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[57] ABSTRACT

A method of exchanging rare-isotopeoxygen for com-

mon-isotope oxygen in the top severallayersof an ox-

ide-containingcatalyst is disclosed.A sample of an

oxide-containingcatalystisexposed to a flowing stream

of reducing gas inan inertcarriergas ata temperature

suitableforthe removal of the reactivecommon-isotope

oxygen atoms from the surfacelayer or layers of the

catalystwithout damaging the catalyststructure.The

reduction temperature must be higher than any at

which the catalystwillsubsequentlyoperate.Sufficient
reducing gas isused to allow removal of allof the reac-

tivecommon-isotope oxygen atoms in the top several
layers of the catalyst.The catalystis then reoxidized

with the desiredrare-isotopeoxygen in sufficientquan-

tityto replace all of the common-isotope oxygen that
was removed.

15 Claims, No Drawings



ISOTOPE EXCHANGE IN OXIDE-CONTAINING
CATALYST

This application is a continuation of application Ser. 5

No. 874,304, filed June 12, 1986 abandoned.

ORIGIN OF THE INVENTION

The invention described herein was made jointly in
the performance of work under NASA Contr--act Nos. 10
L-79510B and L-83135B with Chemicon and NASA

Contract NAS1-17993 with Old Dominion Research

Foundation and employees of the U.S. Government. In
accordance with 35 USC 202, the contractors have
elected not to retain title. 15

BACKGROUND OF THE INVENTION

This invention relates generally to the process of

isotope exchange and in particular to the oxygen iso-
tope exchange on an oxide-containing catalyst, 20

New approaches for extending the life of lasers used
in space applications are under investigation. One as-

pect of the rapid progress in this area is that new tech-

niques for long lifetime space applications of high pulse-

energy, common and rare isotope, closed-cycle CO2 25
lasers are being studied. The high-energy pulsed CO2

laser must be operated closed-cycle to conserve gas,

especially if rare isotope gases are used. Rare-isotope
gases, such as C_sO2, are used for improved transmis-

sion of the laser beam i,_ the atmospher e. 30
The electrons in electric-discharge CO2 lasers cause

dissociation of some CO2 into O2 and CO and attach

themselves to electronegative molecules such as O2,

forming negative 02- ions, as well as larger negative

ion clusters by collisions with CO or other molecules.
For closed-cycle, sealed CO2 laser operation, the con-

centration of negative ions/clusters may become suffi-
ciently high to form discharge instabilities which may

ultimately disrupt the CO2 laser operation. The de-
crease in CO2 concentration due to dissociation into CO

and 02 will reduce the average repetitively pulsed or
continuous wave (CW) laser power, even if no disrup-

tive negative ion instabilities occur. In order to maintain

laser power, i.e., maintain CO2 concentration and re-

duce negative ion formation, the recombination rates of
CO and 02 must be increased, or the dissociation re-

duced. In essence, there are two techniques to accom-

plish these goals. One involves modification of the
CO2:N2:He laser mixture to increase the recombination

and modification of the electric discharge behavior to
reduce the dissociation. The other involves CO--O2

recombination, catalyzed by solid-state catalysts with

sufficiently high recombination rates at temperatures
which are not excessive and which may be attained by

heating from the laser medium or other means of using

the dissipative non-lasing power.

The catalysts which function well at such lower tem-

peratures, generally obtain oxides which can participate
somewhat in the recombination process. Participation is
through oxidation of the dissociation product, CO, by

the catalyst, and concurrent reoxidation of the catalyst

oxide by the other dissociation product, O2. These two

steps permit a reactive oxide catalyst to function as a

true catalyst which maintains its structure during the
catalytic recombination process. Thus, the interaction

of the catalyst oxides with the dissociation products CO

and 02 o,.ccurs, in part, through reaction of the oxygen
in the catalyst with CO, forming CO2, and replenish-
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merit of the oxygen lost from the catalyst with the disso-

ciation product O2. Recalling that laser operation using
a rare isotope such as CtsO2 provides improved atmo-

spheric transmission, it would therefore be desirable to

provide a catalyst capable of catalyzing CO--O2 re-
combination involving a rare oxygen isotope without

any introduction of common-isotope oxygen from the

catalyst into the gas molecules.
The first technique, that is, modification of the

