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o {ﬂﬂngt'lf,’]fs()?’}’b it Tl CORCEFTV:

Be it known that I, KRISTIAN BIRKELAND, &
subjsct of the King of Sweden and Norway,
cesidine at Christiania, Norway, have invent-

od cortain new and useful Improvements 1n.

Apparatus for Klectrically Treating (ases;
and 1 do hereby declare the £ollowing to be a
full, clear, and exact deseription of theinven-
tion, such as will enable others skilled in the
vt to which it appertains to make and use the
snme, reference being had to the accompa-
nying drawings, and to letters of “reference
marked thereon, which torm a part of this
specification. . B

Wiy invention relates to a means for pro-
ducing electrical aresof the largest possible
surface and o the utilization of such arcs for
the purpose of chemical reactions In gases or
ows mixvures. 1
oafions in this field that chemical reactions
on ases, such as vapors, may he produced 1n
oy industrially-profitable way it the area of
contact between the gases and the arc.is made
sulficientiy great per time anit. For this rea-
gopn my invention nvolves as one of 1ts fea-
inresthe meansforthe production of such ares
of sufficlent urea. -

My invention also comprises the means for
causing such arc to act upon.such fluids and
such other features,
of parts, as will be hﬁereinafter set forth,
out 1n the clatms. =

Tn the drawings accom panying this specifi-
cabion, Figure 1 is a diagramn, drawn in the
form of a perspective view, illustrating the
wvethod.  Fig. 1% is a view of a

and

of electrodes used to form the arcs. Figs. 2,
3, 4, and 5 illustrate a number of forms of

ihe eloctrodes and arrangeinents used in con-
seetion therewith. Fig. © is an elevation,
aad Fig. 7 a plan view, of a special arrange-
wrent of the electrodes.  Kig. 8 is a vertical
cvoss-section, and Fig. 9 a horizontal section,
of an apparatus for oxidizing gases. Fig. 8"
'« a front elevation of the tubular housing 1n
which the gases are treated..—Kig. 10 is a ver-
sical sectiom and K ig. 11°a horizontal section,

14

of anothier form of apparatus embodying my
inyventlon. | |

have found in my investi- volts—to let the poles of

on the under

means. and combinations

special form

with each other.

An apparatus embodying my invention,

broadly considered, comprises means for caus-
ing the arc to be tormed within a powerful

‘magnetic field, as illustrated in the diagram

Fic. 1. Inthisfigure, Mrepresentsan electro-
magnet. (one pole of which is broken away,)

and C C' electrodes which are situated in the
fold between the two poles of the magnet M

and transversely to the fluxor lines of force of
said magnet M.~ Under certain conditions by
such an arrangement when 2 current 1s sent
through the electrodes ¢ (Y an arc will be
tormed of the shape indicated by the dotted
lines A, the arc being in
at right angles to the lines of force of the
magnetic field. 1o
eound it advantageous in- case of currents
of high voltage—for instance, ten thousand
electrodes C C' have
o distance from each other of a few millime-
ters. ~ If direct currents are ased, there will,
without any mechanical'int_’e,rruption of the

_current., ordinarily-be formed in succession 2
very great number of such arcs, (up to several

hundreds per second.) If alternating cur-

rents are used, there will be two systems ot
such arcs, one-half of the arcs being formed
side of the conductors and one-
half on the top side. 1t is found
to provide the olectrodes at the ends of the
conductors with strips of platinum B, fixed
to the point of each electrode and forming an
angle with the electrode, as indicated in Fig.
1%, where these strips are shown to be ar-
ranged in the manner of arrow-heads. If a
current of less voltage is made use of—say,
for instance, a direct or alternating current

of six hundred volts or less—1 have found it

desirable to arrange the electrodes C C' in
such way that their noles are 1n rapid succes-
sion caused to intermittently approach and
then to recede from oach other a short or
greater distance-—say, for Instance, part of
a millimeter or more. I prefer to cause them

to approach sufficiently
By such arrangement arcs
deseribed with reference to

similar to _
will be thrown

those
Fig. 1 will be tormed and

violently upward or downward.

the shape of a disk

obtain this result, I have

preierable

to come 1nto contact
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The arrangement of the electrodes for tlle
. purpuse of giving the required Vlbl’aEOI‘V

‘movement to one or both for the purpose of
the above -described intermittent rapid ap-.
5 proach and recession of the points of the elec-
trodes may be in different ways, and I have,
- for the sake of tllustration, shown in the draw-

ings a number of arr antrement% Wthh may be

made use of..
IO

“shown touch each other at the points.

