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Lo all whom it may concern:

- Be it known that I, Carr Boscu, Ph. D,
subject of the King of Prussia, residing at
Ludwigshafen-on-the-Rhine, Germany, have

invented new and useful Improvements in

Processes and Means Relating to the Pro-
duction of Ammonia, of which the follow-
ing is a specification. ’

In the specification of Letters Patent No.
1,006,206 and in the specifications of appli-
cations for patent Serial Nos. 512,680,
599,100, 599,101, 670433, 670444, 670,445,
670,446, 661,013, 661,014, and 675,618 are de-
seribed methods of and relating to the syn-
thetical production of ammonia by passing
a mixture of nitrogen and hydrogen over a
catalytic agent. In the present application
are set forth more specifically features of
and in connection with apparatus and proc-
esses for carrying out the synthetic produc-
tion of ammonia on a -commercial scale.
Of the accompanying drawings in this ap-
plication Figure 1 represents a vertical sec-
tion' of apparatus for obtaining hydrogen
from water-gas and steam. Fig. 2 shows in
vertical section a suitable apparatus for rais-
ing the contact mass to the requisite tem-
perature while avoiding contamination of
the said contact mass by the products of
combustion. Fig. 8 represents in vertical
section apparatus for absorbing ammonia
from gases containing it, and Fig. 4 shows
apparatus for producing ammonia by pass-
ing nitrogen and hydrogen over a catalytic
agent. The hydrogen and nitrogen which
are employed as initial products in the said
synthetic manufacture of ammonia can be
prepared ‘in a diversity of ways. Thus, for
nstance, the hydrogen can be prepared elec-
trolytically, that is to say, by the electrolysis
of a suitable solution, for example, during
the production of chlorin and caustic soda
by electrolysis of sodium chlorid solution,
in which case hydrogen is evolved as a by-
product at the cathode. Another group of
methods is based upon the removal of- oxy-
gen from water by means of carbon. The

_ first of these methods of preparing hydro-

gen on,a large scale may consist in fraction-
ating, water-gas by cooling” the water-gas

“until it. partly liquefies and then allowing

the Tiquid to distil according to the method

of Linde. TFor instance, the known process

may beé used in which two such circuits are

combined. In the first circuit air is liquefied
and fractionally separated, giving rise to
nitrogen and oxygen while the circuit is so
arranged that the cold produced is trans-
ferred to the second circuit, in which the
water-gas is liquefied and is then frac-
tionally separated giving rise, on the. one
hand, to hydrogen and, on the other hand,
to carbon monoxid. Another of these meth-
ods of producing hydrogen from a mixture
of hydrogen and carbon monoxid, such for
instance as water-gas, consists in mixing the
water-gas with steam and passing the mix-
ture over a contact material, such for in-
stance -as iron, at a temperature of, say,
from 400° to 600° C., when the carbon mon-
oxid is converted into carbon dioxid, while
a corresponding. quantity of steam is re-
duced to hydrogen according to the equation
CO-+H,0=CO0,+H,.
stood that the iron may be present, during
the reaction, in the state of ferric oxid or
ferrous oxid or eompounds or mixtures of

both and by using the word iron I do not .

confine myself to a peculiar state of this
body, but I wish to include all forms which
the iron may take during the reaction. The
carbon dioxid can be separated from the hy-
drogen in any suitable manner or, in partic-
ular, in the manner hereinafter to be de-
scribed. Apparatus for obtaining hydrogen
from - water-gas may be constructed, for
example, as illustrated in Fig. 1. Water-gas
is passed.through the coil Q where it is pre-
heated and steam is admitted through the
pipe X, the mixture passing through the
center tube of a double spiral regenerator
R, then through the outer tube of the re-
generator S through the contact mass T,

where the water vapor and carbon monoxid

react forming carbon dioxid and hydrogen,

_the resulting . gases then pass through the
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It i1s to be under- .
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regenerators S and R and then through the -

coil V, where any excess of steam is con-

densed. - According to a third method of

carrying out this process, hydrogen can be
prepared for the synthetic
ammonia b

100 -
roduction of .
alternately oxidizing and re- -

ducing a suitable metal, such for instance as = "

iron. Thus steam can be passed over iron
at the requisite temperature so that iron
oxid is produced and hydrogen obtained,
and then, when the iron is oxidized to a
sufficient degree, it is reduced by generator
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gas or an equivalent thereof; such for in-
stance as water-gas or a suitable naturally

occurring gas can be employed. The various

gases are preferably heated to the necessary
degree before being passed to the vessel con-
taining the iron or iron oxid, as the case may
be, so that this latter is maintained at the
temperature suitable for the reaction.

