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UNFIRED-CERAMIC PLAME-RESWTANT INSULA.-

TION AND METHOD OF MAKING THE SAME
Vanghn F. Seitzinger, Fayetteville, Tenn,, assignor fo the

United States of America as represested by the Ad-

‘ministrator of the Nat:ona! Aerpusntics and. Space

Administration

Fited Oct. 18, 1953, Ser. No. 317,389
22 Claims. {CL 161—115)

~The invention described herein may be manufsctured
and used by or for the Government of the United States
of America for governmental purposes withouf ihe pay-
inent of any royalties thereon or thereior. N

This inventipn relates o an insulating material apd
the method of prcducing the same and is concerned par-
ticnlarly with ibe provision of a highly reflective com-
posite. msuiatmg composition having flame-resistant prop-
erties superior to the corresponding propemes of here-
tofore known foine-resistant materizl, The inventiop
further comemp]ates articies of manufactm» COmPprising
a base siructure having thereon a coating of a new highly
reflactive, flame-resistant mm.latmg material,

Various types of both erganic and inorganic flame-
resistant insulating materials have long been used to
redice the lnﬁammabxh:y of articles cemposed either
wholly or in part of combustible organic substances. Al-
though thzse insulating materials are adequate for most
uses Lhe recent dawning of the space 2ge and the ac-
companying development of extremely large launch ve-
hicles, which gererate tremendous, quantities of heat dur-
ing their burning period, has created numerous new in-
sulsting problems that were heretofore unknown or of
little concern. For zxample, the development of the
Saturn Class lannch vehicle presents in and of ftself raary
maijor insulating problems, not the least of which is pro-
tecting the bas» of the vehicle from the thermal environ-
ment 10 which it is exposed during the ignitien, Lft-off
and flight stages of a launch. Although base heating
has been known to occur to a somewhat limited extent
in previously developed small size rocket and launch ve-
hicles, it is readily realized that since the Saturn T utilizes
a cluster of eight 188,000-pound thrust engines which
combine to create a fotal thermal load in the ordered
3,600 B.t.a./f1.2, the degree of Heating experienced in the
Saturn Class vebicle is considerably more severe than
anything heretofore encouniered.

Although a significant asmount of research has been
devoted over the past several years toward the develop-
ment of insulating material capable of parformning satis-
factorily under the severe conditions encountered + hen

- 2

m?oic composnmns of material that generally contain an
eroxy-phenolic resin, zsbestos filler, and an alcohol ve-
hicle. I addition to possessing these inherent undesirable
characteristics the problem of app!ymg these prior known
ipsulative materials 1o the portion of the launch vehicle

- to be protected has presented substantial fabrication prob-
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lems. This is particnlarly true in those cases where the
structure to be insulated was either irregularly shaped,
extremely buik;, or hard to reach., The difficulties en-
countered in applying the insulative material in these in-
sances is readily apparent when it is ealized that the
approved method of coating these surfaces cails for a
plurality of dzppmv and/or spraying operations followed:
by a long curing cycle at elevated temperatures. Not
-only were many of the points to be insulated inexcessible

* to such coating operations but it was extremely hard to
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produce a coating havmg minimum weight which was
sufficiently uniform: in thickness fo insure adeguate in-
sulation to the vital- surfaces involved. Furthermore, the
liguid vehicle or carrier of the insulative maicrial was
flammable thus prcsen‘cmo a constant safety hazard in -
addition to zmpaxrmo the final properties of the insulating
laver.

As mentioned heremabove 1he epoxy maicrial required
a long curing cycle. Since many areas of 2 launch ve-
hicle can be ¢oated with an insulative material enly after
the vehicle is zssembled, and since these areas are gen-
erally quite !args, the necessity of a Jong curing cycle
plus high temperatures made the insulating of these areas
unduly difficult and expensive. This is pa_fticulaxly true -
in these cases where the clevated curing tcmperamres
are obtainable. only through the use of a curing oven
or like arrangement. Furthermore, this long cuoring cycle
at elevated temperatures precluded the use of many so
called exotic materials as structural members in the Jaunch

~ vehicle, which would otherwise have been emploved due
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ased with a rocket motor, the majority of this work has -

been directed toward these jasuiating materials applicable
to primarily coavective heating envirobments. This is
urdersiandable when it is reahzed that until recently it
was thought that the lergest portion of the heat load
applied to a lauach vehicle or missile was caused by
conveciive heating. The recent conclusion of rather ex-
tunsive tests into the cause of beating in launch vehicles
has revealed, however, that the majority of the heat lead
. in the base area is induced through radiation from the
engine plomes and iherefore oanly a2 relatively small
amopuant is induced by convection from recircnlating ex-
haust gases. In fact, approximately 50, to 90 percent
of the total heat joad applied w the base plate of a Saturn
Class launch vehicle, depending on which portion of the
laznch trajectory the-rocket is in, is produced by radiation
beating with the remainder being contributed by cos-
_veglive heating.

The msulame materials hereiofore rehed npon 1o in-
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sulate launch vchities have been heavy, highly inflam-

{0 their superior weight-strength characteristics, since
thess materials have maximum upper temperature limita-
tions of around 100° C., (300° F.) and thus would not
withstand the curing or operating femperatures {0 be en-
countered.

it, therefore, became obvions early in 1he development
of large launch vebicles and missifes that a more snitable
insulating material was necesbary if a superior craft was
to be produced at a reasonable cost. This new insulat-
ing material must not only e fame.resistant and have
hsgh insulating properties when exposed to radiation type
heating, but should be readily appliable in thick Jayers by
a trowelling or rolling action ;md cure speedily at relative-
ly low temperatuores.

