMERS

It was observed by Mr. Bracciaventi of Naval Materials Laboratory
that when some of the better coatings were subjected to the conditions
of the searchlight test the primer sometimes decomposed before initial
fajilure of the finish coat was observed.

It was thought possible that if the thermal properties of the primer
vehicle could be improved, the performance of fthe overall paint system
could be substantially improved. It was also felt that if the refiectance
of the primer could be increased, the reflectance of the total coating
system might be increased.

A series of modifications of the standard primer was begun. The
first three primers were of an exploratory nature to determine whether
the idea of primer modification had merit. The modifled primers have
been numbered with the prefix PX, indicating Primer Experiment.

PXl is pigmented with approximately equal parts of zinc yellow,
titanium dioxide and calcined clay. The MIL-P-5880a vehicle has been
totally replaced with silicone-alkyd vehicle. The pigment volume
concentration has been maintained at 28.5% which is equal to that of
MIL~P-5889a.

Comparison of results on PX1 in Table IX with those for the control
primer will show a stbstantial increase in the critical energy value for
failure, There is no substantial difference in specific temperature
rise,

7 PX2 is formulated along lines similar to PXl excepting that the
pigment volume concentration has been increased to 35%. This was done
in enticipation of poorer drying with the silicone-alkyd vehlcle.

PX3 was prepared to check the effect of increased reflectance alone.
This primer is made exactly on the MIL-P-6880a formula except that 2 lbs
per gallon of Tl 0o has been incorporated and an equal volume of zine

yellow removed.

Reference to Table IX shows that on these two primers also, the
critical energy value has been increased with no substantial change

for specific temperature rise.

It will be recalled from previous work that good results were ob=
tained when the vinyl epoxy ester XOR-T was used as the vehicle in the
finish coat. TFor this reason a series of primers were made and evaluated
using the vinyl epoxy ester as the vehicle. PXU was prepared exactly
on the MIL-P-6889a formula but the entire vehicle was replaced with
the vinyl epoxy ester. PX5 used the same vehicle but the zinc yellow
wag reduced by approximately 50% and replaced with Ti 02 to increase
reflectance. The same procedure was followed for PX56 but decreasing
the zinc yellow 75% and replacing with Ti Op.
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All three of these primers had poor adheslon to aluminum alloy and
it was found impossible to prepare test specimens on aluminum alloy. It
wag possible to prepare test panels of Dow itreated magnesium. Therefore,
megnesium alloy samples were submitted to N.M.L.

Reference to Table IX will show an improvement in specific tempera-
ture rise for all three primers when compared with the standard. From
these results it would appear that further work with this vehicle to
improve primer adhesion should prove rewarding.

PX8 was made to evaluate a poly ester-toluene diisocyante combination
as the vehicle. Zinc¢ yellow ls used as the sole plgment. The zame adhe-

" 6lon problem was encountered for aluminum alloy panels and specimens were
prepared on Dow treated magnesium panels, Table IX shows PX8 to be
approximately equal to the vinyl epoxy ester primers and having a definitely
lover specific temperature rise when compsred wlth the standard primer on
nagnesium alloy.

In PX7, the primer vehicle was replaced with an epoxy ester of
dehydrated castor oil fatty acids and 50% of the zine yellow removed and
replaced with titanium dioxide. In FX9 the same procedure was followed
but the vehicle was styrenated dehydrated castor oil.

Data shown in Table IX indicate no advantage over the standard primer
for either PXT or PX9.

It was thought possible that if the vinyl epoxy ester evaluated in
PXlk, PX5 and PX6 were modified with silicore resin, the adhesion to
eluminum and resistance to heat might be improved . PX10 was therefore
prepared using 75% vinyl epoxy ester with 25% of a compatlble silicone-
alkyd (Dow Corning XR-807)

The adhesion of PX10 was found to be satisfaciory on aluminum and
it was possible to prepare test specimens. Table IX will show no advantage
for this primer on aluminum when compared to the results on the standard
primer. This ig contradictory to the results obtained on magnesium using
the unmodified vinyl epoxy ester and should be investigated further.

At the direction of WADC, a primer was prepared substituting strontium
chromate for zine yellow in the standard MIL-P-65889a, formula., This is
experimental primer TX11.

As might be expected, strontium chromate showed no advantage over
the standard primer. There are, as yet, no date available on compara-

tive exterior durabnility.

For all of the testing of primers Bescribed above, the finish coat
used was formula number PVG,

Time did not permit exposure testing on the experimental primers.
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COMPARISON WITH WADC STANDARD MIL-E-T729

During the course of the work, it became evident that because of
improvements in technique at Naval Materials Laboratory, no data were
avallable on the present standard aircraft White, MIL-E-7729. It was,
therefore, decided to run a comparison of the standard enamel with the
latest developments using up to date methods. A sample of white enamel,
MIL-E-T729 was obtained from stock at WADC.

Table X shows the results obtained at NML on MIL-E-T729, Vita-Var
Experimental Coating A-1 which meets the requirements of MIL-E-T729
and PV6 whieh is considered to be the best coating to date for resist-
ance to thermal radiation. The data will show that the MIL-E-T729
prepared in this laboratory is considerably superior to the sample
from WADC stock (Code W-1) and the PV6 to be far superior to either
for both eritical energy value and specific temperature rise.
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SECTION VIII

ENVIRONMENTAL TESTING

Seven coatings were chosen for comparative exposure to 500 hours
accelerated weathering, 1000 hours salt fog and 8 days of tropicallza-
tion. The weathering machine used is made by National Carbon Co. A
20% saline solution was used in the salt fog test, The tropicalization
was conducted in & chamber which varied in temperature from 87°F to
105°F and in relative humidity from 85% to 98%. The variations were
made over 24 hour cycles to simulate a tropical day.

The coatings chosen for these exposure tests include the following:

A-1 MIL-E-TT729 prepared by Vita-Var

A-5 Silicone-Alkyd-TiOp 21% P.V.C,

A-2Lk  Vinyl Toluene Epoxy Ester 60% P.V.C.

PV-2 Silicone-Alkyd-TiOp 60% P,V.C.

PV-6 Silicone-Alkyd-Calcined Clay-Ti0p 60% P.V.C.
PV-7 Silicone-Alkyd-Calcined Clay-TiOp 60% P.V.C.
W-1 MIL-E-T729 Wright Field Sample - White

It will be seen from Table XI that except for some loss in gloss no
failure was observed on any of the coatings In the accelerated weathering
test. It should be noted that on the high plgment volume coatings where
no lose of gloss 1s shown, the initial gloss is low so that gloss observa-
tions could not be made.

In the salt fog test on aluminum and on magnesium, wherever failure
has occurred it has been confined %o the area adjacent to the scribe,
wnich had been intentionally cut through the film to the metal prilor to
exposure. In general, the higher P.V.C. coatings show less tendency to
blister. On the coupled aluminum-magnesium panels, all of the coatings
failed. After 48 hours of salt fog exposure, all of the panels includ-
ing the control (W-1) had corroded so badly that the coupled panels had
fallen apart at the Jjoint.

It will be noted from Table XI that in the troplecalization exposure
that a1l of the low P,V.C. coatings show considerable amounts of blister-
ing. The best performance was observed for A-2L4 which contains the vinyl
epoxy ester with a P.V,C, of 60%. This coating gave excellent results on
aluminum, magnesium and coupled aluminum-magnesium.

All four high P.V.C, coatings gave excellent resulis on aluminum.
However, PV-2 and PV-7 showed slight blistering on magnesium, while PV-6
blistered considerably on magnesium. It may be that the higher clay
content in PV-6 produced a "tighter" film, impeding the passage of vapor
from inside out to a greater extent. ’

It was observed on all of the 60% P.V.C. coatings in the tropicali-
zation test that soluble salts were leached from the primer through the
finigh coat, leaving a yellow deposit on the surface. BShould it be
decided to use the higher P,V.C. coatings under conditions of high
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humidity, 1t will probably be necessary to revise the primer to contain
a pigment combination having minimum solubility in water.

Both aluminum and magnesium panels have been coated at a thickness
of four mile with the same series of geven coatings. hese panels
-are now on exposure at Newark, New Jersey, and at Miaml, Florida.

It is too early in the exposure to draw any conclusions, as yet.

These results will be made available to the Air Force when the
exposure tests have been completed.
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SECTION IX

CONCLUSIONS

1. Of the vehicles tested, five resins are outstanding for thermal

resistnace properties and produce coating films of reasonable
‘durability. These resins include the following:

Silicone ~ alkyd copolymers

Catalyzed epoxy resin (Shell Chemical XA200)
Epoxy Ester

Vinyl Toluene Epoxy Ester

M. W. Kellogg X200

At this time the silicone-alkyds appear to be most suitable. However,
the others are worthy of further investigation. Because of economie
and availability problems M.W. Kellogg X200 can probably be eliminated.

o. The most suitable prime pigment tested is titanium dioxide. Where
it can be tolerated by the vehicle, limited concentration of zint
oxlde is desirable. Calecined Clay contributes to resistance to
thermal radiation.

3. Using silicone-alkyd as the vehicle a pigment volume concentration
of 60% gives heat resistance to thermal radiation while retaining
reasonably good film properties.

4, The incorporation of two different ceramic frits in coatings pro-
vided no advantage.

5. The two outstanding coatings developed for-this project are PV6
and PV7. Both are formulated with silicone-alkyd es the vehicle
and both contain titanium dioxide and calcined clay as the pigment
component. Both are formulated at 650% pigment volume concentration.

6. Based on accelerated laboratory testing both PV6 and PV are
practical aircraft coatings of reasonably good outdoor durabllity.
Both leave something to be desired in the matter of gloss.

T. Control of film thickness 1s important in ovtaining best resistance
to thermal radiation. For coatings PVS and PV coptimum thickness ap-
pears to be in the. neighborhood of 004 inches dry thickness. This
applies to overall paint system thickness including the primer coat.