The hydrogen prepared according to sev-

eral of the above methods contains impuri- .
‘ties, in particular carbon monoxid and car-

bon dioxid, which it is desirable to remove
before employing the hydrogen for the pro-
duction of ammonia. Any suitable method
of removing these impurities may be em-
ployed, for instance any considerable quantity
of carbon monoxid can be converted intocarbon
dioxid in a manner above described, while
smaller quantities of carbon monoxid can be
removed by passing the gases over caustic
soda at a temperature of, say 200° C., and it
is often advantageous to employ pressure,
for instance up to two hundred atmospheres
although higher pressures can be employed,
if desired. Any large quantities of carbon
dioxid can be removed by treating the gases
with water under considerable pressure, in
which case the solubility of the carbon di-
oxid in water is greatly increased and small
quantities of water remove large quantities
of carbon dioxid. Smaller traces of carbon
dioxid can be removed by passing the gases
over potassium carbonate, which is thereby
converted Into potassium bicarbonate ac-
cording to the equation

. K,00,+4C0,+H,0=2KHCO,.

" The minute traces of carbon dioxid which

40
45
50
55
o

65

may remain after this treatment can then be
regloved by passing the gases over caustic
soda.

The nitrogen which is employed for the
‘synthetic production of ammonia can also
be prepared in various ways. For instance,
it can be prepared by. fractionating lique-
fied air according to Linde’s method and this
fractionation may, as hereinbefore described,
be carried out in conjunction with the frac-
tionation of water-gas for the production of
hydrogen. A second method of preparing
nitrogen consists in burning hydrogen in the
presence of air, and for the purpose of pro-
ducing synthetic ammonia it is very ad-
vantageous to use a considerable excess of
hydrogen, so that the resulting gases contain,

in addition to water vapor, nitrogen and’

hydrogen in the proportion in which they
are required for the synthetic production of
ammonia. The reaction can be represented
by the following equation:

14H, +4N, +0,=2H,0 +4N, + 12H,. .

air y

‘It is'then only necessary to remove the water

from: the gases, which can be done, for the

1,388,760

greater part, by cooling until the water is

.condensed, while further smaller quantities

can be removed by various reagents, such for
instance as calcium chlorid, quicklime, phos-
phorus pentoxid, and the like, whereupon the
remaining mixture of hydrogen and nitro-

70

gen is ready for use and can be passed into

the systein in which the ammonia is being
produced.

Another method of preparing nitrogen
consists in-burning generator gas with air,
whereupon a mixture of nitrogen and car-
bon dioxid is obtained. The carbon dioxid
can be removed in the manner aforesaid, or
in any other convenient way, and the ni-
trogen can be employed in the production of
ammonia.

When hydrogen is burned in the presence

75

80

of air in the manner described above, the

nitrogen and hydrogen can be obtained
ready mixed in the proportion. desired for
the production of ammonia. When the ni-
trogen and hydrogen are obtained sepa-
rately, they are generally preferably mixed
in the suction tube leading to .the com-
pressor. The gases must also undergo puri-

fication in order to remove any ingredients.

which might prove injurious either to the
contact material or, for other reason,areun-
desirable. Thus, for instance, the water-gas,
or the generator gas, should be washed with
water and also passed through a dry puri-
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fier containing iron for the purpose of re-

moving any sulfur or compounds containing
sulfur. Various steps of purification can be

. carried out either while the gases are sepa-

rate or mixed and while they are at ordi-
pary pressure or while under compression,
as is most convenient. In any case, it is de-
sirable to pass the gasés after compression,
but before being introduced into the actual
circuit in which the manufacture and ab-
sorption of the ammonia are taking place.
over material ‘as far as possible identical
with the contact material and also main-
tained at about the same temperature as

-is employed for the said contact material.