CO2:N2:He lasei'- rri|xt-u-re-fo increase recombination,

involves additions of CO to the laser gas. However, the
second technique is more advantageous in that solid

catalysts can provide higher CO/O2 recombination

rates than gas additions with resulting lower average

power reduction and higher efficiency of closed-cycle,
repetitively pulsed or CW lasers. Higher operating tem-

perature (>200* C.) catalysts such as Pt or Pd alone or
on some non-interactive substrate, such as A1203, have

been frequently used to achieve high recombination

rates. The purpose of substrates is to increase the cata-
lyst surface area and offer support. However, the neces-

sity for external heating to high temperatures reduces

the total system efficiency for space based operation,

and is also undesirable for other contemplated applica-

tions. To conserve energy, the catalyst must be active at
or below 100" C., the temperature inside the laser enve-

lope. Neither technique currently known in the prior art

will provide for such operation at long lifetimes.
Accordingly, it is an object of the present invention

to develop a catalyst that will provide for the recombi-
nation process using a rare oxygen isotope such as _sO

within a closed-cycle, CO2 laser without loss of isotopic

integrity in the laser gas.
It is a further object of the present invention to de-

35 velop a catalyst that will provide active recombination
within the closed-cycle, CO2 laser without any addi-

tional heating of the catalyst.
A still further object of the present invention is to

provide a catalyst that will provide for active recombi-

40 nation over a long period of time.
Other objects and advantages of the present invention

will be readily apparent from the following description

of a preferred embodiment of the present invention.

45 SUMMARY OF THE INVENTION

A sample of an oxide-containing catalyst is exposed

to a flowing stream of reducing gas in an inert carrier
gas at a temperature suitable for the removal of the

common oxygen isotope from the surface layer or lay-

50 ers of the catalyst without damaging the catalyst struc-
ture. The reduction temperature must be higher than

any at which the catalyst will subsequently operate.

Sufficient reducing gas is used to allow the removal of
all of the reactive common oxygen isotope in the top

55 several layers of the catalyst. The catalyst is then reoxi-

dized with the desired rare oxygen isotope in sufficient

quantity to replace all of the common oxygen isotope
that was removed.

60 DETAILED DESCRIPTION OF THE
INVENTION

"Fife high-energy pulsed CO2 laser must be operated

closed-cycle to conserve gas, especially if rare isotope
gases are used. Such rare isotope gases as CIsO2 are

65 used for improved transmission of the laser beam in the

atmosphere. However, closed-cycle operation results in

a rapid power loss caused by the dissociation of CO2
into CO and 02 in the electrical discharge of the laser.
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To maintain laser power, the CO and 02 must be re'com-
bined to form CO2, because an 02 concentration of

more than few tenths of a percent will cause rapid dete-

rioration in the power ending in unstable operation.
A method for combining CO and 02 is to use a solid

catalyst. To conserve energy, the catalyst must be ac-

tive at or below 100" C., the temperature inside the laser

envelope. The term "catalyst" as used herein, refers to
an oxide-containing catalyst whether or not it contains

a metallic component. Recent studies have shown that a
platinum on tin oxide (Pt/SnO2) catalyst is active at or

below 100" C. However, reactions of ClgO and t802
with Pt/Sn1602 have resulted in the formation of some

Cl_t80 at temperatures from 25* to 100" C. To main-
tain isotopic integrity of the C1gO2 in the laser gas mix-

ture, the. reactive sites on the catalyst must also contain

180 atoms. This can be achieved by preparing the entire

oxide support with reagents containing only tso atoms.
However, building a catalyst in this manner is very

expensive. A less costly technique involves removing
t60 common-isotope oxygen atoms from active catalyst

sites and replacing them with tsO rare-isotope oxygen

atoms. This latter method is the one described in this

invention. The purpose of the invention is to modify the
surface layer or layers of an oxide-containing catalyst,

such that its reactive oxygen atoms will be the desired

rare-isotope, such as 180, and thus the product gas,

CO2, will contain only the desired isotope of oxygen.
An oxide-containing catalyst of this type will be capable

of maintaining the isotopic integrity of rare-isotope

oxygen atoms in the entire closed system of the CO2
laser.

It is to be understood that the following method is set

forth to provide an enabling disclosure of the prepara-

tion of a particular oxide-containing catalyst. However,
it is to be further understood that the method described

is not limited to the particular oxide-containing catalyst.

Indeed, the method described will work effectively on

any oxide-containing catalyst. Several alternative em-
bodiments will be so noted throughout the description.