8. TFrom & limited volume of work, it would appear that modification

of the primer formulation might result in improvement in thermal
properties for the entire paint system. :
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APPENDIX A - FORMULATIONS

A-1
1bs.
Titenium Dioxide (Rutile Type, Non-Chalking) 300.0
- #Alkyd Reein foluticn 50% N.V. 200.0
© Mineral Spirits 40.0

GRIND IN PEBELE MILL AND ADD:

*Aplkyd Resin Solution 50% N.V. 400.0
24% Lead Naphthenate 6.4
6% Cobalt Naphthenate 3.0
Mineral Spirits 10,0
Xylol 30.0
Anti Ekinning Agent 0.6

Grind 7

Viscoeity 80" #4 Ford Cup
Weight per Gal. 9.95 lbs
ralkyd:- Soya Type

30% Phthaiic Anhydride
£8% 0il
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A-2

Lbs.
Titenium Dioxide (Rutile Type, Med. chalking) 300.0
#Alkyd Resin folution 50% N.V. 200.0
Minersali Spirits : 40,0

GRIND IN PEEELE MILL AND ADD:

#A1kyd Resin Soiution 50% N.V. 400.0
24% Lead Naphthenate 6.4
6% Cobalt Naphthenate _ 3.0
Minerali Epirits 10.0
Xylol 45.0
Anti fkinning Agent : 2.6
Grind 7
Viscosity 84" #4 Ford Cup

Weight per Gal. 9.92 1lbs

*hlkyd; coye Type
30% Phthalic Anhydride
58% 011
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Lbs

Titanium Dioxide (Anatace Type, Free Chalking)30

*Alkyd Recin Solution 504 N.V.
Mineral Epirits

GRIND IN PEBBLE MILL AND ADD:
#*Alkyd Resin Solution 50¢ N.V.
24% Lead Nephthenate

6% Cobait Naphthenate
Mineral &pirite

Xyiol
Anti tkinning Agent

Grind 7
Viscoelty 82" #4 Ford Cup

Weight per Gel. 9,87

*Alkyd: Soye Type )
30% Phthalic Anhydride
58% 0il

WADC TR 55-258 25

0.0
200.0
40.0



A-4

Titenium Dioxide {(Rutile Type, Non-chalking) 300.0

#cilicone Reein Solution 60% N.V. 220.0
GRIND IN PEBELE MILL AND ADD:

#£ilicone Resin Solutlon 60% N.V, 300
8% 7inc Naphthenate 1
2% Cobait Naphthenrate 2
Toluol 30
Grind 7
Viscosity 19" #4 Ford Cup

Welight per CGal. 12.325 lbe.

#Genersl Electric Silicone Resin &R-E82
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Titanium Dioxide (Rutile Type, Non Chalking)
#Silicone Alkyd Copolymer Solution 60% N.V.
Mineral Epirite

GRIND IN PEBBLE MILL AND ADD:

#Silicone Alkyd Copolymer 60% N.V,
8% Lead Naphthenate

2% Manganese Naphthenate

Mineral Epirits

Anti &kinning Agent

¥ylol
Grind 7
Viscosity 80" #4 Ford Cup

Weight per Gal. 10.5 lbe.

#Pleskon Silicone Alkya Copoiymer cST873
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A-6

Lbe.

Titenium Dioxide (Rutile Type, Non Chalking) 130.0
#Vinyiidene Chloride Acrylonitrile Copolymer
Resin 130.0

Butyl Acetate 160.0
Methyl Isobutyl Ketone 250.0
Tri Cresyl Phosphate 20.0 -

GRIND IN PEEBLE MILL ANU ADD:

Butyl Acetate 140.0
Methyl Ieobutyi Ke tone 50.0
Grina 7

Viscosity 130" #4 Ford Cup

Weight per Gal 8.65 1lbe

#Dow Chemical Co. faran F-120
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Lbe.
Titanium Dioxide (Rutile Type, Non-chalking) 130.0
*1/2 Sec. Cellulose Acetate-Butyrate Resin 130.0
Ethyl Alecohol 60.0
Toiuol 225.0
Metayl Isobutyl Ketone 150.0
Tri Cresyl Phosphate 200
Dioctyl Phthaiate 30.0

GRIND IN PEEBLE MILL AND ADD:

Ethyl Alcohol 60.0
Toluol . . 75.0
Methyl Isobutyl Ketone 30.0
Grind 7

Viscosity 100" #4 Ford Cup

Weight per Gai. 8.6 1lbs

*Eastman Chemical Products Inc.
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A-8

Titanium Dioxide {Rutile Type, Non-Chalking)
#Vinyi Chioride Resin

Tri Cresyl Phogphate

Methyl Isotutyl Ketone

Toluol

GRIND IN 2kbbLE MILu AND ADus

Methyl Isobtutyl Ketone

Toluol

Grindg 7

Viscosity 103" £4 Ford Cup
Weight/Cal 9.6 ibs

#Bakelite VAGH
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A-9

Lbe

Titenium Dioxide (Rutile Type, Non-Chalking) 250.0

#perylie Resin Solution 40% N.V.
Toluol

GRIND IN PEBBLE MILL AND ADD:

#Acrylic Reeln Solution 40% N.V.
Teluol

Grind 7
Viecosity 80% #4 Ford Cup

Weight/gal Ql2 1bs

¥Rohm & Haas Co., Acryloid B-72
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A-10

Lbs
Ceramlc Grade Titanium Dioxide 300.0
Alkyd Resin Solutlion 504 N.V. 200.0
Minersal Epirits 40.0

GRIND IN PEBBLE MILL

Gelled - Discarded
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- A-l1

Lbe
Titenium Dioxide (Rutile Type, Non Chelking) 240.0
#Alkyd Reein Solution 60% N.V. 236.0

Toluol 98,0
GRIND IN PEBBLE MILL AND ADD:

#%1/2 tec. Nitro Cellulose Solution 35% N.V. 202.0

Tri Cresyl Phosphate 28.0
Methyl Isobutyl Ketone 111.0
Butyl Acetate 13.0
Methyi Isobutyl Carbinol 45.5
Toluol 67.5
Grind 7

Viscosity 70 #4 Ford Cup

Wweight/Cal 9.67 lbs

#Rohm & Haas Co. Duraplex ND 78

##35% 1/2 sec. Nitro Celluiose Eolution

Aliphatic Hydrocarbons 70.0 1bs
Toluol ' 137.0
Ethyl Acetate 252.0
% Sec. Nitro Cellulose 541.0
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A-12

Lbs
Titanium Dioxide (Rutile Type, Non Chalking) 300.0
#Phenolic Resin Varnish folution 60% N.V. 170.0
Mineral Spirits - 50.0
Xylol 25.0

GRIND IN PEBBLE MILL AND AbL:

fhenolic Resin Varnish Solution 60% 3V 330.0
24% Lead Napthenate 4e?
6% Cobalt Naphthenate 1.7
Mineral Spirits : 65.0
Xyiol 56.0
Anti Skinning Agent 1.0

Grind 7

Viscosity 30" #4 Ford Cup
Weight/Gal 9.78 1lts
%33.3% Phenolic Resin BR 254 (Bekellte)

33.3¢ Tung 0il
13,2% Linseed 011

WADC TR 55-258 34




A-13

Lbg

Titanium Dioxide (Rutile Type, Non-chalking) 300.0
#Epoxy Resin Solution 60% N.V. 200.0
Methyl Isobutyl Ketone 6.0
Xylol 16.0
GRIND IN PEBBLE MILL AND ADD:

Epoxy Resin Solution 60% W.V. 300.0
Methyl Isobutyl Ketone 50.0
Xylol 50.0

Add 6 P.H.R. Diethylene Triamine
Based on Epoxy Sollde prior to use.

Grind 7
Viscority 30" #4 Ford Cup
weight/Gal 10.95 1te

#Epoxy - Urea - Formalaehyde Resln Solution
Sheil Chemical Co. XA-200

WALC TR 55-258 35




A-l4

Lbs
Titenlum Dioxide (Rutile Type, Non Chalking) 300.0
#Alkyd Resin Solution 50% NV 150.0
Xylol 20.0

GRIXD IN PEBBLE MILL AND ADD;

#4 lkyd Resin Solution 50% NV 150.0
¥#Urea Formsldehyde Resin Solution 60% NV 250.0
84 Lead Napthenzte 5.5
<¢ Cobalt Napthenate Leb
Minerai Spirits 15.0
Anti-Skinning Agent .6

ATD: 4.75% Reichold Chemicsel Co. P-198 Reckemine
Accelerator Based on Urea Formaldehyde £olids
prior to use

Grind 7
Biscosity 65" #/ Ford Cup
Weight/Gal 10.66 lbs.

#Alkyd Linseed Type
35% Phthalic Anhydride
50% 0il
#tReichold Chemical Co. Beckamine P-196
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A-15

Titenium Dioxide {Rutile Type-Non Chalking)
¥Acrylic Resin Solution 40% '
##Cilicone Resin Solution 50%

Xylol

GRIND IN PEEBLE MILL AND ADD:

#%Silicone Resin Solution 50%
Minersl Spirits

Grind 7
Viscoeity 66" #4 Ford Cup
Weight/Gal. 10.55 1bs

#Rohm & Heaz Co., Acryloid B-72

##general Electric, Silicone Resin Sr-1ll

WADC TR 55-258 37

300.0
150.0C
125.0
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A-16

Titenium Dioxide (Rutile Non-Chelking)
*Acrylic Resin Solution 40% N.V.
##Silicone Resin Solution 50% N.V.

Xyiol

GRINLD IN PEBBLE MILL AND ADD:

#Acrylic Resin Solution — 4O% N.V.
##Silicone Resin Solution - 50% N.V.
Mineral Cpirits
Grind 7
Viscosity 76" #4, Ford Cup

Weight/gal. 10.6 1bs

#Rohm & Heas Co. Acrylold B-72

#*eneral Electric Silicone Resin SR-111

WADC TR 55-258 38

Lbs

300.0
150.0
125.0

25.0

295.0
7500
35.0



A~17

Titanium Dioxide (Rutile-Non Chalking)
. ¥Kel F Elaetomer Gum

Zine Oxide
*#D. Basic Lead Phosphate

Methyl Ieobutyl Ketone

Methyl Ethyl Ketone

Butyi Akcohol

Toluol

GRIND IN PEBBLE MILL AND ADD:
Methyl Ethyl Ketone

Methyl Isobutyl Ketone

Butyl Aicohol

Toluol
Benzoyl Peroxide

Grind 6
Weight/Gal 7.59 1lbe

#M. w. Kellogg Co. ~ KelrF. Elsstomer Gum
*#National Lead Co. - Dyphos

WADC TR 55-258 39
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A-18

Titenium Dioxide (Rutile-Non Chalking) 3

#Epoxy Ester Solution 50% N.V. 2
Xylol
GRIND IN PERBLE MILL AND ADD:

#Epoxy Ester Solution 50% N.V. 400
2¢ Cobalt Napthensate be
2% Manganese Napthenate A
Xylol 40

High Flash Naptha L35,

Anti Skinning Agent 0

Grind 7

Viscosity 80" #4 Ford Cup

Weight/Gal. 10.0 lbs.