According to the present investion, 1t has heen found
that a flame-resistant insulating materizl which overcomes
the above enumerated disadvantages asseciated with prior
known insulating materials can be produced from readxiy
available materials at a relatively low cost. Thus, in its
broadest aspects, this inveniion contemplates production
©On an inexpensivé, easily usable, flame-resistant, insulative
cerzmic composition comprising a bonding agent having 2
low curing teinperature such as colloidzl silica to which an
opacifier type filler, preferably of potassivm ticanaie, and
a shrink.ge reducing additive from the asbestos or glass
fiber class hus been added. Tc improve the insulating
progperties as well as the handh"ng cheractertistic of the
cured co:nposmon, ‘the coating is covered by a protective
layer or Sim of material and the improved insulation
resulting therelrem is also contemplated by this inven-
tion. This Inventipn further confemplates maierials and:
structures which have Yeen rendered flame:resisiant and/
or insulated by the 1use of the present compesition.

Therefore, the primary otject of this investion is to
provide a fame-resistant ageat useful is insulating various
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amcles to render the same iramune from the adverse
effect produced by external heating..
Another object of this invention is to provide a ceramu

flame-resistant insulating agent which can be applied in:

relatively thick layers by trowelling or rolling and will
cure at refatively low tempera’mms into a solid, Jow density
conting.

Yet another objcct of this invention is 1o provide a

ceramic ﬂame—resxstan_t insulating composition that cures -
into a solid low density coating having a hard dense ont- 34

ward protective layer and a deasity gradient through the
thickzzss thereof that is less at the center than at the
surfaces.

Yet still another ob;ect of this irvention is to provide
a flame-proof hea' resistact coatipg having a low density 1
that will absorb and withstand extreme amounnts of mois-
ture, vibranou and thermal shock without being adversely

oifscted.

A further cbject of this mventwn is to provx(im. a flame-
proof, heat resistant coating having high refractoriness,
reflectance, and emissivity properties with correspondingly
low thermal conductivity.

These and further objects and advaniages of this in-
vention will become more apparent uron referenge to

" the Tollowing specification, appended claims and drawings
herein:-

FIGURE 1 graph:caﬂy jllustrates the effect of composi-
tion on the temperature rise of the potassium titanate
ceramic insulative coating;

FIGURE 2 is a top view of a heat shield for a rocket
vehicle whick is partially coated with the potassium ti-
tanate insulative coating;.

FIGURE 3 is a cross sectional view of FIGURE 2
taken along line 3—3;

FIC-‘UR“ 4 ﬁlustrates graphically the denshiy gradient
thmugh the potassium titanate insulative coating;

FIGURE 5 graph:ca}]v depicis the absolute spectral re-
flectance of the insulative costing;

FIGURE 6 graphically depicts the emissivity of the in-
sulative coating;

FIGURE 7 shows the thermal condsctivity of the in-
sulative coating; and

FIGURE 8 illustrates graph-callv ihe effect of moisture
upon the femperature rise of the insulative coating.

Since extensive tests on the heating of rocket powered
iaunch vebicles have revealed that substantially all of
the thermzl loading on the base of ihe vehjcle during
ity Jaunch is dve to radiant heating, it was proposed that
the veLicle be insulated from infrared radiation by diffuse
reflactance. Numerous different types and combinations
of heretofore known materials which allegedly possessed
such properties were tested bul none were found which

would meet the rather rigotous requirements necessary:

for acceptability in space orientated operations. For ex-
ampie, various types of pigments which appeared to have
the required properties were tested as 2p imsulative ma-
terial bat, doe to the inherent characteristic of insulations
using such pigments, it was found difficult and offen im-
posmhla to prepare the thick coatings that are necessary
f6r the protection of space vehicles. Furthermore, these

coatings ‘were excessively brittle and ternded to flake o1,

otherwise fail away from metal plates of the vehicle dur-
ing use.- \

Therefore, since no insulation could be found which
met the requirements dictated by the space environment
in which it was to be used, a broad research and develop-
ment program was undertaken to discover and perfect
an insnlating materjal for use on space vehicles. This
pregram xesulted in variovs types of fibrous materials
being investigated for use 2s the opacifier-in the insulat-
ing material. After considerable investigation involving
many different mat°na]a, it was discovered that fibrous
potassinm titanate is the most nearly perfec opac,ﬁer
and it was, therefore, selected for nse in the present in-
vention,

: _ 4

As a result of these tests, it was also dxaccvercc’f that
not only must the msuiannn matzrial be prepared from
a non-flammable material ihat ..ontamed particles hasing
a high refractive index, but that the size of these particles

5 must adbere to discrets dimensional limitations. This

is true since the wave length of radiation that is biccked
or scattered by diffuse reflectance is dependent upon the

diameter or rross—secbonal area of the particles used to -

make up the thermal insulation, ie., composites made
from particles of a specific range of diameters will be
mest effective zzainct radiation of a pamcular range of
wave lengths, Also, the amount of drying shrinkage of
the compssite material is indirectly prbpomonal to both
the diameter and length of the fibers used to make up

15 the insulation. Ip the present instance it has been found

that the opumum diameter for the fibrous potassivm ti-
tanate was in the range of from 1 to 2 microns. )

Potassium titanate fibere generally are produced in the
form of lonse, irregular masses or Iumps, but the in-

zg dividual fibers can be exfoliated from the lumps by simply

using a stirrer that gives high laqu:d shear. - When de-
sirable, the fibers can be dispersed in water thus giving

a pulp like mixture which can be handled in much the )
same manner zs paper pulp io form blocks by filtering
o5 On a screen using pressure or vacvum filtration. This

compressed block form of potassiom titanate should pref-
erably have a bulk density of from 17 to 19 pounds per
cubic foot.