A sample of the oxide-containing catalyst, Pt/SnO2,

to be treated is exposed to a flowing stream of reducing

gas, such as H2. The reducing gas should be reactive
with the common-isotope oxygen atoms that are desired

to be removed from the surface layer or layers of the

catalyst. Furthermore, the reducing gas should be
chosen so that the gas produced during the removal

process can be monitored. In order to control the re-
moval process, the reducing gas, H2, is contained in an

inert carrier gas, such as neon, Ne. The carrier gas

should be inert with respect to the reducing gas and the
surface of the catalyst. Ne may be suitably replaced by

Helium, He, or any of the other Group VIII gases. The

concentration of the reducing gas in the inert carrier gas

is dependent upon such factors as the desired speed of
the removal reaction, the cost of the reducing and car-

tier gases and safety.
The flowing stream of H2 in Ne is maintained at a

temperature in the range of 250"--450" C., preferably

300*-325* C. The advantages of performing the re-

moval reaction at a higher temperature is that the reac-
tion takes place faster. However, this benefit must be

carefully weighed against the disadvantage of loss of

integrity of the surface area of the catalyst at a higher
temperature. An alternative to heating the gas before

exposure would be to just heat the catalyst in an oven to

the desired temperature before exposing it to the gas. Of
course, both the gas and the catalyst may be heated.

The temperature chosen should be suitable for reduc-
tion of the reactive SnO2 substrate oxygen to occur

without damaging the catalyst structure. In addition,

the reduction temperature must be higher than any at

5 which the catalyst will subsequently be operated. The

importance of this requirement is two'fold. First, in
operation, the catalytic conversion in the laser occurs

on the surface'of the catalyst due to its relatively low

operating temperature. Second, because the subsequent

10 operating temperature of the catalyst will be lower than
during the method of the present invention, diffusion of

common-isotope oxygen atoms from the bulk of the
catalyst during the catalytic conversion is minimized.

Thus, only the surface layer or layers of the catalyst

15 need be prepared with the rare lsO isotope.
Sufficient H2 is used to allow the removal of all com-

mon-isotope oxygen atoms in the top several layers of
the Pt/SnO2 catalyst. Note that only a fraction of such

common-isotope oxygen atoms may actually be reac-

20 tire enough to be removed at the conditions ufed. The
oxygen removal may be easily monitored by the mea-

surement of the I-I2t60 formation with a mass spectrom-
eter. When H2160 formation stops or fails off sharply,

all Of the reactive c0mmon'isotope oxygen atoms have

25 been removed from the top several layers. Thus, the

reaction need not be controlled by time.

The SnO2 substrate surface is now ready to be reoxi-
dized with the desired rare oxygen isotope 1_O. The

rare oxygen isotope might also be 170. As in the re-

30 moval reaction, the sample of the Pt/SnO2 catalyst is

exposed to the 180 in a flowing stream of rare-isotope
oxygen gas, 1802, within an inert carrier gas, such as Ne

or any of the other Group VIII gases. The inert carrier

gas should be inert with respect to both the rare-isotope

35 oxygen and the substrate surface. Concentration of the
rare-isotope oxygen in the carrier gas is dependent upon

such factors as the desired speed of the reoxidation of

the catalyst, the cost of the rare-isotope oxygen, and

safety. The temperature of the flowing stream of the
4o rare-isotope oxygen within the inert carrier gas should

be sufficiently high to ensure that complete reoxidation

of the catalyst occurs, As before, an alternative to heat-

ing the rare-isotope oxygen within the inert carrier gas
would be to just heat the catalyst in an oven while

45 exposing it to the rare-isotope oxygen in the inert car-
der gas. Of course, both the rare-isotope oxygen within

the inert carrier gas and the catalyst may be heated.
Sufficient IgO2 is used to allow the reoxidation process

to occur in the top several layers of the Pt/SnO2 cata-

50 lyst where the common-isotope oxygen atoms were
removed.

Once the reoxidation is complete, the catalyst is

cooled in a gas that is inert with respect to the surface of

the catalyst such as Ne or one of the other Group VIII

55 gases. The catalyst is cooled to a temperature at or
below its operating temperature. In this case the

Pt/SnO2 catalyst was cooled to 100" C.

