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FOREWORD

This report was prepared by The United States Stoneware Company under
USAF Contract No. AF 33(616) = 150. The contract was initisted under
Project No. 7312, "Finishes and Materisls Preservation", Task No. 73121,
*Organic Protective Comtingm®, end was administered under the direction
of the Materisls Leboratory, Directorate of Research, Wright Air Development

Center, with Mr, Sam Collis as Project Engineer.

The initial contract periocd covered from May 15, 1952 to May 15, 1954.
The background information is completely reported in WADC Technical Report
No. 54=527, dated February 1956, The work reported in this addenda covers
two contract extensions dated May 15, 1954 to May 15, 1955, and May 15, 1955
through July 15, 1955.

The inveatigation covered by the complete report includes all phases
of the development of a suitable lining procedure for coating ATO comparte
ments employing comting and filleting materials specifically compounded to
give resistance to White Fuming Nitric Acid (WFNA). On April 22, 1954 per
Change Order C-3(54-1525) this program was limited to ccating and filleting
materials based specifically on flucrocarbon resins.

Following the development of a soluble fluorocarbon resin by the M. W,
Kellogg Company designated resin X-200, an intensive progrsm was inltiated
to explore the properiiea of X-200 resin for WFNA resistance. Due to the
experimental nature of this resin, the inveatigaiion waa of necessity
limited to those data which were of immediate importance in the moat severe
service requirements as specified in the contract. Initially, quantities
of the resin were limited, and only through the complete cooperetion of The
M, W, Kellogg Compeny wers we able o arrive at a meteriesl apecificstion
which appeared to offer a satiafactory balance of required r?sistance and

application properties.
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ABSTRACT

X200 (KeleF 800) resin, a new fluerinated fuming nitric acid resistant
material was formulated as & lacquer and a filletipg mtty. Application
procedures were developed, end resistance of the lacquer coeting, the fillet=-
ing putty, and the complete aystem in FNA and JP-} fuel were determined,

Resulfs indicate that the X-200 system is suitable for application on
aireraft metals. When force dried at 300° F, FNA resistance approaches
that of fused Kel-F. .Reaistance of the system when air dried is considerably
lower but improves slowly over a long period of time as residual solvent
evaporates. The coating system softens in JP-4 fuel after 3 days at 125° F.

PUBLICATION REVIEW

Thias report has been reviewed and is approved.

FOR THE COMMANDER:

M. R. WHITMORE
Techniocal Director
Materials Laboratory
Directorate of Research
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I. INTRODUCTION

Backgrounds
In May, 1952, the Research and Development ILaboratories of the United

States Stoneware Campany bpgan a study of film~forming coating systems,
The purpose of this investigation was to develop a protective coating for
exposed metal surfaces in the Nitric Acid Tank and ATO (Assist Take Off)
compartments of the B-47 aircraft or similar applications in other Air
Force squimment.

Initially, the problem was divided into two phases as follows:

FPnase I -~ To develop a comparatively nitric acid resistant primer
which could be used as an adhesive base for sheet or
solution applications of a completely resistant coating.

Phase II- To develop & coating system completely resistant to
white and red fuming mitric acid; this coating to be
based on a fluorocarbon type resin,

With the revision of the contract per Change Order C-3 (514=1525) the
investigation program was again divided into two parts but revised as followss

IhuI-To«nmp.ﬁnﬁmgmuﬂuwmmsmubéwnmh
for £illing and feathering such joints, cracks or
nomal surface irregujarities as would be encountered
in the B=-§7 ATO compartment, over which the topcoat as
defined in Fhase II would be applieds The filleting
material shall not detract from the metal protection
normally afforded by the topcoat,

WADC TR 54=527, Suppl. 1 ix



Phase II = To develop & protective coating material completely
resistant to white and red fuming nitric acid capable
of being bonded satisfactorily to aluminum and steel,
This material shall not lose its adhesion due to white
or red fuming nitric acid vapor tranamission. The
coating material shall be of the Kel-F or Teflon types
a8 polymeric fluorinated hydrocarbon derivative with

properties enabling practical application.

WADC TR 5L4=527, Supple 1 x



II, DISCIBSION

de Costing
A« 1 Summary of Former Work

The initial work on this program was of an exploratory
nature, A thorough screening of all possible coating raw
materials which might be used for nitric acid resistance
included materials of recent development as well as those of
earlier origin. This investigation pointed out the need for
a completely new materlal, and indicated the need for reliable
test methods. The tests adopted as standard include the
Pfaudler Test (See Photos 1 and 2), and the H-Cell (See Photo
No. 3). Subsequent work has indicated that both methods have
merit in specific cases, but that neither has more than com=
perative value in a program of this type. The Pfaudler Unit
has been used to check the resistance of films which were sclvent
applied to standard aireraft Alclad Aluminum 2024, meeting
Specification QQ-A=362. For the evaluation of free films of the
pure or compounded resin, the H=Cell is an effective method of
testing WFNA resistance,

The results of the foregoing work indicated that the only
material applicable by practical methods, which exhibited reasonably
satisfactory resistance to WFNA was the polymer X~200 resin,.
Consistent results could not be obtained with all batches of this
material. In addition, it soon became evident that the strength
of the resin was, in a sense, its weakness, Kel-F X=-200 provided
a dense, impermeable film - not appreciably affected by nitric

acid. However, as in the case of other synthetic polymeric materials,
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appreciable solvent is retained even after extended air dry periods.
This is probably due to the dense, impermeable film restricting
the flow of any gas, including solvent vapor, Ordinarily solvemt
retention is not too serious for mild exposure cornditions, but
in the case of WFNA the solvent retained will be attacked ty the
acid as would any non-resistant modifying ingredient in the
formula. The amount of retained solvent appears to be in direct
relationship to the weakened resistance of the film to WFNA.

From the initial work on this contract, it was concluded that
a material could be developed for WFNA resistance. Since few
materials of & compatible nature could be added to improve applica=-
tion properties without detracting from resistance, the project
entered a new phase. Rather than continue basic formulation work,
it was decided thst X=200 could be used unmodified if the applice-
tion and drying technique were strictly maintained. The formulation
problems were, therefore, resolved to achieving proper solvent
balance, and utilization of compatible fluorocarbon plasticizers,

The subsequent investigation under the contract has proceeded
along the channels ocutlined above. A detailed report follows
covering the period from May 15, 1954 to July 15, 1955,

A 2 Formulation

At the conclusion of the two year contract period the first

encouraging results of expesure tests were being accumulated.
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Room temperature tests in WFNA at 77°F. indicated that the major
problem was to obtain a‘blist'ér-_-free ﬂlm for testing. Blistering
occurred erratically during the graduated force-~dry schedule.

This testing work was somewhat handicapped by the fact that the.
quentities of resin were limited, and different betches did not
give reproducible results,

Since M. W. Kellogg was producing only small pilot plant
batches of Resin X-20C at this time, there was mutual concern
over the lack of correlation in results of the exposure tests.
Understandably there was a difference, in same cases, in viscosiw
ties of identical solutions made with different lots of f.he
resins, The variations may have been due to the polymer moleéular
weight distribution. However, subsequent work has indicated that
other factors involving technique, and the normal degree of error
inherent in working with limited quantities of this materisl could
explain some inconsistencies.

The details of the formulations are reported in Table 1,1
through l.12. In sddition, there is listed 2 resume of the
results of the specific work on the particular formulss pertinent
to this report.

The main objective &t this time was to obtein a formula which
would lend itself to consistent application and drying without
blistering., It was apparent that Resin X-200 did not completely

follow the pattern expected of a polymeric material of this type.
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Solvent balance was Important in obtaining, by multiple coats,

a film which would be free from blisters amd imperfections. When
beked at 300°F. the fusion which occurs gives a reasonable degree
of mechanical adhesion, but this type of boml is easily ruptui‘ed

by underfilm creepasge and ekpansion of corrosive gases or liquids.
Any blisters present were potential weak points through which the
acid penetrated. It was therefore, essential that a balanced
solvent blend bhe used., This blend was selected to release solvents
fast enough to prevent sagging, and slowly enough to eliminate
surface drying which was usually accompanied by small blisters.,

A1l coatings were sprayed, using a Binks Model 80 sprey gun.

