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CT OF I ~ C ~ ~ ~ ~ ~  
A novel heat-treated clay composition produced by 

heating an impurity-containing aluminum silicate clay 
having the following general compositions: 

Wt. percent 
SiOz _____________________________________ 42-46 
A1203 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36-40 
Fez03 ___________________________________ 1.0-0.1 
MgO ____________________________________ <2.0 
TiOa ____________________________________ 0.201.8 
CamO, Na@, K20 (combined) _______________- < L O  
in the form of a thin layer at  a tempekature of from 
about 1175" C. to about 1375" C.; and the ultraviolet light 
stable paint composition containing said heat-treated clay 
together with an alkali metal silicate. 

ORIGIN O F  THE TNVENTION 
The invention described herein was made in the per- 

formance of work under a NASA contract and is subject 
to the provisions of Section 305 of the National Aero- 
nautics and Space Act of 1958, Public Law 85-568 (72 
Stat. 435; 42 U.S.C. 2457. 

This invention relates to a novel white paint, partic- 
ularly suitable for use on space capsules and to its 
method of preparation, said paint being characterized by 
a low solar absorptance and stability to ultraviolet light. 

The space capsules which are presently orbited around 
the earth and proposed for use in interplanetary travel are 
subjected to intense solar radiation while in space. The 
radiation impinging on the capsule surface, if not con- 
trolled, can render the interior of the capsule unsuitable 
for astronauts or even for many forms of instrumentation. 
Therefore, it is essential that the heat ribsorbed by the 
capsule in the form of solar radiation be regulated in 
order that the interior temperature of the capsule be con- 
trolled. 

Hertofare, it has been proposed to control the extent of 
solar absorption of the capsule by means of surface coat- 
ings having known absorptance and emittance character- 
istics. For example, areas of black and white have been 
painted on the capsule surface to give a desired overall 
absorptance and emittance. The white paints previously 
used for this purpose are composed of ceramic materials, 
such as clay and/or titanium oxide, in admixture with 
an organic binder. By admixture of dark pigments, these 
paints can be formulated to provide any initial degree of 
absorptance desired. However, these paints have been 
found to gradually change color, generally to a light 
brown or grey, upon prolonged exposure to the intense 
ultraviolet radiation encountered in space. When this 
color change occurs, the overall absorptance character- 
istics of the capsule surface are often drastically altered. 

According to the present invention, is has now been 
found that certain clays, when heat treated in the manner 
hereinafter fully described, will in admixture with alkali 
metal silicates form a white paint particularly well suited 
for the coating of the exterior of space capsules. It has 
been found that the absorption of these new paints is 
altered to a far less degree than previously used paints, 
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even after prolonged exposure to ultraviolet light. The 
emittance is not changed under the same conditions. By 
the use of these paints it is possible to select any desired 
overall absorptance characteristic for the capsule. This 
characteristic will be maintained over the useful life of the 
capsule. 

It is an object of this invention to provide a novel white 
paint composition. 

It is another object of this invention to provide a white 
paint composition which retains its color under conditions 
of prolonged exposure tu ultraviolet light. 

Still another object of this invention is the provision 
of a white paint composition of essentially constant ab- 
sorptance and emittance characteristics. 

Yet another object of this invention is the provision 
of a novel heat treated clay composition and a method 
for the preparation of the same. 

These and ofher objects of this invention will be ap- 
parent to those skilled in the art from the more detailed 
description which follows. 

The novel white paint composition of this invention 
comprises an aqueous solution of from about four to 
about five parts by weight of a specially heat-treated 
aluminum silicate clay per one part of an alkali metal 
silicate, such as sodium silicate, lithium silicate or, pref- 
erably, potassium silicate. 

The clay used has the following composition prior to 
heat treatment: 

Wt. percent 
30 Si02 _____________________________________ 42-46 

Fe203 ___________________________________ 1.0-0.1 
MgO _ _ - _ - _ _ _ _ _ _ _ _ _ _ - - - _ - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - ~ ~  <2.0 
TiOz ____________________________________  0.2-0.8 

<1.0 
The foregoing analyses are based on the results ob- 

tained when the clay is first heated at about 100" C. for 
several hours to remove surface water and then analyzed 

4o for the various elements by standard quantitative pro- 
cedures, the results being expressed in terms of the oxides 
in the conventional manner. 