#Shell Chemical Corp., Epon Ester YE-5

WALC TR 55-258 40




A-19

Lbs
Titanium Dioxide (Rutile-Non Chaliking) 300.0
#Cilicone Alkyd Resin Solution 50% NV 2049.0
Xylol 40.0
GRIND IN PEBELE MILL AND ADD:
¥Silicone Alkyd Resin Solution 50% NV 400.0
2% GCobalt Napthenate 45
2% Mangenete Napthenate L5
Mineral ESpirits 25.9
Xylol 20.0
Anti Skinning Agent 0.3
Grind 7
Viscosity 76" 44 Ford Cup
Weight/Gal. i0.65 lbs

#Dow Corning Silicone Alkyd XR-807

WADC TR 55-258 41




A-20

Titenium Dioxide (Rutile-Non Chalking)
#£iiicone Resin Solution 60% NV

GRIND IN PEEELE MILL AND ALD:
++Epoxy Resin Solution 40% NV

2% Cobalt Octoate
8% 7Zinc Octoate

“Grind 7
Viscosity 14" #4 Ford Cup

Weight/Cel. 11.45 ibs

#Generel Flectric Co., Silicone Resin ER-82

*#40% Enoxy Resin Solution

-
7

|

Shell Chemical Epon 864  40% by weight
Methyl Ethyl Ketone 60% by weight

WADC TR 55-258 L2




A2l

Lbs
Titanium Dioxide (Rutile-Non Chelking) 300.0
#Silicone Resin Solution 350.0
GRIND IN PEBBLE MILL AND ADD:
#*Epoxy Reein Solution 225.0
2%€ Cobalt Dctoate 8.0
8% Zinc Octoate 6.0

Grind 7

Viscosity 13" #4 Ford Cup
Weight/Gal 11,38 1bs
#General Electric Co. Silicone Resin SR-82

*#40% Fpoxy Resin Solution

Shell Chemical Epon 834 40% by weight
Methyl Ethyl Ketone 60% by weight

WADC TR 55-258 43




A-22

Titenium Dioxide (Rutile-Non Chalking)
#41kyd Reein Selution
Toluol

GRIKD IN PEBELE MILL AND ADL:

#plkyd Resin Solution
##Silicone Resin Solution
2% Cobalt Napthensate

8% 7inc Napthenate

Tolucl

Grind 6%
Viscosity 35"
weight/gal. 10.9 ibs

#*GF Glyptal Solution 2520
#%GE Cilicone &R-82

WADC TR 55-<58 L4




A-23

Lbs
Titeanium Dioxide (Rutile-Non Chelking) 244..0
Calcined Clay 140.0
*Experimentsl Polymer 20% Sol. 515.0
GRIND IN PEBBLE MILL AND ADD:
Methyl Isobutyl Ketone 134.0

Grind 6
Viscoeity ra

Weight/gai 0.5 lbs.

#Experimental Polymer ¥-200 M. W. Kellogg

WADC TR 55-258 45




Titanium Dioxide (Rutile-Non Chaiking)
Caleined Clay
#Vinyl Toluene Modified Epoxy Ester
Xyioi
DISPERSE IN rEEBLE MILL AND Al
2% Cobalt Naphthenate
5% Lead Naphthenszte
Xylol
Anti Skinning Agent
Grind 6%
Viscosity 591

Weight/gal. 11.7 ibs

#WADC 7400 NL

WADC TR 55-258 46




A-25

Lbe
#Poly Ester 200.0
Butyl Acetsate 100.0
Titenium Dioxide (Rutile-Non Chalking) 333.0

GRIND IN PEBBLE MILL
#ADD IMMEDIATELY BEFORE USE - THEN LET STAND 40 MIN.
Toluene Di Iso Cyanate 133.0

Butyl Acetate 244.0
2% Cobalt Napthenazte 6.0

Grind 6

Viecosity 65 KU

*Trimethylol Propane 55%
Adipic Acid 37.5%
Phthelic Anhydride 7.5%

WADC. TR 55-258 47




PE #1

Lbs
Titsnium Dioxide (Rutile Type, Non Chalking) 280.0
Zine Oxide _ 30.0
#Alkyd Resin Solution 50% NV 200.0
Mineral Spirits 30.0
Xylol 15.0

GRIND IN PEBBLE MILL AJdD ADD:

#Alkyd Resin Solution 50% NV 400
8% Lead Naphthenate 11

24 Cobslt Naphthenate 9.

Mineral Spirite A5

10

0

Xylol
Anti Skinning Agent

Grind 7

Viscosity 80" #4 Ford Cup
Weight/Gal. 9.85 1bs

P.VIC. 21.0%
*A4lkyd Soys Type

309 rhthalic Anhydride
58% 0il
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PE-2

Lbs
Titsnium Dioxide {(Rutile Type, Non Chalking) 255.0
7ine Qxide 60.0
#*Alkyd Resin Solution 50% NV 230.0
Minersl Spirits 30.0

GRIND I PEEBLE MILL AND ADD:

#*Alkyd Resin Solution 50% AV 370.0
84 Lead Naphthenate 11.0
2% Cobalt Naphthensate 9.0
Minersl Epirits ' 15,0
Xylol 42.0
Anti Skinning Agent 0.6
Grind 7
Viscosity 76* #4 Ford Cup

Weight/Gai 9.9 1lbs.

#Alkyd Soye Type
30% Phthalic Anhydride
58% 0il -
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PE -3

Titenium Dioxide (Rutile Type-Non Chalking)
Zine Qxide
%41kyd Resin Solution 50% NV

Minerel Spirits

GRIND IN PEBBLE MILL AND ADD;:

*Alkyd Resin Solution 50% NV
8% Lead Naphthenate
2% Cobalt Naphthenate
Mineral Spirits
Xylol
Anti Skinning Agent

Grind _ 7
Viscosity 80" #4 Ford Cup
Weight/Gal. 10.10 1bs

*£lkyd - ESoye Type
30% Phthalic Anhydride
58% Oit

VADC TR 55-258 50

Lbe

232.0
90.0
300.0
25.0



PE-4

Lbs

Titenium Dioxide (Rutile Type ~ Non Chalking) 300.0

Zinc Oxide
#Alkyd Resin Solution 50% NV
Mineral Spirits

GRIND IN PEBBLE MILL AND ADD:

Alkyd Resin Solution 50% NV
3% Lead Naphthenate

2% Cobalt Naphthenate
Minersl Spirite

Xylol

Anti Skinning Agent

Gring 7
Viscosity 55" #/ Ford Cup
wWeight/Gal. 10.7 1bs

¥Alkyd - Soys Type

30% Phthalic Anhydride
58% 0il

WADC TR 55-258 51
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PE-5

Titanium Dioxide (Rutile Type-Non Ehalking)
Zinc Oxide '
#Alkyd Resin Solution 50% NV

Minetrsl Spirits

Xylol

GRIND IN PEBBLE MILL AND ADD:

#Alkyd Resin Solution 50% NV
- 8% Lead Naphthenate
2% Cobalt Naphthenate
Mineral Spirits
Antl Skinning Agent

Xylol
Grind 7
Viscosity 830 44 Ford Cup

Weight/Gal. 13.45 1bs.

#41kyd - Soya Type
20% Phthalic Anhydride
58% 0il

WADC TR 55-258 52
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PE-6

Titanium Dioxide (Rutile Type-Non Chalking)
Antimony Oxide
#Alkyd Resin Solution 50% NV

Mineral Spirits

GRIND IN PEBBLE MILL AND ADD:
#Alkyd Resin Solution 50% NV
8% Lead Napthenste

2% Cobalt Napthenate

Mineral Spirits
Anti Skinning Agent

Grind 7.
Viscosity 85" #4 Ford Cup

Welght/Gsal. 10.0 1bs
#*Alkyd Soya Type

30% Phthalic Anhydride
584 0il

WADC TR 55-258 53

400.0
11.0
9-0
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Titenium Dioxide (Rutile Type, Non Chalking)
Antimony Oxlde
#Ailkyd Resin Solution 50% aV

Mineral Spirits

GRIND IN PEBBLE MILL AND ADD:

#41kyd Resin Soiution 50% NV
8% Lead Napthenate

2% Cobalt Napthenate
Mineral Epirits

Xylol

Anti Skinning Agent

Grind 7
Viscosity 85" #4 Ford Cup
weight/Gel. 10.1 1bs

#plkyd - Soya Type
304 Phthelic Anhydride
58% 0il

WADC TR 55-258 54,




Titanium Dioxide (Rutile Type, Non Chalking)

Antimony Oxide
¥Alkyd Resin Solution 50% NV
Mineral Spirits

GRIND IN PEBBLE MILL AND ADD:
#Alkyd Resin Solution 50% NV
8% Lead Naphthenate

2% Cobalt Naphthenate
Minersl Spirits

Lylol
Anti Skinning Agent

Grind 7
Viscosity 80" #4 Ford Cup

Weight/gal. 10.37 1bs
#41kyd - Coya Type

30% Phthalic Anhydride
58% 01l

WADC TR 55-258

232.0
90.0
300.0
10.0



PE-9

Titanium Dioxide (Rutile Type-Non Chalking)
Antimony Oxide '
#alkyd Resin Solutlon 50% NV

Mineral Epirits

GRIND IN PEBBLE MILL AND ADD:

#Alkyd Resin Solution 50% NV
8% Lead Naphthenate

2% Cobalt Naphthenate
Minersl Spirits

Xylol

Anti Ekinning Agent

Grind 7
Yiscosity 69" #4 Ford Cup
welght/Gal. 10.97 1bs

#A41lkyd -~ Soysa Type

30% Phthalic Anhydride
58% 01l

WADC TR 55-258 56

375.0
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PE~10

Lbs

Titanium Dioxide (Rutile Type, Non-Chelking} 300.0
600.0
350.0
30.0
10.0

Antimony Oxlde
#Alkyd Resin Solution 50% NV
Mineral Spirits

Xylol

GRIND IN PEBELE MILL AND ADD:

#Alkyd Resin Solution 50% NV
8% Lead Naphthenate
2% Cobalt Naphthenate
Mineral Spirits
Xylol
Anti Skinning Agent

Grind 7
Viscosity 66" #4, Ford Cup

Weight/Gal 14.23 1bs

*Alkyd - Soya Type
30% Phthalic Anhydride
58% 0il

WADC TR 55-258 57
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PE~11

Titanium Dioxide )Rutile-Non Chalking)
Ceramlic Frit #12

#Silicone Alkyd Copolymer Reein 60% NV
Mineral Spirits
Xylol

GRIND IN PEBELE MILL AND ADD:

#Silicone Alkyd Copolymer Resin 60% NV
8% Lead Napthenute

2% Nanganese Napthenate

Mineral Spirits

Xylol

Anti Skinning Agent

Grind 5

Viscosity 110" #4 Ford Cup
Weight/Gel., 10.5 1ibs

PVC 35%

*Plaskon Silicone Alkyd Copolymer Resin ST-873

WADC TR 55-258 58

Lbs

300.0
205.0
243.0
25.0
55.0

200.0
10.0
7.5
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PE-12

Titanium Dioxide {RutilewNon Chalking)
Ceramic Frit #2
#Silicone-Alkyd Copolymer Resin 60% NV
Mineral ESpirits
Xylol

 GRIND IN PEBBLE MILL AND ADD:

#S8ilicone-Alkyd Copolymer Resin 60% NV
8% Lead Naptnenate

24 Menganese Napthensate

Mineral &pirite

Xyiol

Anti Skinning Agent

Grind 5%

Viscosity 720 #4 Ford Cup
Weight/Cal. 11.2 1bs

PVC 35%

#Plaskon, filicone-Alkyd Copolymer Resin ST-373
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PE-13

Lbe
Titanium Dioxide (Med. Chalking) 300.