Sprayed films were setisfactory, but occasionally blisters developed
during the application or drying pericd. Sirr.:é we have not exper-
ienced blistering in recent work involving a variety of solvent
blends, we believe the primary cause of these defects was related
to the verying resin lots used in the earlier work. The original
materials were apt to give hazy solutions, aml viscosity variations.
This would be closely related to the rate of solubility and solvent
release. When a panel is sprayed, the amount of cooling at the film
surface due to solvent eveparation holds back the incorporated
solvents temporarily. On returning to room temperature or during
initial force dry temperatures, the faster evaporat.ihg solvents in
the body of the film are released too quickly through a partially
dry surface, causing blisters.

There were two logical appreaches to the solvent release

WADC TR 54-527 Suppl. 1 (L)



problem; one being the addition of a plasticizer which wonld

hold the film open; a secomd corrective measure would be pigmenta-
tion with acid resistent plgments which would help in solvent
release, The only materials available in the plasticizer line which
would not degrade the X=200 resin were Kel-F TR-Wax, Kel-F 150 Wax,
ard Kel-F Plasticizer 3-200., Table 1,1 through 1.3 lists the details
of these formulation modifications and the resulis cobtained.

At this time we were using Lot J-L652 of X¥-200 resin. This
wag the most mromising lot of resin we had recelved to date, and &
graduated temperature baking cycle gave a reasonably good film,
although there was stili some blistering due to application. The
solvent balance used was & blend of fast evaporating solvents and
diluents.,

It appeared that it might be possible to partially disperse
the Kel-F X=-200, and plan on a 300°F. fusion temperature. The
formulations AF-814, through AF-8; all gave rather poor results.
However, on the besis of our present knowledge of the resin, this
may be a worthwhile avenue of approach for future work with this
material.

When the supply of X-200 resin lot J =L652 was depleted, we
were advised that M, W. Kellogg was temporarily uneble to supply
a mat’erial which duplicated this lot. They supplied an "off-grade"
material designated as Iot J-1832 on a no-charge basis for whatever

work we might be able to accomplish with "questionable! resin. The
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initial tests on this lot were conducted using formulas AF-88
through AF-96, and AF=99-i, While checking this material, it
was decided that the solvent balance should be rewlsed to include
enough slow solvent to keep the film "open", and plen on using a
gradually increasing temperature forze=dry schedule.

The revised solvent balance permitted good spray application
without blistering. However, with this lot of resin the previously
uwsed force-dry schedule did not give a blister-=free film safter
beking. It was possible that the off-grade resin was at faulte.
Subsequent work indicated that 72 hours air dry at 77°F. was
sssential prior to starting the force-dry schedule at elevated
temperatures, The Pfaudler test results were not encouraging,
even at room temperature exposure :t.o WFNA.

It was thus necessary that some control procedure be set up
for testing X=-200 resin prior to further develomment work with
any new lot. It was als'o essential that we determine accurately
and quantitatively the amount of solvent remaining in the 8-15 mil
film at any time during the force-=dry perlod. These phases of
this program will be discussed individually in subsequent sections
of this report.

A.3 Control Procedure .

A develomment resin such as X=-200 is normally available in

unblended lots. When sufficient quantities are manufactured, it

is customary to blend batches or lots on a selective basis to obtain
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the solution viscosity desired for a2 given resin specification.
Since X=200 was in the initial sbages of development, it was
necessary to consider some preliminary standard procedure for
quality control of incoming resin batches.

The following method is suggested for the control testing of
X=-200 resin. Practical limits have been established to check
solution and resistance characteristics of subsequent batches,

Item (1) Retein Samples

On lots of new resin of 5 pounds or more, an 8 ounce
sample shall be retained for a period of at least twelve
months. Retalned samples shell be coded with the lot
number, and other pertinent informetion furnished by
the manufacturer, They shall be marked with the date

of receipt, amd shall be stored at 77°F. until such

time as materials produced from the lot hzve been used
in a satisfactory manner within 12 months.

Ttem (2) Records )

A specisl form shall be used by the laboratory responsible
for control testing, with this record aveilsble on re-
quest, The details considered advisable are listed on
pesge {12) in the proposed ¥=-200 Batch Control Record,

Item (3) Manufacturer's Product Specifications

X-200 resin, lscquer Grade

{Supplied by M. W. Kellogg Company to U. S.
Stoneware Company for inclusion in the latter

company's report to WADC, WCRTH=L).
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1. Scope
These specificatimns cover X=200 Resin for use In

the manufacture of lacquers, sealants, etc., where
a fine marticle, ketone-soluble resin of low
molecular weight is required.

2. Properties
X=-200 Resin, lscquer grade, shall conform to the
following requirements:

2¢1 Solubility: The resin shall be completely
soluble in methyl ethyl ketone at a weight
concentration of 20% resin solids at room
temperatures

242 Viscositys The viscosity of a 20 weight
percent solution of the resin in methyl
ethyl ketone at 77°F, shall be B~F on the
Gardner=Holdt scale.

263 Physical Form: The resin shall be supplied
as & fine, white, granular powder, free
from hard lumps, dirt, or other contamination.

Item (4) Resistance to White Fuming Nitric Acid
Lel Make up a test solution of clear lacquer as
followss

X-200 Resin ~ 80 grams (From Lot of Resin

to be tested)

Methyl Ethyl Ketone = 160 grams

Methyl Isobutyl
Ketone = 160 grams

Methyl Cellosolve
Acetate -~ 100 grams

500 grams - Total
WADC TR 54~527, Suppl. 1 (8)



Le? Apply by spray to a 6% x 6" gless panel in
such a manner &8s to give the least amount of
material loss from overspray. Apply single
coats with a2 15 minute drying time between
coats., When the entire 500 grams have been
applied in this manner, the resulting film
should renge from 1 - 18 mils (dry thickness).

he3 Air dry at 77°F. for a minimum of one week in
a well ventilated area.

Loy Force dry in accordance with the following
schedule, Keep panels in a horizontal position
during the baking schedule. Use a circulating
air oven which will maintain a uniform tempera-
ture to plus or minus 5°F,

2} hours at 140 - 155° F,
2L hours at 175 - 195° F,
8 hours at 250 - 275° F,

lls5 Carefully strip the film from the glass pensl
and select a circular area 2-3/L% in diameter
for standard H-Cell test. Measure and record
f£1lm thickness.

4o6é Expose the prepared sample to WFNA in the
H~Cell at 130°F, Maintain this temperature
by the use of Infra~Red lamps if a suitable
constant temperature cabinet is not availabls,
In order to prevent the loss of fumes 2 suitable
water condenser shall be adapted for continuous

operation during the test. See Photo No. 3.

WADC TR 5L-527, Suppl. 1 {9)



le7 The pH of the water on the water side of the
H~Cell shall not fall below L.S after four
weeks exposure to WFNA, .

is8 Control Procedure
There were severzl methods used in the meparation
of X=200 in film form for the H-Cell tests., The
meviously deseribed method is most represente~-
tive of the actual applicstion, and is therefore
referred to pressing the dry powder into sheet
form by milling or between heated platens in a
laminating press. The Ffaudler test i3 not re-
commended in this case to evaluate the suit-
abiiity of the resin since it does not give a
guantitative measure of the impermeability of
the film. It will be required that the person
conducting the penel preparation fo: the B=Cell
test become proficient through practices If
this test is considered for incorporation into
a military specification, it will be necessary
to expard on the details of panel preparationg
film application, drying and testing.

WADC TR SL-527, Supple 1 (10)



X=200 BATCH CONTROL REGORD

Iot Number

l. Manufacturer's Specification
‘a) Solubllity

b) Viscosity

¢) Physical

Form

d) Color

Date Recelved

20% Solution of X=200 in Methyl
Ethyl Ketone,

B~F on Gardner-Holdt Scale &t
77°F on solution (a) above.

Fine, white granular powder
free from hard lumps, dirt,
or other contamination,

The solution prepared for
viscosity tests shall be clear,
free from contamination ar
suspended matter, anmd shall be
substantially colorless,

2. Resistant to White Fuming Nitric Acid (Optional) See Item 4

a) Application

b) Air Dry Time

Satisfactory or Unsatisfactory.