The particular form or type of potassium titanate best

30 suited for use as a reflector of radiant energy in the jn- .

sulating material was determined by evaluating coatings
that contained the block and/or Ioose fiber farm either
alone or in various combinations. An imorganic sol,
which served as a binder, was mixed fogetber with the

35 various forms of potassium titanate fibers until the de-

sired consistency was obtained. The potassium titanate
mixture was then applied by troweiling to an expanced

metal gpverlay held on a stee] blank by spot welded joints.-

To expedite the curing cycle, the coated specimens were

4o dried by exposing the uncoated side of the blank to a

bank of radiant beat lamps. After curing, a thermo-
couple was attached to the back face of each steel blank
and a heat flux of 24:x1.2 B.ta/ft.? sec. was applzed to
the face of the coated fest specimen and the rise in fem-

45 * perature, as indicated by the thermocouple, recorded,

As shown in FIGURE 1, the form of potassmm ti-
‘tanate used as the reflector in the test specimens did not
appreciably affect the thermal m»ulalmg capabﬁ*nes of
the coating. However, specimens prepared using the

50 block form only of potassium titanate displayed consxdcr—

ably less shrinkage and therefore fewer and smaller éracks
than the specimens prepared from the loose fiber form.
Additional iinprovement in the shrinkage resistance of the
block form potassiom titanate was obtained by adding

55 ten percent by weight of a bigh-silica fiber obtained un-

der the trade name “Refrasil” from H. 1. Thompsen Fiber-
glass Company of 1723 Cordova Streei, Los Angeles 7,
California. Therefore, since the fibrous and block forms
of potassium titanate possesses substar.'uany the same in-

go sulaling properties, and since the block form exhibits

superior shrinkage resistance, the biock form of potassmm
titanate was chosen as the opacifier and filler for the in-
sulating material

¥t was observed during these tests that the effectiveness

g5 of the potassiom nt‘mate as an opacifier was greatly

dependent upon its reﬂectmty which varied somewhat
Berwedn samples. As investigation of this phenomenon
revealed that the refieciivity of potassinm tiznate is ef-
fected adverse}y by thbe presence of any contaminating

70 materiel. Therefors, to obtain ultimate msula{mg prop-

erties from the potussium fitanate, and to improve the
uniforinity of the insulating material, it was found that
the potassium titanate mus: be heat treated at approxi-

, mately 538¢ C.-for zbout four hours. This treatment
75 resulted in substantially 21l of the organic contaminates

iR
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5.

present within the pota,sxum titanate being removed
- ‘which, in turn, improved ib

¢ upiformity and reflectivity
of the insulating matesial.”

Various low temperature curing morganic binders were
then produced and tested in an effort to determine which
one would give ultimate performance under the severe
thermal and vibrational shock to be encountered in actual
use. Among those inorganic binders tested was soditim
silicate, monoalnmmum phosphaie, colloidal alomiaa and
coﬁmdal silica.” Each binder under test was used to pre~
pare a set of specimens in substantially the manver set
forth hereinabove using heat treated block potassium
titanate with 10 percent “Refrasil” added thereto as a
filler. All specimens were then dried at 93° C, in an
electrical oven and, after drying, were checked individ-
ually for moisture resistance by immersing them tbree
houss in boiling tap water having a pH cf 7.3. This test
revealed that the only specimens that did not disintegrate
wefe those bonded with colloidal silica. The sodium sili-
cates were unacceptable as a binder since they lack refrac-
toriness and had to be cured at undesirably high tempera-
ture. = Although the monoaluminum phosphate was an
excellent bondipg agent, t toc was unacceplable as 2
binder since it attacked the steel structure to which it was
applied in a rather vigorous manner. Colloidal alomina,

on the other hand, failed to have sufficient strength to.

support the weight of the insulating coating.

Therefore, since colloidal silica previded a satisfactory
bond for Lhe potassium titanate coatipg when cured at a
temperature as low as 82° C., it was selected as the
binder for the coating. Also, and more importantly, the
coating przpared wuh colloidal silica as a binder had a
hard, dense outer film or Jayer formed thereon by the
silica colloids that had migrated toward the surface during
the drying process. This outer laver not only served to
protect the coating to a limited degree from moisture but
also added additional strenzth and rigidity thereto. A
colloidal silica sel containing 30 percent by weight of
solids of silicon dicxide dispersed in water was found to
give optimurm results as a binder.

For actual environmental testing, a coating of insulat-
ing material composed of potassium titanate bonded to-
gether with a colloidal silica sol containing 30 percent
solids was applied fo a thickness of 0.280 inch over the
face of a steel heat shield plate for a Saturn type launch
vehicle. The face of the panel included an owverlay of
expanded metal attached by spot-welding on approxi-
mately € inch centers. Upon static firing of the launch
vehicle, the coating failed by separating from the expanded

metal because it did not posseéss sufficient strength to with-

stand the vibration and flexnre encountered.