%cilicone-Alkyd Copolymer Resin 60% NV 120,
Mineral Spirits 35.
Xylol 15.
GRIND IN PEBELE MILL AND ADD:

#Silicone-Alkyd Copolymer Resin 60% NV 380.
8% Lead Napthensate iz.
2% Manganese Naphthenate 9.
Mineral Spirits 30.
Xylol 25.
Anti Skinning Agent 3.
Grind 7
Viecosity 73" #4 Ford Cup
Weight/Gel. 10.18 1bs

#Pleskon, £iiicone-Alkyd Copolymer ResintT.873

WADC TR 55-258 60




PE-14

Lbs
Titenium Dioxide (Anatsse-Free Chelking) 300.0
#Siiicone-Alkyd Copolymer Resin Solution 60%NV 120.0
Mineral Spirits _ 70.0
Xylol 20.0

GRIND IN PEBBLE MILL AND ADD:

#Sillcone-~Alkyd Copolymer Resin Solution 604NV 380.0
8% Lead Napthenate ' 12.0
2% Manganese Nepthenate 9.0
Mineral Epirits 20.0
Xylol 35.0
Antl Ekinning Agent 3.0
Grind 7
Viscosity T2" #4 Ford Cup
Weight/Gal. 10.1 1bs

*Pleckon, Silicone-Alkyd Copolymer Resin ST-873
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PV-l

Lbs-

Titanium Dioxide (Rutile Type-Non Chaixing) 7i0.0
#Cilicone Alkyd Copoiymer Resin Eolution 60%NV 270.0
Minerai Spirits 60.0
Xylol 40,0

GRIND IN PEBBLE MILL AND ADD:

#c¢ilicone Alkyd Copolymer Resin folution 60% NV200.0
2% Mangsnese Napthenate 8.0
Mineral Spirits 65.0
Anti Skinning Agent 2.8
Grind 7
Viscosity 80" #4 Ford Cup
weight/Gal. 12.8 lbs
PVC 40%

#plaskon Silicone Alkyd Copolymer ST873
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pv-2

Lbs

Tikanium Dioxide {Rutile Type, Non-Chalking) 847.0
#Silicone Alkyd Copoiymer Resin Solution 60ZNV 256.0

Mineral Spirits
Xylol

GRIND IN PEEBLE MILL AND ADD:
2% Manganeee Napthenate

Mineral Spirits
Anti Skinning Agent

Grind 7

Viscosity 78" #4 Ford Cup
Weight/Gal. 14.94 1be

PVC 60%

#Pilaskon Silicone-Alkyd Copoliymer ET-873

WADC TR 55-258 63
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pPV-3

Lbs
Titanium Dioxide (Rutile-Non Chalking) 906.0
#2ilicone Alkyd Copoiymer Resin Solution 60%NV 174.0
Mineral Spirits 120.0
iyiol 70.0

GRIND IN PEBBLE MILL. AND ADD:

2% Manganese Napthenate Lol
8% Lead Napthenate 5.0
Mineral Spirits 40.0
Anti Skinning Agent 1.0

Grind 7

Viscosity 65" #4 Ford Cup
Weight/Gal. 15.5 1bs

PVC 70%

#Plaskon -~ Siiicone Alkyd Copolymer ST-873

WADC TR 55-258 64,




PV-4

Lbs

Titanium Dioxide (Rutile-Non Chalking) 847.0
#Epoxy Reein Solution 60% IV 256.0
Methyl Isobutyl Ketone 300.0
Iylol 400.0
GRIND IN PEBBLE MILL AND ADD:

Methyl Isobutyl Ketone ' 50.0
Xylol 50.0

PVC 60%
OVER PIGMENTED -

DISCARDED AS IMPRACTICAL

*#Epon 1001 Resin Solution -~ Shell Chemical XA-200

WADC TR 55-258 &5




PV-5

Lbe
Titanuim Dioxide {Rutile-Non Chalking) 906.0
#Epoxy Resin Solution 60% NV 174.0
Methyl Iesobutyl Ketone 220.0
Iylol 420.0
GRIND IN PEBBLE MILL AND ADD:
Methyl Isobutyl Ketone 175.0

OVERPIGMEWNTED -

DISCARVED AS IMPRACTICAL

#Epon 1001 Resin Solution - fhell Chemical XA-200

WADC TR 55-258 66




PV-6

Lbs
Titanium Dioxide (Rutile-Non Chalking) 300.0
#Calcined Clay 344.0
*#Silicone Alkyd Copolymer Resin Solution 60%NV256.0
Minersl Spirits 122.0
Xylol 50.0
GRIND Ii PEBBLE MILL AND ADD:
2% Manganese Napthenate 5.5
8% Lead Napthenate 8.8
Minersl Spirits 25.0
Iylol 15.0
Anti 8kinning Agent 3.0
Grind 7
Viscosity 65" #, Ford Cup

Weight/gal. 12.5 ibs
PvC 60%

*Southern Clay - whitex
®*#Plaskon, Siiicone Alkyd Copolymer £7-373

WADC-TR 55-258 67




PV-7

Titenium Dioxide (Rutile—Non Chaiking)
#Calcined Clay
»%cilicone Alkyd Copolymer Resin 60% NV

Minersl Spirits

Xylol

GRIND IN PEBBLE MILL AND ADD:

2% Manganese Nephthenate

8% Lead Naphthenate

Mineral Epirits

Anti Skinning Agent

Grind 7

Viscoslty 70" #4 Ford Cup

Weight/Gailon 12.97 1bs

e 60%

#Couthern Clay - Whitex

#eplaskon - Silicone Alkyd Copolymer £T-873

WADC TR 55-258 68
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PV-8

Lbs

Titenium Dioxide (Rutile-Non Chalking) 658.0
*Epoxy Reein folution 60% NV 366.0
Methyl Isobutyl Ketone 264.0
Xylol 200.0
GRIND IN PEBBLE MILL AND ADD:

Xylol 64.0
Grind 7

Viscosity 18" #4 Ford Cup

Weight/Gallon 11.32 1ibs

PVC 45%
#Sheil Chemical Co. Epon 1001 Resin Solution X4-200

NOTE: 6 parte per hundred of diethylene triamine
bated on epoxy solids added prior to use.

WADC TR 55-258 69




PV-9

Lbe

Titenium Dioxide (Rutile-Non Chalking) 566.0
#Cilicone Alkyd Copolymer Resin Soiution 60%NV 256.0
Minersl Spirite 65.0
Zylol 25.0
GRIND I¥ PEBBLE MILL AND ADD:

2% Manganese Napthenate Le5
8% Lead Napthenate 5.8
Mineral Spirites 60.0
Anti Skinning Agent 1.5
Grind 7

Viscoeity 60" 4/ Ford Cup

Welght/Gal 13.7

PVC 50%

*Plaskon - fiticone Alkyd Copolymer Reein ST-873

WADC TR 55-258 70




PV-10

Lbs

Titanium Dioxide {(Rutile-Non Chalking) 692.0
#Silicone AlKyd Copolymer Reein Solution 604NV 256.0
Minersal Spirits 90.0
Xylol 35.0
GRIND IN PEBELE MILL AND ADD:

2% Manganese Napthensate 4e5
8% Lead Napthenate 5.8
Mineral Spirits 75.0.
Anti Skinning Agent 1.5
Grind 7

Viscosity 60" #4 Ford Cup

Weight/Gal, 13.95 1bs
Ve 55%

#Plackon, Silicone Alkyd Copolymer Resin £T-873
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pPV-11l

Titanium Dioxide (Rutile-Non Chalking)

Zine Oxide

#Silicone Resin Solution 60% NV
#%Epoxy Resin ESolution 40% NV

Xylol

GRIND IN PEBBLE MILL AND ADD:

2% Cobalt Napthenate
8% Zinc Napthenate

Xyliol
Grind 7
Viscoeity 380 £/ Ford Cup

Weight/Gallon 17.4 1bs

PvC 607

#Ceneral Electric Co. &ilicone Resin ER-82

*+40% Epoxy Resin Solutlion

Lbse

824.0
19.8
178.0
115.0
50.0

RO
.
(whS N

Shell Chemical Epon 864 40% by weight
Methyl Ethyl Ketone 60% by weight
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pV-12

Lbs
Titenium Dioxide (Rutile-Non Chalking) 535.0
*¥Epoxy Reein Solution X4-200 366.0
Methyl Isobutyl Ketone 150.0
Xylol 150.0

NOTE:

ADD - 6 Parte/100 Deithyiene Triemine Eased on Epon
Resin Solids prior to use.

Grind 7
Viscosity 37" #4 Ford Cup

Weight/Gel. 11.9 1bs

#thell Chemical Co., Xi-200

WADC TR 55-258 73




PV-13

Lbs
Titanium Dioxlde (Rutile~Non Chalking) 300.0
Celecined Clay 157.90

*Epoxy Resin Solution XA-200 366.0
Aluminum Stearate 3.0
Methyl Isobutyl Ketone 33.0
Xylol 33.0
GRIND IN PEBBLE MILL AND ADD:

Xylol 117.0
Cyclohexanol 13.0
Methyl ILsobutyl Ketone 20.0
Grind 7

Viscosity 42* #4, Ford Cup

weight/Gal. 11.8 1bs

#Shell Chemical Co. XA-200

NOTE: 6 parts per hundred of Diethylene Triamine basedu
on Epoxy Resin Solide added prior to use.

