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My invention relates broadly to chemicsal syn-
thesis in the gaseous or vapor stage and more par-
ticularly to an electrode arrangement for facili-
" “tating the chemical reaction and producing elec-
tric precipitation of the products of reaction.” -

One. of the objects of my invention is to pro-
vide an electrode arrangement in an electric
discharge system operative in an atmosphere of
reactant gases for producing chemical reaction
therebetween under the influence of an electric
discharge and for removing the product of re-
action with the aid of electric precipitation so
that the remsaining gases may be recirculated
through the discharge.

Another object of my invention is to provide

. electric discharge electrodes operative in an at-
“mosphere of reactant gases for producing chemi-
‘cal reaction therebetween under the influence of
an electric discharge, and electric precipitation
electrodes in the path of the gases from said
discharge electrodes effective to condition the
gaseous products of reaction for removal from the
system.

A further object of my invention is to provide
an arrangement of electric discharge electrodes
in an atmosphere of reactant gases for producing
chemical reaction therebetween under the influ-
ence of an electric discharge and for creating
movement of the gases and the products of re-
action with respect to the discharge electrodes;
and slso o provide electric precipitation elec-
trodes in line with the discharge electrodes for
removing the electric charge from the products
of reaction .

Still another object of my invention is to pro-
vide an arrangement of electric discharge elec-
trodes and electric precipitation electrodes in an
apparatus for chemical synthesis in the gaseous
or vapor stage, with means for circulating re-
actant gases through the electrodes while con-
tinuously removing the products of reaction with

" the aid of electric precipitation.

A still further object of my invention is to
provide an electrode arrangement in an electric
discharge system for chemical synthesis in the
gageous or vapor stage, including a battery of

electric discharge electrodes adapted to create.

s movement of the reactant gases and to pro-
mote the chemical reaction therebetween under
the infiuence -of electric discharge, a group of
discharge and target electrodes connected as a
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by which the vapor products of reaction may be
condensed and removed as liquid from the system.

Other and further objects of my invention re-
side in the system and electrode arrangements.
hereinafter set forth in more detail with refer-
ence to the accompanying drawings, in which:

Figure 1 is a schematic diagram of the ar-
rangement of the various electrodes in & preferred
form of my invention, showing the electrical con-
nections for supplying alternating current to
the electrodes; Fig. 2 is'a diagrammatic sketch
of a discharge chamber for employing dusal
groups of electrodes in the arrangement fllus-
trated in Fig. 1; Fig. 3 is a diagrammatic cross-
sectional view of a number of electric precipita-
tion electrodes provided with cooling means; and
Fig. 4 is a diagrammatic sketch of a modified
form of discharge chamber for employing & single
group of electrodes in the arrangement of Fig. 1.

The use of electric discharges to promote
chemical reaction in the gaseous or vapor state
has its basis in the theory that under jonic bom-
bardment, such as takes place in an électric dis-
charge of the dark or silent type, molecular dis-
sociation results in the reactive gases to an ex-
tent that the forces of chemical reaction may
operate to better advantage. The electric dis-
charge thus has a catalytic effect when produced
in an atmosphere of reactant gases so that the
products of reaction are more easily obtained.
It is known that if such products, when in the
gaseous or vapor stage are permitted to remain
in or to circulate through the electric discharge,
the further bombardment thereof will result in
their being reduced to other, usually undesirable
products. The removal of the products of the
chemical reaction is effected in accordance with
my. invention by electric precipitation, by virtue

" of the charged character of the product of re-
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rectifier for deriving operating potentials from an .

alternating current squrce of power, and a series
of plate electrodes adapted to collect at the sur-
face thereof the products of reaction.

Another object of my invention is to provide

an arrangement of electric precipitation elec-
trodes employed in an electric discharge system
for chemical synthesis in the vapor stage, where-
in the electrodes are provided with cooling means
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action due to the action of the electric discharge;
and the means employed include collactor plate
elements energized at suitable potential and
placed in the path of the gases subsequent to the
action of the electric discharge, so that the charge
borne by the gases is collected thereby and the
neutral products of reaction may be subsequently
and effectively withdrawn from the system by
suitable means.