A failure of this nature had not been anticipated since
test specimens of the coatl g had been subjected {0 ex-
tensive vibration tests in the laboratery prior fo its being
used on a launch vehicler” Therefore. a program was
initiated to develop an i:ﬂil.l-’.!'ng coating havisig the high
insulating properties of potassium txtanate-sﬂ,ca <ol mate~
rial but possessing greater strength.

Although no additive was found which could be incor-
porated inty the coating material for increasing its
strength without decreasing its radiant heat resistant prop-
erties, ashestos and refractory glass fibers were found to
produce the least adverse effects upon the material. It
was also found that both asbestos and refractory glass
fibers were extremely effective in decreasing the shrinkage
of the coating material 4nd, thus, reducing the number
and size of fractures appeannv in the material. However,
the refractory glass fibers increase the density of the
finished fnaterial above that which was desirable. There-
fore, a long fiber asbestos was determined to bz the most
suitable strengthening and shrinkage preventiag additive
that could be incorporated into the insulating material
to be used on a Japnch vehicle. Accordingly, specimens
containing 0, 5, and 10 percent asbestos fibers were pre-
pared for testing and applied 10 an expanded metal spot-
weldad to a steel blank.
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FIGURE i graphically illustrates how the addition of
asbestos fibers decrease 10 sonte cxtent the eZscliveness of
¢he potassium titunate as a radiant heat reflector. Hew-
ver, FIGURE 1| also clearly illustrates the extreme effec.
tiveness of the potassium tilanate and asbestos izsulator

as a radiant heat refleclor since- the temperature rise for
the first 8 seconcs of test for the insulated test specimens
was about 0.6° C, compared to about 222° C. for the
unprotecied miid steel blank,

After the thermal tests werse completed, a progmm of
vitration and flexure wag initiated in which 2ll specimens -
were tested to destruction with increasing “g” loads,
Specimens that did not contain asbestos fibers sometimes .
failed under the weight of the coating itsel while speci-
mens containing either § or 10 percent asbestos always
failed at the spot-weld attaching the expanded metal to
the sheet blanks. Failure of specimens comammg 10
percent asbestos generally ocecurred at 35 to 50 g (% 1o
Y4 inch deflection with an 11-inch jong test specimen).
This is approximately 25 percent higher than the g load
required to cause failute of specimens containing only 5
percent .asbestos. One specimen containing 10 pexcent
asbestos withstood 72 g for 15 seconds after four minutes
at an average of 40 g vibration. All specimens tested
after soaking in water for 170 hours generai ty failed st
appmxxmately 40 g. However, one specimen withstood
alinost 90 g for 7 seconds after 2 minutes at 40 g. Gen-
erally the deflection of the wet specxmens was greater than
that of thz dry specimens at the same frequency because -
of their greater weight. Failure was still in the spot-
welds, however, and not in the material

To increase the shrinkage-preventing properties as well
as to improve the strength of the coating material, the
fibrous asbestos additive should be carded and of number
one chrysolite AAAA grade having a maximum iron ¢oR-
tent of no more than 1.3 percent by weight in the form
of ferrous oxide {FeD). Such fibrous asbestos can be
obtained from Asbestos Corporation of America, 31
North Aveove, Garwood, New Jersey. To insure that the
asbestos fibers would not impair the application of the
insulaiive costing material to various shapes and sizes of
articles, the fibers shouid be cut 10 a length of from
three-righths to one-half inch prior to being added to the
coating material,’

The production of the highly reflective unfired ceramic
insulative coating accoerding to the iavention will now be
described with reference to a working example. This
example, although disclosing the preferred embodiment
of the inveniion, is cffered in order to fllustrate the inven-
tion and is not intended to set forth the limitaticns thereof.

In order to prepare the highly reflective unfired ¢eramic
insulative coating for use on a rocket launch vehicle, the

foliowing procedure is used:

270 grams of block potassinm titanate centammg 10 .
percent by weight of a high-silica fiber and having a den-
sity of 17 to 19 pounds per cubic foot in audition to the
properties set out in Table I hereinbelow is heat treated
in an oven at 538° C. for at least 4 hours to remove any
organic contaminates that may be found therein, :

TARLE 1.
Fiber properties of fibrous potassium titanate

Average diameter ..o oo _.._inicrONS._ 1
Length after dispersion ——coreee_mm.. 0.2 to 0.5
Mchmo point . . i °F._ 2500
Densxty y

—gSlee.. 36
Specific heat ’B ./ F./Ib_.. 022
Hardness, Mohs 40
Chemxcal composition, approxi yate _______ ~ KoTig045

Adfter the baking oni of the organic t:cmtamma;es is com-
plete, the block no’sssium titanzte is removed from the
cven and placed in » mixing bowl 30 grams of Isng fiker -
asbestos, which has been carded and cut into Jengths of -
approximately cae-haif Inch in length, is then addsd to
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the mixing bow! an blended (ogemc,r with the potessiom
titanate for approximately 4 minuntes asmr, 2 double cone
type mixer until a uniform mixture is, obtained, 1,260
grams {1050 milliliters) of colloidal sﬂ:ca sol consisling
of 30 percent by weight solids of silica dioxide dispesed
in water is now added to the mixture in smali amounts
with the mixer running at 2 relatively slow spaed thus
giving a final composition having a troweilable consistency.