The clay is also characterized in that upon ignition at 
about 1000" C. for about 60 minutes, the material under- 

45 goes a weight loss of about 12-16%. 
The untreated clay for use in this invention generally 

has a mole ratio of SiOz/Alz03 of about two, and also 
contains small trace amounts of other metals including 
manganese, vanadium and copper. 

The heat treatment of the clay involves maintaining 
the finely divided clay having initial composition within 
the above ranges in a thin layer less than about one inch 
in thickness, at a temperature of from about 1175" C. to 
about 1375" C. For optimum results, the heating is car- 

55 ried out for about 0.5 to about 10 hours in an oxygen- 
containing atmosphere. 

I am not certain which impurities are detrimental to 
the ultraviolet stability of the resultant paint. However, in 
the clay heat treating process of this invention I have 

60 found that temperatures substantially below about 1175" 
C. were insufficient to burn off certain impurities which 
have a deleterious effect upon ultraviolet stability. On 
the other hand, if the temperature is increased consid- 
erably beyond 1375" C., certain normally innocuous re- 

65 tained impurities then tend to flux, thereby generating 
$materials having an undesirable effect upon ultraviolet 
stability. 

The heat treatment process is conveniently carried out 
in an oven, preferably containing an oxidizing atmos- 

70 phere such as air or oxygen. The air or oxygen serves to 
burn away the undesirable impurities dispersed through- 
out the untreated clay. The clay to be treated should be 

A 1 2 0 3  ____________________________________ 36-40 

35 CaO, NazO, KzO (combined) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

50 
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first spread out in the oven to any desired degree of thin- 
ness, but in any event the clay layer should not contain 
any areas thicker than about one inch. If the clay layer 
is thicker than about one inch, the impurities in the cen- 
ter of the layer do not have sufficient contact with the 
oxvaen to be burned awav. The minimum thickness of 

The absorptance ( w )  is defined as the ratio of energy 
absorbed by a body to the total energy incident on the 
body, the energy being in the form of radiation of from 
3,000 A. to about 40,000 A. 

The emittance (e) is defined as the ratio of energy 
emitted bv a bodv to the emitted enerav of a theoretic 

thd ;lay layer is limited oniy by the oven area. Within the 
prescribed limits it is usually most expedient to make the 
clay layer as thick as possible in order to increase the 
effective capacity of the oven. 

The heat-treated clay is usually then finely milled and 
mixed with water. The clay-water mixture is then com- 
bined with an aqueous sol'ution of the alkali metal silicate 
to form an aqueous paint composition containing from 
about four to about five parts of clay per part of alkali 
metal silicate, on a dry weight basis. The amount of 
water in the paint is not critical, but normally is within 
the range from about 20% to 75% based on the total 
weight of mint cornposition. 

black bod; at thesame temperature. Thi- emitted energy, 
of value to space vehicle thermal control is in the range 
15,000 A. to 500,000 A. A more complete theoretical 
discussion of these ratios may be found in "Basic Studies 
on the Use and Control of Solar Energy," by D. K. 
Edwards et al., University of California Report No. 60-93. 

Having fully described this invention, it is intended 
that it be limited only by the lawful scope of the appended 

5 claims. 
I claim: 
I. A heat-treated clay composition produced by heat- 

ing an impurity-containing aluminum silicate clay hav- 
ing the following general composition: 

Wt. percent 
to the surface to be coated, such as the metal surface of SiOz _____________________________________ 42-46 
a space capsule, by spraying or brushing, using conven- A I 2 0 3  ___________________________________ 36-41) 
tional paint applicator equipment. F%03 _______________________-___--___-__ 1.0-0.1 

MgO ____________________________________ <2.0 
vention may take many forms. Therefore, it will be 25 TiOa ____ ,________________________________  0.2-0.8 

CaQ, NazQ, K2Q (combined) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  <1.0 
solely to illustrate the invention and not to limit it. In 
the examples, the parts and the percentages are by weight in the form of a thin layer at a temperature of from about 
unless otherwise indiciated. 1175" C. to about 1375" C. 

