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1

This invention is concerned with an improved
method of producing electrochemical reactions in
gases or suspensions in gases by means of pass-
ing electrically charged material particles through
the gas or suspension, and at the same time
subjecting the gas or suspension and electrically

charged particles to a -high frequency electro-

static or electromagnetic field.
This application is a continuation in part of
my application No. 613,174 now abandoned.
Considerable experimental work has been done
in the field of electro-chemistry of gaseous sys-
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tems using high frequency electrostatic or elec- °

tromagnetic fields. Direct current discharges
through gases at low pressures have also been
used to bring about electro-chemical reactions.
Certain chemical processes have been proposed
utilizing high voltage direct current surface emis-
sion type discharges through gases in combina-
tion with high frequency electric fields acting on
the zone of direct current discharge.

My invention is concerned with a method of
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mechanically projecting material particles into a -

gas such as the spraying of liquid particles from
a nozzle or projecting liquid or solid particles from
vibrating or rotating surfaces into a gas, elec-
trically charging these particles by electrostatic
induction as they are projected and subjecting
the drifting charged particles and surrounding
gas to a high frequency electric field.

In this application as well as my divisional
applications, I have used the expression electric
space charges to describe an accumulation of
electrically charged material particles, either liq-
uid or solid, drifting in space between electrodes
in the apparatus. At the same time, I also refer
to electric charges which may become attached
to gas molecules if electrically charged material
particles are evaporated or gasified in space.

Substances which are in a gaseous state are in
their molecular form, and the method of bring-
ing about evaporation or gasification of electri-
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cally charged liquid particles in space by means -

of taking up heat from the surrounding gas or
heat that may be generated in the liquid parti-
cles by means of a high frequency electric field
or heat generated by chemical action, is a means
of producing ionized gas and transient free elec-
tric charges. The chemical activity of various
mixtures of gases partially ionized by electric
high velocity discharges is well known. In this
invention, however, gas ionization is not brought
. about by electron emission from cathode sur-
faces, but is by dispersion and attachment to
gas molecules of electric charges originating in
gasified electrically charged liquid particles. The
influence of a high frequency electric field on
gas ions and transient free electric charges is to
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produce motion of gas ions and circulating cur-
rents in a gas mixture. Obviously, this method
is much more effective in producing gas phase
chemical reactions than the use of high fre-
quency electric fields only through gases at low
pressures.

The principal object of this invention is to
combine the effect of an electric space charge, as
defined previously, and a high frequency electro-
static or electromagnetic field on various gases
or suspensions in gases. The said gases in the
zone of reaction may include ionized gas derived
from the gasification in space of electrically
charged particles such as liquid spray particles.

Other objects of this invention will be apparent
from the drawings and the following description
of the features of the invention and in the provi-
sion of apparatus and methods of operation for
accomplishing the foregoing object.

As specifically stated in the claims, the inter-
electrode potentials are limited ‘to values such
that direct interelectrode breakdown type uni-
directional discharging does not take place. In
other words, whatever current passes between the
electrodes in the apparatus is derived-principally
from electric charges on material particles pro-
jected into the gas in the reaction zone. This
will be made clear in connection with the de-
scription of the drawings. Breakdown potentials
between electrodes in air and in the common
gases are of the order of 20,000 volts per centime-
ter. Such breakdown potentials vary to & minor
degree between gases. For a given gas they in-
crease slightly with increased gas density and
decrease substantially for high frequency poten-
tials. Breakdown potentials or ionization poten-
tials of the common gases including many hydro-
carbons are well known to those skilled in the
art.

The unidirectional potential differences, elec-
trode spacings and other operating conditions
illustrated in connection with the several figures
are intended to give potential gradients which
are well below breakdown values.

In accordance with one modification of my
invention, electrically charged material particles
are projected from an emitting electrode which
may be a nozzle, a vibratory plate, or a rotating
surface. Necessary electrostatic fields to induce
the flow of electric charges on the projected par-
ticles are set up by an intermediate electrode
in close proximity to the emitting electrode and
by a collecting electrode located at a proper dis-
tance from the emitting e'ectrode. Interelec-
trode unidirectional potential differences are
maintained at suitable values so as to promote a
drift of the charged particles toward the collect-
ing electrode which also may provide an external
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electrical return circuit to the emitting electrode. .