The msulatmg coranosition formed in the above de-
scribed rpanper is hsied in Table II and, although pre-
ferred, it is to be realized that compositions containing
from 1-20 percent:{by weight) ashestos fibers; 20-60
percerit (by weight) of block potassium titanate, and 30—
60 percent (by weight) of silica colloids obtained from a
colloidal silica sol can be ursd even though the insulating
qualities of the composition will be somewhat infesior fo
that of the preferred embodiment

TABLE I
Baich cempesition of thernal insulation material
Parts by weighi
Block potassium titanate with 10% hzgh—smca fibers. 90

Silica sol : 420
Cut asbestos - 190

The reauhant mixfure of the msulatmg material is in

the undried condition and has a working time of approxi-
mately 30 minutes at room t:.mperahwe. Therefore, any
portion of the mixture that cannoi be used within 30 min-
utes after being mixed should be stored in an a-r-tight
container at room temperature. The mixture may be
stored in this manner for approximalely coe week.
« In order to better illusirate the application of an in-
sulative coating prefluced in accordance with this inven-
tion, reference is adé to FIGURES 2 and 3 which show
the coating applied 1o the base plate 18 of a rocket ve-
higle. To apply the insulation to the metal air frame of
the rocket vehicle, it is necessary to use some type of
mechanical device for bonding purposes. It has been
found that a rmeetal mesh reinforcement not only im-
proves the structural stability of the insulating layer but
provides an excellent mechanical interlock because its
sides are not vertical but are set at an angle. Such an
expanded metal mechanical device 12 was fabricafed from
26-gauge SAE 1515 steel having diamond shaped open-
ings 14 approximately one-half inch across the longest
dimension and one-fourth inch across the shortest. The
overall thickness of the steel material was approximately
0.080 inch and it weighed $.27 pound per square foot.
The expanded metal is attached to jts steel substrate or
base platé 16 by spot-welds 18, To assure the best pos-
sible spot-welds, both the expanded metsi and its steel
suhstructure were cleaned with an oigapic solvent before
the spot-welding operation. The insnlating material 20
is now applied to the base p]ate 16 by trowelling and roll-
ing. Care should be taken in this operation to insure
Ihat a coating of uniform thickness is applied and that
it is mtgrlocked in the expanded metal overlay 12. .

The thermal insulation 20 is now cured by simply re-
moving the water in the silica 56l. This can best be ac-
complished by uniformly heating the coated panel or by
allowing the pauncl 1o dry at room temperature. In the
preseat instance, a bank of infrared heat lamps 22 are
used for drying the insulation by first raising the surface
temperature of the uncoated side 24 of the base plate 16
from ambient to 49° C. in one bour and held at this
temperature for four hours. The surface {émperature is
then raised from 49° C. to 82° C. over a period of ten
hours and held 2t this temperature for iwo, hours. All
‘temperafites are controlled within plus or minus 6° C.

Any drying cracks that may form can-be filled easily
with a grout composed from one part, by weight, of heat
treated loose fibers of fibrons potassium tilanaie and 6
paris, by weight, of colloidal silica.
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‘coating to further decrease the burn-off time of the

g

Becanse the effectiveness of the insulating material de-
pends {0 a great extent upon its optical properties, a pru—
tective coating 26 was required to keep the onter susface
of the material from being contaminated during assembly
and other handhn}] operations. Two types of 'preiective
coatings werc given consideration. The first type con-
sisted of a plastic strippable. coating, applied over the in- -
sulating material, which could be removed prior to flight
while thé second type was one that could be readily con-
sumed by the heat absorbed from-the engine exhaust 2ases
without leaving any residue that would offset the v?ilcal.
properties of the surface of the maierial. Sinee it is gen-

. Prally not desirable to use a coating that hadto 5o s:rzpped

prior to flight, the second type of coating was given pri-
niary esnphasis.

Both the nitrocellulose and strippable coating started
flaming at about 5 seconds after esposrre and burned for
approximately 2 seconds. At this point, the coatings
charred leaving a carbon residue on the surface of the
At about 18 sec. after exposure, the carbon
residue of the samples coaied with nitroceilunlosz was
complziely burned off. It took approximately 30 scconds
to burn off the carbon recidue left by the. strippable coat-
ing. Because the carbon causes the specimen fo absorb
heat, the temperature rise was higher for those specimens
on which the carbon remained the longest, Therefore,
selected oxidizers such as nmaasz 1q: bromate or ammo-
nium nitrate were added {0 the nitrocelhdose protscnve
ma-
terial. It was discovered that nitiocellulose containing
11.8-12.2 pereent mt,'og,en and the added oxidizer pro-
duced an excellent coating that would burn off quickly.

The nitrocellulose was reduced to a liguid form for
application to the insulating material by disselving it in
sufficient mel.ylethyl-ketone 1o give a Zahn mumber 3
visvosity of 22 plus or minus 2 seconds. The solution was
then colored with a dye consisting of a saturated sointion
of Diazine Green in ethyl alcohol. The purpose of the
colopring agent was 1o increase the heat absorptivity of the
protective coating, thus accelerating burn off.  The nitro-
cellulose coating was then applied by brushing to the sur-
face of the insn}ating material thus forming of coating
approximately 1.5 mils in thickness when dried. Iz those
cases where a Hght sepsitive coating material is uvszd, a
hght absorbing additive should be included to reduce the
aging of the coating und its tendency to crack or peel.