WADC TR 55-2538 T4




PV-14

Lbs

Titanium Dioxide (Rutile-Non Chalking) 300.0
Calcined Clay 349.90
#Silicone Alkyd Copolymer 297.0
High Flash Naptha 184.0
-GRIND IN PEBBLE MILw AND ADD:

2% Manganese Napthenste 6.4
8% Lesd Napthenste 10.2
Minersal Spirits 67.0
Anti-tkinning Agent 2.9
Grind 7

Viscosity eon

Welght/Gel. 12.3 1bs

#plaskon ST-873

WADC TR 55-258 75




pPV-15

Lbe
pitanuin Dioxide (Rutile-Non Chalking) 300.0
Calcined Clay 246.0

#¥Silicone Aikyd Copolymer 329.0
High Flash Naptha 182.5
GRIND IN PEBBLE MILL AND ADD:

24 Manganese Napthenste 7.13
8% Lead Napthenate 11.35
Mineral Spirits LT3
Anti Skinning Agent 3,
Grind 7

Vigeoeity -1

weight/Gal. 12.2 1bs

#pPlaskon ST-873

WADC TR 55-253 76




pPV-16

Lbs

Titanuim Dioxide (Rutile-Non Chaliking) 300.0
Calecined Clay 275.0
#Silicone Alkyd Copolymer 346.0
High Flash Naptha 166.0
GRIND IN PEEBLE MILL AND ADD:

High Flash Naptha 80.8
2% Manganese Napthenate : 5.7
8% Lead Napthenate i2.3
Anti Skinning Agent 2.5
Grind 7

Viscosity 55m

Weight/Gal. 11.7 1lbs.

#plaskon ET-873

WADC TR 55-258 77




Pr-1

Zine Yellow
Calcined Clay

Titanium Dioxide (Rutile-lon Chalking)
Alum. Stearate Gel {10% in Xylol

Malic Acid
#Silicone Alkyd Copoliymer
Xylol

DISPERSE IN PEBELE wILL

ADD BELOW, THEN CONTINUE TO GRIAD

#Silicone Alkyd Cop lymer
Iylol

2% Manganese Napthenate
6% Lead Napthenate

Grind 7
Viscosity Lm

Weight/gal. 10.05 1ibe

#*Plaskon ST-373

WADC TR 55-258 78

b

[

wm

107.0
105.1
107.0
38.9
.98
6l.5
105.0

48 hours

4 more hours

371.0
g7.8
8.0
10.7



PX-2

Lbs
Zinc Yellow 107.2
" Calecined Clay 188,90
Titanium Dioxide (Rutile-Non Chalking) 107.0
Aluminum Stearate 2.0
Meliec Acid .98
#3ilicone Alkyd Copolymer £5.0
Xylol 105.0

DISPERSE IN PEBBLE MILL 48 hours

ADD BELOW THEN CONTINUE TO GRIND 4 more hours

#Silicone Aikyd Copolymer 366.5
Iylol 87.8
2% Manganese Napthenate 8.0
6% Lead Napthenate 10.7
Grind 6
Viscosity g

Weight/gsal. i0.5 1lbs

#Pilaskon S£T-875

WADC TR 55-258 79




Lbe
7ine Yeliow 83.0
Magnesium Silicate Lhe3
Titanium Dioxide (Rutile-Non Chalking) 200.0
Aluminum Stesrate 3.6
Malic Acid 0.91
#Alkyd Resin Solution 68.5
Xylol 89.0
DISPERSE IN PEEBLE MILL 48 hours

ADD BELOW THEN CONTINUE TO GRIND 4 more hours

#plkyd Resin Solution 233.

##¥Phenolic Dispersion Resin folution 182
24% Lead Napthenate 2
6% Cobalt Napthenate 0.
Anti-Skinning Agent 0
¥ylol 96.0
Grind 6
Viecoselity 84KU

Weight/Gal. 10.5 lbs

#American Cysnimid Co. - Rezyl 728-5

##Bakelite EK-3962

WADC TR 55-258 80




PX~4

7inc Yellow
#Magnesium Silicate

Aluninum Stesrate (10% in Xylol)
Malic Acid

Vinyl Toluene Modified Epoxy Ester
Xylol

DISPERSE IN PEBBLE MILL 48 houyrs

ADD BELOW AND CORTINUE TO GRIND 4 hours
*#Vinyl Toluene Modified Epoxy Ester

24% Leed Napthenate :

6% Cobalt Napthenate
Anti Skinning Agent

Xylol

Grind 6
Viscosity 65 KU
Weight/Gal. 10.1 1bs

*W.C. & D, 1767 Talc

HWADC 7400 NL

WADC TR 55-258 81




PX-5

Lbe

7inc Yellow 140.0
Magnesium Eilicate Lh o3
Titanium Dioxide (Rutile-Non Chaliking) 182.0
Aluminum Stearate Gel (10% in Xylol) 36.3
Malic Aced ‘ 0.91
#Vinyl Toluene Modified Epoxy Ester 68.5
Xylol 89.
DISPERSE IN PEDBLE MILi 48 hours

ADD BELOW AND CONTINUE TO GRIND 4 hours more

Vinyl Toluene Modified Alkyd 415,0

24% Lead Naptrenate 1.5

6% Cobalt Napthensate 0.8

Anti Skinning Agent 0.9

Lylol 96.0

Grind 6

Viscosity 68 KU

Weight/Gal. 10.5 lbs

H¥WADC 7400 NL

WADC TR 55-258 82




PX-6

7ine Yellow

Titanium Dioxide (Rutile Non Chalking) 2

Magnesium Silicate

Aluminum Stearate (10% in X¥ylol)
Maile Acid

#*Vinyl Toluene Modified Epoxy Ester
Xylol

DISPEREE IN PEBBELE MILL FOR

ADD BELOW ANU CONTINUE TO GRIND
*Vinyl Toluene Modified Epoxy Ester
24% Lead Napthensate

6% Cobalt Napthenate

Anti Skinning Agent

Xylol

Weight/Gal. 10.8

Viscosity 64 XU

Grind 6

®WADC 7400 WL

WADC TR 55-258 83

48 hours

4 hours




PX-7

Lbs

Zinc Yeilow 140.0
Magnesium Silicate (Med) bla 3
Titanium Dioxide (Rutile-Non Chalking) 182.9
Asuminum Stearete Cel (10% in Xylol) 36.3
Malic feid 0.91
#Epon Ester 68.5
Xyloli 9.0
[ISPERSE IN PEEELE MILL 48 hours

LDD BFLOW AND CONTIWUE TO GRIND 4 hours more
#Epon Ester ' Al5.1
2% Cobait Napthenste beB
Yylol . 96,0
Grind B )

Viecosity 63 KU

Weight/Gal. 10.3 ibs

#Epon Ester D-4, thell Chemicel Co.

WALC TR 55-258 84




Px-8

¥Poly Ecter 63.0
Butyl Acetate 74.0
Zine Yellow 105.0

GRIKD IN PEBBLE MILL

THEN ADD BELOW - LET STAND 40 MIN. AND USE IMMEDIATELY

Toluene Di Iso Cyanste 40.0
Butyl Acetate 70.0
Grind 6

Viscosity 7i KU
#TrimethyIol Propane 554

Adipic Acid 37.5%

Phthelic Anhydride T.5%

WADC TR 55-258 &5
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Px-9

L
o
o

.....a
@ W 0c &~
OWVMO\WwOwWwWo

*

Zine Yellow

Magnesium filicate (Med)

Titanium Dioxide (Rutile-Non Chalking)
Aluminum Stearate Gel (10% in Xylol)
Malic Acid
#Styrensted Dehyarated Castor Oil
Yylol

F_J

’._l

L

DISPUREE IN PEBELE MILL 48 hours
ADD BELOW AND COWTINUE TO GRIND 4 hours more
#Etyrenated Dehydrated Castor Oil 415.1
24% Lead Napthenste 2.0
6% Cobalt Nepthenste 0.8
Anti Skinning Agent 0.9
¥ylol 96.0
Grind 6
Weight/gal 10.1 1bs

Viscosity 9 KU

#Isostyre 55 7 Woburn Chemical Co.

WADC TR 55-258 86




PX-10

Lts
Zinec Yeilow 140.0
Magnesium Silicate (Med) L\ 3
Titanium Dioxide (Rutiie-Non Chalking) 182.0
Aluiminum Steerate Gel (10% in Xylol) 36.3
“Malic Acid 0.91
#Vinyl Toluene Modified Epoxy Ester 68.5
Xylol 89.0
DIEPERSE IN P EEELE MILL 48 houre
A0D BELOW AND CONTINUE TC GRIND 4 hours more
##filicone Alkyd 121:0
#Vinyl Toluene Modified Epoxy Ester 294.0
€% Cobalt Nepthenate 1.5
Anti Ekinning Agent 2.9
¥ylol 96.0
Grind 6
Weight/Cal. 10.5 1bs
Viscosity 63 KU

*WADC — XDR-7
##YR-807 Dow Corning

WADC TR 55-258 87




. PX-11

Lbe
Strontium Chromste 25442
Magnesium Sillcate (Med) 443
Aluminum Eteerate Gel (10% in Xylol) 36.3
Malic Acid ‘91
Soye Alkyd Resin Solution 8.5
Xylol 134.0
DIGPEREE IN PEBBLE MILL 48 hours
‘ADD BELOW AND CONTINUE 10 GRIND 4 more hours
Soya Alkyd Reein Solution 233.0
##Phenolic Disperslion Resin 182.1
24% Lead Napthenate 2.0
6% Cobalt Nepthenate 0.8
Anti Skinning Agent 0.91
Xylol §1.0
Grind 6
Viscosity 66 KU
Weight/Gal 9.85 lbs

#pk-3962 Bakelite

WADC TR 55-258 88




APPENDIX B

TABLE I

THERMAL PROPERTIES OF VARIOUS VEHICLES WITH Ti Op PIGMENT

.016 ALUMINUM ALLOY

CRITICAL SPECIFIC
ENERGY FOR TEMPERATURE
FORM IRRADIANCE  BLISTERING RISES
NO. DESCRIPTION (Cal/cm?/sec) (Cal/cm®) (9G/€al /onR )
A-1 50% Alkyd Soya Type L2 13.5-15.2 10.9
50% Titanium Dioxide (Non-Chalking) 30 16.2-16.5 8.7
21 17.1-17.3 8.4
9.9 15.3 8.3
_ 5.4 17.6-17.8 8.3
A-2 50% Alkyd Soya Type ko 12.7-13.1 12.7
50% Titenium Dioxide (Med-Chalking Rutile) 30 16.7-17.1 « 7.9
: 19 14.1-15.1 8.8
9.9 15.6-15.9 7.8
5.4 16.3-17.6 8
A-3 50% Alkyd Soya Type k5 11.2-12.1 10.4
50% Titanium Dioxide (Free Chalking Anatace )30 12,9-13.7 10.1
19 12.5-12.9 10.0
9.7 13.8-15. 9.5
5.4 14.9-16.8 8.8
A-5 *¥50% Silicone Alkyd Copolymer L5 20.3-22.1. 8.1
50% Titenium Dioxide (Rutile-Non Chalking) 30 16.6-17.5. 8.4
19 17.2-17.6 8.4
9.7 18.0-19.6 8.2
*¥Plaskon ST-873 5.4 19.2-20.8 7.1
A-6  #50% Vinylidene Chloride Acrylonitrile 10.4 15.5-16.6 9.5
50% Titanium Dioxide (Rutile-Non Chalking)
¥Saran  Dow Chemical ..
AT ¥50% % Sec.Cellulose Acetate Butyrate 45 12.1-12.9 10.6
50% Titanium Dioxide (Rutile-Non Chalking) 5.4 14.4-15.2 8.7
_ ¥*Tenn. Lastman
A-8 *¥50% Vinyl Chloride Acetate Ll 11.5-11.9 12.1
50% Titanium Dioxide (Rutile-Non Chalking) 5.4 16.5-18 8.5
*Bakellite Corp. VAGH
A-G *50% Acrylic Polymer 10.4 17.5-17.8 8.9
SOf’ Titanium Dioxide (Rutile-Non- Chalking)
#Acryloid B-T2. Rohm & Heas
A-11 50% Nitrocellulose Alkyd Plasticized 10.5 18.3 8.7
50% Titanium Dioxide (Rutile-Non Chalking)
A-12 50% Phenolic Resin Varnish 10.5 17.7 7.9
50% Titanium Dicxide {Rutile-Non Chalking)
A-13  *50% Epon Urea Formaldehyde Resin 11.1 17.4-18.0 8.3