At the same time, a flow of gas or:of a gas con-:

taining a suspension is maintained: through the

apparatus housing these electrodes.  This flow of .

g¢as may’ contribute to the drift of charged par-

<t

‘ticles previously mentioned. 'In addition to the

direct current potentials, a high freguency pofen-
tial ‘source is ‘connected :between the: emitting
- glectrode or: intermediate:eieetrode and the col-

lecting electrode; using these same electrodes to ]

produce a high frequency electrostatic field.  The
design. of the electrodes, the path of the drift-
ing' space charge -and the circulation of ‘the gas
or: suspension’ in' @ gas' are .such’ as:to obtain
maximum processing effect. :

In accordance: with @ second modification of
my invention, electrodes  for producing ‘& high

‘to tne upper: surface of plate electrode. 8.

15

frequeney electrostatic field which .are separate .

from the electrodes  used to produce: the unidi-
rectional potential gradient, are used. :
In accordance with a third modification of my
invention, a space ¢harge is produced in the same
‘‘manner: as described in connection: with the first
modification, by the :projecting of electrically
charged material particles from an -emitting elec~
trode in combination with an intermediate elec-
trode  and -a collecting ' electrode.
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This ‘space

charge is passed through or in .close proximity

to' & high frequeney winding which generates a
high frequeney magnetic field. ' At the same time

a flow of gas or of a gas containing: a suspension:

‘by the drifting space charge. :

In each of the above modifications when the
¢irculation :of gas through' the apparatus is in
. the same’ direction: as the drift of charged ma-
terial particles, this: flow of gas may contribute
o the said drift..  The flow of gas through the
apparatus' may be:counter-current to: the pro-
jection of charged particles with proper propor-
tioning of the potential gradients and gas ve-
locities. h

Referring to the drawings:

Figure 1 is an illustration of a preferred form
of space charge device in which the same elec-
trodes are used for setting up both the unidirec-
tional electrostatic fields and the high frequeney
electrostatic field. '

Figure 2 shows a modification of Figure 1 in
which the entering gas may pass through the
emitting electrode which is perforated. Further-
more, separate electrodes are provided for setting
up the high frequency electrostatic field.

In Figure 3 is shown a preferred form of space
charge device in which the drifting space charge
and the gas or suspension circulating through
the device are subjected to a high frequency elec-
tromagnetic field.
~ Figure 4 shows a typical intermediate electrode
used in the device of Fig, 3,

In Figure 5 is illustrated an alternative ar-
rangement, of the high frequency electromagnetic
winding of Fig. 3,

Figure 6 shows a form of rotating emitting
electrode which can be utilized in either Fig. 1
or Fig. 3 in place of the vibratory emitting elec-
trodes shown, - ‘

In Fig. 1 the vessel | is constructed of electri-
cally non-conducting material such as glass sec-
tions or solvent resistant plastic material. Ves-
sel 1 is provided with a gas inlet 2 and processed
gas outlet 8 and drain outlet 4. A flexible cir-
cular metal plate electrode 5 in the upper por-
tion of vessel 1 is supported from insulating collar
23 and is connected to the lower end of the shaft
¢ ‘which is in turn connected to a source T of

is 'maintained through -the same path  traveled

30

38

40

45

50

65

60

65

70

5

4

intermittent vertical vibratory motion of approxi-
mately 120 cycles ‘per second,  operating on. &
eycle of on for 2 seconds and off: for 2 seconds:
The: plate:electrode § is the emitting electrode
and is supplied with a fluid used to.form: charged

-particles through the tube 8. ‘The tube 8 passes

downward through the top of vessel i and makes
a right angle bend and  runs: horizontally close
The
tube 8 has a:slot 9-in the lower surface. A slot
i0 is also provided in the plate electrode § close
to: the slot 9 in tube 8. In between the periods
of vibration of emitting: electrode 5, additional
fluid .is supplied through: tube 8 and slots § and
10 and runs dowrhill on the lower surface of plate
electrode § covering this surface with a thin film-
of liquid.  This film: of Hquid is projected down-

‘ward as tiny droplets on. vibration: of the plate

electrode 5. If required, electrode & may:be pro-
vided with: perforations: at the lowest point to
prevent: liguid accumulation: above the electrode.
A gas-tight sleeve: | { in the top of yessel § permits:
vertical motion ‘of the shaft .. An intermediate
electrode (2 of ¥ inch spacing 7 inch diameter
wire ‘mesh ‘is located close to the lower surface
of emitting eléctrode 5, also a collecting electrode
13 in the form: of a screen:  Electrode 13 is sup-
ported by an insulator (4 and insulating bushing
i5. Item 18 is also an insulating bushing. The
emitting electrode § is iconnected to ground, .as
shown. - Intermediate electrode 12 is maintained
at a unidirectional potential of around 860 volts