~ment. . The same result may be obtained by

an arrangement -as shown in Kig. 3, where,
instead of the two stops F and F', a single.
15 p]twed between the points.of the
This stop is. made of con-
(-.}ut,i;l.ng.nmterml.fjm-d 1s placed at an angle to

- stop F”
20 electrodes K L.

the electrodes, as indicated.  When an alter-

~nating current of suitable strength is passed
through the vibratory spring-electrodes at-

25 one time, the spring - electrode I will be
~ thrown upward and at another time the

- spring-clectrode E" will be thrown downward. -

- This 1s due to the fact that when the positive
- wave of the current 1s passing through both
30 electrodes the magnetic field interacts with
- said- poaitivo wave

~only this electrode moves, the other remain-
"When the

35 Ing qtatlonarv agammst 1ts  stop.
negative wave passes through the electrodes,
the tendency of the interaction between the

current and field is to give both electrodes a

movement inthedirection opposite to 'th(,pl 100
40 one, and since only the other ele .rode 1s free
to move 1n this duu,Llon it will e moved hy
the interaction of current and field, while the
- first- mentioned electrode will be stationary.

‘A cireuit-breaker system of such simplicity

45 can only be used when the intensitiesare com-
 paratively great  for imstance, over twenty
amperes per current breaker “and it is desir-
©able in this case, for the sake of safety, to im-

“part to the elec trodes o periodical llmllml fon-
| :;,C oitudinal movement in order to m*evont the

]H)u-.»-.:lz-llltv,f of welding together or union of-

the contact-pieces, inow hich case current in-
terraptions could, of course, not take place.

-Tf low intensities are used, this way of inter-

55 ruption is only available when the current. is

causcd to pass through a few windings---for

instance, as indic: ated in I . 4, where W W’
indicate the windings, each 1n series with its
~respective dlectrode KIS, whO% movements
'- -60 are limited by the stop F”
ranging. the windings tr mhver*-,o vibrations
might, of course, also be imparted to the elec-
trodes as well as un oscillatory movement
| with respect to the longitudinal axis of the
Oz electrodes, if this is desired.

In Fig. 2 the vibratory e]ectl 0{19% consist, Gi‘ |
- two springs E E', which when in the position
A
~stop F below the spring E serves to .l.l_.mlt. s
- downward movement, and a stop F' ahove
.15 thespring E serves to limit its upward move-

-_ e and tends to move both
- electrodes .in one direc tmn' but as only one

electrode is free to move in a given direction |
! and drawn into the spiral so as to break or

‘weaken the current, whereupon the electrode

By suitably ar-

The contact-

775,123

‘points between the electrodes should be lo-
‘cated 1n thiscase on an arm [)IOJGCUHFF out

cuit-breaker above referred to, other means

from the axis.

Instead of autbm'atlcallv operating the cir-

‘may be ucsed to produce short contact inter-
| ruptlon% in rapid succession. One means may .
consist in large tuning-forks, each. opprated-

| ternately.

example, 1n Fio,

prime

1n thie usual way by means of a small electro-
By
connecting one branch of the fork with one

magnet.combined with a circuit-breaker.

.7 O

75

of the electrodes the latter will, when the fork -

is caused to vibrate, be moved in rapid &lter-
nation to and from the other electrode, so as
to make and break contact with the same al-
- The rapid motions of the elec- -
trodes to and from each other may also and
“very conveniently be m'odncod by means of &
‘small motor with eccentric gear.
vibrating movement in the longitudinal di-
rection may also he produced bv providing

the electrodes with - extensions (iron rods)

A %prmﬂ' Z' may serve: to bring
shown, for example, in Fig: 10. On a cur-

is returned to contact with the other electrode
by the action of the spring. This means of

‘interruption may be used both for direct cur-
rent and for alterndtmﬂ' current.