50% Titanium Dioxide {Rutile-Non CHalking)
#5hell Chemical XA-200

WADC TR 55-258




TABLE I (Con't)

THERMAL PROPERTIES OF VARIOUS VEHICLES WITH Ti oz PIGMENRT

.016 ALUMINUM ALLOY

CRITICAL SPECIFIC
. ~ ENERGY FOR  TEMPERATURE
FORM IRRADIANCE  BLISTERING RISE
3O, DESCRIPTION (Cal/cul/sec) (Cel/cm?)  (9C/cal/Gu”)
A-14  #50% Urea Formaldehyde & Alkyd Resin 10.1  16.3-16.% 8.k
50% Titanium Dioxide (Rutile-Non Chalking)
¥Beckamine-Reichold Chemicals
A-18  *50% Epon Ester 9.k 21. 7.9
50% Titenium Dioxide (Rutile-Non Chalking)
¥Shell Chemical ¥S-5
A-19  *50% Silicone Alkyd 9.6 18, 6.8
50% Titanium Dioxide (Rutile-lNon Chalking)
*Dow Corning XR-807
A-22 50% { *60% Pure Silicone 9.5 2k, 9.9
(¥*%40% Short 01l Alkyd
50% Titanium Dioxide (Rutile-Non Chalking)
*GE - SR-82 : :
*%CE - @Glyptal Solution 2520
A-23  *21% M.W. Kellogg X200 9.8 68-78 6.5
50% Titanium Dioxide (Rutile-Non Chalking) Yellows st 60
29% Calcined Clay '
*Experimental Polymer X200 - M.W. Kellogg
*% ¥10.74 Vinyl Toluene Modified Epoxy Ester 9.8 69-T3 6.3
A-2h 40.4% Titanium Dioxide (Non Chalking) Yellows at 58
40.6% Caleined Clay
¥WADC XOR T
A-25 29.8% Poly Ester Resin 10. 25. 8.3
5 20.4 Toluene Diisocyanate .
50.2% Titanium Dioxide (Non Chalking)
W*%

WADC. TR- 55-£58

NOTE: Vinyl Toluene Ester tested at 60% pigment volume concentration.




TABLE IT

THERMAL PROPERTIES OF VARIOUS VEHICLES WITH TiOz PIGHENT
MAGNESIUM ALLOY

CRITICAL SPECIFIC
ENERGY FOR TEMPERATURE
FORM IRRADIANCE  BLISTERING RISE
. DESCRIPTION (Cal/cmsec) (Cel/Cn”) (°c/cal/cnf )
A-1 50% Alkyd Soya Type L5 7.8-8.1 17.4
50% Titanium Dioxide (Non Chalking) 31 9.3 11.2
' : 20 12.5-12.9 10.4
10 11.6-12.0 10.3
5.5 11.4-12.2 10.9
A-2 50% Alkyd Soya Type L6 11.6-12.7 11.4
50% Titanium Dioxide (Med.Chalking Rutile) 31 10.5-11.1 10.6
20 11..3-12.1 11.1
10 11.6-12.0 10.6
5.5 12.0-12.4 10.4
A-3 50% Alkyd Soya Type Lé 7.9-8.3 15.1
50% Titanium Dioxide (Free Chalking Anatace) 31 8.7-9.0 1k.0
20 10.6-11.2 12.1
10 9.9-10.2 12.4
5.5 10.2-10.6 12.1
A-5 #50% Silicone Alkyd Copolymer Lg 12.5-13.9 12.1
50% Titanium Dioxide (Rutile Non-Chalking) 31 13.0-14.8 11.2
*¥Plasgkon ST-873 19 15.1-15.5 11.4
10 16.2-17.0 9.3
5.k 16.4-17.0 10.8
A-7  ¥50% % Sec. Cellulose Acetate Butyrate 49 6.4-T.4 16.7
50% Titanium Dioxide (Rutile-Non Chalking) 34 9.2-11.2 10.7
*Tenn. Eastman 19 11.2-11.7 10.9
A-8 #50% Vinyl Chloride Acetate 4o 65.9-8.8 15.1
: 50% Titanium Dioxide (Rutile-Non Chalking) 3k 9.9 12,
*Bakelite Corp. VAGH 19 12.8-13.8 11.3

4ADC TR.55-258 9




% N

II 9V

mmOHm Jo aso] pe3asile pe3oalie _
- payTeud - -up - -uf 30 pesseg 0L sxy gg sdu § CuifE€-1 s BT LT-V
BuTaoTTaL " 5U0D 8X24811q
85013 Jo 8501 Pa309JI9 PIIDA0D WS T 4We
*18 PIATHUD - © - -8y *18°A A0 pasEssad 086 say gg 8I G UTW Of  WIw of g1~V
o331 10D P2903JI8 PRIIA0D ) .
AuaTTaoxXy - -un -a4 pozZelH MO passed o8 say of Uulwl Oof UTW ¢ utw ¢ 11-Y
, Pa11ed - - - oL~V
*38T1q WS
uoIFIpuUoD P2198JIs DPIIDA0D A B IZBU
JuaT1ed=y - . o~uf -a3q ‘1A N0 pavoBL) o08 BIY ff UTW GE UTW ute £ A=Y
UoTATPUOD PR309339 pPeadasod SJI935TT4
USTTaxT . - -uf} -3y Cjuwe 1s 30 possed o0t say Lz utw QT umw E  upw ¢ -V
UCT1TRUOCD Pe30aZJs PIISACD "ISTTQ WS 1oued
FUSTTI0XE - -uf -ag cCauwet1s  ag saNeld payoRl) 092 say 4 upm £ URw g urm ¢ LY
S3THUTIN 3} :
UOTATPUOD . PRISAOD SIIFBIT poajoaiie 1susd
: quaTIeoxd - -9E “1S°A - -u)  IJ s9yeld poxNoBI) of gIy Qg UTW ¢ Ul § urw & 9~y
[OTIUPYSITH ¥ PAISA0D  8JABYSTIq payoalle , &
UOT3TPUOD "XH - suog - ~ui A0 passed 016 sy gg SIy QT . .oy T urw oF 5=V
paaasu LIS
TCIANYDSIC - HONONT MVH Z¥d ION JId - 3JOS SULBWRY UT® Qg  UTW &1 =Y
UOT3TPUOCD anonaIyly
QueTTaoxXy AJI2A00aX SJI818TIQ LraA008I SI238T19 .
BuryTeys 1S FBTLS 1o UITIS auog 50 passed otb sIy gg 84U g UlW Q§  UuTwm Gk -y
NONIYY
UCF3TPUOD  AJ2A002X  SJ835T14q AIaa003x SISGSTLq
4uat1aoxXd YIS TTeUs AUTTTS *PaH 30 passed ohb 8dy gz S44 g UTW Oof  UFW &€ -y
UOTFTPUOD X AJISAODRI SI218TTQ Raxpaocnax sJI818T14
BurTInp 18°A 148118 Tiemg JUFTIS wog MO pessed 006 8JY @2 SJU g WIN Q0§ Uk Gf 1-v
(SH¥E 00%) THAAODTY NOISUTANL XNEAOOTY NOISUHWAL HDVHOHONY TRV, B/ 1 98070 SERNTIYY @IYE Iod HONOL ‘oM
ONTHTHIVAM CHNOH 42 SHNOH # SUNOH 2 SYOCH 9T ALIIIEVETIS  UvINDdds TING g Ignd oL §I3S smom%,
CETYET IOV JISEL ISHTL i
NOSHYDOUUXH ¥IIVA QETIIISIA N
X
UMA SNOTYYA ONTSQ SIINSTY ISHL FONYWIOLNHd INTVd TVHIRED M

if
n

r



Buruanjos
poo? LI DPOIADDDY UITTS paIssonday 1JOS°A 30 posssl oom sy 42 say gl Ut § ugu g -4
FutaoiTel que
mype -eso18 poq0833e pajosJye toued ag
Jo ssol auog - =uf] - -up sayeld passed 06  8IY g sy 4. uta [, uiw ) Gg-y
9T33Taq :
BurqTeys Butuag o Juiusy Jos *15 a0 .
*I5°A POIaA00RY MWBTIS PoaloAcoaY *Is*A  UOCTSIYPY passeg of s8Iy §  UIW O  UTW 4 Ut § 4g-v
UoT3TpuUcY X9 , SutualyJos ButusjJos Teued Fio
~FUTHTOUD " TS PILBACDSY 14RTTS DaIDA0DY “Is'A sayeTd passrg off s8Iy g utm g U g1 umw g1 gg-v
BuTNIBUo "Ts'A SSOT?
850718 JO 'S80T pPagsAaco3y YIS PaI24008Y Jo 8507 30 pottal SR0T  Sau tg say g utwm (T Uk 41 gg-v
\ UOT3TPuUOD
JUsTT8oXH -850 pajosjge
Jo ssol °18 - -Ufl PSISACISY  POUSYJOS pi(6) passug ol SJY HZ  SJay ) oUW ZT  ulw 1T 61~V
BuryTeuo . pagossze pa30aJ o
sllog - -up - ~uf] hi(o! passed 056 say 4z 3dYy 4 UTW 22 utl g Gl-v
(utw o7
-F:-Tok ] Butusy Jos Jutuoesjos 1oued jJo Butyosas 10 A,002 1w -
JO 880718 POIsSAODY UITTIS PoIsACDaY URbhah & (] sayeld T3] 096 paan)) ¥oevy dol UTu 09 Lt 0§ K-y
(suH ©0f) AMHACOMM  NOISETMWT IMTAODMY NOISHTGI HOVHOLONY qmmaz<z:w\ﬁ SE0TO SSENAMYH  @dvH Taud HO0L *ON
ONTHHHLYIM SHE 2 SUll # S¥H @ SHH g9f ALTTIEVXELA {VINONAS TINd 2aa el OL IS WHod
QALVEATIOOY ISEL ISAT, . ML ANQ
_ NOHUYDOHIXH JILVH GITITILSI|
ATLXOIA W

N¥ -

NTNYIIL HLIX SHIOTHEA SNOTYVA DNISN SIINSEH LSHL TONVIHHOSIHI EMIVI TyMIENTD

T L Thar% _... *{3,u00). III TIEVE

nr

MADC TR 55-258



FORM
NO.

