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 UNITED STATES PATE:

' OFFICE.

CHARLES S, BRADLEY, OF NEW YORK, N. Y.

PROCESS AND APPARATUS FOR PRODﬁCING CHEMICAL ACTION IN GASES.

1,134,583, ._
_Applioation filed May 1, 1808, Serial No. 493,318.

To all whom it may concern:

Be it known that I, Caaries S. BrabLey,
a citizen of the United States, and resident
of the city, county, and State of New York,
have invented new and useful Processes and
Apparatus for Producing Chemical Action
in (gases, and in order that others skilled in
the art may understand and practice the
same give the following specification. -

The invention relates to process for ef-
fecting chemical changes in gases and has
for its object to provide a method and appa-

ratus for causing said changes to take place °

in an efficient manner with a maximum yield
of the product sought. .
My invention may be explained by refer-

- ence to processes which have heretofore been
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disclosed for effecting chemical combination’

between nitrogen and oxygen, or the syn-
thetic production of nitrogen compounds
from the atmosphere, as, for example, in
the patents granted to myself and to D. R.
Lovejoy, September 30, 1902, numbered
709,867 ; 709,868, and others. In these and
other published processes, the heat required
for the reaction was supplied in the form
of electric arcs, and a feature of the pat-
ented processes referred to was the produc-
tion of a thin or elongated arc, because such
an arc presented a relatively large surface
to the surrounding cooler gases and thus
their cooling effect was utilized to the best
advantage  and dissociation of the prod-
ucts or reversion of the reaction was di-
minished. Other processes which have been
published from time to time have sought in
various ways to take advantage of the cool-
ing of the products by the surrounding
gases. '

Further investigation of the.subject has
led me to the discovery that in the transition
from the temperature of the arc to the lower
temperature surrounding the are, dissocia-
tion—reversal of the reaction sought-—oc-
curred to a considerable extent, whereby the
yield was materially reduced. The reaction

is for the most part confined to the core of’

the arc where the reaction temperature is
maintained, and the products there formed
are dissociated to 4 considerable extent when
they come to the surrounding cooler arc en-
velop. As the temperature of the products
falls gradually in passing from the hot core
outward to.the cooler arc envelop not only
are the products dissociated in considerable

Specification of Letters Patent.

~ Patented Apr. 6,1915.
Renewed September 2, 1014. Serial No. 859,916,

proportion, but the gases suffer repeated
combination- and dissociation, involving
waste of the energy in addition to the loss
due to dissociation.. These losses in yield

_and energy are the result of a too slow re-

duction in temperature from the reaction
temperature at the core of the arc to the
temperature at which tendency to dissocia-
tion ceases and the products become fixed.

Chemical reactions, such as above referred
to, involve the absorption of heat energy,
part of which is taken up in the chemical
change produced, the excess appearing in
the high temperature of the products; but in
returning to the ordinary conditions of tem-
perature required for handling and utiliza-
tion of the products reversal of the reaction
takes place. By conversion of the excess
heat energy into a chemically inactive form
of energy at a point before reversion of dis-
sociation of the products takes place, or by
eliminating the time interval between the
temperature of formation of the products
and their return to. ordinary temperature,
dissociation or reversion of the products is
prevented and they become -fixed. This I
accomplish by converting the excess heat
energy into velocity by causing the prod-
ucts to expand suddenly. = The velocity will,
as will be understood, have no chemical ef-
fect on the products. The consequent sud-
den cooling results in bringing the prod-
ucts to a temperature at which they become
fixed and may be utilized and handled.
These phenomena apply not only to the fix-
ation of atmospheric nitrogen as in the
processes referred to, but also to other re-
actions subject to reversibility or decompo-
sition of products by reason of heat condi-
tions, as will appear in the following.