Alternate forms of the invention include replacing
160 atoms in the Pt/SnO2 catalyst on a high surface-

60 area to weight ratio, relatively-inert substrate, such as

I0 micrometer diameter porous silica spheres. The
spheres are very uniform in size and have a Brunauer-

Emmett-Teller (B.E.T.) surface area of about 250 m2/g

(B.E.T. is a method of measuring surface area by nitro-
65 gen absorption). The Pt/SnO2 catalyst can be prepared

on these spheres to a few mono-layers thickness. The

process of the invention can then be applied to the

coated spheres. Furthermore, while the process has
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been described for a Pt on SnO2 substrate, the process
will work effectively for any oxide-containing catalyst,
with or without a metallic component, that has ex-

changeable oxygen atoms.
The advantages of the present invention are numer-

ous. Common-isotope oxide catalysts or catalyst sub-

strates may be conveniently modified for use with rare-
isotope gases with minimal isotope scrambling. Further-
more, since only reactive oxygen atoms at or near the

catalyst surface are replaced with rare-isotope oxygen,
• the cost is considerably less than if the entire oxide had

to be made up of rare-isotope oxygen.
Thus, although the invention has been described rela-

tive to specific embodiments thereof, it is not so limited
and numerous variations and modifications thereof will
be readily apparent to those skilled in the art in the light
of the above teachings. It is therefore to be understood

that within the scope of the appended claims, the inven-

tion may be practiced otherwise than as specifically
described.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. A process for modifying an existing oxide-contain-
ing catalyst for use in recombining carbon monoxide
molecules with diatomic oxygen molecules to form
carbon dioxide, wherein said carbon monoxide mole-

cules contain a rare isotope of oxygen which is identical

to a rare isotope of oxygen which is contained in said

diatomic oxygen molewules, and wherein there is no

exchange of said rare isotope of oxygen with a common

isotope of oxygen found in the surface of said 6xide-

containing catalyst, which process comprises:

providing an oxide-containing catalyst having reac-
tive common isotope oxygen atoms on the surface

layers thereof;

removing such reactive common isotope oxygen
atoms from the surface layers of the catalyst; and

reoxidizing the surface layers of the catalyst with rare
isotope oxygen atoms, wherein each of the rare
isotope oxygen atoms is a member selected from
the group consisting of ITO and 180 isotopes.

2. A method according to claim I wherein said step of
removing reactive common-isotope oxygen atoms from
the surface layers of the catalyst comprises:

elevating the temperature of the surface layers of the

catalyst from a starting temperature below 100" C.

to a temperature in the range 250"-450" C.; and

exposing the catalyst to a reactive reducing gas to
remove the reactive common-isotope oxygen
atoms.

3. A method according to claim 2 wherein said step of
5 exposing the catalyst comprises:

passing a stream of the reactive reducing gas over the

catalyst to remove the reactive common-isotope

oxygen atoms,
4. A method according to claim 3 wherein the reduc-

10 ing gas is H2.
$. A method according to claim 4 wherein the reac-

tive reducing gas is mixed with a carrier gas.

6. A method according to claim $ wherein the carrier

gas is inert with respect to the reducing gas and the
15 catalyst.

7. A method according to claim 6 wherein the cata-

lyst is platinum on tin-oxide.
8. A method according to claim 7 wherein the tem-

perature for removing the reactive common-isotope

20 oxygen atoms is in the range of 250"-450" C.
9. A method according to claim 8 wherein the carrier

gas is an inert gas selected from the group consisting of
the noble gases.

10. A method according to claim 9 wherein said step

25 of reoxidizing comprises:
exposing the catalyst to the rare-isotope oxygen

whereby the rare-isotope oxygen replaces the re-
moved common-isotope oxygen, wherein the rare-

isotope oxygen is selected from the group consist-

3O ing of 170 and _sO isotopes; and
cooling the reoxidized catalyst.

11. A method according to claim 10 wherein said step

of exposing the catalyst comprises:

passing a stream of the rare-isotope oxygen gas over
35 the catalyst to replace the removed common-

isotope oxygen.
12. A method according to claim 11 wherein the

rare-isotope oxygen is mixed with a carrier gas.
13. A method according to claim 12 wherein the

4O carrier gas is inert with respect to the rare-isotope oxy-

gen gas and the catalyst.
14. A method according to claim 13 wherein the

carrier gas is an inert gas selected from the group con-

sisting of the noble gases.
45 15. A method according to claim 8 wherein the tem-

perature for removing the reactive common-isotope

oxygen atoms is in the range of 300"-325" C.
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