TABLE IV

EFFECT OF VARIATION OF WHITE PIGMENT COMBINATION

- .016 ALUMINUM ALLOY

DESCRIPTION

A-D

PE-1

PE-2

PE-3

PE-k

PE-5

PE-6

PE-T

PE-11

PE-12

WADC TR 55-258

*#37.3%

~
#30.05)

*37-873 Plaskon

"(Control)

49.3% Alkyd Soya Type
45.8% mitanium Dioxide(Rutile-Non

48.7% Alkyd Soya. Type
41.5% Titanium Dioxide(Rutile-Non
9.8% Zinc Oxide

L8.2% Alkyd Soya Type
37.3% Titanium Dioxide(Rutile-Non
14.5% Zine Oxide

40.0% Alkyd Soya Type
40.0% Titenium Dioxide(Rutile-Non
20.0% Zinc Oxide

25,0% Alkyd Soya Type
25.0% Titanium Dioxide(Rutile-lNon
50.0% Zinec Oxide

49.3% Alkyd Soya Type
415 8% Titanium Dioxide (Rutile-Non
h.9% Antimony Oxide

418.7% Alkyd Soya Type
41.5% Titanium Dioxide(Rutile-Non
9.8% Antimony Oxide

48,24 Alkyd Soya Type
37.3% Titanium Dioxide(Rutile-Non
14.5% Antimony Oxide

40.0% Alkyd Soya Type
40,0% Titanium Dioxide(Rutile-Nen
20.0% Antimony Cxide

25% Alkyd Soya Type

.
(cal/

CE

[Sec)

CRITICAL
ENERGY FOR
BLISTERING

(cal/cm?)

9.9
Chalking)ll.0

11.1
Chalking)

10.3
Chalking)

10.3
Chalking)

| 10.3
Chalking)

10.1
Chalking)

9.5
Chalking)

9.5
Chalking)

9.5
Chalking)

3.8

25% Titanium Dioxide(Rutile-Non Chalking)

50% Antimony Oxide

silicone Alkyd Copolymer
37.3% Titanium Dioxide(Rutile-Non
25.4% Frit §12

#37-873 Plackon

Silicone Alkyd Copolymer
32,07 Titenium Dioxide(Rutile-Non
22.0% Frit 2

9.8
Chalking)

. 2.8
Chalking

15.3
18.7-19.1

19.1-19.k4
16.3-16.5
16.4-16.8
19.8-21.9
17.6-17.9
17.1-17.5
9.6-10.3

15.0-16.4
15.4-17.0

17.4-18.2

18.5-18.5

SPECIFIC
TEMPERATURE
RISE

(°¢/car/on?)

8.1

8.1

8.8

8.1

8.9

13.7

9.1

9.1

9.1

8.5



TABLE IV (CON'T)

EFFECT OF VARIATION OF WHITE PIGMENT COMBINATION
L0156 ALUMINUM ALLOY

FORM

NO.

DESCRIPTION

PE-13 * 50% Silicone Alkyd Copolymer
50% Titanium Dioxide (Rutile-Med.chalking)

* 5T-873 Plaskon

PE-14 %50% Silicone Alkyd Copolymer
50% Titanium Dioxide (Anatase-Free Chalking)

a-5

*#ST-873 Plaskon

¥50% Silicone-Alkyd Copolymer

CRITICAL - SPECIFIC
ENERGY FOR TEMPERATURE
IRRADIANCE BLISTERING RISE
(calfcn®/sec) (cal/cm@)  (9C/Cal/Cm2).
8.6 20. 7.}
8.6 16. 8.1
9.7 18.0-19.6 8.2

50% Titanium Dioxide (Rutile-Non Chalking)

*¥5T-873 Plaskon

WADC TR 55-258
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TABLE VI

EFFECT OF VARIATION IN PIGMENT VOLUME CONCENTRATION ON THERMAL RADIATION PROPERTIES

CRITICAL SPECIFIC
ENERGY FOR TEMPERATURE
FOrM IRRADIANCE  BLISTERING RISE
NO. DESCRIPTION (Cal/cm/sec)  (Cal/cm?)  (9C/Cal/cn?)
A-5 Control 21% PVC 9.7 18.0-19.6 8.2
PV-1  *28.4% silicone Alkyd Copolymer 10.5 16.2-16.4 8.7
TL.6% Titanium Dioxide (Non chalk)
*Plaskon ST-873 Log pve
PV-2  *15.3% Silicone Alkyd Copolymer 11.0 50-T2 7.7
84.7% Titanium Dioxide (Non chalk) Yellows at %0
*plaskon ST-873 60% PVC Burnt to ash 77-95
PV-6  #19.3% Silicone Alkyd Copolymer AL. 9.6 56-59 6.7
47.8% Titanium Dioxide (Non chalk) Yellows at 32-46
33.8% Calcined Clay Chars and flakes
*Plaskon ST-873 60% PVC off 56-59
MG. 10. 30-33 11.
PV-7 #18.L1% Silicone Alkyd Copolymer
L7.8% Titanium Dioxide (Non chalk) 8.6 Yellows at 43 6.0
33.8% Calcined Clay : Burnt to ash 70-77
*Plaskon ST-873 60% PVC :
PV-8 %259 Epon Resin 8.6 Yellows at 52 8.0
75% Titenium Dioxide (Non chalk) Burnt to ash 59-69
*Shell Chemical XA-200 Lsq pvc .
PV-9  #21.44 Silicone Alkyd Copolymer 9.5 4o 8.1
78.6% Titanium Dioxide (Non chalk) Yellows at 30
*Plaskon ST-873 50% PVC
PV-10 ¥18.2% Silicone Alkyd Copolymer 10 Yellows at 41 8.3
81.8% Titanium Dioxide (Non chalk) Destroyed at 52-56
~ *piaskon ST-873 55% PVC
PV-11 %10.7% Silicone Resin 10  Yellow snd cracks 8.7
Wl 69 Epon Resin at 51
82.7% Titanium Dioxide (Non chalk) Destroyed at 61-70
2.0% Zine Oxide 60% PVC
*GE - SR-82
. *%Epon Resin - 864 Shell
PV-12 *294 Epon Resin 9.6 16 9.9
714 Titanium Diogide (Non chalk)
..*Shell XA-200 Log pve
PV-13 #%36% Epon Resin 9.8 18 - 19 9.8
429 Titanium Dioxide (Non chalk)
22% Calcined Clay
*XA-200 Shell Chemical L0% PVC
PV-1h #21.3% Silicone Alkyd Copolymer 10 L7-50 7.6
- 37.7% Titanium Dioxide (Non chalk) Yellows at 39
L14  caleined Clay _
*37-873 Plaskon 55% PVC
WAC. TH' 555258 .97




TARLE VI {Con't)

EFFECT OF VARIATION IN PIGMENT VOLUME CONCENTRATION ON THERMAL RADIATION PROPERTIES

CRITICAL SPECIFIC
ENERGY FOR  TEMPERATURE
FORM IRRADIANCE  BLISTERING RISE
NO. DESCRIPTION (cal/om®/sec) (ced/cme)  (%c/Gal/cm’)
PV-15 #23.2%.Silicone Alkyd Copolymer 10 50-53 7.6
© 38.0% Titanium Dioxide (Non chalk) Yellows at 41 '

38.8% Calecined Clay

*37-873 Plaskon 50% PVC
PV-16 #35,0% Silicone Alkyd Copolymer 10 46 8.1

37.2% Titanium
27.8% Calcined
*ST-873 Plaskon

Dioxide (Non Chalk)
Clay
Lsq PVC

Yellows at 39

WADC IR 55-258
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TABLE VIII

CRITICAL THERMAL ENERGIES AND TEMPERATURE RISES

EFFECT OF VARIATION IN FILM THICKNESS
.01L6 ALUMINUM ALLOY

Thick- CRITICAL SPECIFIC
ness of ENERGY FOR  TEMPERATURE
FORM PAINT IRRADIANCE  BLISTERING RISE
NO DESCRIPTION (FILM {cal/cm®/sec) (cel/cm?)  (°C/Cal/Cm")
Mils)
A-1 504 Alkyd Soya Type 2 9.9 15.3 8.3
50% Titanium Dioxide(Non Chalk) L 11.1 20.3-20.9 6.5
6 11.1 25.6 5.1
8 11-1— 25 -h"‘25~7 5.5
PV-2 #15.3% Silicone Alkyd Copolymer 2 1l. 50e72 7.7
84.74 Titanium Dioxide (Non Chalk) 3 10. 50=60 6.7
*Plaskon ST-8T3 ih 9.k T7=95 5.2
Yellows at A0 j
PV-6 ¥19.3% Silicone Alkyd Copolymer 2 9.6 56=59 6.7
47.8¢ Titenium Dioxide(Non Chalk)3 9.6 57 7.0
33.8% Calcined Clay b 9,6 48-59 5.7
*Plaskon ST=873
A-13 50% Epon Urea Formaldehyde Resin 2 11.1 17,4-18,0 8.3
50% Titanium Dioxide (Non-Chalk)
9-4 37"'38 5:9