Referring to the drawings in more detail, Fig.
1 illustrates the electrode arrangement in a pre-
ferred form of my invention employing alternat-
ing current supplied through a transformer, indi-
cated by reference character §. The arrange-

ment may be considered in three divisions as
indicated by brackets to the side of Fig. 1. A di-
vision 2 comprises the discharge portion wherein
the chemical reaction is effected and movement
is imparted to the gases in the direction of the
arrows 8. Next is a rectifier portion § by which
direct current operating potentials for a precipi-




tator portion are derived from the alternating .

current source. And lastly is the precipitator
portion 5 wherein-the gases are neutralized and
the products of the reaction are prepared for re-

moval from the system as will be further ¢on- "

sidered hereinafter.

The discharge portion 2 comprises a first bank -

of electrodes 6 characterized as of a leaky capaci-
tive type, succeeding intermediate banks of elec-
trodes 1, 8, 9 and {0 characterized as of a capaci~
tive type, and a last bank of electrodes If of a
leaky capacitive type. The electrodes {{ function
only as target electrodes so that the region of
the catalytic electric discharge is between the
banks of electrodes 6 and {{, the chemical reac-
- tion being effected therein.

The physical motion imparted to the gases by
the ionic bombardment in the field of the -dis-
charge carries the gases through the electrode
arrangeinent and, in the form of apparatus shown
in Fig. 2, produces circulatory currents for more

complete chemical synthems as the reactant gases

are repeatedly subjected to the catalytic electric
discharge. The portion 2 of the arrangement is
constituted, therefore, as a blower for producing
mass movement of the gases, and in general form
is similar to the arrangement disclosed in a.co=
pending application of Willard H. Bennett, Serial
No. 254,724, filed February 4, 1939, and assigned
to the assignee of this case, for Electric discharge
system wherein the.mass movement of atmos-
Ppheric air is the primary object of the invention.
In the present application of similar structure,
chemical synthesis as well as motion is produced
in the portion 2, and the electrode arrangement
therein is combined in a special manner with the
subsequent rectifier and precipitation portions 4
and 5.

The rectifier portion 4, Fig. 1, comprises a bank
of discharge electrodes {2 characterized as of a
semi-conducting type, a series of rods {4 con-
stituting a control arrangement, and. a -second
series of rods 15 which serve as target electrodes.
The principles of operation of a rectifier of this
type are set forth in detail in my copending ap-
plication Serial -No. 190,308; filed February 12,

1938, for Method and apparatus for rectifying al-'

ternating current, and in a copending application
of Willard H. Bennett, Serial No. 224,217, filed
August 10, 1938, and assigned to the assignee of
this case, for Rectification system. The extent of
the discharge produced at the electrodes (2 is
not sufficient to act on the products of the chem-
ical synthesis in the portion 2 as the energy re-
quirements of the precipitator are very small.
The rectifier portion 4 may be relatively inef-
ficient and still be adequate for the purposes of
the arrangement herein disclosed, namely to sup-
ply static potential to the plates of the precipi-
tator portion 5.

The ionized gases including the products of re-
action, after passing the target electrodes 5 of
the rectifier portion 4, enter passages between
plate -electrodes 16, 11, which are arranged in
line with the direction of movement of the gases.
The plates 16 form a bank electrically bounded
together, and have streamlined metal target
edges 18 projected beyond the edges of plates
(1 against the current of the gases.. Plates 17
are electrically bonded together and are provided
with capacitive target electrodes somewhat with-
drawn between the target edges 18 of the plates
16. " This drrangement preclides the. attraction
of the charges unsymmetrically to the plates i1,
which are positively charged from the rectifier
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target rods 15, as the capacitive targets 19 will,

‘become: charged up:to'a static condition at which
‘the ‘attraction: 16 targets i3 and 19 is ‘equalized.