In further explanation of my invention,
it'may be pointed out that in such reactions
there are what may be termed three temper-
ature zones. The zone of formation or re-
action, the zone of dissociation and the zone
of permanence or fixation. When the prod-
ucts are endothermic substances a certain
amount of energy in the form of heat must
be supplied before reaction can take place.
The zone of formation commences where re-
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action begins and extends to where it is com- -

plete. Below and adjacent this zone is the
zone of dissociation in which the products
formed are dissociated or revert to their
components. Lower still in the scale is the
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third.températtxre' zone or region in which

the products formed in the reaction zone are

permanent or fixed-—:. e. do not tend to dis-
sociate, These zones are not necessarily
sharply divided one from the other and in

assing from one to another an appreciable
interval of time may oceur for products ex-

isting in oné zone to undergo the change in

the other. From these considerations it fol-
lows that, if all the prcducts formed by
bringing the gases to the combining temper-
ature, or first-named temperature zone,
could be immediately carried to the third
‘temperature zons or zone of ‘pPermanence,
(overpassing the zone of dissociation) there

would be practically no loss from dissocia-
~tion. And if, in addition to this, the whole

volume or charge of the gases, as distin-
guished from the small fraction thereof ac-
tually traversed by the arcs, as in known
processes, were brought to the combining

temperature, the maximum yield would be

secured. :

The object of my presznt invention is to
provide both these conditions. o

Although, in the foregoing, I have specifi-
cally referred to the formation of the oxids
of nitrogen, it is to be distinctly understood
that this is by way of illustration only, and
that my present invention embraces the ef-
fecting of reaction in gases generally, in-
cluding dissociation of such as dissociate at

elevated temperature and whose components -

are stable or permanent at ordinary or
lower temperatures, all as will appear in
the following. .

For the better understanding of my in-
vention and the practical performance of
the same I have illustrated in the accom-
panying drawing a form of apparatus suit-

" able therefor in which—
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Figure 1 illustrates in' a partly sectional
view the reaction chamber ‘and preheating
chambers; Fig. 2 is a partly sectional view
‘of the apparatus from the reaction chamber

. to the duct leading to the recovery appa-
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ratus (not shown) ; Fig. 2=
tail view of some of the parts shown in Fig.
2; Fig. 8 is a sectional view of a detail taken
‘on line @—= -Fig. 2; Fig. 4 is a sectional

view- on ‘enlarged scale of the end of the

water pipe; Fig. 5 is a detail sectional view
on enlarged scale showing the expansion ap-
paratus; Fig. 6 is a sectional view of a modi-
fied form of electrode; and Fig. 7is a partly
sectional view of a modified form of appa-
ratus. :

- In Fig. 1, the reaction ¢hamber is indi-
cated by the numeral 1. Said chamber may
be conveniently formed of a hollow block 2
of suitable size and of refractory material.
The chamber is, for the production of nitro-
g2n oxids, preferably lined with a material,
such as thoria, capable of withstanding the
high temperature and inert to the gases

is a sectional de-’

1,184,588

treated. Said lining is indicated at 3. The
ends. of the chamber are closed by slabs or
blocks 4 through which enter the electrodes
5—35, which are connected to a suitable
source of electrical energy (not shown).
The discharge between the electrodes fur.
nishes the heat energy for the reaction. It
is not necessary to the invention that the
heat be supplied in the form of the electric
arc. Any other suitable means of heating

.the gases to the reaction temperature, such,

for example, as Heating the walls of the
chamber, may be employed, but as the elec-
tric arc ‘affords a convenient and direct
means of heating it will be found preferable
in practice. The gases to be acted upon are
admitted to the chamber, in the apparatus
illustrated, from below through the inlet 6
and the products are discharged therefrom
through the expansion outlet 7. The gases
may be admitted directly to the reaction:
chamber but it is-advantageous to preheat
them. Accordingly I have shown' preheat-
ers 8, 8, interposed in the path of the gases
on their way to the reaction chamber. These
preheaters are. shown of the regenerator
type. A furnace 9 supplies the heat, the
heated combustion products from which
may, by means of valve 10, be directed to
either preheater alternately. As will be.
readily understood; one preheater is being,
heated by the furnace while the other is im-
parting its heat to
action chamber. Valves 11, 11 control the
discharge of the products of combustion
from the preheaters and the admission of
the heated gases therefrom to the reaction
chamber. ‘

From the reaction chamber 1 the products
are suddenly expanded into a chamber or
space 13 (Fig. 5) of low pressure, the ob-
expansion of the products and a consequent
sudden and immediate cooling thereof from
the temperature of the reaction chamber to
a temperature below that at which said prod-
ucts would tend to dissociate. Rarefaction
or maintenance of reduced pressure in the
space 13, is obtained, in the apparatus illus.
trated, by an expansion nozzle formed by
outlet 7 and an ejector or propelling device
or mouth 7> This expansion nozzle is
formed by a mouth piece 7* which may be of
metal, tapered internally and forming (as
shown) a continuation of the outlet 7. Sur-
rounding the end of this nozzle is a collar

