Patented Nov. 1, 1949

2,486,955

UNITED STATES PATENT OFFICE

2,486,955
PRODUCING THIN FILM OF METAL OXIDE

Katheryn E. Langwill, New York, N. Y., assignoer
to the United States of America as represented
by the United States Atomic Energy Commis-

sion

No Drawing. Application November 12, 1943,
Serial No. 510,080

1 Claim,

1

This invention relates to an improved method
of forming a metal oxide coating on a support-
ing base and more particularly to an improved
method of forming, a uniformly thin, adherent
coating of uranium oxide on a polished metal sur-
face. The method of the present invention is
particularly well adapted for use in forming on
a metal support a layer or coating of an oxide
of a radioactive element of such a character that
it may be advantageously employed in analytical
procedures of the type referred to below. How-
ever, it will be apparent as the deseription pro-
ceeds that the method may also be used in form-
ing thin layers of other metal oxides for other
purposes as well.

Analytical techniques and procedures for de-
termining the relative proportions of different
isotopes of an element present in particular
samples of the element have recently become in-
creasingly important. Where it is desired to de-
termine the proportions of different isotopes
present in a radioactive element, an analysis may
be made by measuring the intensity of the radia-
tion given off by the element. In the case of
uranium, for example, the proportion of the U2%
isotope present in a mixture of U2#, U2 and
U238 may be determined within a certain range
of proportions by counting in a suitable count-
ing apparatus the number of alpha particles
emitted from s given weight of the material in
a unit length of time and comparing this alpha
particle count with that of a standard sample
under the same conditions.

Tt has been found that the desired accuracy in
counting the emission of alpha particles or other-
wise determining the intensity of radiation may
be best obtained by forming on a suitable sup-
port such as a metal disc a thin adherent layer
of a compound of the radioactive element such
as, for example, an oxide of the element. In
order to obtain the desired accuracy in making
such a count of alpha particles, it is necessary
. that the quantity of radioactive element or com-
pound used as a sample be accurately determined,
that the sample be spread out in a thin layer or
film on a supporting base, and that the film be
uniform in thickness, within relatively narrow
tolerances, and firmly adherent to the support.

The problem of preparing such a film is a
difficult one.
firmly adherent, parts of the layer will tend to
flake off and be removed when the disc is
handled or while it is in the counting device, thus
introducing errors into the analytical results ob-
tained, It is not ordinarily possible to use many
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of the various well-known binder materials which
may frequently be used to improve the bonding
characteristics of a metal oxide deposit because
the metal compound forming the film must be
pure and free from foreign matter in order to
obtain the desired accurate analysis. :

Since alpha particles emitted by the inner
layers of the oxide film will be absorbed by the
outer layers of the film in accordance with a
definite relationship between particle energy and
fitm thickness, it is desirable that the oxide film
be relatively thin to minimize errors introduced
by this absorption phencmenon. It is also de-
sirable that the oxide layer be thin enough to re-
duce the rate at which alpha particles are emitted
from a unit area of the film to the point at which
the emission of individual particles may be ade-
quately differentiated by existing types of count-
ing apparatus.

The accuracy of the count made depends to
some extent on the number of particles counted,
that is, if a relatively large number of individual
particles are counted, the probable error in the
count is less than in cases where a small number
of particles are counted. The oxide film should
be thick enough so that a large number of in-
dividual particles, say half a million, may be
counted within a reasonable time, say two hours.
1t is also desirable that the film be thick enough
so that the total weight of oxide may be easily
determined with satisfactory precision., More-
over, the oxide layer should be of uniform depth
over the surface of the support, otherwise, un-
equal absorption of the alpha particles from the
lower layer of the film will introduce an error
into the analysis. Desirably the layer should
adhere firmly to the -supporting base and its
thickness should not vary more than 5% over its
entire area.

It is an object of the present invention to pro-
vide a method of forming on a supporting base
an adherent, uniform, relatively thin layer of a
metal oxide.

It is a further object of the invention to pro-
vide & methed of forming on a smooth metal sur-
face g relatively thin coating of a compound of
a radioactive metal which is of uniform thickness
within close limits, ,

Tt is still another object of the invention to
provide a method of forming on a metal support
a coating of a compound of & radioactive metal
which may be used in a particle counting device
to give an accurate count of the alpha, beta, or
gamma radiation emitted from a unit quantity
of the element,
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Other objects of the invention will be in part
obvious and will in part appear hereinafter.

The objects of the present invention may be
attained in general by preparing a solution of a
suitable metal salt in a volatile solvent, spray-
ing the solution on a metal base having a smooth,
polished surface, and subsequently heating the
coating to a temperature sufficient to volatilize
the solvent and convert the metal salt into an
oxide of the metal.
simplicity, the method of the present invention

will be described as applied to the formation of-

a uranium oxide layer on a polished platinum
surface, although, as will be later pointed out,
the method may equally well be applied to the
formation of other types of metal oxide films
on other supporting hases.

In accordance with a preferred embodiment
of the present invention, a solution is prepared
by dissolving a small quantity of a uranium
salt, such as the chloride, in amy! acetate, spray-
ing the solution on a polished platinum dise,
and then heating the coating to a temperature
sufficient to volatilize the amyl acetate and con-
vert the uranium chloride into a uranium oxide.
A binder such as “Zapon Aquanite A” lacquer is
preferably added to the solution to assist in
formation of a suitable coating of metal salt
on the disc. Binders of this character are sub-
stantially completely removed from the coating
at temperatures at which the conversion of the
uranium salt to the oxide occurs. “Zapon” is
the trade name of a solution of cellulose nitrate
in amyl acetate manufactured by the Atlas
Powder Company.