As mentioned hereinabove, silica coiloidaks migrate to-
ward the surface of the insulating material guring the '
drying process which produces a density gradation through
the thickness of the coating. To illustrate this density
gradation, the densities of selected layers of a specimen
approximately ¥4 inch thick was determined as follows:

‘The average density of the ¥ inch thick specimen was

* first determined. Secondly, a thin layer of the outer sur-
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face of the specimen was remcved by grinding, since the
material has a hardness of H98 as determined by a model
4JR Rockwel Superficial Hardness Testor, and the den-
sity of the removed material calculated. This latter step
was repeated. several times until only a thin laver of the
specimen remained. The results obtained from t:is evalu-
ation are illusirated in FIGURE 4.

FIGURE 4 clearly shows that the density of the speci-
men is higher at the front face dropping 1o a lower densxty
pear the middle portion, and sharply rising to an inter-
medxai@ near the back face. This would indicate that
sither some of the silica colloids are not migrating to-
ward the front face during drying, but remain in situ ncar
the back face of the sp"cxrneu, or the migration from the
middle portion oceurs in both directions. As mentioned
earlier, this high densx'y on the outer surface is extremely
important since it is sufficienily hard to resist ablation
produced by high velocity exbaust gases thus incrrasing
the uselulness of the insulating maienal This suter sur-
face was determined 1o have a Mobs hardness of about 6.

The mioisture effect of the dried or cured insulation was



-determined by a boiling-water. test,

3,296,060

In conducting this
1est the thickness of four specimens of the coating were

~measured to the nearest 0.0001 inch if sclected spots

after which they were submerged for three hours in boil-
ing tap water having a pH of 7.3. Carc was exercised to
insure that the specimens did not come in contact with
the bottém of the water container. After boiling the
specimens were dried in an electrical drying oven. The
thicknesses were measured again at the same spols s
before. The average thickness loss was determined to be
less than 0.12 percent thus indicating that water does not
appreciably eifect the stability of the material,

An indicaticn of the refractoriness of the insulation
material was obtained by forming the material into bar
specimens and heating these bars;, which were supported
at only one end, in an elecirical furnace. The furnace
temperature was raised at approximately 110° C. per hour
with no change being noted in the position of the bars up
to 871° C. At this temperature the bars had ‘sofiened
sufficiently to. cause them to bend slightly. From this
point on the bars were removed from the furnace after
each 56° C. temnperature rise and examined visually. No
other change in the refractoriness of the coating was
noted until the temperature reached 1204° C. At this
temperature it was noted that some melting of the inner
par‘ of the coating had occurzed. There was no melting
of the outer layer of the material up to a temperature of
1316° €.

The mcrmal-shock resistance of the insulation, both
with and without an expanded metal reinforeement over-
Iay being employed, was determined by placing the speci-
mens in a hot furnace until they reach the furnace tem-
perature after which they were removed and gnenched in
water. This procedure was repeated, using three fresh
samples for 2ach test step, in approximately 100° C. steps
beginning at 427° C. and coatinuing through %82° C,

All specimens withstood the cold shock when quenched
from 871° C. and below, but failed at temperatures above

° C. At this high temperature, the reinforced speci-
men did not, however, separate or pull away from the
cexpanded metal reinforcement.

A Perkin-Elmer model 112 Pass, smg]v beam spectro-
pho’omcter equipped with a speua] integrating sphew
was used to measure the absolute spectral reflectance in
the 0.30-3.0 micron wave length range. The results ob-
tained by the measurements are shown graphically in
FIGURE 5. The special emissivity values of the ma-
tenal in the wave length region between 3 and 14 microns

s shown in FIGURE 5, 3

The thermal conductivity of the insulating material is

fMlustrated in FIGURE 7. To determine the effect of
water on the thermal performance of the insulating ma-
t27ial, specithens were prepared by applying the insulating
reaterial to expanded metal overlays spot-welded to
blanks of mild sicel that were 0.038 inch thick. 6 inches
wicz, and 11 inches long. Some of the specimens were
soaked in water for 170 hours which increased their

weight approxxmatcly 75 percent. Both the wet and dry

samples’ were exposed to radiant heating. The resulis
obtained are given in FIGURE 8 which 'shows that after
40 seconds of exposure the temperature of the specimens
containing water rose rapidly umil it reached 100° C.,
the boiling temperature of water. At this point the tem-
perature remained constant for the duration of the test,
thus indicating that all the water had not been removed.
The rapid temperature change of the specimens contain-
ing water is attributed to the high conductivity of water.
After 145 seconds of exposure ihe temperatare rise of the
wet insulating material was only about 55 percent of that
of the dry. 'This indicates that water actually enhances
the effectiveness of the insulation at one atmosphere
pressure when exposed to a radiant heat flux of 24
B.ro./fiZsecond.