-relative to ground by means of potential: source

{7.. Collecting -electrode i3 is maintained: at a
unidirectional potential: of about 1500 volis rela-
tive to intermediate electrode 12 by means of po-
tential source 18.  The electrical condenser 19 of
0.i0 microfarad capacity acts as an accumulator
and facilitates the flow of electrical charges be-
tween emitting electrode 5 and collecting elec-
trode 13. Resistor 36 of 2000 ohms is for current
limiting purposes in case of temporary fiuid
pbridges grounding electrode §2, A source 20 of
high frequency current at about 50,000 cycles per
second is connected to primary coupling coil 2f.
A secondary winding 22 coupled with coil 21 in-
troduces a high frequency potential in series he-
tween collecting electrode {3 and direct current
potential source {8.

The dimensions of the apparatus shown in
Fig. 1 for the most part are not critical. Vessel
{ may be 6 inches in diameter measured hori-
zontally and electrode 5 may be 4 inches in di-
ameter. TFor the interelectrode potential differ-
ences specified, I prefer a minimum spacing be-
tween emitting electrode 5 at its nearest flexed
position and infermediate electrode 12 of ¥ inch,
and between intermediate electrode 2 and col-
lecting electrode 18 of 1% inch.

Operation of the device shown in Fig, 1 is as
follows: A gas to be reacted such as propane, for
example enters through gas inlet 2 ab 165 lbs.
p. s. i. g. pressure-and about 35° £, temperature,
The propane gas Passes downward through col-
lecting screen electrode 13 and leaves through
outlet 3. The emitting electrode 8 projects a
cloud of liguid bubane spray particlss at the re-
action zone pressure of 165 lbs. p.s. 1. g. The lig~
uid butane would be at about 55° C. temperature
and would be projected as spray from electrode
5 during periods of vertical vibration. The lig-
uid butane particles projected downward carry
an electric charge due to the electrostatic induc-
tion effect of grid electrode i2 and collecting elec=
trode 3. " After passing downward through the
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intermediate grid electrode (2 the charged bu-
tane particles mix with the propane gas enter-
ing through connection 2. At the same time the
electric charges carried on the particles are sub-
jected to the high frequency electrostatic field
set up between grid electrode 12 and collecting
electrode 13. Gasification of the butane spray
particles oceurs at a reaction zone temperature of
about 95° C. due partly to heat transfer from the
propane gas, partly to heat generated by high
frequency circulating currents and partly to re-
action heat evolved in surrounding gas. Ioniza-
tion and local electrolytic action also take place
in the gas mixture which is in the reaction zone.
Polymerization products resulting from this ac-
tion may be collected as condensate in the bottom
of vessel | or they may be separated from the gas
leaving the apparatus by means that do not form
a part of this invention. Between periods of vi-
bration of the emitting electrode 5, the lower sur-
face of electrode 5 is rewet with fluid entering
through the tube 8. Residual electric charges are
collected largely by electrode 13 and returning
through the external circuit to emitting electrode
5. Flow rates may be 8 lbs. per hour of liquid
butane to 600 std. cu. ft. per hour of propane gas.
In Fig. 2 the vessel | also is of electrically non-
conducting material as in Fig. 1. Likewise, a gas
inlet 2 and gas outlet 3 and drain connection 4
are provided. An emitting electrode 5 is vibrated
in a horizontal direction by shaft § which passes
through the gas-tight sleeve |1 and is connected
to the source T of intermittent vibratory motion.
The emitting electrode 5 is a 4 inch diameter
flexible plate of metal provided with % inch
perforations to the extent of 40% of the plate
area. Electrode 5 is supported at the edges by the
insulating collar 23. Emitting electrode 5 is sup-
plied-with fluid used to form charged particles
through the tube 8 which makes a right angle
bend and extends horizontally across the top of
emitting electrode 5. A slot 9 is provided in the
horizontal portion of tube 8 close to the surface
of emitting electrode 5. In between periods of
vibration of electrode 5 the fluid supplied through
tube 8 and slot 8 runs down over the front sur-
face of emitting electrode 5. The intermediate
grid electrode 12 and collecting screen electrode
13 are similar to those in Fig. 1 and function in
the same manner except that they do not set up
any high frequency electrostatic field. Vessel |
may be 6 inches in diameter measured vertically.
The spacings between electrodes 8, {2 and 13 . may
be the same as in Fig, 1. The parallel plate elec-
trodes 24 and 25 which are spaced approximately
5 inches apart are connected through insulating
bushings 26 and 27 to the high frequency sec-
ondary winding 22, The source 20 of high fre-
quency current and primary winding 2{ are the
same as in Fig. 1. The emitting electrode 5 is
connected to ground. Direct current potentials
1T and 18 and electrical condenser 19 and resistor
36 are the same as in Fig. 1. The high frequency
electrodes 24 and 25 are maintained at a negative
direct current potential of about 150 volts relative
“to ground by potential source 39.
" ‘Operation of the device shown in Fig. 2 is very
similar to that of Fig. 1. The gas or suspension
.of material in a gas to be reacted enters through
inlet 2, passes through the perforations in emit-
ting electrode 5 toward the grid electrode 12 and
_collecting screen electrode 13 and out through the
connection 3. At the same time, charged par-
ticles of the fluid supplied through the tube 8 are
projected from emitting electrode 5 through the
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intérmediate grid electrode 12 and toward the
collecting sereen electrode 13. Circulating cur-
rents and electrolytic action in the mixture of
charged particles and gas or suspension is pro-
moted by the high frequency electrostatic field
set up between electrodes 24 and 25. If, as in
Fig. 1, propane gas were introduced through inlet
2 and liquid butane through tube 8, the same
pressures and temperatures would be used as in
Fig. 1, also the same flow rates and vibration
cyele. - -