- 7¢ forming with mouth piece T* a tapered

annular mouth 7°. In the collar 7 is a duet
7¢ communicating with the mouth 7 and to
this duct is connected a pipe 7° for leading
in steam or other fluid under pressure. The
parts 7, 7%, T, 7¢, 74 and 7¢ form the ejector
or expansion nozzle. By means of the steam
or other fluid delivered under pressure
through pipe 7° and issuing from mouth 7
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rarefaction is produced in space 13 in the
vicinity of the mouth of nozzle 7e. The
steam also serves to absorb some of the heat
from the products. In cases where the
products would be injuriously or disad-
vantageously affected by steam, another
fluid will -be substituted therefor; also, if
desired, any other suitable means for pro-
ducing the required rarefaction may be sub-
stituted for the nozzle 7° such, for example,
as a vacuum pump or other rarefaction ap-
paratus. Such modifications are to be re-
garded as within the scope of the invention.

The parts constituting the expansion noz-
zle may be secured on the reaction chamber
by means of a plate 21 in which are screw-
threaded mouth piece.7* and collar 7°. Plate
21 is secured in place by means of tie bolts
22 which pass therethrough and through a
plate 28 at the bottom of the chamber. The
union of the inlet pipes 26 from the pre-
heaters. passes through this plate 23 to in-

The trunk or pipe 14 into which the prod-
uts from the reaction chamber and expan-
sion nozzle discharge is threaded in collar
7¢, as shown. DBeyond the portion of said
pipe whigh constitutes the rarefaction cham-
ber 13 is arranged an adjustable compression
nozzle indicated at 14®. This nozzle is
formed by means of an adjustable tapered
valve 28, the stem 28" of which passes
through a stuffing box 29 in the wall of the
pipe 14. By adjustment of the valve 28
the size of the nozzle 14* and the degree of
compression exerted on the products is regu-
lated. In the vicinity of this compression
nozzle is arranged a water jet to absorb the
heat due to compression. This jet is pro-
vided by means of a pipe 20 passing through
stuffing box 27 and axially through valve
28. At its end pipe 20 is provided with a
tip 20’ provided with upwardly inclined
discharging passages 20°; and the tip is
pointed or tapered as at 20* in order to
present little or no obstruction to the flow
of the products. To compensate for the
space occupied by pipe 20 the trunk 14 is
enlarged, as shown, in the vicinity of said
pipe. Beyond valve 28 the trunk 14 is en-
larged and passes to the absorption devices.
These devices form no part of my invention
and hence are not shown. They may con-
sist of absorption towers of well known con-
struction, or other absorption or recovery
devices, depending upon the nature of the
products obtained and the form in which
1t is desired to absorb or collect them. Pro-
vision may also be made for mixing other
gases or substances with the products, as

. for example, by supplying oxygen to con-

65

vert the lower oxids of nitrogen (where
these form the products) into the higher
oxids: but the subsequent treatment of
the products after their fixation in accord-

ance with my invention ‘is immaterial so-
far as the present invention is concerned.

In several of the views of the drawings
I have illustrated modifications of parts of
the apparatus. In Fig. 6 I have shown a
metallic electrode, which may be of iron or
copper, having its interior hollow or cham-
bered for the circulation of cooling water.
The use of such electrodes is advantageous
in preventing dilution or contamination of
the gases or products. by carbon dioxid
which might occur in the use of carbon elec-
trodes. .

In Fig. 7 is another modification in which
a cooler 30 of tubular construction is shown
interposed between the expansion nozzle
and the outlet of the reaction chamber for
the purpose of preventing a rise of tempera-
ture due to friction or recompression and at
the same time the density of the issuing
products is increased and their volume les-
sened. This permits the steam delivered to
pipe 7¢ or the pump, as the case may be, to
be more effective.