The method of application of the solution to
the metal base is an important feature of the
present invention. It has been found that a
much more nearly uniform layer of the metal
salt may be obtained when the solution is sprayed
on the disc than when it is applied by other
methods such as dipping or brushing. The spray-
ing device used in applying the solution to the
disc should be of a type that will finely atomize
the solution. It has been found that an artist’s
air brush may be advantageously used in obtain-
ing the desired fineness of atomization.

The coating is preferably built up by alter-
nately spraying the disc with the solution and
heating to convert the metal salt into an oxide,
until an oxide layer of the desired thickness has
been obtained. Satisfactory results with existing
types of counting apparatus have been achieved
by building up a layer containing of the order
of 0.5 millisram of uranium oxide per square
centimeter of the disc. It has been found that
the adherence and coherence of the oxide layer
are affected by the rate at which the oxide layer
is built up. If an attempt is made to spray on
too heavy a film in a single application, the re-
sulting coating tends to peel or flake off. Hence,
it is usually desirable to apply a relatively large
number of thin coats rather than a smaller
number of thicker coats. In practice it has been
found that a satisfactory layer containing 0.5
milligram per square centimeter may be built
up by the application of about 40 to 50 coats of
the solution described in the specific example
given below. The number of coats required to
give a desired thickness and adherence will of
course vary with the type of solvent used, the
type of binder used, the chemical nature of the
salt used, the fineness of atomization of the solu-
tion, and other related factors.

The following specific example is given to illus-
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trate one mode of application of the present
invention: A solution of uranyl chloride (UOzCl2)
in amyl acetate was prepared having a concen-
tration of two millisrams of the chloride per
milliliter of solvent. To this solution 8% by
volume of “Zapon” lacqtier was added. The re-
sulting solution was applied to one surface of a
smooth, highly polished platinum disc about 5
eentimeters in diameter using an artist’s air
brush. The disc was mounted in a vertical po-
sition and the nozzle of the air brush was main-
tained at a distance of about 6 inches from the
dise, the brush being adjusted to give a very
fine spray. With this adjustment the angle of
the spray cone was such that the spray did not
impinge on the entire area of the disc at one
time and the air brush was moved with a rotary
motion to cause the solution fto coat uniformly
over the area of the disc. About 1 milliliter of
solution was passed through the air brush for
a single application, and the air brush was so
adjusted that this quantity of solution was
sprayed in about half @ minute. Only a fraction
of the metal salt sprayed (perhaps one eighth)
was actually deposited on the disc. It was found
that under the conditions deseribed the solution
reaching the disc was sufficiently fluid to coalesce
to form a uniform layer and yet was not so fluid
as to run down over the surface of the dise.

After application of the solution to the disc,
the coating was heated at 600° C. to convert
the urany! chloride into wranium tritaoctoxide
(U30s). After ignition at 600° C. for about one
minute, the surface of the disc was wiped to
remove any loosely adherent material. A second
coating of the solution was then applied to the
dise and the disc again ignited at 600° C. The
coating and ignition were repeated until 40 coats
had been applied and a deposit of about 0.6
milligram per square centimeter had been built
up. The resulting coating was firmly adherent
to the disc and its thickness varied less than 5%
over the entire area of the disc.

It is to be understood that the invention is
not to be limited to the details set forth in the
specific example and that other materials and
conditions may be used in place of those specifi-
cally disclosed above. Thus the coating may
be formed by heating salts of other metals than
uranium to produce an oxide of the metal used,
provided that the salt is of such a character that
it will decompose to form an oxide upon heat-
ing. The supporting metal base need not be
platinum but may be of any metal of the plat-
inum-palladium group or may be gold, or in fact
any metal that will maintain a high polish and
not change weight during ignition. The ignition
temperatures may vary between 500° C. and
1100° C. The supporting base need not be a disc
but may have any desired shape or form.

In place of amyl acetate as the volatile solvent
for the salt solution, any volatile solvent may be
used that is capable of completely dissolving the
salt to give a clear solution, and that will volatilize
without residue, provided that the solvent will dis-
solve at least about 1 milligram of salt per milli-
liter of solvent. When a solvent of higher vola-
tility, such as acetone, Is used, it has been found
that a larger number of coats are required to give
a layer of desired thickness.

In place of the “Zapon,” other binders may be
used, such as cellulose acetate or butyrate dis-
solved in suitable solvents. Resins such as phenol
formaldehyde resins, urea resins, methylmeth-
acrylate resins, or styrene resins can also be used
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with solvents producing clear solutions of reason-
able concentration compatible with the solution
of the salt. 'The binder may comprise from 2 to
209% by volume of the solution with the remainder
being composed of the volatile solvent and the
metal salt. The metal salt preferably comprises
not more than 1% by weight of the solution.

From the above description it should be ap-
parent that the present invention provides an im-

proved method of forming a thin adherent coat~ 1

ing of a metal oxide on a supporting base. Since
many embodiments might be made of the present
invention and since many changes might be made
in the preferred embodiment described above, it is
to be understood that the foregoing description
is to be interpreted as illustrative only and not in
a limiting sense, except as required by the ap-
pended claim.

I claim:

A method of forming a thin, smooth, adherent
uranium oxide coating of substantially uniform
thickness on a polished platinum disc which com-
prises preparing an amyl acetate solution of
uranyl chloride containing about two milligrams
of the chloride per milliliter of amyl acetate and

[S1Y

15

20

6

about 8% by volume of an organic solvent solu-
tion of a binder, spraying said solution in finely
atomized condition onto said disc, heating said
coating to a temperature of about 600° C. to con~
vert said chloride into uranium tritaoctoxide, and
repeating said spraying and heating steps alter-
nately until a coating has been built up contain-
ing approximately half a milligram of uranium
tritaoctoxide per square centimeter of said
coating.
KATHERYN E. LANGWILL.,
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