means would be to cause the disk-shaped arcs
to be formed within a cylinder, the contact
between the electrodes being produced by
rotation. One system of electrodes might,

for instance, be fixed on the inside of the
¢ylinder and a ¢ responding system of elec-

trodes adapted.to revolve about the axis of
the evhinder, so as to make contacts in rapid
suceession. It would be suitable in this case
to dispose the magnetic field In an annn-
lar form around the eylinder-axis by means
of -current-coils. In this instance the disk-
shaped ares will form planes parallel to the
axis-of the evlinder. A furtherarrangement

would be to cause an annular system of elec-
trodes to rotate between the poles of an elec-

tromagnet perpendicularly upon the -line
through the centers of both pole planes,asitlus-
trated in Figs. 6 and. 7. In these figures I,
represents n shaft which bvw-,mtablt, means
may be put in rotation—as, for example, by
a puliey driven by a belt from any suaitable
mover or souree of power. (Not

shown.) It carries radial arms G, which are

ele(,trlcal conductm s or elec LI‘O(]{*% and termi-
nate in contact-springs H.- 1 represents sta-

- a

A suitable

Another

80

‘reaching out of the magnetic field and adapt-
ed to be drawn into a spiral coil through
‘which the main current passes, as shown, for.
5, in which E K’ are the
electrodes, the former being attached to a
core ¢, of electromaﬂnetic nmterlal |
| movable within a coil 2 in series with said.
| electrode,
| the electrodes in contaet with each other, as

GO N

whteh 1s

rent impulse said iron rod will be attracted

100

105

ITO

1X5

120

12§

136G



75,123

tlenm \Y electrodes termmatmtr in Slmllal‘ con- |
tact-springs K.  When the sheft T rotates, -
the two sets of chntact-springs will: elternetely

close and brealk the circuit. This system of

circuit-breakers is disposed between the pole-
pieces of the electromaonet M, as indicated in
Fig. 7. For currents of rather high voltage
it 1s not necessary that the contact-pieces of

“the electrode should during the revolution

10

15

an interruption of the > currents.

rent of very high voltage is used, the elec-
trodesystem G need not even Ievolve but may

bodily touch each.other. Itisonly necessary
that the distances be so short as not to cause
When a cur-

be stetlena,rv at some distance from the elec-

trodes 1.

20

In Flgs 8 and 9 I have shown, in vertical
and in horizontal section, reepeetlvelv.. one

~form of apparatus for carrying out my inven-
“tion for the purpose of oxidizing the nitro-

gen contained in air, said apparatus com-

','prlsmg besides the means for dilating or

spreading the electric are, means for brmgmg

the ﬂmd to be acted on into contact with such

25 4re in the form of a current of such fluid
~ which is carried into contact and past said arec.

s
. ranged the means for supplying the fluid to

In these figures, M represents an annular elec-
tromagnet. Instea,d of an electromagnet a
battery of steel magnets may be used Be-
tween the poles of “the electronfagnet is ar-

be acted on in the form of a tubular housing

35

-0), which is divided into a series of Vertlcel
'chennels P by partitions R, which alternately

extend to the top and the hottom plate and al-

‘ternately leave a space open between their ends

and said plates, so that a zigzag channel is

formed, through whichair is peseed (See Fig.

38™.) The housing and the partitions within
the same should wholly or partly be made of
insulating and fireproof material.

- pairs of electrodes or circuit-breakers of the

- kind above referred to—for instance, such as
described with reference to Fig. 1" or Fig.
- 9. If using electrodes of the latter kind or

“other electrodes with an intermittent motion

and when an alternating current of suitable

 strength is passed in parallel through all the

50

eircuit-breakers, (in front of « hwh suitable in-

ductive resistances are inse: ! in the circuit, )

" 1t will cause at one tlme ) dewnwerd move-

55

6o

ment >f one of the electrodes and another time
an upward movement of the other electrode

so that frequent though very short contact
~ interruptions will be produced.

Now the pe-
culiar phenomenon above referred to will be
noted that even though the contacts are only
a fraction of a millimeter apart the arcs will
at once be thrown violently downward or up-

. ward and the space filled up with disk-shaped

arcs. 'The base-points of the cutermost. arcs

:J will extend along the platinum wires B, Fig.
8, toward their eeds, and 1t depends upon the
osellletm} Veleelw of the circult - breeker

_55

Within |

‘each of said eha,nnels P are placed one or more

upon the power of the ma;:znetle field, and upon
the current intensity how far the ares will ex-
tend before a new contact is made and the
previous arcs are extinguished. When a cur-
rent of very high Voltege is used, the current
may be sent partlv or wholly in series through
the whole set of circuit-breakers. If a direct

8

70

current is used, only one electrode remains at

rest, and it is preferable in this case not to
ldce the latter in the middle of the magnetic
ﬁeld The air may be passed either dnectlv

‘in parallel through all the flat channels or in
series through the same, &s shown in Fig. 8%
- f the drawmwe the air passing in this case

upwardly past the first are, downwardly past

| the second, upwardly past the third, and so
on.