Shell Chemical XA-200 A

WADC TR-55-258 100




TABLE TIX

EFFECT OF VARIATION OF PRIMER FORMULATION
ON THERMAL PROPERTIES OF CQATING SYSTEM
FINISH COAT ON ALL SYSTEMS, FVe6

CRITICAL SPECIFIC
ENERGY FOR  TEMPERATURE
FORM TYFPE  JRRADIANCE BLISTERING RISE _
NO. DESCRIPTION METAL (Cal/cm?/sec) (cel/cm?) (°C/Cal/CnR)
Std. Primer MIL-P-6689%a Al 9.6 56-59 6.7
(Control)
~ Std. Primer MIL-P-6880s Mg 10 30-33 11
PX-1 18.5% Zinc Yellow Al 10 T70-75 6.9
18.0% Calecined Clay Yellows at 50
18.5% Titanium Dioxide(Non Chalk)
*#45.0% Silicone Alkyd Copolymer
*3T7-873 Plaskon
PX-2 16.2% Zinc Yellow Al 10 TL+77 6.4
28.4% calecined Clay Yellows at 60
16.2% Titenium Dioxide(Non Chalk)
¥39.2% Silicone Alkyd Copolymer
*37-873 Plaskon
PX-3 14.6% Zinc Yellow Al 10 73-75 6.4
7.8% Magnesium Siticate Yallows at
35.0% Titanium Dioxide (INon Chalk) 40~50
*¥26,5% Short (0il Modified Alkyd
#%16.1% Phenolic Dispersion Resin
*Rezyl 728-5 (Anm. Cyanamid)
*¥Bk-3962 Bakelite
P-4 K7.0% Zinc Yellow e 9.7 21-22 9.5
8.2% Magnesium Silicate
*45.8% Vinyl Toluene Modified Epoxy Este
*¥JADC XOR-7 )
PX-5 23.0% Zinc Yellow = 10 31-35 G.3
7.3% Magnesium Silicate
30.0% Titanium Dioxide (Non Chalk)
%39.7% Vinyl Toluene Modified Epoxy Ester
¥IADC TL00 NL
PZ-6 11.9% Zine Yellow Mg 9.7 23-24 9.7
£.8% Magnesium Silicate
4. 5% Titanium Dioxide (Non Chalk)
¥36.8% Vinyl Toluene Modified Epoxy Ecter
*¥ADC XOR-T
PX-7 23.0% Zinc Yellow al 10 55-60 7.8
T.3% Magnesium Silicate Yeliows at
30.3% Titanium Dioxide (Non Chalk) 30-40
*39.,7% Epon Resin
*D-4 Shell Chemical
%-8 *21.5% Polyester Mg 9.7 3L 9.9
34.55% Butyl Acetate
37.5% Zinc Yellow
14,359 Toluene Diisocyanate
VADC TR 55-258
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TABLE IX (Con't)

EFFECT OF VARIATION OF PRIMER FORMULATION
ON THERMAL PROPERTIES OF COATING SYSTEM
FINISH COAT ON ALL SYSTEMS, PV-&

CRITICAL
ENERGY FOR TEMPERATURE
FORM TYPE IRRADIANCE  BLISTERING RISF
NO. DESCRIPTION METAL (Cal/cm2/Sec) (Calf/cm2) [(9C/Cal/Ga?)
PX-9 23.0% Zinc Yellow Al. 10 60-63 7.2
7.3% Magnesium Silicate .
30.0% Titanium Dioxide (Non Chalk)
¥#39.,7% Styrenated Dehydrated Castor 0il
*Isostyre 55Z - Woburn Chemical
PX-10 23.0% Zinc Yellow Al. 10 52-56 7.8
~ T.3% Magnesium Silicate
29.9% Titanium Dioxide (Non Chalk)
#29.8% Vinyl Toluene Modified Alkyd
#%10.0% Silicone Alkyd
*JADC XOR-7
#*¥Y{R-B07 Dow Corning
PX-11 47.0% Strontium Chromate AL, 10 54-59 7.6

8.2% Magnesium Silicate

#17.0% Phenolic Dispersion Resin
27.8% Med. length Soya Alkyd

*pakelite BK-3962

WADC TR 55-258
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PV-6

TABLE X

WADC SAMPLE MIL-E-T729 VERSUS COMPARABLE COATING

AND PV-6

IRRADIANCE
DESCRIPTION (cal/cu?)
MIL-E-7729 9.6
WADC
MIL-E-T7729 . 9.9
Vita-Var
Beet to date for 9.6
Thermal Radiation

103

WADG AR 55258

CRITICAL
ENERGY FCR
BLISTERING

(cal/cm?)

12
15.3

56-59

SPECIFIC
TEMPERATURE
RISE

(%c/cal/cu?)

10
8.3

6.7
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TABLF XII

THERMAL PROPERTIES OF VARIOUS VEBECLES WITH
TIO, PIGMENT ON ,016 ALUMINUM ALLOY

THICKNESS CRITICAL SFECIFIC
OF PAINT ' ENERGY FOR TEMPERATURE
FORM FILM IRRADIANCE BLISTERING RISES
NO, SCRIPTION (MILS) (Cal/Cu/Seq) _(Cal/ow?)  (°C/Cal/Ca?)
Fp-1 Sllicone Alkyd 2 9.6 Yellows at 30 9.2
Copolymer - 17..% Chars 39-45
Pure Silicone Resin - 2,1%
Titanium Dioxide, Rutile, Hon-
Chalk - 37.5%
Calcined Clay - 43%
FP-2 8ilicone Alkyd 2 9.9 Yellows at 45 8.4
Copolymer - 15,5% Chars 50-52
Pure Silicone Resin 4,0%
Titanium Dioxide, Rutile, Non-
Chalk -~ 37,5%
Calcined Clay - 43%
FP=3 Silicone Alkyd 2 9.9 Chara 45 9.3
Copolymer - 14 .3% '
Pure Silicone Resin - 6,0%
Titanium Dioxide, Rutile, Non-
Chalk - 37.,2%
Calcined Clay - 42.5%
WADC TR 55~258 105




AFPENDIX €

SPECTROPHOTOMETRIC DALa

All of the experimental coatings prepared during the course
of this work were coated on aluminum panels for the purpose of
determining their reflectance. These panels were forwarded to
W.A.D.C. where the reflectance of the coatings was determined
by means of & recording spectrophotometer. In Figure 1 are’
shown typicel reflectance curves obtained when the vehicle was
varied while maintaining a constant pigmentetion. Figure 2
shows examples of typicel curves obtained when the pigmentation
was varied while maintaining the vehicle constant. 1In Figure 3
are shovn curves obtained when the pigment volume concentration
wes varied from 20% P.V.C. through 60% P.V.C. using the same
vehicle.

Some of these datm are rather difficurt t¢ sxplain in light
of previous knowledge. For instance, it would not be expected
that the acrylic ester as represented by A-12 would show lower
reflectance than the alkyd A-1 as shown in Figure 1. This might
possibly be explained by the well known difficulty commonly ex=-

- perienced in obteining efficient pigment dispersion in an acrylic
type vehlcle. In Figure 2 the data shown are also contradlctory
to expectation. It will be seen that PV-l and PV-2 having 2
P.V.C. of 40% and 60% respectively are plotted below the curve
for A-l which has a P,V.C. of 20%. The only explaration that

can be offered for this inconsistency is the possibility that )
there may have been & long time interval between preparation of
the panels in this laboratory and the determination of reflectance
at W.A.D.C. If the panels had remained wrapped during such an
interval, it is possible that sufficient "yellowing" might bhave
occurred due to lack of light to reduce reflectance values.

WADC TR 55-258 106




PRCCEDURE FOR REFLECTANCE MEASUREMENTS

Absolute spectral reflectance can be obtailned by determining for each
spectral (wave length) band the ratio of radiant energy reflected from a
surface to that incident upon it. The optical system must be so arranged
to measure directly the incident and reflected components. Measurement of
absolute reflectance, consequently, requires accurately calibrated standard
gources and reliable, unvarying detectors. :

Por a comparative evaluation of paints as covered in this report, it
is generally sufficient and acceptable to measure reflectance relative to
some standard reflector, which has high absolute reflectance throughout
the wave length region of interest. All reflectance values in %this report
are of a relative nature.

The reflectance in the visible and near infrared range (0.% to 1.0
micron) was measured with a General Electric Recording Spectrophotometer.
The values obtained on this instrument are measyred relative to & megnesium
carbonate gtandard and are reproducible within 7 0.5 persent.

According to Benford, Schwarz and Lloyd of the General Electric Re-
search Laboratory (JOSA-vol 38), magnesium carbonate has an absolute reflec-
tance, which varies from 97 percent at 0.4 micron to 99% at 0.7 micron.
Mpgneslum oxide in the same wave length range, they report, has an absolute
reflectance varying from 95 to 99 percent.

In the range 0.7 to 1.0 micron, no data is availble on the sbsolute
reflectance of magnesium carbonate. Sanders and Middleton of the National
Research Council, Ottowa, Canada, however, have reported the absolute
reflectance of magnesium oxide to vary from 97 percent at 0.7 micron to
96 percent at 1.0 micron, (JOSA-Vol 43). The two percent difference at
0.7 micron between the values of the latter Investigators and those of the
former for magnesium oxide is perhaps due to a difference in sample pre-
paration or to differences in measurements technigues.

To’justify the use of magnesium carbonate as a reflectance standard
throughout the wave length range 0.4 to 1.0 micron for this report, curves
were obtained on the General Electri~ Spectrophotometer showing the re-
flectance of magnesium carbonate reletive to that of magnesium oxide. The
reflectance of the magnesium carbunate was approximately 0.5 percent less
than that of magnesium oxide in the wmave length range 0.5 to 1.0 microns.
From O.% to 0.5 micron this deficlency was greater being as much as 3
percent at 0.4 micron and decreasing graduslly to the nominel 0.5 percent
at 0.5 micron.

The Perkin-Elmer infrared spectrometer with the White Reflectometer
attachment was used throughout the spectral range 1.0 to 2.0 microns. The
White Reflectometer utilizes a hemisphere reflector to collect the reflected
radiant energy and to focus it on the thermocouple detector. It is subject
to many light losses particularly those oceurring at the detector window
at grazing angles of incidence and those that result from a masking of the
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hemisphere by other parts such as the rotating sector mirror. These
losses preclude the possibility of making reflectance measurements with-
out calibration of the instrument against some known standard reflector.

The most efficient method for obtaining such & calibration is a
direct comparison with reflectance values obtained on well-established
and time proven instruments, such as the Ceneral Electric Spectrophoto-
meter. A factor, therefore, was obtained for each sample by determining
the ratio of the reflectance at a specific wave length on the General
Electric Spectrophotometer to that obtained at the same wave length on
the White Reflectometer,

_ To obtain an average value, the ratio was determined for several
‘wave lengths in the region of over lap (0.8 to 1.0 micron) of the useful
range of the two instruments. The factor was then used to adjust all
subgsequent values obtained on the White Reflectometer in the 1.0 to 2.0
micron range. ) '

Polished aluminum was used as the standard in the White Reflectometer.
Like most metals, polished aluminum is considered to be a "near perfect
reflector” in the infrared region. Although there are some disagreements
in the literature on the infrared reflectance of aluminum, it was assumed
that it was of approximately the same order of magnitude and of the same
non-selective nature ag that of the magnesium cerbonate standard in the
visible.

Polished aluminum of course is a specular reflector and as such is
very effective in tihe White Reflectometer, whose henisphere is from all
indications not a perfect intergrator. This should not be a detrimental
factor unless the samples to be measured are perfectly diffuse.

The paint samples covered in this report exhibited some degree of
specularity. It 1s estimated that the results obtained with the White
Reflectometer are reproducible only within { 5 percent because of varlous
instrument errors. -
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