Cne week minimum at 77°F.

¢) Force Dy hours at Note time and temperature
if blisters occur.
hours at
hours at
d) Average Film Thickness (DRY) of Test Specimen .

o) H-Cell Test

Start

Temperature (125-130°F.)

pH (minimum L,5) Water side
of cell

1 week

2

3 n

h ]

WADC TR 5L=527, Supple. 1
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AJi Drying of X-200 Film

Possibly the mest important i:hase of this work has been
the investigation of the application and drying of the 1-200_
film. It was desirable that unmodified X-200 Resin be deposited
as a lining on the metal, It was, therefore, necessary to apply
this sheet lining from a lacquer base, similar to a sheet lining
used in tank lining procedure. The complexity of compartment
constrﬁction makes sheet lining impossible. In practice, camplete
drying is difficult to achieve, since the solvents are retained
to a greater extent than with other polymeric materials, It
appears that if solvents are present in trace guantities, or if
bligters and foreign matter are rresent after the coating applica-
tion, the breakdown is greatly accelerated. The ultimate objective
of the bake is to fuse the coating in place at 15 or more mils
with no brezks or blisters in the film. |

In recent work it has been found that the actual drying
schedule is not limited to that used in panel work. This phase
will be further discussed, Heavier films require longer exposure
to the lower temperatures in the schedule. Any convenient schedule
which increases the temperature at such a rate as to provide &
blister-free film after fusion (275 - 300°F,) is considered satis=—
factory.

Table II lists the formulations tested for drying and the
percentage of solvent remaining after each stage of drying. It

will be moted that this quantity is appreciable even after 1 week
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air dry time, and/or considersble time at elevated temperatures
up to 200°F. In order that Elisters can be avoided, all of the
solvent of & given type must be removed before the temperature
is raised gbove the boiling point of that solvent.

The method for determining solvent release was simple, and
believed to be reliable. Small brass panels one inch square
were woighed and mounted on 6" x 12" steel panels by uwse of an
edhesive fiim, Two sets of Pfaudler test panels were also mounted
in the same manner, and the entire assembly sprayed in the custamary
fashion. After one week air dry time at 77°F. all of the panels
were removed ffom the template, and force dried in a circulating
air oven. After each stage of the bake, the small panels were
accurately welghed to determine the solvent loss. An extended
bake at 300°F. gave a reasonably constant weight loss which was
later determined to be volatility of the resin, ard/or resin-wax
blend. For practical purposes, it was assumed that if no blister-
ing oscurred at 300°F., all the solvent had been removed, since
all solvents used will boil in this range.

It will be noted (See Table 3) that AF=102-4 gave the lesst
golvent retained after baking. This formula contained a blemd
of fast and slow solvents, but did not lend itself to the sub~
sequent work on '"hot-spray" technique. Formulations AF=115, 115
and 117 contained no MEK, and were selected 2s the mreferred
formulations for application by hot-spray st 160°F. Actually,

the AF=102 series gave excellent results in the Pfaudler test

WADC TR 54=527, Suppl. 1 (13)



wnits considering the fact they were applied at dry film thick-
nesses of 8~9 mils, However, AF-117 contsining no slow solvents.
did not relsase sclvents as well as AF-102-l containing Methyl

Cellosolve Acetate. This was attributed to the fact AF-115, 116
and 117 were &ll applied in the 13 - 15 mils thickness range.
Subsequent work with the compartments indicated that & much longer |
drying schedule, particularly in the low temperature range, was
necessary to prevent blistering of the film when the thickness
exceeded 20 mils,
A5 A‘pplication

The investigation of this phase of the project has been
continuous throughout the contract period. A summary of the
results will be discussed in this sectlon of the report. All
application of X=-200 lacquer sclutions has been by conventional
spray methods. By adjusting the drying time between coats, s
wide range of solvents may be used,

{ontinuous Spray_. If very fast solvents are used, it is

possible to spray a continuous film in a small confined area.
Fhis is not generally recommended since blistering msy occur.
However, for larger areas it is possible to apply & coating
continuously if edequate ventiletion is provided. In using
standard spray techniques, it was necessary to thin the
formulations in varying amounts with the sclvent balance used.
Since most of our work has been in a spray booth, it is

probable that adjustment will have to be made in sprg methods
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in the application of these coatings to the interior of
compartments. |
Hot-Spray (160°F.) The recent interest in hot spray

techniquee for the application of maintenance coatings led
to & thorough investigation of hot spray techniquesfor the
application of X=200 coatings, Several formulations were
developed based on workable solvent blends for the possible
application of X-200 coatings heated to 160°F in a commercial
paint heater. For test purposes, PolyFlo heated cupe were
used, the only basic difference being suction instead of
pressure in carrying the hot coating to the atomizing head
of the spray gun. The formula tion work on this phase is
listed on Table I, Panels frepared in this manner were tested
" in the Pfaudler Unit and were very satisfactory.

It was decided that the hot~spray process would be used
in the work being planned fega_rding the application of ﬁeat
coatings to mock-up compertments designed for test purpcses,
The advantages were increased "build" per coat and the fact
that thimer was not necessary, AF-115 was the best farmula-
tion from an application standpoint. Based on previous test
work, it had been established that both Chrome Oxide Green
and Ultrox werse suitable for WFNA resistance, AF-115 was
pigmented in a green formulation (AF=119) and a white formula-

tion (RF-120), These were checked by alternating coats to
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insure even coverage, and preparing Pfauiler panels for

WFNA test. The test results were excellent for films in

the 20 mil thickness range, applied by hot-spray. It was,

therefore, declded that this system would be wsed in the
final test program.
A. 6 Resistance Test — JP-4 Fuel,

In previous sections of this report the emphasis has been
on the development work of a coating for WFNA resistance, The
coating developed should also be resistant to JP=4 Fuel in order
to completely satisfy the requirements of this contract. Before
conducting compartment tests, Ffaudler Units were wed to test
panels of various X-200 formulations in JP=h Fuel. These panels
were duplicates which had previouvsly been prepared for tests in
WFNA in the event a recheck was necessary. Tables 3 lists the
results of this work., Actually, our final conclusions are based
on the compartment tests. It appesrs that resistance to JP-4 is
not completely satisfactory, and that better coating systems can
be made avallable for this purpose.

A. 7 Combined Coating - Filleting

At this point in the program it was necessary to check the
coating applied over the fillsting material. Several panels were
prepared by riveting aluminum strips to standard 6" x 12" aluminum
panels, A gap of 1/8" between the strips allowed spece for &
rerresentative fillet. This work is discussed in detail in

Section B = Filleting. We did find that aluminum pigmentation
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of the I-200 coating (AF-115) gave improved adhesion to alodized
alumminum and provided an interfacial bond for the putty. Follow-
ing the fusion of the putty and coating at 300°F. there wers
sufficient blisters to indicate that entrapped air would have to
be more completely removed from the putty.

B. Filleting
B. 1 Summary

The former work on the filleting campound closely

parallels the investigation of the coatings phase, It
consisted of evaluation of various organic polymers as
base resihs for the filleting compound, madifying ingredients
auch as plasticizers, and fillers having basic resistance to
WFNA in both compounded amd uncompounded states. The results
of these experiments showed that Resin X-200 was the only
logical choice for this application. The only difficulty
encountered was the non-unif ormity of the resin.

