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Fo all whom 3 may concern:

Be it known that I, Rov Grrerira Joxes,
izen of the United States, and a resident
loomfield, in the county of Essex and

of Mew Jersey, have invented a new
and useful Improvement in Purification of
dnses, of which the following is a specifica-

o

sinvention relates to the purification
s, and more particularly it relates to
ion of moratomic from diatomic
LA, ' .
An object of the invention is the provision
e simple, economical and rapid method
1 separation of rare or monatomic.
from commen or diatomic gases,
Another object of the invention is the pro-
vision of & vrocess for obtaining rare or
noble gases in a very high state of purity.
A further object of this invention is the
provision of & process for controlling ihe de-
gres of purity of monatomic or elastic gases,
QOther objects will be apparent {rém a
reading of the specificztion,
1t is well known that the rave gases, which
exist mostly in the atmosphere, constitute
such & very small percentage of the same
that it is difficult to obtain large quantities
in 2 very pure condition. ¥t is now possible
to obtain the rare gases in 2 comparatively
hig of purity, say abont 98%, by the
Higqueiaction of air and subsequant fractional
It is also
‘rom the
purity of about
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ke S qm
& obtain a

{ » by passing a miviure over
] rbide, Formany purposes,
aowe for use in gas-filled elec-
trical hinrge devices, 16 is necessary fore,
the stecess! aiich of the same thal enly
monstomio gases be used and that 4
practicaily 160% pur

true in an electrical-disch

it is mecessary to opernis

2}

ince the ionization potentials of sos
rare gagses are lower than thoss o
mon gases, i

"The use of pure monatomic gases is also
valuable and necessary when it is desired to
pass an electrical discharge through a gas

-at a potential less than the lonizing potential

of the same; this js due to the fact that con-
duction may take place through s mondtomic:
gas ab the resonance potentis!, which is lower
than the ionization. potential, whereas con-
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low the ionization potential.

Serial Wo. 528,451,

duction does not occur in diatomic gases be-
i Very small
amounts, however, of common gases, when
inter-mixed with the noble gases, raise the
discharge potential greatly and result in ion-
ization when conduction begins. .

A hot-cathode gas-filled rectifier is an ex-
ample of a device which it-is necessary to
operate below the ionization potential of
the gas because, if operated at or above this
potential, positive ions bombard the hot
cathode and destroy it. This would be the
case if a very small percentage of a diatomic
gas were present, since this gas would be ion-
zed. However, by using a. substantially
pure monatomic gas, the discharge can take
place without substantial ionization and,
consequently, without deteriovation of the
cathode. ' » :

For the separation of the monatomic from
the diatomic gases, I employ reagents which
are capable of combining with the diatomic
or common gases and which form therewith

‘reaction products having a -negligibly low

vapor pressure. According to my inven-
tion, the reagent employed tc combine with
the gaseous impurities 15 raised to the high-
est temperature necessary, aud the gas to be
purified is preferably repeatedly circulated
over or through the heated reagent and in
contact therewith. While.it is necessary for

rapid purification to heat the repgent to s

cémparatively high temperature to activate
it, complete purifiestion cannot be obtained
by keeping the reagent at this temperature.
1 bave found, however, that rapid and com-
plete purification may be effected by reduc-

ing the temperalure of the reagent while

continuing the circulation of the gases m
contact therewith. I have found also that
there is a definite. relation between the tem-
perature to which the reagent is cooled while
cireilating the gas and the purity of the
latter, the purity increasing as the tempera-
turs of the reagent decreases. One eause for
this may be that the dissociation of the re-
action products is less at low than at high
temperatures, so that there:is less re-comn-
tamination of the gas at the low temperatura,

The reagent used to purify a monatomie
gas may be any solid which requires heating
above room temperature to activafe it and
which will react -with the impurity to be
eliminated to form solid compounds of low
vapor pressurve at .reduced  temperatures,
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Since it is frequently necessary to eliminate
several impurities from a monatomic gas,
any required number of purifying agents
may be used, either simultanecusly or in
succession, each agent being selected as the
best eliminant of a given impurity. I have
found it convenient, however, to use metals,
such as barium, strontium, magnesium and
calcium, which combine with and fix all the
diatomic gases commonly found in the rare
gases. Calcium is especially valuable in
this way as it reacts rapidly with every gas
having valency, that is, with all gases ex-
cept those of the zero group of the periodic
table, to form solid compounds. For the
purpose of simplicity and illustration,
therefore, discussion of the purifying agent
will be restricted to calcium.