- It may be desirable to make use of a perforated
emitting electrode such as has been described in
connection. with Fig. 2 and to circulate the gas-
eous substances to be reacted counter~-current to
the projection of electrically charged spray par-
ticles, at the same time connecting the high fre-
quency potential between the intermediate grid
electrode and collecting electrode as in Fig. 1. In
this case, ‘referring to Fig. 2, the gaseous sub-
stances to be reacted would enter the apparatus
through connection 8 and exit gas including some
reaction products would leave the apparatus
through connection 2. The high frequency po-
tential winding 22 would be connected into the
lead to electrode 13, as it is shown in Fig. 1. Po-
tential 38 and its ground connection would be
omitted. - Liguid reactant would enter at 8 and
would be projected as spray particles from the
surface of emitting electrode 5 toward electrodes
12 and 13 as previously described. Such an ar-
rangement appears to be advantageous since the
gaseous reactant substances would be intimately
mixed with the projected electrically charged
spray particles of liquid reactant immediately
upon these spray particles leaving the surface of
the emitting electrode, minimizing the distance
that these charged spray particles must be pro-
jected. This effect could be carried even fur-
ther by connecting the high frequency potential
between the emitting electrode 5 and the inter-
mediate grid electrode 2. With counter-current
flow of the gaseous reactant and electrically

* charged spray particles, gas ions and electrically
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. charged products may not travel all the way to

the collecting electrode. A reversal of the direc-
tion of travel may take place with the electric
charges ultimately reaching the intermediate grid
electrode and the discharged products passing
out of the reaction zone through the perforations
in the emitting electrode. Variation of the po-
tential of the collecting electrode i3 enableg this
to be controlled: together with the velocity of the
gaseous reactant through the apparatus to ob-

.tain the best operating conditions.

With such an arrangement for applying the
high frequency electrostatic field between elec-
trodes {2 and I3 in Fig. 2 which has just been
described for countercurrent flow, if liquid butane
and propane gas were reacted the temperatures
and pressures and reactant flow rates may be
the same as in Fig. 1.