A number of batches of "off-spec" resins were evaluated
to determine what manufacturing process would result in a
good resin for a rilleiing compound, Thess tests weres quite
exhaustive and indicated that a relatively insoluble resin
would be needed. The formulation of the puwty was dependent
upon the resin to such a great degree that formulation work
had to be done on the basis of each individual resin lot.
Processing of the putty sppeared to be expensive ard investi-
gations of suitable methods to make the process more efficient,
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simpler and less costly from an equipment standpoint were
made. | | '
Bs 2 Compounding
Using the J~4322 resin which, at the end of the two
year pericd was found to be the best of the "off-spec”

X-20C resins, the formulation developed wass

59~2
J=4322 - 100
Kel~F 150 Wax - 100
Kel~F Plasticizer Orade 0il - 50
Ultrox - 90

This compourd exhibited the best resistance to WFNA that
had yet been experienced but was still subject to cracking
due to the insolubility‘of the resin. The compound had a
good putty viscosity and was resistant to softening and
deformation at 300°F. This type formula when used with
other more soluble resins resulted in excessive hot flow
(See Table I). This same putty, when air dried, was
resistant to WFNA at room temperature for 32 days, at which
time the test was discontinued. An air dried putty of this
formulation was not resistant to WFNA at 160°F. This same
material was filled with 1/32" long glass fibers to improve
the lateral strength of the fused fillet to prevent cracking,
ard to eliminate the blistering due to aclid penetration of
an unfused fillet. Both experiments with the glass fiber

weres not suwecessful,
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During the time when other resins were under test, a
different approach to the filleting problem, based on a suggestion
by M. W, Kellogg, was maie. This involved making a gel of the
X=20C resin in & Kel=F Oil eand compounding as a rubbery type

filleting material. The formulation was:

63-1
X-200 Resin {Blend J=i52 and J-4709) - 100
Kel-F 1=3 0il - 160
Kel=F 10-200 Wax ' - 110
#Ultrox = 100

#Ultrox milled in on cold rubber mill.

This material, when exposed to WFNA at 160°F. for two days,
was totally destroyed. The softening point of this mixture was
far too low for such accslerated exposure.

When it was discovered that there was no possibility of
securing a special resin far filleting work, further compounding
was based upon the standardized solution grade resin. As
previcusly mentioned, the 59-2 formulation would result in a
filleting campourd with excessive vertical flow at eleveted tempera-
tures when used with a solution grade resin. The plasticizer ratio

was, therefore, lowered:

66~1

2200 (J=h9hB~3) - 100
Kel=F 10-200 Wax-= 107.15
Ultrox - 71.’43
This material, when mrocessed in the normal mixing and extrusion

cycle, was far too soluble and the viscosity of the putty was
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extremely high. It was tco ribbery and stiff for effective
deaeration.

The plasticizer content was once again raliaed with an
increase in the filler content to offset any flow at elevated
temperatures, as followst

862
X-200 (J=loh8~3) =~ 100
Kel-F 10-20C Wax =~ 140
Ultrox - 100

This compound also exhibited the stringy rubbery consist.emcy
of the former compound. On the basis of these and some hand
mixing tests, it was decided that a filleting compound of a
true putity~like consistency at room temperature could not be
made with the solution grade X=20C resin.

In order to reduce this nerve and to provide filling
without sacrifice of WFNA resistanée, some Kel~F 300 grade

resin was incorporateds

66~3
X200 (J-4948-3) - 50
Kel=F 30C grade - 50
Kel=F 10=-200 Wax - 50
Kel-F Plasticizer grade oil - 100
Ultrox - 100

The consistency of this compowmd was at first quite satis-
factory but after one week's aging, it, too, became quite
rubbery.

The WFNA resistance of 66-1 and 66-2 wes quite good
with no evidence of decomposition after five days immersion
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at 160°F, Compound ?6-3 for the ssme conditions was badly
cracked and blistered.

The softening or hot flow at elevated temperatures
seemed satisfactory for the 66-3 compound but was excessive
for the 66-1 and 66~2 campounds. This was illustrated by
the results of the first test compariment fusion in which
the 66-2 formulation was used. (See Section C ), It was
felt that in a thin fillet there would not be the large
mass of material irducing vertical flow and that a compound
such as 66~2 would suffice. We found this to be in error
and that.the thin fillets in the compartments showed excessive
flow during the fusion cycle of the coating. 4 stiffer putty
was nesded. 4 stiffer puity would, however, necessitate
drastic changes in the processing and application originally
decided upon. The following farmulation is the recommendation
based upon the conclusions of the testing program. It
exhibits good resistance to flow at elevated temperatures,
has good resistance to WFNA at 160°F. in Pfauiler column
tests and is applied in a very simple manner. Its viscosity
and shelf life stability are satisfactory and it is the most

effectively deaerated compound of any thus far produced.

68-1
X-200 (J=-5274) Solution grade - 10C
Kel=I' 10=-20C Wax - 120
Ultrox - U0

This is the composition of the filleting compound finally
decided upon as being the best that could be devised far

this mroject.
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Bse 3 Resins
At the end of the twmo year reporting perioed, the Xellogg
X200 resins tested for filleting compounds could be classified
into two categories - soluble and very insoluble - on the basis
of Kellogg soluwbility determinstions. The soluble resins
exhibited the following behavior in a filleting compounds
4 = Resulted in high putty viscogsity and short shelf-
life aging period.
B = Had low deformation and softening temperatures during
baking cycles or accelerated exposures.
C = Were supplied in a chunk form and were very difficult
to grind to a fine parfiole size.
The insoluble resins were not satisfactory in a filleting compound
because they did not fuse into a continuous fillet and would
exhibit cracking when exposed to WFNA at elevated temperatures,
A total of nineteen different "off-spec" X-200 resin batches
were evaluated as filleting compounds (See Table I). Of these,
only six were found to be promising. The results of our testing
on the resins wae forwarded to M., W. Kellogg in hopes that through
the results, they would be able to select the process responsible
for these resins and be able to duplicate them. M. W. Kellogg
replied that there was no correlation between our results and their
polymerization data or test results. The whole program of resin
selection for filleting work was, therefore, discontinued. During
this period of evaluation, there had been developed a standardized
solution grade X-200 resin. This material was supplied in a
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fine flake form which did net require excessive grinding.
Since no resin ideelly suited for filleting could be had, we
were by necessity forced to use the standardized solution grade
resin for filleting work. By compourd modification, this solu~
tion resin has given satlsfactory results.
Be 4 Processing
At the expiration of the two year period, the method of
rocessing the filleting compound had been as followss
l. The ingredients were dispersed in a cooled sipgma blade
mixer. This necessitated the use of a mixer with |
capacity to overcome the very high viscosities obtained.
2. At the same time, the compound was being mixed, a
vacuum of 24~26 inches was being &pplied to the mixing
chamber,
3. After mixing, the compound was placed int.o a modified
caramics extruder and extrwded into & roh, under vacuum.
The dissdvantages of this system weres |
l, The effectivenesas of the deaeration was questimable;
The viscosity of the putty was high aml the 2L-26 inches
of vacuum very pfobably did not break the solid mass
suwrounding the air pocket. This was demonstrated by
Pfaudler exposures which showed the presence of entrapped
air in the wvacuumed and extruded product.
2. The process would be quite expensive as it would necessi-
tate the design of new equipment, especially for the

filleting compound. All of this equipment would be heavy-

duty type.
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1.

2

Te

new ard present methods of processing are as follows:
The dry cbmponents of the filleting compound are
pre-blended,

The liquid or wax is pre-chilled and added to the
dry preblend,

The mixing equipment used is a Hobart N=50 mixer
equipped with a pastry knife. This pastry knife
cuts the liquid into the dry mix so as to form a
granular dispersion, Care must be exercised not to
subject the mixture to too lag a mix cycle as
pasting will occur. The appearance of the mass after
mixing is similar to @ lumpy vinyl dry blend. (See
photo No. 18).

This crumbly mix is then transferred to the hopper
of an ordinary commercial meat grinder which has
been vacuum equipped (See photo No. 19).

A vacuum of 24~26 inches is applied to the mix far
20~30 minutes. .

At the end of this pericd the extrusion is started,
the vacuum continuing.

Extrusion can be of any shape or size of rod.

The advantages of this system are:

le

2.
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The deaeration of this crumbly mix is very effective-
the best that could be accomplished in the time
required. ‘

The equirment needed would cost in the range of five
hundred dollars.
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3. The dispersion attained should be quite adeguate.
The preblending, the compression mixing achieved
in the extruler cylinder, and the intense shear
at the face of the die will insure adequate dis-
persion.

The effectiveness of deaeration of the new process was

demonstrated by high temperature baking cycles which showed

very little thermal expansion and no blistering of the
f£illeting compound,
B, 5 Application

Prior to the usage of the solutiongrade X-20C resin, the
application procedure had been merely to putty the crevices,
coat with .the X=-200 lacquer, ard put the whole system through
the baking cycle.