In the separation of nitrogen, for ex-
ample, from a monatomic gas, such as argon,

.. it is found that it is necessary to heat the
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caleium to a temperature in the neighbor-
hood of 700° in order to start the reaction
with nitrogen, but it is also found that the
argon cannot be obtained in its highest
state of purity if repeatedly passed over
calcium at its reaction temperature. The
reason for this is probably due to the fact
that, while the calcium combines with im-
purities at this temperature, the veaction is
reversible, or, in other words, the reaction
produets are partially dissociated at -the
activation temperature so that there is al-
ways present in the gas small amounts of
impurities which ere released by association.
This may be illustrated by the equation:

808,+2N,=2 Oa,N,.

The nature of the reaction between cal-
cium and nitrogen is such that it does not

" proceed completely to the right at high

45

temperatures, the caleium nitride slightly
decompesing which causes 'the reaction to
go to the left. ) )

- When water vapor, for example, as well

"as nitrogen, is to be separated from the
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- . geess while the caleium is slowly cooled, 2
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.monatomic gases, the maintenance of the

celeium at the temperature necessary for
it to combine with the nitrogen is very prob-
ably so high that the reaction products re-
sulting from the combination of calcium
and water vapor sre decomposed. It is
found, howsver, that by circulating the mix-
turs of o monatomic and & common gas re-
peatedly over caleium ot its reaction tem-
peraturs and. ¢ontinuing to civeulate the

very pure monstomic gas is obtained.

I a monatémic ges confaining s definite
emount of a diatomic ges Is dasived,; the
temperature of the calcium can be Lrought
down to the tempersture corresponding to
the degree of purity desired. As an iltus-
tration of ths gene cial action of the grad-
uel cooling of the caleium, the following
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table is submitted shewing the relation of
temperature to purity.

Temperature Arc drop
of furnace. in argon.
700° C. 18.0
600 11.5
500 11.0
400 5.0
300 5.0
250 7.0
185 8.0

35 4.0

The percentage purity of the gas, how-
ever, (argon in this case), is not stated di-
rectly in this iable, but a function of the
purity is shown.
age drop in the arc of a hot-cathode device
in which the discharge passes through a
monatomic gas combined = Wwith small
amounts of impurities. It is found that
the arc drop in such a device is a function
of the purity of the gas through which the

-discharge passes, the. arec drop becoming

less the purer the monatomic gas through
which the discharge passes. For example,
an are drop of 7 volts will indicate a purer
gas than an arve drop of 13 volts measured
under the same conditions of gas pressure,
cathode temperature, distance of the anode

from the cathode, currvent through the de- °

vice, materials of the electrodes, ete.

It will be noted from the table that the
gas becomes purer and lower the tempera-
ture to which the calcium is brought while
passing the gas to be purified continuously
over it. By cooling the calcium below room
temperature, it is possible that such action
may lead to a still further increase in purity,
although it is found that a.monatomic gas,
practically 100% pure, as’ shewn by the
spectroscope, can be obtained by cooling the
calcium tc room temperature.

In practicing this invention, the calcium
is preferably placed in a divided condition

in nickel tubes or boats, which are placed

inside closed steel tubes which, in turn, are
placed in a furnace and heated to the re-
quired temperature. 1t is found that this
method for sepavating the common from
the rare gases enables me to purify a large

"gquantity of gas in a very short period of

time and to effect a complete separation of
the monatomic from the diatomic gases.
Minor medificalions may readily be made

in the process #s whove described to sttain
the same results, but it is to be understood .

that such modifications come within the
scope of this invention, as embraced in th
appended claims.

What is claimed is:

1. The step in the process of separating

a monatomic from o diatoinic gas which con-
sists in graduslly reducing the temperature
of g heated purifying agent.

2. The process of ssparating a monatomic

This function is the volt-
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