In Fig. 3 the vessel | is constructed of elec-
trically non-conducting material as in Figures 1
and 2. Likewise, a gas inlet 2, processed gas
outlet 3 and drain outlet 4 are provided.” The
arrangement of the emitting electrode 5, its di-
mensions and the method of supplying fluid to
electrode 5 from which charged particles are
formed and means for vibrating the electrode
are identical with those used in Fig, 1.: The first
intermediate grid electrode 12 is identical with
that of Fig. 1 and serves the same purpose. Ca-
pacitance {9 and resistor 3§ are the same as in
Fig. 1. In order to have the high frequency
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winding 28 atn proper-distance from the emitting
electrode and to avoid excessive circulating cur-
rents in the emitting electrode, it -is necessary
to make use of several intermediate grid elec-
trodes 28 and 30. These second 2nd third inter-
mediate grid electrodes 29 and 30 as well as the
collecting screen electrode 13 areshaped asshown
in Fig. 4 so as to discourage circulating currents.
If desired, electrode 12 can also be shaped as
shown in Fig. 4. The unidirectional potentials
31, 32 and 33 are each 1500 volts. Unidirectional
potentlal {1 is 800 volts. The high frequency
winding 28, consisting of 40 turns approximutely
4Y% inches in diameter, passes completely around
the vessel { as shown ‘and is supplied with high
frequency current from the source 20 at a fre-
queney of about 50,000 cycles per second. Items
{5, 16, 37 and 38 are insulating bushings. Vessel
{ may be 4 inches in diameter where the wind-
mg 23 passes around .it. Electrode {2 may be
Y inch from emitting electrode § in its nearest
flexed position. The spacings between electrodes
12, 29, 38 and {2 are each 1% inches.

Operation of the device shown in Fig. 3 is as
follows: The gas to be reaeted, such as propane
for example, enters through the gas inlet 2 and
mixes with the electrically charged particles of
liquid butane, for example, which are projected
downward from the lower surface of electrode b,
as in Fig. 1. Pressures and temperatures of the
two reactants may be the same as in Fig, 1. The
mixture of charged butane particles and propane
gas travels downward through the intermediate
grid electrodes 29 and 30. As this mixture passes
through the high frequency -electromagnetic
field set up by the winding 28, circulating cur-
rents. are produced throughout the mixture, re-
sulting in increased ionization of the gas or sus~
pension ‘and local electrolytic action. Residual
electric charges equal to those leaving theé
emitting electrode 5 are collected principally on
the screen electrode 13 and partially on the in-
termediate electrode 12 and are returned through
the external circuit shown and various leakage
paths to the emitting electrode 5. Polymeriza-
tion products resulting may be collected in the
bottom of vessel | or may be separated from the
processed gas leaving through outlet 3 by sepa-
rate condensing means not shown. Flow rates
are the same as in Fig. 1.

In Fig. 5 the alternative arrangemmet of the
high frequency winding such as is used in Fig.
2 consists merely of directing the electromagnetic
field across the path of the-charged particles and
gas by splitting the winding into two halves 34
and 35. Other parts of the construction would
remain the same asin Fig. 3.

In Figures 1 and 3 there are shown electrical
connections for creating space charges of negas=
tive polarity. Opposite polarities of the potential

sources used .will create positive space charges.

ag readily as negative ones. The size of the po~
tentials applied between the various electrodes
and the rate of vibration or rotation of. certain
emitting electrodes are not critical but can be
varied as desired.

In Fig. 6 is shown an alternative grrangement
with a rotating emitting electrode which can be
used in place of the vibratory emitting electrodes
shown in Figures 1 and 3. A partial sectional
view only is shown in which item ¢ is the wall
of the vessel, 11 is a gas-tight insulating bush-
ing which allows rotatiori of the shaft 8 and a
dise emittinig electrode 5 attached theréto. Item
40 is o motor which turns shaft 6 at approxi-
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8
mately 200 R. P. M. ‘Tube 8 feéeds fluid material
to the top surface of disc 5 and the material i§
then projected in the form of fine particles from
the edge of the disc 5 and falls through the opefiz
ings in the intermediate grid electrode 12. Ttem
i€ is an insulating bushing.

With regard to the electrical processing of sus=
pensions in gases, it is contemplated that certain
materiale in a finely divided state may be sus-
pended in a gas in order to be able to process
them in electric space charge apparatus; The
gas present may or may not enter into the reae-
tion or thange of state which it is desired to
accomplish.