The usage of the sclution grade resin in the filleting
compound has resulted in some change in the procedure.

Since the extruled X-200 filleting rod is a rubbery, tough,
stiff composition, it cannot be puttied in the usual menner. It
is necessary to first soften the filleting meterial by the
moderate application of heat. We have found that a hot air gun
is ideal for this purpose.

l. Place the extruled rod into the joint to be filleted.

2. By use of a hot air gun (an ordinery hair dryer has

been found quite satisfactery), soften the compound

until it is soft and workable.
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3.

L.

5.

e

For straight long seams, compressing the soft filleting
material into the seam hy the use of & rcller has heen
found to be the quickest ard neatest method of applica-
tion.

For fillets other than straight seams, the heated putty
may be shaped and compressed with othear tools,

After the fillet has cooled and is hard, the flash or
excess may be trimmed off with a knife and reused.

The coating may then be applied over the cooled fillet.

B. 6 JP=4 Fuel Tests on Filleting Compounds

Formulation 66=1 and 66-2 were tested in JP=l fuel for one

week at 160“F. The surface effects of the fuel on the filleting g

compound were not discernable. Upon cutting dpen the filleting

compound, it was apparent that the fuel had penetrated the fillet

to some extent., There appeared to be some leaching of the

plasticizer from the fillet mass, but there seemed to be no

resultant stiffening of the compound. The overall resistance

of the £illeting compound to JP-4 fuel was good.

C. Compartment Testing

Ce 1 Description and Purpose of Test

The background work on this project could not provide a

sound basis for a specific recommendation.

I{ was essential that

some application tests be run on a larger scale than provided by

test panels,

The purpcse of testing compartments was to determine
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a practical method of applying coating system and a fillet~
ing material in such a manner to provide protectim to a

complex structure embodying the essential features of air-
craft construction,

Four special compartments were designed for the final
test. These were fabricated from 064" - 2024 Alelad
aluminum meeting Specifiication QQ-A=362. A& fifth compart-
ment wag later fabricated as an extra in case the results
indicated a necessity for retesting, These mock-up compart-

ments included:

1. A representative extruded section with bead weld,
ard sxtruded angle section,

2. A top-hat section.

3. A "2" gection in vertical positim, anl also one
positioned in the acid container trey.

L. An integral cross-bracing section.

5. A cable housing mount.

6. Fabricated angle sections ~ in horigzontal and
verticle positions.

7. Compartment fabricated to comply with standard
aircraft structures employing riveted, and mechanical
screw fastening devices.

Photographs included with this report show illustrations of
the disassenbled cm‘lpartment, and close~up shots of the
critical sections which, from a coating standpoint, would be
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the most difficult areas to obtain complete protection. Detail
drawings are included of both the fest compartments and the outer
"safety shell" which was used in testing with WFNA. This was
merely a protective housing for the test cell while it was being
tested at 150°F. in a commercial type oven.

This test was designed to simulate as closely as possible
the difficulties which might be encountered in coating an ATO
aircraft{ or rocket compartment. The compartments which have been
tested, amd the extra compartment, will be placed at the disposal
of WADC for their examination, anmd further use.

| The test conducted con these cells were &s followss
Cell A - Tested with JP-4 Fuel for 10 days at 160°F.
Cell B - Tested with WFNA far 5 days at 160°F,
Cell C - Tested with WFNA for 10 days at 160°F,
Gell D - Tested with JP-l Fuel for 10 days at 160°F,
Cells C and D were first cycled on the following schedules
160%F. in oven far 3 hours )} This cycle was repeated
-65°F, in cold box for 3 hours) for 10 days allowing 2
hours per day for the
transfer between oven
amd cold=box.
This test, therefare,; included two cells which were subjected
to heat anl cold extremes, and two control cells which were not
cycled.
Ce 2 Metal Preparatioﬁ and Priming
A1l cells were mrepared in the same manner prior to coating.

The aluminum cell sections (disassénbled) were first solvent cleaned

with methyl ethyl ketone. An mlodizing solution was prepared from
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#Aledine Liquid No. 500 (1 quart) mixed with #ilodine "Make-Up
Powder No. 5 {2 pournds) diluted with 6 quarts of distilled water.
This material was brushed on and rinsed off after 3 minutes
contact at 77°F. The surface was then thoroughly washed with
clean cold water and dried.

AF=121 I-200 Aluminum Primer was applied by spray to attain
a thickness of 0.5 - 1.0 mils over all parts of the compartment.
Following a 24 howr air dry period; the compartments were filleted
in sccordance with C,3 which follows:

C. 3 Filleting

Compartments D, A and B were filleted with Compound 66-2.
The putty was softened by a hot zir blower until workable and
rolled or compressed into the seams by a hand roller. The joints
or seams which could not be rolled were filleted by pressing the
heated, softened putty into place by hand or putty knife. After
cooling, the flash was trimmed off and re-used. The 66-2 putty
proved to have too low a softening point, resulting in excessive
blistering and vertical sagging.

Compartment C was filleted in the seams with 68-1 formulation

in the szbove manner te¢ reduce the blistering and vertical flow.

#Amer ican Chemical Paint Company
Ambler, Pemnsylvania
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Ce 4 Coating Application - Discwssion

Following the fillating.opara’oion, &8ll compartments were apray
coated with & second coat of AF-121 Aluminum Primer over the
entire surface area, including the putty joints. (41l loose
putty ami other foreign particles were first removed by light
sanding, followed by duvsting with air pressure.)

Initially, we had planned to use the procedure outlined in
A.5 (Hot-spray at 150°F,) for the application of coating. Since
this was a test application, it was decided to check formulations
which were identical except for the fact that one contained 10-200
Wax. The second formulation contained no wax. The 10-200 wax
has some advantages in this case in that it permits higher "build¥
rer coat, and controls solvent release. It was possible that the
"cold test" at -65°F. would irdicate the need for some plasticizer.
Chart V lists the coating formulations tested, aml parts of the
cell to wnich they were applied.

A1l costing operatims were essentially the same. Alternate
coats of green and white were applied by spray. In coating the
first compartment, it became apparent that the "hot-spray" process
would not be satisfactory. At any pressure setting, or fluid-air
mixture, the dry sprsgy which resulted was detrimental to good
coating procedure. Panels which had been coated previcusly had not
occupied a large area in the spray booth, and far that reason we
did not experience difficulty with ventilation, If the hot-spray
formulas were thinned to the viscesity at which spraying was
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- satisfactory, the cold-spray technique was equally effective.
For thils reason it was decided that the best procedure would be
to spray by the conventional method, using & suction cup and
35 = 50 lbs, atomizing pressure. There were certain areas such
as edges, corners and structural joints to which the material was
difficult to apply. The best procedure 1l.vas to narrow the fan
width on the gun untll a stream of material could be directed
convenlently, and in effect, flowed on. Hegardless of sags, it
was decided that sppearance could be sacrificed for complete
coverage.

The procedure of application was as follows:

(1) One compartment was coated at a time, using two
men, each coating half of each cell,

{2) 15-30 minutes minimum were allowed for tack-free
time between coats. When 6-8 coats had been
applied in one 8 hour period, the parts were allowed
16 hours to dry overnight. The temperature varied
from 55°F. to T0°F. during the drying period between
coats.,

(3) The coversge on the white formulatim was low, and
in order to cover the green, it was necessary to use
excessive amownts of pigment in the formulation.
Actually, it is easy to judge when a complete cover
coat has been applied, and no attempt was made to

cover the green color completely.
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(4) The odor of the di-isobutyl ketone in the formula
was very cbjectionable and as previowsly stated,
it is planned that we will use the former solvent
balance containing ethyl amyl ketone as the
residual slow solvent.

(5) The coating spplication was scheduled to allow at
least one weelc air dry time befare the force dry
schedule was started, Twenty coats were applied
to the first 3 compartments and 18 to the last cell
("c"). It was found, after baking the first
compartment, that we had obtained over 20 mils on
the application with the pigmented materials.