‘Where nitrogen compounds are to be pro-
duced according to my. invention, air or a
suitable mixture of oxygen and nitrogen is
leds through the preheaters to the reaction
chamber. The preheaters are worked alter-
nately. Asshown in Fig. 1 of the drawings,
the preheater on the left is being heated by
the furnace; and the preheater on the right
is giving up its heat to the gases or air
entering at the inlet 25 and passing through
branch pipe 26 to the inlet 6 of the reaction
chamber. The gases entering the chamber in
the preheated condition have their electrical
conductivity increased thereby, and the arcs
will consequently have greater length so that
adjustment of the electrodes for striking
or maintaining the arc will be unnecessary.
It is understood, however, that the elec-
trodes may be adjusted toward and from
each other by any well known means as
shown. Where carbon electrodes are used,
the preheating of the gases enables pene-
tration of the electrodes into the chamber
unnecessary, so that the carbon dioxid
formed near the tips may pass off without
entering the chamber. The electrodes are
connected with a suitable source of current
which may be either alternating or direct,
supplying constant current.

The gases in the chamber are heated to
the reaction or combining temperature,
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the whole charge therein being raised to or "~

somewhat above that temperature. For the
production of nitrogen compounds the tem-
perature will be in the neighborhood of
3,000°-3,500° C. In order to insure the
requisite velocity of discharge from the
chamber the gases may be supplied to the
chamber under pressure. From the reaction
chamber the products issue through the ex-
panison nozzle into the space 18 of reduced
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pressure. Assuming that the' velocity of
flow of the products from the reaction cham-
ber to the expansion chamber be three thou-
sand five hundred to four thousand feet per
second and the length of the expansion open-
ing or nozzle be three inches, the time of ex-

. pansion would occupy about one fifteen-

10

15

20.

thousandth (1/15,000) part of a second. In
this fraction of a second the temperature of
the products is reduced, by the sudden ex-
pansion, below that at which there is any
tendency to dissociation. The resulting tem-
perature after expansion will vary with the
degree of expansion and with the heat of
réaction or combination of the particular
gases treated, and for nitrogen compounds,
the heat of the products after expansion will

be in the neighborhood of 1500 degrees C.-

The particular temperature after expansion
is not of vital importance so long as'it is

~ below the temperature at which the gaseous
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compounds formed tend to dissociate. The
difference in pressure of the gases between
that in the reaction chamber and that in the
expansion chamber for the above conditions
will be in the neighborhood of the ratio of
15:1.83. The cooling being thus insten-
taneous, the products are obtained -with
practically no loss and the yield is obviously
greatly increased over the processes hereto-
fore known. The effect of the expansion
nozzle is to convert the energy of tempera-
ture and pressure in the reaction chamber
into veloeity. The velocity will of course
have no influence upon the chemical prod-
uct formed. The steam delivered through
pipe 7¢ should have a velocity somewhat in
excess of that of the products issuing
through the nozzle so as to have a carrying
effect upon the same. A steam pressure of
100to 150 pounds will, in the instance given,
be suitable. Where the velocity of the prod-
ucts is such that a high steam pressure is re-
quired to have a carrying effect, the em-
ployment of a cooling ‘device, as in Fig. 7,
in advance of the steam nozzle permits the
use of lower steam pressure.

Leaving the rarefaction chamber, the ve-
locity of the products is checked or con-
verted into pressure. This is accomplished
by adjustable compression nozzle and valve
28. The heat incident to the compression is
absorbed by the water jets from water noz-
zle 20’, the point of their application being
adjusted by raising or lowering the pipe 20.

- From the compression nozzle the products

60

pass to the horizontally arranged portion
14’ of pipe 14 to the absorption apparatus.
It will be understood that the compression
nozzle and pipe 20 will be adjusted to obtain
the proper relations between the rate of
flow of the products, the temperature and
the rate ‘of expansion. _

. From the foregoing it will be seen that,

5 as distinguished from known processes in

1,384,588

which a slow cooling of the ‘products‘by heat
interchange with the surrounding volume of
gases, and the consequent slow transit of the

products through what I have termed the.

zone of dissociation, myinvention producesin
immediateor instantaneous cooling by which
the products are carried at once from the reac-
tion zene or zone of combination to the zone
of permanence—the transit of the products
through the zone of dissociation being - so
instantaneous that, for practical considera-
tion, it may be said that the dissociation

zong is passed over and the products go im--

mediately to the zone of permanence and
suffer no dissociation. »

As described in . the foregoing the process
is continuous, the gases passing into the re-
action chamber and the products discharged
uninterruptedly. The process may, how-
ever, be worked intermittently if desired by
treating successive charges of gases.

