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To all whom it may concermn:
- Be it known that I, DivymrrT Ross Love-
JOY, a citizen of the Unlted States, residing

at Vlaﬂara Falls, in the county of Nmﬂ'ara |
| by a series of inductances 7, inserted in the

- circuit, only one of which is indicated and.

and State of New 1’ ork, haveinvented certam

new and useful Improvements in Methods of

the followmw IS & specl

O

o we

Effecting the Combination of Gases, of which
cation.

The prosent invention is an improvement
on the process described in United States
Letters Patent of CharlesS. Bradley and my-
If, serially numbered 709,868, dated Sep-

te: 'nber 30, 1902, in which OdeS of nitrogen
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are formed by direct synthesis from the oxy-
gen and nitrogen of the air by subjecting a
current of air to the action of electric arcs.

I have found that the yield of nitric oxids s |

greatly increased with a given expenditure of
electrical energy if the atmosphemc a1r 1S en-
riched by the addition of pure oxygen and
that further efficiency is given by the addi-
tion of a small percentaﬂ'e of pure hydrogen
to the ordinary mixture as found in atmos-
pheric air or to mixtures in other proportions
as formed by the addition of oxygen to air.
My present invention therefore consists,

first, in the process of making compounas
'contammﬂ' nitrogen by 51,1b]ae,013111':r to the ac-
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tion of the electric arc nitrogen mixed with
a larger porportion of oxygen than that
found in the atmosphere, and, second,in modi-
fying the process by adding hvdrocren to said
mixture or to the mixture of nitrogen and
oxygen asfound in air. Ihavefoundit con-
venlent to carry out the procéss in an appa-
ratus such as described in the application Tor
United States Letters Patent made by me
May 29, 1902, Serial No. 109,443, with cer-
tain a,ddltlons adaptmﬂ' it to the present
Process.

In the accompanying drawings, Figurel
illustrates in vertical section and partly n
diagram the general comp onent parts of such

an appc...mtus and Fig. 2 shows the curve of

variation in the amount of power consumed |

for a given yield for different gaseous mix-
tures, ranging irfom twenty per cent. to
nmet}f per cent. of oxygen.

The process 1s carried out in an apparatus
such as illustrated in Fig. 1, in which 1 is a
closed chamber h&VlHO‘ ranﬂ*ed around 1its

- walls a series of contacts 2 into sparking prox-
imity with which a series of movable contacts

b,

~which are fully described :

3 are carried by a shaft 4, driven by a motor
The current for the contacts is supphec
by a suitable high-potential generator 6, and
its effect 1s regulated at the several contacts

in the said applica-

tion Serial No. 109,443. The air and the

| nitric compound w hich has been formed are

led into the chamber by pipes 8 and led from
the chamber by the pipes 9 to any suitable
apparatus for separating out the nitric com-
pound, and the uncombined air may be re-
turned to the chamber 1 for further treat-
ment.

The details of the construction of the mech-

anism and the general features of the process

are not more fu]ly described herein, reference
being made to the said prevlmls apphcatmns
for same.

To increase the yield of nitric oxids with a
eiven expenditure of electrical energy, I en-
rich the atmospheric air at or before The time
of treating 1t with the electric arc—as, for ex-
ample, by leading in at the pipe 9 a Supply of
pure oxygen. I have found that the maxi-
mum beneficial result 1s obtained when
enough oxygen 1s added to bring the percent-

~age of oxygen in the mixture up to approxi-

mately fifty per cent.—that is to say, equal
volumes of oxygen and nitrogen. 'The varia-
tion in the amount of power consumed for a
given yield for different gaseous mixtures of
oxygen and nitrogen, ranging from twenty
per cent. to ninety per cent. of omm'en
1s shown by the annexed curve, Kig. 2, 1n
which the ordinates represent the per centaﬂ'e
of oxygen by volume in the mixture of the
cases and the abscissa represent the percent-
age of electrical energy required for a given

yield of HNO,. From this 1t will be seen
that the minimum amount of power 1s con-
sumed when the mixture 1s one of approu—
mately equal volume.

The following data are given as an exam-
ple 1llustratmg my invention. When the
gases are in the proportion as found in air
and with an energy of seventy-five watts per
arc, a voltage of fifteen thousand volts, and
with 3.75 cubic feet of air per arc per houl a
yield 1s obtained of 5.8 grams HNO, per arc
per hour. When the air is enriched with oxy-

| gen so that the proportlon of oxXygen pres-
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ent 18 fifty pef cent., and with seventy-five

- watts per arc, a voltage of fifteen thousand
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~ pure hydrogen.

volts, and 3.75 cubic feet of the oxygen mix-
ture per arc per hour, a yield 1s obtaimed
of 7.26 grams HNO; per arc per hour, thus
showing a large gain i1n yield when the air is
enriched with oxygen. The reactions occur-
ring are the same as occur when the gases are

1n the proportion as found in air, except that

more oxygen and nifrogen are oonvelted

The probable reactions are:

N-+O-+electrical energy=NO
NO+0O=NO:

QNO—I“ O :-NEOS,

giving a yield of NO,-+N,O, 1n varying pro-
portions, according
perature, rate of draft, &c. -

The efficiency of the process may also be
increased by adding a small percentage of
This may be led 1n also by
the pipe 10 -and may be added either to the

also

~ordinary mixture as found In atmospheric
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air or to a mixture substantially as just above
described, in which the proportion of oxygen

is increased over that found in atmospheric
air. The percentage of
oreatest efficiency 1s less than ten per cent. of
the whole volume. The mixture of nitrogen
and oxygen or nitrogen, oxygen, and hydro-
oen 1s led 1nto the chamber 1 and there sub-
Jected to the action of the electric arcand led
away for the separation of the nitric com-
pound 1n the manner described 1 1. the afore-
sald prior applbcations.