After the first compertment had been force dried, it

was obvious, that the baking schedule previocusly used

for test panels was not satisfactory for applications
in which a heavier coating was applied. The oven was
designed for a higher temperature range, and could not
be accurately maintained constant in the 115-200°F.
range. Coanpartment D was processed first, followed by

A, B and C. Compartment D blistered badly on baking in

the 250°F.~300°F. range. This was used in the JP=l Fuel

Test, and the blisters were not detrimental to the test.

It was probable that this blistering occurred because

of the following reasonss
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1. Film was very heavy in certain sreas whioch,
of necessity, had to be sxcessively coated
in order that adjacent areas received
sufficient coating.

2. The solvent balance used was designed for "hoth
spray rather than for cold application, and the
wet material did not lose as much solvent
between the gun and target to be coated.

Our primary interest in baking was, of course, to
obtain a solvent—~free film regardless of what solvent
balance was vsed., Therefore, the sane materials were
applied to the remaining cells, and the beking schedule
modifisd. Compartment "A" was slightly blistered, and
compartments "B" and "C" may be considered repressnta-
tive insof ar as the baking schedule for this particular
series of coatings is concerned.

Then Compartment "A" was tested in WFNA, it was
found that the seams amd bolt~heads were points of
severe attack. (See Sec. III - Conclusions). Therefors,
a filleting and touch-up procedure was used after the
initial force dry schedule. This was performed on the
assembled compartment, contrary to the previous procedure
of force drying coated parts, and then assembling them

for the corrosion test. A second (shorter) bake cycle
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was used to remove molvents introduced during the

touch-up (or repeir) stage. (See Table 4 - Baking

Cycle - compartmknt Cle

Cs 5 Resulta
CeSel JPelj Fuel

Compartments A and D were exposed to JP-ii Fuel for
10 days at 160°F, Compartment D was sycled in accordance
with C.1, 3 hours in oven at 160°F, 2 hours to transfer io
the cold box and 3 hours in the cold box at -65°F. The
compartment was allowed to stand overnight at room tempera-
ture. This cycle was repeated once eech dey for 10 deays.
In nc cese was there any indication of failure due to the
cycliing., Both the plasticized and unplasticized X-200
films are unchanged by the c¢ycling process, The X-200
£ilm was softened by the JP=4 Fuel, end in Cell A there
was some blistering in the pan which contained the JPal
Fuel., The coatings wers not solvated in any case, dut |
were gsoftened sufficiently to cause loss of adheaion,
After 30 days, there appeers to bs an appreciable emount
of JP=4 Fuel remeining in the film. See Fhotos Ne. 25, 26,
39 40.

Ce5e2 White Fuming Nitric Acid

Compartments B and C were exposed to WFNA. Compartment
B was not cycled, and was exposed to WFNA for 5 days et
160°F., The initiel observations on the results of this

test indicated the need for better sealing of the edges and
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seams after assembly of the compértment. At any
point when there was acid penetration, blistering

and 1lifting occurred. Steel bolts were used to
fasten the compartment sections together. These
were brush coated with AF-120 and air dried before
exposure. This procedure was not adequate, amd,
therefore, Compartment C was treated in a different
manner. Photos of Compartment E before ard af ter
sxposure are included in Photo No. 27-30. The tray
(containing the WFNA) was badly attacked at several
proints such as edges, ard places where the putty had
blistered. After S days test, the tray was too badly
attacked to re-expcse, and the test was discontinued.
Other points of attack were under the trsy where
spillage had occurred, ard on the cable housing mount
(fmm fumes). At points where the sides and bottom
were assembled after coating, there was corrosion
starting where the coating had been campressed (and
possibly cut) during assembly.

Compartment C was cycled in accordance with the
schedule described for Compartment D, Folloring this
cycle, the results of the test on Campartment B indicated
the need for better sealing almg the edges which were
butted during assembly. This compartment was further
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filleted and 5 heavy brush coats of AF-120 Green
applied over the filleting. All bolt heads were
heavily capped with putty and recoated by brush.
The compartment was then rebaked in accordance with
the cycle listed in C. Ly Chart V.
The results of this exposure indicate that at
5 days continuous exposure to WFNA, moderate break-
down occurred st several points, principally along '
the Z section fabricated into the acid tray. At
10 days exposure, the underfilm creepage was more
severe, but the costing itself was not attacked.
Photos No. 31~38 show the results of this test.
There was no attack from vapor except at points where
the coating applicatiam was thin.
Note: All four coampartments will be forwarded to
WADC for examination.
C.5.3 Panel Tests
There was some question regarding the advisability
of force drying X-200 coatings, particularly since the
tests we were corducting were severe, ard indicste the
worst which might be expected. It was, therefore, decided
that panels would be exposed to WFNA vapor only in con-~
junction with the test on Compartment C. In additim, an

adhesive priming system had been investigated for possible
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uge with X-200 coatings., The details and results of
this test are given below. No conclusicna have been
indicated since the results have not been rechecked,
and therefore, sre open to question.

All penels were given an identical primer system
as followas 1 coat of wash primer, 1 coat of Tygonite

84*, 1 coat of Tygonite 8B* and 1 coet of AF-12l.

Topcoats as indicated were applied over the primer.

Fanel No. Topcoat Coats Cure Results
1 AF=119 and 120 16  Baked Blistered
(alternating)
2 " 17 Air dry Bad
blistering
3 " 17 Baked Blistered
4 Af=120 13 Afir dry Bad
blistering
5 AF=122 and 123 16 Baked Good
(alternating)
6 " 10 Alr dry  Blistered
7 . 16 Baked Excellent
8 ’ 10 Air dry Blistered

The adhesives Tygonite 8A and 8B gave excellent results
in meintaining the bond and preventiing creepage under
the £ilm. An even line of penetration of about 1/i*

in 10 deys gave the first indication that the rate of
creepage masy be held to a minimum; This will requirse
further test before any recommendeation can be made,
*Tygonite 8A and 8B are propraetary products manu-

factured by U. S. Stoneware Co,
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III. GONCIUSIONS

A+, Coatings

l.

2

3.

Le

5e

An X=-200 coating system has been developed which, when properly
epplied, will give substantially better rasist;nce to WFNA than

any materials heretofore tested,

This coating system is softened by JP-i fuel, but is not otherw
ﬁse attacked. The fuel is retained for an appreciable time in
the coating film, and adhesion is reduced,

A system composed of an eluminum primer (AF-1404) and alternate
white (AF-140C), and green (AF-1,(B) provides the most convenient
mathod of obtaining a uniform adherent film,

The coating system must be force dried to achieve maximum FNA
resistance. A graduated schedule of increasing temperature mist
be foliowed to prevent blistering. Extended alr drying may be
uged when maximim resistance is not required.

Adhesion of dry (solvent free) X-200 film is sufficient for

normal abrasive forces. However, creepage occcurs under the f£ilm
at any point of acid or acid fume penetration. An adhesaive

system used in tank lining application appears "o materially
reduce this creepage., This material is produced by U, S. Stoneware
Co. as Tygonite BA Primer and Tygonite 8B, and is uged over wash
primer, Test data on this maeterial are insufficient to warrant any

definite conclusions at this time,
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6.

7.

8.

9

The X~200 coating system may be applied by conventional methods
of brush, spray, or dip. However, apray coating is recommended
as the most appropriate method of application to compartments.
All cracke, crevices and joints will require careful filleting
and sealing. Any breaks in the coating allow severe blistering
to take place.

Coating production and application mast be done under controlled
conditions of cleanliness. Dirt, lint and contamination of X200
lacquers influence the degree of protection afforded by the
applied coating.

Manual stripping of the primer-topcoat system ceuses cohesive
failure within the primer. Additional work, beyond the coutract,

wlll be undertaken to improve the costing system adheaion.

B. PMlleting

1.

2.

3.

Resin X-200 as supplied by the M. W. Kellogg Co. was the only
materiel which was sufficlently inkerently reﬁistant to WENA to
perform as a base for the filleting compound,

A putty-like material was the beat form to insure filling instead
of bridging of seams and voids,

Studles of "off spec" X-200 resins which showed decided advantages
for usage in & putty were frultless in that the resins could not

be reproduced,
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4e

5.