As mentioned in my copending applications, it -
may be desirable to use insulating bushings and
electrode supports which are provided with in~
ternal heating coils so as to prevent wetting of
the insulating surfaces exposed inside the proe-
essing chamber. '

In my copending a,pplicatlon No. 34,300 there
is disclosed an emitting electrode arrangement
for electric space charge devices which is par-
ticularly adapted to electrically charging and
spraying high dielectric strength liquids. This
arrangement is described as a liguid film eharg-
ing arrangment, and consists of a- close clear-
ance passage with opposite electrode walls which
preduce a displacement type: charging current
in a liquid film whieh is passed through the close
clearance: passags and issues from it as a spray
directed toward initermediate electrodes and a
collecting electrcde similar in principle to those
used in this application. The use of emitting
electrode arrangements of the type disclosed In
my copending application No. 34,3066 in combina-
tion with high frequency electri¢ fields; as-herein
disclosed, is contemplated.

In the claims the expression ‘‘emitting elec=
trode” is intended to eover broadly any type of
electrode for projecting mechanically or hy-
draulically materiai particles which are electri-
cally charged due to the functioning of the emit-
ting electrode in combination with other sepa-
rated electrodes in the apparatus:

Obviously;.  the electro-chemical reaction
method whieh has been illustrated is applicable
to many vapor phase reaction processes normailly
requiring material catalytic agents: Either un-
saturated or saturated hydrocarbons ean bhe
polymerized and many other types of reactions
accomplished between gasifiable liquids or solids
and gases. :

This invention has been illustrated only in a
general preferred form throughout and it should-
be understood that it is capable of many and
varied modifications without departirig from- its
purpose and scope, and I therefore believe my-
self to be entitled to make and use any anhd all
of these modifications such as suggest themselves
to those skilled in the art to which the invention

*is directed, provided that such mcd1ﬁcab1ons fail

70

fairly within the purpose and scope of the here~
inafter appended claims.

What is clalmed is:

1. A method of reactmg a 11qu1d and gaseous
substances comprising providmg & reactmn zone
with an emitting electrode, an intermediate elec-
trode and a collecting eledtrode; passing . said
gaseous substances to be reacted through said
zone while projecting electrically charged spray
particles of said lquid substance from said emit-
ting electrode toward said intermediate electrode
and said collecting electrode respectively, mam-—
tan‘ung said mtermedxa,te éléctrode: and collecb—
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: Ing electrode at unidirectional electric potential

- differences relative to emitting electrode poten-

tial which potential differences progressively in-
. crease along the path of said electrically charged
spray particles, said unidirectional potential
. differences between saild electrodes being limited
to values such that direct interelectrode unidi-
rectional current discharging does not take place;
subjecting said gaseous substances and electri-
cally charged spray particles of said liquid sub-
~ stance to a high frequency electric field having
a frequency above about 50,000 cycles per second;
gasifying said electrically charged spray particles
-of said liquid substance tc produce ionized gas
and concurrently causing a drift through said re-
action zone of said electrically charged liguid
- spray particles, gas ions and electrically charged
-reaction products towards said collecting elec-
trode and withdrawing the reaction products
from said zone. .

2. A method of reacting a liquid and gaseous
substances comprising providing a reaction zone
with an emitting electrode, an intermediate elec-
trode and a collecting electrode; passing said
gaseous substances to be reacted through said
zone while projecting electrically charged spray

" particles of said liquid substance from said emit-
ting electrode toward said intermediate electrode
“and said collecting electrode respectively; main-~
" taining said intermediate electrode and collect-
ing electrode at unidirectional electric petential
differences relative to emitting electrode poten-
“tial which potential differences promote elec-
trostatic inductive charging of said spray. par-
ticles and progressively increase along the path
of said electrically charged spray particles, said
unidirectional potential differences between said
electrodes being limited to values such that di-
rect interelectrode unidirectional current dis-
charging does not take place; subjecting said
gaseous substances and electrically charge
spray particles of said liquid substance to a
high frequency electric field having a frequency
above about 50,000 cycles per second; gasifying
said electrically charged spray particles of said
liguid substance to produce ionized gas, said
“emitting, intermediate and collecting electrodes
being so spaced that the reaction is initiated
principally in the region between sad intermedi-

ate electrode and said collecting electrode; con-,

currently causing a drift through said reaction
zone of said electrically charged liquid spray par-
ticles, gas ions and electrically charged reaction
products toward said collecting electrode and
withdrawing the reaction products from said
zone.