This has the effect of removing from the
ases any matter which would otherwise
injure the contact material. Thus for in-
stance if iron is employed as the contact ma-
terial, the compressed gases, before enter-
ing the actual manufacturing circuit, should
be passed through an auxihary furnace con-
taining iron material similar to that used as
the contact, whereupon any injurious traces
of sulfur and oxygen are retained, injurious
carbon monoxid 1s converted into indifferent
methane and the gases are generally freed
from ingredients which might injure the
actual iron contact upon which the manu-
facture of the ammonia is dependent.

", .'The compression of the gases to the de-

desired degree, for instance to from 150 to

200 atmospheres, is preferably brought
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about with successive compressions,.and the
heat generated during each compression can

_be removed, wholly or in part, before sub-
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jecting the gases to the next step. In order

to prevent the system attaining too high a
pressure and to prevent any great variation
in the pressure, a battery of gas cylinders

capable of withstanding a high pressure and’

acting as a reservoir for the gases, is in-
serted into. the system between -the com-
pressor and the purifier through which the
gases pass before they enter the actual man-
ufacturing circuit. The battery of gas cyl-
inders is also of use when the compressors
cease to work for a short time, as the gas
contained 'in the battery is then able to
supply the circuit with a fresh mixture of
gases during the interval. The cylinders
are consequently generally kept at a some-

what higher pressure than that obtaining in -

the circuit. The gases, after being com-
pressed to the desired degree and having
passed through the purifier, enter the actual
circuit-and pass to the actual contact fur-
nace through one or more heat regenerators,
in which they take heat irom the gases leav-
ing the contact furnace. It is preferred to
pass the cold gases first of all through the

outer tube of two tubes which are arranged

concentrically in a spiral, the whole double
spiral being carefully insulated so as to con-
serve the heat as far as possible. After the
gases leave this first regenerator, they pass
through a second, consisting of a number
of narrow tubes situated inside one broader
tube. This second regenerator is also care-

fully insulated. After the gases leave the

second regenerator they pass through a third
regenerator which is directly attached to
the end of the contact tube or furnace and
which also consists of a number of narrow
tubes contained in one large tube. Here the
gases traveling toward the contact mass are
enabled to extract heat from the very hot
gases just leaving the contact furnace and

- they then pass along outside the said fur-

nace to the other end thereof and then re-

" verse their direction of flow and pass into
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and through the contact furnace, where a

certain proportion of them is converted into-

ammonia. These gases containing ammonia
then pass through the narrow tubes of the
third regenerator, thence toward the narrow
tubes of the second and through them, and
finally through the inner spiral tube of the

first.  They are then drawn by a circulating

pump and passed to apparatus where they
are treated. in any suitable manner as here-
inafter described in order to remove the
ammonia from them, and thence pass anew

" through the regenerators and contact mass.

65

It is preferred to employ the different re-
generators as above described since the
spiral regenerator is best adapted for effect-
ing a good interchange of heat and is conse-

‘temperature.

. TAass.
"heat which is necessary to start the reaction,

while the tubular regenerators, although not
so efficient as the-spiral regenerator, are
better capable of resisting the action of the

-hydrogen and. the high temperature and can.

also be connected with one another and with

o -

quently employed for absorbing as much
‘heat from the treated gases as 1s possible,

70

the contact furnace, in such a way that the

connections can be chosen so as to resist the
said action of the hydrogen and the high
All parts of the apparatus in-
cluding the connéctions are preferably in-

75"

sulated so as to retdin heat as far as possi- -

ble. The actual contact furnace conSists

preferably of a’clay tube in which the con-

80

tact mass is placed and is surrounded by a-

metal tube or tubes capable of withstanding
the high pressure employed. These latter
may be constructed, for instance, in the man-
ner described in the aforesaid specifiation
Serial No. 675,618, for instance they may
consist of a' wrought iron tube which retains
the gases and is also practically unacted

85

upon by hydrogen. at the temperature em- .

ployed, immediately surrounded by a per-
forated steel tube which is;capable of sup-
porting the pressure, but does not retain any
hydrogen . which may diffuse through' the
wrought iron of the tube. The reason for
this construction is, as stated in the.afore-:
said application Serial No. 675,618, the fact
that hydrogen at a high temperature and
under pressure has the property of acting
on steel containing carbon and rendering it
incapable of supporting the desired pressure.