6.

Te

9.

10.

1l.

12,

The reaistance of the putty to WINA was primarily dependent upon
the amount of free air spsce in the putty or the extent of
deaeration, and the resistancé to scftening and vertical flow
when temperatures in excess of 160°F. were encountered.
The standardized aclution grade X-200, though not an ideal resin
for a filleting compound, has been seatisfactorily compounded.
Processing of the filleting compound will not involve costly or
special equipment but cen be done in conventicnal inexpensive
equipment.
The processiné used insures the best possible deaeration of the
patty.
Application of the putty, on articlea of small mass, can be
accomplished by heating with a portable hot air blower during
application, Larger structures may require preheating of the
area to be filleted and the filleting putty in sddition to hot
air hgating during application. For air 4dry applications, whers
resistance to flow at 300° ¥ force dry temperature is not ime
portant, a softer, more workable putty can be prepared.
Resiatance to JP=L Jot Fuel of the filleting compound has been
good, with no apparent solvation or extraction, but the fuel
does penstrate the fillet.
Resistance to vertical sag or flow has been quite satisfactory.
A repeated cycling from 160°F. to =65°F. has not affected the
filleting.
The blistering occurring at 300°F. in the fill;t has been due to:

(a) Improper drying of the overcoat of X-200 1acquér.

(b) Entrappment of air under the fillet in the seam which

expands on heating and may force the fillet ocut of

the seam at its weak point,
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A. 1 Coatings Formula

The following formulas have been adopted for recommendation:

IV RECOMMENDAT IONS

AF=10 AF-140B AF-140C AF-140

Material Aluminum Green White Thinner
X«200 Resin 15,50 18.24 18.24 -—
10-200 Wax 2. 7% - - -~
Alcoa 422 Alwminum Flake 9.00 - - -
Chrome Oxide Oreen - 6470 — -
Zirconium Silicate —_ 2.16 8.86 -—
Methyl ethyl ketone 18,20 18,25 18,25 31,25
Methyl iscbutyl ketone 18,20 18.25 18.25 25400
Ethyl butyl ketone 13.60 13.65 13.85 18.75
Ethyl amyl ketone 1456 4.55 .55 -
Xylol 9.10 9.10 9.10 12.50
Toluol 9.10 9,10 9,10 12,50

(Total) 100.00 100.0C 100.00 100,00
Wt/gal. 8.26 1bs. B8.55 lbs. B.45 1bs. 6,75 lbs.
No. ) Ford cup visc. at 77°F. L7 Sec. 67 Sec. 87 Sec. —
Fineness of grind (Mix only) 8 NS 8 NS -—

(North Standard)
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A, 2 Application Procedure - Coatings
The following procedure is recommended for the application of
X-200 coatings to ATO Cells, or to test panels used in preliminary
investigation of the coating.
1, Thoroughly wash (or degrease) with methyl ethyl ketone or
other suiteble sclvent all metal be coated.
2, Application of e chemical chromate pretreatméﬁt. such as
covered by Mil-C-5541, will improve metal-ccating adhesion.
3+ Apply one coat of AF=1,0=A iAluminum Primer thinned 4 to 1
with AF-140 Thinner.

Note: Preliminary test results indicate that use of a
‘wash" primer followed by a vinyl tie-coat applied
over the metal pretreatment and prior to the X-200
aluminum primer will give excellent coating adhesion.
The "wash" primer also appears to retard corrosion
undercutting of the film where there is e break in
the f1lm.

Note: At this point, if filleting is to be used, follow
the instructions in (B. Filleting). Clean and sand
lightly after filleting is epplied, and apply one
full coat of AF=1L0-A Aluminum Primer over the fillet-

ing prior to using the alternate topcoats.
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Le Apply alternate coats of AF-1,0-B Green, and AF-1,0-C
White reduced I to 1 for spray. Apply a2 total of 20 coats
allowing a minimum of 15 minutes air dry between coets,
and 16 hours after the 8th and 1éth cost. The pigmentation
is intended for identification convenience only, end it is net
essential that complete hiding be obtained on each coat.

5. For spray application, 35 = 50 lbs. is used on atomizing
air., As the application proceeds, it will be advisable to
lower the pressure and apply slightly less per coat,.

6. Allow one week air-dry time at 77°F. or higher.

7. For foree dry, bake in an sccurately controlled oven with full
air ecirculation, or use heated air in the compartment, thermo=
statically controlled to maintain the required temperature to
plus or minus 5°F., The eir circulation should be baffled so
as not to impinge directly on a coasted surface, or blistering
will ocour,

THE FOLLOWING SCHEDULE MUST BE FOLLOWED:

24 hours at 100 - 114°F,

24 hours at 120 - 125°F,

8 hours at 150°F,

8 hours at 170°%. (Do not exceed 1769F. on this
portion of cycle)

8 hours at 200°F,

4 hours at 2500F,

1 hour at 275°F. (Coated work should fuse end beccome
gloasy at this temperature.)
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8. Check baked material for pin-holes, blisters which penetrate
to an appreciable depth, or other flaws in the coating vwhich
might expose bare metal.

9. Repeir any damaged areas with several brush costs of unthinned
AF.140-B Green or AF-14,0-C White,

10, If the amount of brushed-on coating is neglible, the work
may be dried for e sufficient length of time to allow the
additional solvent to migrate evenly throughout the coating
(24-48 hours) end the coanted metal rebaked (starting the
gycle at 8 hours at 170°F.) and contimuing on the same sche-

dule as previously uaed.
B, 1 Formula - Filleting
The following formula, 68-]1, was found to have satisfactory flow
resistance at force dry temperatures {For air dry systems softer
modificetions of this formula may be used).
X«200 (J=5274) Sclution Grade - 100

Kel-F 10-200 Wax - 120
Ultrox - 140
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This material is produced in the form of an extruded rod. It
necessitates heat softeniné during application., It is the most
effectively deaerated of all the putties thus far produced.

Its resistance to WFNA has been satisfactory.

B. 2 Application of X~200 Filleting Material
The X~200 filleting materiel is supplied in an extruled form.
This material has been extruded under vecuum and is relatively free
of entrapped air. The formulation has a high softening point and
requires heat to make it soft and workable. The following procedure
is recommended:

1. Allow AF-140-A Aluminum Primer to air dry 18-24 hours.

2. Place extruded rod in seam te be filleted.

3. By using a hot air blower, apply heat until the putty is
soft and workable, An ordinary small electric hair drier
is completely satisfactery.

4. When putty is soft, compress into the seam or joint by the
use of a small roller. 4 roller of about 1/4" width with a
semi-circular rolling edge is recommended.

5. After the putty is pressed into the seam and has cooled, trim
off excess ard use excess for other seams.

6. Seam should be examined to see if it is pressed tightly
against the primer.

T+ For fillets other than seams where a2 solid lump of fillet
is needed, prehest the putty until soft amd press into the

cavity with a putty knife or similar tool.
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8. The fillet is now ready for X-200 lacquer coating.
The reason for the stiffness of the filleting compound is to

prevent sagging on vertical surfaces when temperatires of

300°F. are encoumtered.
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CE TE CAT

A service test application of the recommended X-200 cocating system was

asooxplished at North American Aviation, Inc., Internmatimnal Airport, Los

Angeles, California, in November 1955. Laboratory testing of the material prior
to application and shop scheduling indicated that the following changes, as
compared to the recoamended procedure, would be desirable.

1.

2.

3.

he

laboratory testing of the coating system revealed that when the cured
coating was stripped from a panel, separation always oceurred within

the aluminised primer. The major part of the primer remained on the
panel but the stripped topcoat always carried a thin film of aluminum
pigment. This occourred on both air-dried or force-dried coatings
applied over both solvent cleaned or chemically treated aluminum, Over-
all adhesion of the coating system was very good. In view of the primer
being the weakest l1ink the aluminum was not chemically treated prior to
coating., Work to improve the ocohesion of the primer is continuing.