The gases then will flow evenly between' the plates
16 and 11, and ‘by virtue ‘of -the charges on the
respective plates the ionized gases are attracted
thereto . and molecularly precipitated thereon.
The pressure from the forward portion 2 expells
the neutralized gases from between the plates
whereupon the products of the chemiecal synthe- -

* sis may be removed in any desired manner, as by

15

20

absorption, solution, condensation, or other effec-
tive procedure suited to the product. - The re-
maining quantity of reactive gases may then be
recirculated through the discharge and synthesis
portion 2 of the electrode arrangement.
Referring still to Fig. 1, the electrical connec-
tions therein shown supply the various electrode

banks with suitable operating potentials. One

terminal of the secondary of transformer | is
grounded at, 20, which terminal is also connected

- with electrode banks 17, 9 and ii-in the discharge
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portion 2. Electrode banks 8 and 10 in the dis-’

charge portion are connected directly to the op-
posite terminal of the transformer secondary, but
the first bank 6 is connected thereto through a
condenser 2. The mode of operation .of the ar-
rangement at 2 as thus connected, including in-

- herent rectification functions, is such as to build
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up a D. C. bias between the first and last banks,

‘6.and (1, which appears across condenser 21, and

consequently the potential of the bank 6 swings
with an alternating potential with respect to this
D. C. bias potential difference from ground.  This
mode of operation is more fully detailed in the
copending -application Serial No. 254, 724, of Wil-
lard H. Bennett, supra.

The rectifier portion 4 is connected in series
with the plates 16, 17 across the secondary of
transformer I, with a condenser 22, shunting the
plates 16, 7, and operating to smooth the recti-
fied voltage. The control bank {4 of the recti-
fier 4 is connected with the first bank of dis-
charge electrodes § and maintained by the D. C. -
potential on the electrodes 6 at a suitable bias
potential with respect to the discharge electrodes
12 for regulating the operation of the ‘rectifier;
condenser 21 maintains the bias potential-on the
control bank 14 with respect to the discharge
electrodes 2. )
In Fig. 2, the wall of a reaction chamber is
indicated at 23 with an inlet or inlets for reac-
tive gases suitably arranged as at 24 and con-
trolled - by  shut-off valves as may be desired.
Within the chamber, one or more electrode ar-
rangements shown in Fig. 1 are mounted, and
baffles are provided for circulation of the gases.
The form of my invention illustrated in Fig. 2
includes two such electrode arrangements in the
relative positions indicated at 25 and 26, with
the precipitator portions § and 5’ in the loca-
tions shown. An intermediate baffle plate 27 and
side baffles 28 and 29 are conveniently arranged
to provide a smooth flow of gases in circulation
in the directions indicated by arrows. Means
for removing the products of reaction are prefer-
ably located in the positions indicated at 30 and
31, and may be of any suitable type as above
mentioned

The arrangement of the plate electrodes shown
in Fig. 1, with the product extraction means lo- -
cated as indicated in Fig. 2, may be employed es-
becially where the products of reaction are best
removed by separate means. In some instances,

such products may be easuy condensed by cool-
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ing, and suitable condensation means provided
at 30, 3{, Fig. 2. Fig. 3 illustrates a modified
form of precipitation plate wherein cooling
means are embodied in the plate and thus vapor
.products of reaction may be condensed by the
combined effect of electrical atfraction .of the
charged vapor and the cooling afforded by the
plates on which the vapor is precipitated.

The plate electrodes 32, 33, Fig. 3, are arranged
similarly as the plates (6, 17, Fig. 1, but in lien
of the target provision shown in Fig. 1 the plates
22 and 33 are similarly edged by tubular mem-
bers 34 and 35, respectively, supported by stream-
iining elements 36, 31. The tubular members 34
on plates 32 are joined at the ends by coupling
portions 34a, and the tubular members 35 on
plates 83 by similar coupling portions 3ba, so
that cooling fluid may be passed through the
tubular members on the edges of the several
plate electrodes, as indicated by arrows. Suit-
able liquid collecting and draining means (not
shown) are arranged in cooperating relation to
the precipitating and condensing plates 32, 33,
by which the product of reaction is removed from
the system, :

Fig. 4 illustrates & modified form of reaction
chamber especially adapted for the removal of
the products of reaction by dissolution. The
chamber wall 38 has an inlet 3% and contains
bafie plates 48, and 4f for directing the gases
in the directions indicated by arrows. An elec-
trode arrangement such as shown in Fig. 1 is
disposed vertically in the chamber in a central
position indicated at 82 with the precipitation
portion § in the relative location shown. In this
position the gases are expelled downwardly on
the surface of & solvent 43 contained in recepta-
cle 48 and the soluble product of reaction is re-
tained in .solution while the remaining reactant
gases pass over the baffles 41 and are recircu-
1ated.