In the present process where the uncom-
bined gas is led back for re-treatment it will
be observed that it 1s only necessary to add
the atmospherle alr and oxygen or oxygen
and hydrogen in suflictient proportions to sup-
ply the loss occasioned by the removal of the
combined gases. In such a system the com-
bined and uncombmed coases will be drawn
or forced from pipes 8 to the separating appa-
ratus, wherein the combined gases are re-
moved and the uncombined oases are then
led back through pipes 9 to the chamber
1, only enough oxygen or air, oxygen, and
hyc]rogen bemg added to1t by pipe to supply
deiiciency caused by the combination of a
part of the gases. In this way great sav-
ing 1s effected, for a comparatively small
amount of the oases are combined at each
passage through the chamber, and if the
mixed gas were thrown away after a single
treatment there would be a considerable
waste of the oxygen and hydrogen which has
been especially prepared for addition to the
air. |

Having thus described my mventlon, what
I claim as new therein, and desire to secure
by Letters Patent, 1s—

1. The process of forming nitrogen com-
pounds, Whl(}h consists 1n producl o an elec-

1O clrcumstances tem—_1

hydrogen giving the

pounds,

829,874

tric arc, attenuating said arc, and introduc-
Ing air enriched with oxyoen into the pres-
ence of said arc,substantially as deserlbed
2. The process of forming nitrogen com-
pounds which consists'in producinﬂ an elec-
tric arc, elongating said arc, and introducing
intothe presence of said are air having the pro-
portion ol oxygen present increased above
the normal.
The process of forming nitrogen com-

pounds which consists in producmw an elec-

tric arc, elongating said arc, and mtroducing
into the presence “of said are a mixture of
cases containing nitrogen and oxygen In
which the pmportmﬂ of oxygen exceeds at-
mospheric proportions.

4. The process of effecting the combina-
tion of gases to form oxids of nitrogen and

their Gompounds consisting 1n mixing nitro-

gen and oxygen In substa,ﬂtlally equal vol-
umes and subjecting the mixture to the ac-
tion of the electric arc. -
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5. The process of effecting the combina-~

tion of gases to form oxids of nitrogen and
their Gompounds consisting 1n a,ddmﬂ' hy-
drogen to a mixture of oxygen and 111tr00'en

and subjecting the resulting mm:ture to the

action of the electric arc.

6. The process of effecting the combina-
tion of gases to form oxids of nitrogen and
their compounds, consisting m addmﬂ* hy-
drogen to a mixture of oxygen and mtrorren
in such proportion as to form a mixture con-
taining less than ten per cent. of hydl ogen and
subjecting this mixture to.the action of the
electric arc.

7. The herein-described proc ess of forming -

nitrogen compounds, which consists m mix-
ing oxygen with air until the total amount o!
oxygen 1n the mixture is substantially equal
to that of the nitrogen and subjecting said
mixture to the action of the electric arc.

8. The herein-described process of forming
nitrogen compounds, which consists in add-
g to a given quantity of air-a proportion of
OXygen suﬁiclent to bring the total quantity
of oxygen 1n the mixture to an amount sub-
stantially equal to that of the nitrogen pres-
ent, subjecting said mixture to the action of

pounds formed, adding a proportion of oxy-
ogen to the uncombined cases suflicient to re-
store the relative pr oportlons of oxygen and
nitrogen to substantially equal amounts and
resubjecting said uncombined gases and oxy-
ogen to the action of the electric arc. -

9. The process of forming nitrogen com-
which consists 1m simultaneously
producing a pl
taneously elongating said arcs, and introduc-
ing into the presence o of sald arcs a mixture of
gases containing nitrogen and oxygen, In

which the proportlon of oxygen 1is substan-
tially equal to that of the nitrogen.
10. The process of forming nltrogen cOmM-

the electric arc, absorbing the nitrogen com-

urality of electric arcs, simul-
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pounds, which consists i adding hydrogen
to a gaseous mixture containing oxygen and
nitrogen, introducing said mixture into the
presence of electric arcs while elongating
said arcs.

11. The process of forming nitrogen com-
pounds, which consists in adding hydrogen
to a gaseous mixture containing oxygen and
nitrogen in substantially equal volumes, m-
troducing said mixture into the presence ot
electric arcs while elongating said arcs.

12. The process of forming nitrogen com-
pounds, which consists in adding hydrogen
to a gaseous mixture containing oxygen and
nitrogen until the proportion of hydrogen 1s
less than ten per cent. of the whole volume,
introduéing said mixture into the presence of
electric arcs while elongating said ares.

!

13. The process of forming nitrogen com-
pounds, which consists in successively and
rapidly forming, elongating and mterrupting
an electric arc, and introducing into said arc
a mixture of oxygen and nitrogen in which
the oxygen is present in greater than atmos-
pheric proportion.

14. The process of forming nitrogen com-
pounds, which consists in successively and
rapidly forming, elongating and mterrupting
an electric are, and introducing into said are
a mixture of hydrogen, oxygen and nitrogen
in which the hydrogen and oxygen are present
in greater than atmospheric proportion.

DIMMITT ROSS LOVIEJOY.

Witnesses:

Harry K. KN1GHT,
CHARLES S. BrapL:
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