In thle way the same quantity of air will
eke contact with a great number of arcs.
It it is desired to brmo‘ the gases into contact
with a still greater number of arcs, a plural-
ity of such arc systems having each their sepa-
rate electromagnet may be errenu‘ed at suit-
able intervals from each other and in vertical
or horizontal rows.

In Figs. 10.and 11 isshowna modiftied form
of apparatus for oxidizing gases in which the

‘electrodes are vibratory in a horizontal direc-
tion, being pressed yieldingly toward each

75

g0

90

ether by any suitable means, such as the

Springs 7', and drawn outward against the
springs by the interaction between. the cur-

rent in the coils W* and the respective cores

¢, which are secured to the ends of the elec-

‘trodes E* B,

The remaining elements ot construction are
like those shewn and described in connectmn
with Hig. 9. -

Whet I claim, and desire to secure by Let-
ters Patent of the United States, 1s—

1.” The combination, with means for produc-
ing a magnetic field, of means for producing

an electl ic arc in seld field, and means for

passing a current of gas into contaet with and
past sald electric arc.

. The combination, with means for predue-
mg a magnetic field, of electrodes located in
said ﬁeld means for supplying eleetrlelty to

95

100

105

IIO

said eleetredes, and means for passing a cur-

rent of gas past said electrodes.
. The combination, with means for produe-

115

ing a magnetic field, of a pair of vibratory. .
electrodes mounted in said field and arranged .

to produce an arc between their termmele

., ' means for supplying a current to sald e]ec-
| trodes, and means for supplying to said elec-
| trodes a gas to be acted upon by said arec..

" 4. Thec combination, with means for produc-

gmﬂ‘ 2 magnetic field, of a pair of electrodes
mounted in said ﬁeld means for supplying a
;C‘urrent to said eleetrodee, and. means for im-

rting a motion to one or both of said elec-

_"Lf‘l odes so as to cause a rapid and intermittent
'pﬁ.ppreeeh and recession of the points of said

é}ieetﬁ' odes.

i 5. The combination, with means for nroduc-

120

125

130
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ing a magnetic field, of a pair of electrodes
mounted:in said field, means for supplying a
current to said electrodes, and means for im-
parting a rapid-vibratory motion to one or
both of said electrodes so as to cause the poir.ts

of said electrodes .to come' into contact with

each other. .
6. Thecombination, w1th means for produc-

ing a magnetle field, of a pair of electrodes

mounted in said field, one at least being vibra-
tory, and means for supplymﬂ' a gas to said

electrodes.

7. The eombmatlon, with means for produc-
ing a magnetic field, of a plurality of pairs of
electrodes mounted in-- sald field, each pair be-

Ing arranged to produce an arc, means for sup--

" plying current to said electrodes and means

20

25

for passmg a current of gas past sald arcs in

series. . .
8. The combmatmn, w1th means for produc-

ing a magnetlc field, of a pair of electrodes
mounted in said field, means for vibrating said
electrodes and means for supplymg a current
to said electrodes.. |

9. The combination, with means for prod uc- |

ing a powerful magnetic field, of a pair of elec-
trodes mounted in said field, means for vibrat-

775,128

N

ing sald electrodes, means for supplying 2

high-voltage current -to said electrodes and

means for eupph Ing to sald electrodes a gas.

to be dcted upon. -
10. The combination, with means fer pro-

| ducing a magnetic field, of means for produc-
Inganarctransversely te the flux of said mag-

netic field, and means tor supplymg a gas to
sald arc.

11. The combination, w1t]1 means for pw-'

ducing a magnetic field, of a pair of electrodes
ar Ianﬂ‘ed transversely to the flux of said mag-
netic held means for supplying current to
sald electrodes and means for supplying a gas
to be acted upon by said electrodes.

12. The combination, with means for pro-

ducing a magnetic field,of vibratory electrodes
located in said field, means for supplying al-

| ternating current to said electrodes, and means

for supplying a gas to be aeted upon by sald
electrodes. -

30
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In witness Whereef 1 have hereunto set my .

hand in presence of two witnesses.

KRISTIAN BlRKhLAND

Witne,sses
- Hexry BORDEWIGH,
- JOH. VAALER. o

ry
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