It was fourd that th: insulating material in the wet
~ondition is spproximately 22 percent weaker than the
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dry material in its original condition. However, moisture
scems 1o have liltle or no cffect on the strength of the
material provided the material is thoroughly dried before
being subjected 1o a stress,

From the foregoing it .is readily apparent that a new
type of ceramic insvlative material which can be readily

" appiied as-a coating to various surfaces such as, for ex-
~ample, the base plate of a rocket launch vehicle has been

c“cvcmped "[his insulating material consisting of fibrous
potassium titanate block containing high-silica fibers and
colloidal silica sol, to which asbestos fibers have been
added for greater strength and shrink resistance, is unique
in that it does not require a high curing temperature but
dries at 82° C. to form a stable low density insulative
material (4650 pounds/cubic foot) having a hard, dense
outer protective layer and a relatively light inner portion.
This insulative coating van withstand extremely high fre-
quency vibration havin: intensities in excess of 70 g’s
without deteriorating, aad the addition of moisture to the
coaling enhances its effectiveness as an insulator without
appreciably increasing its susceptibility to sbock. The
absolute spectral reflectance of the matericl lies between
BO-90 percent in the 0.40-1.90 micron wave Jength
range, and its spectral emissivity is between 0. 60-0.66 at
321° K. (578° R.) in the 5~13 micron wave length range.
The addition of a coating to the insulating matenal which
can readxly be removed, for protecting the optical prop-
erties of the material vreatly reduces or eliminates the
handling problems normally associated with insulative
coatings using the principle of diffvsed reflectance for
locking infrared radiation.

The invention may be embodied in other specific forms
without departing from the spirit or essential character~
istics thereof. The present embodiment is therefore to
be considered in all respects as illustrative asd not
vestrictive, the scope of the invention being indicated by
the appended claims rather than by the foregoing deserip-
tion, and all changes which come within the means and
range of equivalency of the claims are lhercfore intended
to be embraced therein.

What is claimed and desired to be s»cured by United
States Letiers Patent is: . )

1. An unfired-ceramic flame-resistant composition -
capable of being applied to the surface of an article and
of forming thereon a bard permanent coating which is
stable at temperatures incident to its normal vse and
further characterized by its ability to reflect substantially
all of the heat 1mpendm~ on the surface thereof, said
composition being in the form of a mixture consisting
essentially of potassium titanate to which has been added
a bonding agent of inorganic sol and a shrinkage reducing’
additive selected from the group consisting of asbestos
fibers, glass fibers, and mixtures thereof.

2. An unfired-ceramic flame-resistant composition
capable of being applied to the surface of an ariicle and
of forming thereon a hard permanent coating which is -
stable at temperatures incident io its normszl use and
further. choracterized by refleciing substantially all of the
Heat stziking the surface thereof from an external source,
said composition being in the form of a mixture cousist-
ing of fibrops potassium titanate to which has beep added
an :.sbestos shrinkage reducing additive and 2 bonding
agent consisting of a colloidal silica spl. .

3. Aa unfired-ceramic flame-resistant composition
capable of being applied to the surface of an article and"
of forming thereon a hard permancnt insulative coating

which is stable at temperatures incident to its normal use

and further charzcterized by reflecting substantially all of
the heat siriking the surface thercef said. compositica
being in the form of on intimate mixture consisting of
tlock type fibrors potassium titanate having a deasity of
from 17 o 19 pounds per cubic foot to which has been
added a long fiber asbesios shrinkzge reducing additive -

‘and a bording agent consisting of a fuid rixtwre of

agueous colleidal silica sol.



4. An uvnfired-ceramic  flame-resistant  composition
according to claim 3 whercin the individual strands of

said block type fibrous polassium titanate have an average.

diameter of between 1 and 2 microns, .

5. An unfired-ceramic.  flame-resistant  composition
according 1o claim 4 whercin a high-silica shrinkage
reducing fiber is intermixed with said block type potas-
sinm titanate. - ' ‘ X

6. An unfired-ceramic flame-resistant composition
according (o claim & wherein said long fber asbestos is
carded and cut inio lengihs of approximately one-half
inch prior to being added to said composition.

7. An unfired-ceramic flame-resistant composition
according to claim 6 wherein szid bonding agent consists
of a mixture of 30 percent by weight of solids of silicon
dioxide dispersed in water. ’

8. An unfired-ceramic flame-resistant composition
capable of being applizd'1o the surface of an article and
of forming thereon a hard permanent coating which is
stable at termiperatures incident {o its normal use and fur-
ther characterized by its ability to reflect substantially
all of the heat striking the surface thereof, said composi-
tion vomprising from 20 to 60 percent by weight ky block
potassiam titanate to which has been added from 1 to 20
percent by weight of a fiber asbestos shrinkage reducing
additive and from 30 to 60 percent by weight of silica
obtained from a colloidal silica sol. _

2. An unfired-ceramic flame-resistant - composition
capable of being applied to the surface of an article and
of forming thereon a hard permanent ceating having a
viriance in grzdient therethrough and further charatter-
ized by its ability to reflect substantially ail of ‘the heat
striking the surface thersof, said composition consisting
of 90 perts by weight of a mixture of block potassiuma

. titanate and 10 percent by weight of high-silica fibers 1o
which has been added 10 parts by weight of a fiber
asbestos shrinkage reducing additive and 420 parts by
weight cf an aqueous colloidal silica sol honding agent.

10. Aua article of manufacture comprising a base struc-
ture having thereon a coating of an vafired-ceramic Same-
Tesistant composition which is stable at temperateres to
which the article is normally- subjected and which is fur-
ther characterized by its ability fo refiéct substantially all
of the heat striking the surface thereof, said composition
being in the form of an intimate mixture consisting essen-
tially of petas.ium titapate to which has been added an
inorganic sol bonding agent and a shrinkage reducing
additive selected from the group including ashestos fibers,
glass fibers, and mixtures thereof, :

11. Aux atticle of manufacture comprising a basé struc-
ture having thereon an insulative ccating of an unfired-
ceramic flame-resistant composition which is :able at
temperatures to which the ariiele is normally subjected
and which is further characterized by its ability to reflect
substantiaily all of the heat striking the surface theréof,
said composition. being in the form of an intimate mixture
consisting of block type fibrous potassium titanate to
which has been added a Sber asbestos shrinkage reducing
additive and an agueous colloidal sifica sol bonding agent.