3. A method of reacting a 11qu1d and gaseous
substances comprising providing a reaction zone
with an emitting electrode, an intermediate elec-

trode and a collecting electrode; passing said .

gaseous substances to be reacted through said
zone while projecting electrically charged spray
particles of said liquid substance from said emit-
ting electrode toward said intermediate electrode

and said collecting electrode respectively; main- .

taining said intermediate electrode and collect-
‘ing electrode at unidirectional electric potential
differences relative to emitting electrode poten-
tial which potential differences progressively in-
crease along the path of said electrically charged
_spray particles, said unidirectional potential dif-
ferences between said electrodes being limited to
values such that direct interelectrode unidirec-
tional current discharging does not take place:
subjecting said gaseous substances and electri-
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- cally charged spray particlés of said Hquid sub-

stance to a high frequency electrostatic field hav-

‘ing a frequency above about 50,000 cycles per

second; gasifying said electrically charged spray
particles of said liquid substance fo produce

. ionized gas and concurrently causing a drift

through said reaction zone of said electrically
charged liquid spray particles gas ions and elec-
trically charged reaction products towards said
collecting electrode and withdrawing the reaction
products from said zone.

4. A method of reacting a liquid and gaseous
substances comprising providing a reaction zone
with an emitting electrode, an intermediate elec-
trode and s collecting electrode; passing said
gaseous substances to be reacted through said
zone while projecting electrically charged spray

-particles of said liquid substance from said emit-

ting electrode toward said intermediate electrode
and said collecting electrode respectively; main-
taining said intermediate electrode and collect-
ing electrode at unidirectional electric potential

-differences relative to emitting electrode poten-

tial which potential differences progressively in-
crease along the path of said electrically charged
spray particles, said unidirectional potential dif-
ferences between said electrodes being limited to
values such that direct interelectrode unidirec~
tional current discharging does not take place;
subjecting said gaseous substances and electri-
cally charged spray particles of said liquid sub-

-stance to a high frequency electromagnetic field
“having a frequency above about 50,000 cycles per

sacond; gasifying said electrically charged spray
particles of said liquid substance to produce
ionized gas and concurrently causing a drift

-through said reaction zone of said electrically

charged liquid spray particles, gas ions and elec-
trically charged reacfion products towards said
collecting electrode and withdrawing the reaction
products from.said zone,

5. A method of reacting a liquid and gaseous
substances comprising providing a reaction zone
with an emitting electrode, an intermediate elec-
trode and a collecting electrode; passing said

g gaseous substances -to be reacted through said

zone while projecting electrically charged spray
particles of said liguid substance from said emit-
ting electrode toward said intermediate electrode
and said collecting electrode respectively; main-
taining said intermediate electrode and collect-
ing electrode at unidirectional electric potential

differences relative to emitting electrode poten-

tial which potential differences progressively. in-
crease along the path of said electrically charged
spray particles, said unidirectional potential dif-

-ferences between said electrodes being limited to

values such that direct interelectrode unidirec-

tional current discharging does not take place;
subjecting said gaseous substances and electri-
-cally charged spray particles of said liguid sub=
.stance to a high frequency electric field having

a frequency above about 50,000 cycles per second;

‘gasifying said electrically charged spray particles

of said liquid substance thereby dispersing into
surrounding gas the electric charges carried on
said spray particles and concurrently causing a
drift through said reaction zone of said electri-
cally charged liquid spray particles, gas ions and
electrically charged reaction products towards
said collecting electrode and W1thdraw1ng the
1eact10n products from said zone. .

- 6. A method of reacting a liquid and gaseous
subsfances comprising providing a reaction zone
with an emitting eleetrode, an intermediate elec-
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trode and & collecting electrode; passing said
gaseous substances to be reacted through said
zone while projecting electricaily charged spray
particles of said liquid substance from said emit-
ting electrode toward said intermediate electrode
and gaid collecting electrode respectively; main-
taining said intermediate electrode and collect-
ing electrode at unidirectional electric potential
differences relative to emitting electrode poten-

tial which potential differences progressively in- 1

crease along the path of said electrically charged
spray particles, said unidirectional potential dif-
ferences between said electrodes being limited to
values such that direet interelectrode unidirec-
tional current discharging does not take place;
subjecting said gaseous substances and electri-
cally charged spray particles of said liquid sub-
stance to a high frequency electric field having
& frequency ahove about 50,000 cyeles per-second
for the- purpose of gasifving and ionizing said
liquid substance and producing circulating cur=
rents in the gas mixture, said emitting, inter-
mediate and collecting electrodes being so spaced
that the reaction is initiated princirally in' the

region between said intermediate electrode and 2

said collecting electrode; and concurrently caus-
ing a drift through said reaction zone of szid
electrically charged liquid spray bparticles, gas
ions and electrically charged reaction produects
towards said collecting electrode and withdraw-
ing the reaction products from said zone.