. A heat-treated clay composition produced by heat- 
an impurity-containing aluminum silicate clay having EXAMPLE I 

Heat treatment of the clay the following composition: 
Wt. percent 

Si@ _____________________-___________-____ 44.50 A finely divided aluminum silicate clay (sold com- 
mercially under the name Plasmo clay) is dried at 1OW' C. and then analyzed and found to have the folloiwing 35 Ala03 _____________-_______________________ 38.50 

F e a Q  _____________________________________ 0.70 
MgO _____________________________________ 1.28 composition: 

Wt. percent Ti& ______________________________________ 0.42 
SiQz _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _  44.50 CaO ________________________-_____________  0.05 
Ala& _____________________________________ 38.50 40 NazO _____________________________________ 0.47 
Fe203 _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  0.70 KaQ ________________________-_____________  0.11 
NfgO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  1.28 in the form of a thin layer at a temperature of about 

1275" C. TiOz _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  0.42 
CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.05 3. A heat-treated clay composition produced by heat- Na2Q _____________________________-_____-- 0.47 45 ing an impurity-containing aluminum silicate clay having 

the following general composition: Ignition loss _____________________________-- 13.57 Wt. percent 
The clay is spread on the bottom of an oven. The thick- SiO, _____________________________________ 42-46 
ness of the clay layer is about three-quarters of an inch Ala03 ___________________________________ 36-40 
and the oven temperature is maintained at about 1275" c. 50 ~ % o ~  _ _ _ _ _ _  1.0-0.1 
After maintaining the clay at this temperature for about Mgo ____________________________________ <2.0 
sixty minutes, the clay is removed from the oven. Then T i 6  _________  ___________i___ __________ 0.2-0.8 
520 grams of the clay are ball milled with 320 g r a s  of CaO, NaaO, K20 (combined) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  <1.0 
water to form a ceramic slip. This slip is then ready for 
compounding with the alkali metal silicate to f o m  the 55 in the form Of a layer less than about one inch thick at 
paint cornposition. a temperature of from about 1175" C. to about 1375" C. 

for from about 10.5 to about 10 hours in an oxygen-con- 

heat-treated clay composition produced by heat- 
About 840 parts of the slip prepared according to 60 ing an impurity-containing aluminum silicate clay having 

Wt. percent 

?;he resuitant paintcomposition may be readily applied 20 

As the foregoing description indicates, the present in- 

understood that the f o l l h n g  examples are presented 

K90 __________________________________-_-- 0.11 

EXAMPLE I1 
Preparation of the paint composition 

Example I are mixed with 336 parts of an aqueous 35.2% 
solution of potassium silicate of about 4.5 to one on a 

the following composition: 

dry weight basis. After thorough blending, the paint 
is pumped through a conventional paint 

sprayer and onto a metal 

Si02 _______________________-_____-_-_-_-_- 44.50 
A1203 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ______-________-_-___ 3850 

0.70 me resultant coating 65 Fez03 ..................................... 
MgO _____________________________________ 1.28 
Ti02 ______________________________________ 0.42 
GaO ______________________________________ 0.05 
NazQ _____________________________________ 0.47 

in the form of a thin layer about three-quarters of an 
inch thick at a temperature of about 1275" C. for about 
one hour in oxygen-containing atmosphere. 

5. The method for the heat treatment of clay which 

is extremely hard and tenacious. The absorptance ( 0 1 )  of 
the coating is equal to about 0.17 and the infrared emit- 
tance ( E )  is equal to about 0.93. Test coupons of the 
coated part are then subjected to ultraviolet light radia- 70 
tion in vaouum for 100 hours at an ultraviolet intensity 
equal to 10 times that of the sun in space. It is found that 
the absroptmce changes by a minimal amount such as 
.04 unit and the infrared emittance characteristic is not 
altered by the ultraviolet exposure. 

K20 ___-__________-_________-____________- 0.11 
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comprises heating an impurity-containing aluminum sili- 
cate clay having the following general composition: 

Wt. percent 
SiO, _____________________________________ 42-46 
Al2O3 ___________________________________ 36-40 5 
Fez03 ___________________________________ 1.0-0.1 
MgO ____________________________________ <2.0 
TiOz ____________________________________ 0.2-0.8 
CaO, NazO, KzO (combined) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  <1.0 
in the form of a thin layer at a temperature of from 
about 1175" C. to about 1375" C. 

6. The method for the heat treatment of clay which 
comprises heating an impurity-containing aluminum sili- 

Wt. percent 
SiOz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44.50 
Alz03 _____________________________________ 38.50 
Fez03 _____________________________________ 0.70 
MgO _____________________________________ 1.28 2o 
TiO, ______________________________________ 0.42 
CaO ______________________________________ 0.05 
Na& _____________________________________ 0.47 

in the form of a thin layer at a temperature of about 
1275" C. 