While I have disclosed my invention in certain
preferred embodiments, I desire it understood
that various modifications in arrangement and
application may be made thereof, and that no
limitations upon my invention are intended ex-
eept as are imposed by the scope of the appended
claims,

What I clalm as new and desire to secure by
Letters Patent of the United States is as follows:

1. An electrical system for chemical synthesis
comprising, in combination, electric discharge
electrodes, alternating current means for ener-
gizing said electric discharge electrodes to pro-
duce a catalytic electric discharge in an atmos-
phere of reactant gases, whereby the products of
reaction are rendered in a charged gaseous state;
a voltage rectifier including electric discharge
and target electrodes energized from said alter-
nating current means and disposed in said at-
mosphere of reactant gases including the prod-
ucts of reaction; electric precipitation elec~
trodes, and means including said voltage recti-
fler for energizing said electric precipitation elec-
trodes, whereby said electric precipitation elec-
trodes are operative to condition said ‘charged
products of reaction for conversion from the
gaseous state.

2. An electrical system for chemical synthesis
comprising, in combination, electric discharge
electrodes, alternating current means for en-
ergizing said electric discharge electrodes to pro-
duce s catalytic electric discharge in an atmos-
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phere of reactant gases and to initiate motion
in said gases; a voltage rectifier energized from
said alternating current means and disposed in
the path of movement of said gases and compris-
ing electric discharge and target electrodes op-
erable in the atmosphere of said gases, includ-
ing the products of reaction; electric precipita-
tion electrodes arranged in the path of movement
of the gases from said rectifler, and means in-
cluding said rectifier for energizing said elec-
tric precipitation electrodes by a rectified volt-
age from said rectifier for conditioning the prod-
ucts of reaction for removal.

3. An electrical system for chemical synthesis
comprising, in combination, a source of alternat-
ing current, electric discharge and target elec-
trodes connected to opposite terminals of said
source and cooperative to produce a catalytic
electric’ discharge in an atmosphere of reactant
gases; electric discharge and target electrodes
constituting a voltage rectifier disposed in said
atmosphere of reactant gases and connected with
said source of alternating current, static control
electrodes. in said rectifier, & bias connection to
said control electrodes from the first said dis-
charge electrodes at a potential resulting from
rectification in the operation of the first said
discharge and target electrodes, and a condenser
with a difference of potential equal to the bias
voltage connected between the alternating cur-
rent source at the connection to the second said
discharge electrodes and said bias connection;
electric precipitation electrodes comprising al-
ternately connected sets of plate .elements, and
means including said source of alternating cur-
rent and said voltage rectifier for energizing said
sets of plate elements in opposite polarities
whereby said electric precipitation electrodes are
operative to condition the products of reaction
of said gases for conversion from a gaseous state.

4. An electrical system for chemical synthesis
comprising, in combination, means for pro-
ducing a catalytic alternating current electric
discharge, with an inherent partial rectification
of current, in an atmosphere of reactant gases,
means- for producing & difference of potential
proportional to said partial rectification of cur-
rent, electric discharge rectification means con-
trolled by said difference of potential and op-
erative in said atmosphere of reactant gases in-
cluding the products of reaction, and electrical
precipitation electrodes energized from said rec-
tification means in fixed opposite polarities and
effective in the removal of said products of re-
action from the system.

5. An electrical system for chemical synthesis
comprising, in combination, means for producing
a catalytic alternating current electric discharge,
accompanied by a partial rectification of cur-
rent, in an atmosphere of reactant gases and
opersative to initiate motion in said gases, means
for producing a difference of potential propor-
tional to said . partial rectification of current,
electrical precipitation electrodes disposed in the
path of movement of said gases and the prod-
ucts of reaction thereof, and means for main-
taining said -electrodes charged in opposite po-
larities under the influence of sald difference of
potential, said electrodes being effective in the
removal of said products of reaction from the
system.

GAMES SLAYTER.