My invention is not limited to its*appli-
cation to the fixation of atmospheric nitro-
gen. It may be also employed, for instance,
for the production of acetylene. A similar
apparatus is employed, carbon electrodes be-

ing used, but an atmosphere of hydrogen is

supplied to the reaction chamber which,
under the influence of the arcs, combines
with the carbon of the electrodes, or with
the carbon with which the interior of the
chamber may be lined, to produce the acety-
lene. Or, hydrocarbon gases may be-sup-
plied to the chamber aﬁng the action of the
heat from the arcs will cause a portion of
the carbon and hydrogen contained therein
to unite to forin acetylene.

The invention may also be employed upon
exothermic substances as for example. by
dissociating combined gases or compounds

_into their constituents and maintaining the
dissociated condition by the ‘instantaneous .

lowering of the temperature through the
temperature zone in which recombination
would take place. For instance, it is well
known that steam is decomposed at a tem-
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perature in the neighborhood of 2,000° C.;

but owing to the impracticability of sepa-
rating the hydrogen and the oxXygen pro-
duced in the zone of dissociation, recom-
bination or ignition takes place, water be-
ing formed as the products cool. By
my invention, ignition or recombination
is prevented by the instantaneous lower-
ing- of the temperature of the products
by sudden expansion and cooling beyond
the temperature zone in which recombina-
tion takes place. 'In treating this class of

bodies the same principles apply. The re--

action is reversible but reversion is prevented
by bringing the temperature suddenly to
the zone of fixation or permanence. The

zones will in these cases ‘have different
names. The highest zone in the scale is the
zone of dissociation (reaction); the inter-
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mediate zone is the zone of recombination,
and the lowest zone is, as before, the zone
of permanence or fixation. :

It will be apparent from the foregoing
that the electric arcs are mentioned as only
one form of obtaining the necessary reaction
temperature for causing the chemical re-
actions to be produced. Any other suitable
form of heat may be substituted, such as in-
candescent bodies over which the gases may
be passed ; or the walls of the reaction cham-
ber may be heated up in any convenient and
suitable manner to obtain the necessary tem-
perature of reaction. If desired, the pres-
sure in the reaction chamber may be in-
creased by supplying the gases to be com-
bined under pressure. o

‘While I have referred to gaseous bodies
as entering into combination to form new
products, 1t- will be obvious that substances
may be combined which are not. gases, but

" which under the conditions of the reaction

form gaseous compounds or products, as
in the case of the production of acetylene
above mentioned. - :

‘While I have described the application of
my invention to the several instances above
mentioned, it is to be understood that I refer
to such instances by way of illustration and
that my invention is not limited to any
specific embodiment thereof but includes
broadly carrying.of the products ‘formed
under the conditions of reaction instantane-
ously through what I have termed the zone
of decomposition (or recombination} by
causing a sudden expansion or reduction of
pressure with the consequent drop in tem-
perature below the critical point where the
product formed would tend to decompose or
revert to its constituents, or vice versa.

Having described my invention, what I
claim is:

1. The process of fixing the products of
endo-thermic reactions in gases, which con-
sists in heating a volume of the gas to re-
action temperature, immediately discharg-
ing or removing the products from the area
or zone of reaction and simultaneously ex-
panding said products and imparting ve-
locity thereto and thereby rapidly remov-
ing said products from the area or zone of
reaction and reducing the temperature there-
of below that at which they would tend to
dissociate or revert to their components.

2. The process of effecting chemical
changes in gases which consists in bringing
the gases to reaction temperature and im-
mediately imparting velocity to the product
and discharging the same into an area of
reduced pressure to cause an immediate fall
in temperature below that at which the
product formed by the reaction would tend
to reverse. :

3. The process of effecting chemical
changes in gases, which consists in continu-

inclosed - chamber,

S

ously charging the gases into an inclosed
chamber, heating the charge in the chamber
to the reaction temperature, and continu-
ously imparting velocity to and discharg-
ing the products formed from said cham-
ber immediately into an area of reduced
pressure, to produce a sudden reduction of

-the temperature of said products below that

at which dissociation thereof tends to occur.