The filleting material used, Formula 68-1, was designed for force dry
temperatures and was found to be rather difficult to apply. It was
found necessary to preheat the filleting material, preheat the metal
with heat lamps or, for smaller parts, by conditioning in an oven and
apply hot air on the fillet during forming. A softer formmlation has
been prepared for use in air-dry applications.

The lecquer was applied at the rate of 6 to 8 coats per S8=hour day with
a 16 hour, over night, air-dry after each S8-hour painting period.
Results of the service test should be availsble by September 1956.
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¥=200 CCATILGS TIATED IN ¢P=f FUEL

TABLE III
FORMULA SOLIDS CONTENT TIME TEMP, RESULTS
AF=101~3 100% X~-200 3 days 77°F. Poasible softening
Pi“iid G 3 days 125°F, Definite softening
7 days 150°?, Very soft - loose from
panel
AF=101lw3 100% X=200 3 days 77°F. Possible softening
gazgé. D 3 days 125°F, Definite softening
7 days 160°F, Very soft - loose from
panel
F-115 80% X-200 3 daye 77°F.  So tened
20% 10-200 Wex 3days 15°. Verysoft H{g'”
7 days 160°F, Wrinkled and swollen
AF=116 80% X=20C 3 days 77°F. Softened
20fk 10=200 Wax
3 days 125°F. Very soft
7 days  160°F., Wrinkled and swollen
AF=117  100% X-200 3 days 77°F. Possible softening
3 days 125°F, Definite softening Pgl.;to
7 days 160°F.  Very soft
WADC TR 54=527, Suppl.l (62)
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TABIE V

COMPARTMENT JOATING APPLICATION

- DATE
COMFART=-  SECTION CF COATINGS USED AND S5-Start
MENT COMP ARTMENT NUMBER OF QDATS C=Complete BAKTNG CYCLE
D Top AF=121(2) AF=122 and Start 1 wash ~ Air dry
123 (10} each 5/5/55
Side (Hori- " " " Complete 2l hrs. at 131°F.
zontal bracing) 5/11/55 2L, hrs. at 150°F.
Side {vertical AF/121(2) AF 11% and 18 hrs. a2t 175°F.
bracing) 120(10)each 8 hrs. at 215%F,
Trays n n f L, hrs. at 2509.
blistering -
Zorners L n 1 1 hr. - at 300'F.
bad blistering
4 Top =121{?) AF-11¢ and Start 5 days ALir dry
120 (10 each) 5/12/55 zt room T°.
Side (hori- 48 hrs. at 135“F,
zental bracing) ' " " Complete 2L hrs. st 150°T,
Side {vertical AF-121(2) AF-12) and 5/17/55 18 hrs. at 176°F.
tracirg) 122(1C) each 8 hrs, at 21C°F,
Trays " n " L=1/2 hrs. et 275°F.
Corners " " " (Some blistering-
nct as bad as "A")
B Top AF«121(2) AF-122 and Start 1 wk, Air dry at
123( 1C each) 5/17/55 rooT tempe
Side{Fori~ " " L8 hrs. st 133°F.
zontal bracing) Comrlete 72 hrs. at 1509,
Side {vertical Ar=121(2) AP-115 and 5/2ii/55 2l hrs. at 18C°F,
tracing) 120(1C each) 2L hrs. et 20C°F.
Trays v v " l; hrs, at 260°F,
Gorners " " " {llo blisters)
C Top AF=-121(7) AF-119% and  Start 1 wk, air dry at
120(8) each 6/10/55 rm. T° First
' cycle-game 2s
"B" above
Side(hori- AF=121(2) AF-122 and 48 hrs. at 133°F.
zontal bracing) 123 (8) each Complete 72 hrs. at 1509F.
Side {vertical AF=121 AF-119 and 6/15/55 2, hrs. at 200°F.
bracing) 120(8) caeh L, hrs. at 260°.
Tray AF=12] AF-122 ard {2nd cycle)
123(8) each
Gorners AF-121 AF-122 and

123 (8) each

(No bl isters)
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Figure No. 4 AF-82 Exposed in Pfawiler Unit at 77°F. to WFNA.
WADC TR 54-527, Suppl. 1 (69)




Figure No. 5 AF-88 Exposed in Pfaudler Unit at 77°F. to WFMNA,.
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Mg

-. CLEAR FIIM
EXPOSED TO WRNA LIQUAD AND VAPOR
. AT ROOM TEMPELATIRE FCR 29 DATS

j EXPOSED T0 LIQUID PHASE

Figure No. 6 AF-89 Exposed in Pfaudler Unit at 77°F. to WFNA.
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AF=90

B AIR DRIED TWO WEEKS

|| PLACED IN FFAUDLER UNIT NO. 7 AT 125°F, 9-23-5lL.
BLISTERS BEGAN WITHIN 6 HRS. PANELS REMOVED AFTER
2l HRS, EXPOSURE WITH SEVERE BLISTERING,

| EXPOSED 10 LIQUID PHA:

Figure No. 7 AF-90 Exposed in Pfaudler Unit at 77°F. to WFNA,
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_AF=97
FROM X-200  1OT LSL6-1 BAKED
PFAUDLER EXPOSED- AT 77°F. -LO DAYS
Note: Failure due to pinholes

Figure No. 8 AF-97 Exposed in Pfaudler Unit at 77° F. to WFNA.
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Ak

FROM X200 ' LOT L9kB-1 BAKED
PFAUDLER EXKSED AT 125°F.-6 DAYS
Nete: Failure due to pinholes

Pigure No. 9 AF-97 Exposed in Pfaudler Unit at 125°F. to WFNA.
WADC TR 54=-527, Suppl. 1 (74)




AP-97 WHITE
EXPOSED 8 MONTHS TO WFNA
AT 77°P. TEST DISCONTINUED-
NO SFERIOUS FATLIRE

Figure No. 10 AF-97 (pigmented) Exposed in Pfaudler Unit at 77°F. to WFNA,
WADC TR 54-527, Suppl. 1 (75)



AF=97 WHITE
FROM X<200 10T L9LB-l BAKED
FFAUDLFR EXPCSED AT 125°F.-1k DAYS
Notes Failed due to blistering

Figure No. 11 AF-97 (Pigmented)
WADC TR 54~527, Suppl. 1 (76)



AF=101-)

PANEIS 1B AND. 1D
PFATDLER UKIT 6

EXFCSURE: ROOM TEMP.-27
1258°F. = 7
15097, ~ 8

T | rr———

Figure No, 12 AF-101-1 Exposed in Pfaudler Unit at 77° F,
WADC TR 54=527, Suppl. 1 (77)



AF=101-}
PANEIS LA and LC
PFAUDLER UNIT 7T

EXPOSUREs  125°F. - 7 DAYS
160°F. = T DAYS

Figure No. 13 AF-101-} Exposed in Pfaudler Unit at 77°F.
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Figure No. 1, AF-115 A Exposed in Pfaudler Unit at 77° F.
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 AF=120
SET NO. 2 PANEIS 3 AND L

EXPCSURE: S DAYS at 125°F.

2 DAYS at 75°F.
€ DAYS at 150°F.
3 DAYS at JA0°F,

Figure No. 15 AF-120
WEDC TR 54-527, Suppl, 1 (80)



LF~115
Bof X-200 RESIN SOLIDS
20% 10-200 WAX SCLILS
EXPCSED TO JP=L FURL
77° F. - 3 DAYS
125°F. =~ 3 DAYS
160°F. = 1 WEIX

Figure No. 16 AF=115 Exposed in Pfaudler Unit to JP-4 Fuel.




AF=117
100% X-200 RESIN SOLIIS
EXFOSED T0 JP-L FUEL
77°F. = 3 DAYS
125°F, = 3 DAYS
160, = 1 WEFX

B sorocs 10 LIQUTD PHAsE

Figure No, 17 AF-117 Exposed in Pfaudler Unit to JP-4 Fuel.
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Filleted and Primed Test Compartment

Figure No. 21
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Representative Filleting of Crossbraced Structure

Figure No. 23
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Figure No. 29

WADC TR 54=527, Suppl. 1 (94)

Snoeaized S Bub o LPed sS85

Cell B - Close-up of Severe Breakdown at one Corner
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at 160°F,

Ready for Test in JP-4 Fuel
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