Any suitable catalytic agent can be em-
ployed in the contact tube, for instance,’
iron to which a substance capable of pro-
moting the catalytic action thereof has been
added, may be employed, or use may be
made of uranium, or of osmium, or of tung-

‘sten, or of molybdenum, or of nickel, or

cobalt, or of any one or more ¢f the cata-
lytic agents mentioned in the aforesaid
specifications. L

The temperatures at various points in the
contact mass and at other points in the sys-
tem can be conveniently measured by means

"of electrical thermoelements. :

Although the reaction which results in the
formation of ammonia from nitrogen and
hydrogen is exothermic, it is necessary to
raise the contact mass to & certain degree
before the reaction will start. This can be
effected in various ways, for instance a tube
containing the contact material can be heated
from the outside by means of a flame or fire
or the like, or heat can be applied internally
by means of an electrical resistance wire situ-
ated preferably in coils around the contact
A further method -of supplying the

or which may become necessary during the .
reaction owing to too great dissipation of
heat in various pleces, consists in creating

90

95

10¢

105

110

115

120

125

130



10

15

20

25

30

35

40

. 45

2

heat inside the contact mass by supplying a
small jet of air or other gas containing
oxygen, and causing the oxygen therein to
combine with the hydrogen, whereupon a jet

- of flame is formed and this heats the contact

material until the requisite temperature for
starting the reaction has been attained. In
order to cause the hydrogen and oxygen to
combine in the first place, an electrical ig-
niting device can be employed, or the mix-
ture containing hydrogen and oxygen can be
caused to impinge on a surface of platinum
or the like. "It 1s preferred to carry out the
heating by causing the flame to burn inside
a tube situated in the center of the catalytic
agent, while the hydrogen and nitrogen pass
up through the catalytic' agent, mix with the
oxygen and then pass down the said tube,
being ignited either on entering the tube, or
just before entering. In this way, the prod-
ucts of combustion are prevénted from pass-
ing through the catalytic agent, such passage
being undesirable, since they might affect its
efficiency deleteriously. When sufficient heat
has been generated in the said tube to raise

-the catalytic agent to a temperature suffi-

cient to enable the catalytic combination of
hydrogen and nitrogen to proceed, the oxy-
gen supply is cut off and the nitrogen and
hydrogen mixture is passed through the ap-
paratus in the reverse direction, that is to
say, the mixture passes up the central tube
and then down through the catalytic agent.

Apparatus for thus heating the catalytic
‘material is illustrated in Fig. 2. In this 9

represents the catalytic material, through
which a éurrent of nitrogen and hydrogen

'is passed entering through the pipe 10 and,

after leaving the catalytic agent, passing
downiward through the pipe 11. A combus-
tible gas and oxygen are led through the
pipes as shown in the figure and are caused
to ignite at the nozzle 12.. The flame and
heated products of combustion pass together
with the nitrogen and hydrogen down the
tube 11, and the heat passes through the
walls of the said tube 11 and heats the cata-

" lytic material 9. When the necessary tem-

50

perature has been reached, the supply of
combustible gas and oxygen to the nozzle

. 12 is stopped, and the nitrogen and hydro-

55
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gen are then passed up through the tube 11,
down through the catalytic agent, and the
mixture of ammonia together with un-
changed nitrogen and hydrogen passes away
through the tube 10. »

When more than one contact furnace is

'being employed, it is preferred to distribute

the gases to the furnaces in parallel, so
that each particular quantity of gas passes
through one furnace and then is mixed with
the gases leaving the other furnaces and
passes along toward the apparatus for ex-
tracting the ammonia from the gases. In
order to ascertain whether the gases are

1,386,760

passing correctly through each-of the con-
tact furnaces, use can be made of the well