12. Agq article of manufacture comprising a base struc-
ture having thereon an insulative coating of an unfired-
ceramic flame-resistant composition which is stable at
temperatures to which the article is normally subjected
and which Is further characterized by its high absolute
spectral refiectance in' the 0.40-1.90 micron wave length
Tange, said compesition beéing In the form of an intimate
mixture consisting of from 20 to 60 percent by weight
of biock potassium titanate having an average diameter
of between 1 2nd 2 microns to which has been added
from 1 to 20 percent by weight of a fiber asbestos shrink-
age reducing additive and from 30 to 60 pertent by weight
&f silica cbtained from a colloidal silica sol

13. In combination, a base plate, means formed on at

least one surface of said base plate for receiving and
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applied cver said bolding means for protecting said base
plite from a0 external source of radiant emcrgy, said
insulative coating consisting of 90 parts by weight of a
mixture of block potas:ium titanate and 10 percent by
weight of high-silica fibcrs to which has been added 10
parts by weight of a fiber asbestos shrinkage reducivg
additive and 420 parts by weight of an agueous colloival
silica sol bonding agent. .

14. In combination, a base plate for a rocket launch
vehicle having secured to one surface thereof an expanded
metal overlay, an insulative coating applied over said
metal overlay for protecting said surface from an external
source of radiant energy, said-insulative coating consisting
of 90 parts by weight of a mixture of block potassium
titanate and 10 percent by weight of high-silica fibers to
which has been added 10 paris by weight of a fiber
ashestos shrinkage reducing additive and 420 paris by
weight of an agueous colloidal silica sol bonding agent,
and 2 removable protective coaling applied over said
insulative coating for protecting the .optical properties of
said insulative coating until said insulative coating is
placed into use, v

15. The rombination of c¢laim 14 whercin said remov-
able protective coating is a nitroce!lnlose material adapted
to be removed from. said base plate by bhurning when
said plate is exposed to an external scurce of radiant
energy. : :

16. The combination of claim 15 wherein an oxidizer -
is added to szid nitrocellulcse material to increase the

‘speed with which said coating is burned from said base

plate when said plate is exposed to an external source of
radiant epergy. :

17. The combination of clzim 16 wherein a coloring
agent is added to said nitrocellulose. material for jncreas-
ing the heat absorptivity of said material thereby increas-
ing the rate at which said material burns when exposed -
to an external source of radiant energy.

18. The combination of claim 14 wherein said inspla-
tive coating is saturated with a non-inflammable liquid
having & iow boiling peint for enhancing the insulating
properties of said coating,

19. The method of insulating an article which com-
prises, mixing an agqueous coloidal silica so! bonding
agent with a reflectance filler comprising fibrops potas-
sium titanate and asbestos, coating the resultani mix over
said article, and drying the ceating for removing the free
water present in said bonding agent thereby produciog a
silica’ gel which binds the particles of said result mix
into a unitary coated surface, -

20. The method of insulating the base plate of a rocket
launch vehicle which comprises, securing an expanded
metal overlay to the outer surface of said base plate for
receiving and holding au insulative coating, applying an
insulative coating 1o said metal overicy thereby covering

-said surface of said base plate, said insulative coating.

comprising a mix of 90 parts by weight of block fibrous
potassium titanate containing 10 percent by weight of
high-silica fibers 'to which has been added 10 parts by
weight of a fibrous asbestos shrinkage reducing additive
and 420 parts by weight of an agueons colloidal silica
sol bonding agent, drying said insulative coating thereby
removing the free water in said bonding agent so that
said silica adheres to said Bbrous materisls 2nd binds
said materials into 2 sclid stable insulative coating, and
coating the outer surface of said insulative coating with
#n inflammable material of the type that will burn away
wiien said outer surface is exposed to a source of radiant
encrgy, said coating being adapted to protect the optical
properties of said insvlative coating during handling.
21. The method of producing an insulative cuating
which -comprises, placing 90 parts by weight of ofgani-
cally clean black fibrous potassium titanate having 2
density of between 17 and 19 pouads per cubic foot znd
containing 10 percent by weight of a high-silica fiver into
a mixing bowl, adding to ssid mixing bowl 10 parts by
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weight of a fibrous asbestos which has been cut xnm
lengths of apprchxmitcly one-half inch, blending the
materials in said mixing bowl into a uniform mixture,
adding te said inixture 420 parts by weight of collioidal
silica sel bonding agent consisting of 30 percent by
‘weight solids of silica dioxide dispersed in water, blend-
ing the materials in said mixing bowl until said materials
have a uniform consistency, removing said materials from
said mixing bowl and applying said materials to an article
tc be insulated, and drying said materials so that the free
water in said bonding agent is removed thereby producing
a silica gel which adheres 1o said fibrous material and
binds said materials into an unfired-ceramic flame-resist-
ant insulative coating.

22. The method of claim 21 wherein said unfired- ,.

ceramic flame-resistant insulative waiifzg is- soaked in
water 10 saturate szid coating thereby ifriproving its in-
sulative properties against mmperamres above the boiling
point of water,
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