7. A method: of reacting a liquid hydrocarbon
and a gaseous hydrocarbon comprising provid-
ing a reaction zone with an emitting electrode,
an intermediate electrode and a ecliectine el-e~
trode: passing said gaseous hydrocarbon through
said zon€ while projecting electrically charged

spray particles of said liquid hydrocarbon from

safd emitting electrode toward said intermediate
electrode and said collecting electrode respec-
tively; maintaining said intermediate electrode
and: collecting electrode at unidirectional electric
potential differences relative to emitting electrode
potential which potential differences progres-
sively increase along the path of said electrically
charged spray particles, said unidirectional po-
teritial differences between said electrodes being
Hmited to values such that direct interelectrode
unidireetiongl current discharging does not take
place; subjecting said gaseous hydrocarbon and
electrically charged spray particles of said liquid
Hydrocarbon to a high frequency electric field
having a frequency above about 50,000 cycles per
secorid for- the purpose of gasifying and ionizing
said liquid hydrecarbon and producing circulating
currenfs in the gas mixture, said emitting, infer-
meédiate and collecting electrodes being so spaced
that thé reaction Is initiated principally in the
region between said intermediate electrode and
said collecting electrode; and concurrently: caus-
ing a drift through sald reaction zone of said
electrically charged liquid hydrocarbon spray par-
ticles, gas ions and electrically charged reaction
products towards said collecting electrode and
withdrawing the reaction products from said zone.

8. A method of reacting liquid butane and pro-
pane gas comprising providing a reaction zone
with an emitting electrode, an intermediate elec-
trode and a collecting electrode; passing said
propane gas through said zone while projecting
electrically charged spray particles of said liquid
butane from said emitting electrode toward said
intermediate elecfrode and. said collecting elec-
trode respectively; maintaining said intermediate
electrode and collecting electrode at unidirec=

20

Tt

40

45

50

55

60

63

0

i2

tional electric. potential differences relative to
emitting electrode potential which potential dif-
ferences. progressively increase along the path
of said electrically charged spray particles, said
unidirectional potential differences between said
electrodes being limited to values such that direct
interelectrode unidirectional current discharging
does not take place; subjecting said propane gas
and electrically charged spray particles of said
liquid butane. to a high frequency electric field
having a frequency above about 50,000 cycles per
second for the purpose of gasifying and ionizing
said Hquid butane and producing circulating cur-
rents: in the gas mixture, said emitting, inter-
mediate and collecting electrodes being so spaced
that the reaction is initiated principally in the
region. between said intermediate electrode and
said collecting electrode; and concurrently caus-
ing a drift through said reaction zone of said
electrically charged liquid butane spray particles,
gas ions and electrically charged reaction prod-
ucts towards said collecting electrode and with-
drawing the reaction products from said zone.

9. A method of reacting a liquid and gaseous
substances comprising providing a. reaction zone
with a. perforated emitting electrode, an inter-
mediate electrede and a collecting electrode; pro-
jecting electrically charged spray particles of said
liquid substance from said emitting electrode to-
ward. said intermediate electrode and said col-
lecting electrode respectively; maintaining said
intermediate electrode and collecting electrode at
unidirectional electric potential differences rela-
tive to. emitting electrode potential which po-
tential, differences. progressively increase along
the path of said electrically charged spray par-
ticles, said unidirectional potential differences be-
tween said electrodes being limited to values such
that direct interelectrode unidirectional current
discharging does not take place; passing said gas-
eous. substances. to be reacted through said zone
and. through the perforations in said emitting
electrode countercurrent to the projection of said
electrically charged spray particles from said
emitting electrode; subjecting said gaseous sub-
stances and. electrically charged spray particles
of said liquid substance to a high frequency elec-
tric field having a frequency above about 50,000
cycles per second; gasifying said electrically
charged spray particles of said liquid substance
to produce ionized gas and concurrently causing
an initial drift of said electrically charged liquid
spray particles, gas ions and electrically charged
reaction products towards said collecting elec-
trode due to said interelectrode unidirectional
potential differences and withdrawing the reac-
tion products from said zone.

LESTER H. SMITH.
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