4. The process for. producing oxids of ni-
trogen, which consists in charging a mix-
ture of oxygen and nitrogen gases info an
heating said charge
throughout to the combining temperature,
immediately imparting velocity to and dis-
charging the products from said chamber

in an area of reduced pressure, whereby the

temperature of the products is reduced be-
low that at which dissociation tends to occur.

5. The process of producing oxids of ni-
trogen, which consists in introducing a mix-
ture of nitrogen and oxygen into an inclosed
chamber, striking electric arcs in said cham-

‘ber, imparting velocity to the product to

suddenly discharge the same into an area of
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reduced pressure to reduce the temperature

of said product to a point where the prod--

uct formed is fixed or permanent,

6. The process of forming nitrogen oxids
which consist in heating a mixture of nitro-
gen and oxygen to the reaction temperature,
immediately discharging or removing the
products from the area or zone of reaction
and simultanéously expanding said prod-
ucts and imparting velocity thereto and
thereby rapidly removing said products
from the area or zone of reaction and re-
ducing the temperature thereof below that
at which they would tend to dissociate or re-
vert to their components.

7. The process of producing nitrogen ox-
ids, which consists in heating a mixture of
nitrogen and oxygen to the reaction temper-
ature, suddenly expanding the products
formed, recompressing said products and
absorbing the heat due to recompression.

8. An apparatusTorthe purpose described,
having in combination a reaction chamber,
means to introduce gases thereto, means for
heating the gases in said chamber, an ex-
pansion outlet for discharging and expand-
ing the products formed in said chamber,
and means to impart velocity to the products
through said outlet.

9. An apparatus for the purpose de-
scribed, having in combination a reaction
chamber, means to introduce gases thereto,
means for heating the gases in said chamber,
a rarefaction chamber, an expansion outlet
leading from the reaction chamber to the
rarefaction chamber, and exhaust means for
imparting velocity to the discharging gases
connected to said reaction chamber.

10. In apparatus for the purpose de-
seribed, the combination of a reaction cham-
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Ber, meéans to introduce gases thereto, means
for heating the gases in said chamber, a
trunk Jeading from said. chamber, exhaus-
tion means connected to said trunk for ex-
hausting and rarefying the products from
said chamber, means in said trink for re-'
compressing said products and means to ab-

. sorb the heat due to recompression.
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" the preheating chamber,

30

11. In apparatus for the purpose de-
scribed, the combination of a reaction cham-
ber, means to introduce .gases to-said cham-
ber, means to heat, the gases in said chamber,

an expansion nozzle connected to said cham.

ber, means for exhausting the product from
said chamber through said nozzle, an ad-
justable compression nozzle in the path of
the products from the expansion nozzle and
means to absorb the heat due to compression.

12. In apparatus of the _character de-
scribed, the combination of 2 preheating
chamber, a reaction chamber connected to
means to heat the
gases in the reaction chamber to the reac-
tion temperature, an expansion nozzle and
a compression nozzle connectéd to the reac-
tion chamber and successively arranged in
the path of the products from said chamber,
an exhaust apparatus for exhausting the

-products from the reaction ehamber through

said nozzlés and means to abserb the heat
due to compression in the compression
noz_zle. '

‘ber,

1,134,583

13. In "apparatus of the character de-
seribed, the combination of a reaction cham-
ber, electrodes arranged to form arcs in
said chamber, means to introduce gases into
said chamber, an expanding outlet from said
chamber, a trunk connected to said outlet, an

- ejecior nozzle in said truck, means to dis-

charge fluid under pressure from said noz-
zle to eject or discharge the products from
the chamber through the expanding outlet,
a compression' nozzle in the path of the

Products from said outlet, and means to dis--

charge a cooling fluid in the
compression nozzle.

14. In apparatus for the purpose de-
scribed, the combination of a reaction cham-
ber, means to introduce gases to said cham-
means to heat the gases in said cham-
ber, an expansion nozzle connected to said
chamber, means to absorb heat from the
products on their way to the expansion noz-
zle, means for exhausting the product from

chamber through said nozzle; an ad-

vicinity of said

said
justable compression nozzle in the path of
the products from the expansion nozzle and
means to absorb the heat due to compres-
sion. ‘ ’

CHARLES S. BRADLEY.
Witnessés: :
- Laovra E. Mong,

. Harry E. Kxnrear.
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