'7. The method for the heat treatment of clay which 
comprises heating an impurity-containing aluminum sili- 
cate clay having the following general composition: 

Wt. percent 
S i q  _____________________________________ 42-46 

Fe20s ___________________________________ 1.0-0.1 
MgQ ____________________________________ <2.0 35 
TiO, ____________________________________ 0.2-0.8 
CaO, NazO, KzO (combined) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  <1.0 
in the form of a thin layer less than about one inch thick 
at a temperature of from about 1175" C. to about 1375" 40 
C. for from about 0.5 to about 1Q hours in an oxygen- 
containing atmosphere. 

8. The method for the heat treatment of clay which 
comprises heating an impurity-containing aluminum sili- 
cate clay having the following composition: 

Wt. percent 
siOz ______________________________________ 44.50 
Alz03 _____________________________________ 38.50 
Fe$03 _____________________________________ 0.70 
MgO _____________________________________ 1.28 50 
TiO, ______________________________________ 0.42 
CaO ______________________________________ 0.05 
NaaO _____________________________________ 0.47 

in the form of a thin layer about three-quarters of an 
inch thick at a temperature of about 1275" C. for about 
one hour, in an oxygen-containing atmosphere. 

9. A white ultraviolet light stable paint composition 
consisting essentially of an aqueous solution containing GO 
from about four to about five parts by weight of clay per 
part of an alkali metal silicate on a dry weight basis, said 
clay having been prepared by heating an impurity-con- 
taining aluminum silicate clay having the following gen- 
eral composition: 65 

Wt. percent 
SiO,-------___-_------____----------___--_- 42-46 

Fez03 ___________________________________ 1.00.1 

T i 4  ____________________________________ 0.2-0.8 
CaO, NazO, KzO (combined) ______________- <l.O 
in the form of a thii layer at a temperature of from 
about 1175" 42. to about 1375" C. 

10 

cate clay having the following composition: 15 

KZO 0.11 
25 

30 

AlzO3 ___________________________________ 36-40 

45 

KZO ______________________________________ 0.11 
55 

Al2O3,-_--,_---------,----------__-_----- 36-40 

MgO __--______-^_____-__--------__-_---- <2.0 70 

75 

10. A white ultraviolet ght stable paint composition 
consisting essentially of an aqueous solution containing 
from about four to about five parts by weight of clay per 
part of an alkali metal silicate on a dry weight basis, 
said clay having been prepared by heating an impurity-con- 
taining aluminum silicate clay having the following gen- 
eral composition: 

Wt. percent 
SiO, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42-46 
A1~O3____-_______________---------___---- 316-40 
Fez03 ___________________________________ 1.0-0.1 
MgO ____________________________________ <2.0 
TiO, ____________________________________ 0.2-0.8 
CaO, Na,O, KzO (combined) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  <1.0 
in the form of a thin layer less than about one inch thick 
at a tempeature of from about 1175" C. to about 1375" C. 
for from about 0.5 to about 10 hours in an oxygen-con- 
taining atmosphere. 

11. A white ultraviolet light stable paint composition 
consisting essentially of an aqueous solution containing 
about 4.5 parts by weight of clay per one part by weight 
of potassium silicate on a dry weight basis, said clay having 
been prepared by heating an impurity-containing alumi- 
num silicate clay having the following composition: 

Wt. percent 
SiOz ______________________________________ 44.50 
A1203 _____________________________________ 38.50 
Fez03 _____________________________________ 0.70 
MgO__________________-___________________ 1.28 
TiO, ______________________________________ 0.42 
CaO ______________________________________ 0.05 
NazO _____________________________________ 0.47 

in the form of a thin layer at a temperature of about 

2. A white ultraviolet light stable paint composition 
essentially of an aqueous solution containing 

about 4.5 parts by weight of clay per one part by weight 
of potassium silicate on a dry weight basis, said clay 
having been prepared by heating an impurity-containing 
aluminum silicate clay having the following composition: 

Wt. percent 
Si02 ______________________________________ 44.50 
A1203 _____________________________________ 38.50 
Fez03 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ ~ ~  0.70 
MgO______-_________-___________-_________ 1.28 
TiO, ______________________________________ 0.42 
CaO ______________________________________ 0.05 
NaaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.47 

in the form of a thin layer about three-quarters of an 
inch thick at a temperature of about 1275" C. for about 
one hour in an oxygen-containing atmosphere. 
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