-known appliance in which the pressure of

the gases on each side of a constriction in
the tube supplying the gases to each of the

furnaces is measured and, if desired, auto-
matically registered. Any increase of ve-

locity of the gases in any one of the said
tubes immediately leads to alteration in the
difference in pressure on each side of the
said constriction in the tube and can at once
be detected and remedied. As a rule, the
gases containing dinmonia pass to a circu-
lating pump, of which, if desired, several can
be employed; it is desirable that these cir-
culating pumps should contain no parts of
copper with which the gases could come into
contact. The above arrangement is also of
value, since any oil which may be taken up
by the gases while passing through .the

70 -

75

80
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pump cylinders is removed by the absorbing -

liquid and is not allowed to pass to the con-
tact mass, which it might spoil. After leav-
ing the circulating pump, the gases are
cooled and contain, say, four per cent. by
volume of ammonia. In order to extract
this ammonia from the gases, resort may be
had to cooling, so that the ammonia is ob-

tained in liquid form. At a temperature of

minus twenty degrees centigrade, about two
per cent. of ammonia, that 1s, half of it, can
be removed, while the other two per cent. re-
mains in the gases, while at a temperature
of minus eigﬁty degrees centigrade, only
0.5% remains in the gases and 3.5%! is
obtained in the liquid form. The liquid
ammonia thus obtained contains nitrogen
and hydrogen in solution, and it is conse-
quently necessary to fractionate the mixture
in order to obtain the ammonia in a market-
able form. If desired, the ammonia can be,

90
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dissolved in water, and for this purpose can -

be passed through four wash-bottles in series
on the countercurrent principle. Since the
absorption is carried out while the gases are
still under high pressure, say, 150 atmos-
pheres, the water has to be pumped into the
first wash-bottle and the absorbing liquid is

" also pumped from each bottle to the follow-

ing, and moreover is subjected to a cooling
process between each bottle. The wash-bot-

tles can preferably be made of steel. When .

the liquid in the last wash-bottle has at-
tained the desired strength, it can be drawn
off by means of a suitable tap. Although it
is possible, in carrying out the absorption
under such high pressure, to obtain a very
concentrated solution of ammonia in water,
it is preferred to carry on the absorption
only to that point at which an ammonia so-
lution is obtained which, under ordinary

110

115

120

125

pressure, is stable -and does not evolve any

large quantity of ammonia.
Another arrangement which is eminently
suitable for-absorbing the ammonia from the
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gases by means of water, consists of three
coiled tubes situated one above the other so
that water which is pumped under pressure
into the top coil runs threugh this and then
of its own weight runs down to the middle
coil and, after passing through this, runs
to the lowest coil and from this to a suitable
receptacle, whence it can be drawn off in any
suitable manner. In the meantime the gases
containing ammonia are passed into the up-
per end of the lowest coil and through this
in the same direction as the absorbing liquid.
From the lower end of the lowest absorb-
ing coil the gas leaves the absorbing liquid
and is led to the upper end of the middle
coil, so that in this coil also.the gases and
the absorbing liquid pass in the same direc-
tion through the coil, that is, from top to
bottom. The gases leaving the lower end
of the middle coil then pass to the upper end
of the top coil and, as is the case in the other
coils, the gases and the absorbing liquid pass
through the coil in the same direction, that
is, from top to bottom. Thus in the top coil
the gases which are poorest: in ammonia,
since they have twice been subjected to the
action of an absorbing liquid, are treated
with fresh water and in this way a maxi-

“mum of ammonia is extracted from the

gases. Each of the absorbing coils should
preferably be immersed in a water-bath or

. subjected to other means of cooling, so as to
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remove the heat caused by the absorption
of the ammonia. Apparatus illustrating
this method of absorbing ammonia is illus-
trated in Fig. 3. The absorbing liquid en-
ters through the pipe 13 into the first absorb-
ing coil 14, while the gas leaving the second
absorbing coil 15 passes through the pipe 16
which also leads to the coil 14. . The ab-
sorbing liquid and the residual gas leaving
the coil 14 pass through the stripper 17, the
gas being led away through the pipe 18,
while the absorbing liquid enters the coil 15
after having passed through a siphon 19;
then, after having passed through coil 15,
it passes to a third coil 20. The concen-
trated ammonia solution is finally collected
in a vessel 21, from which it can be led off
as desired. The gases containing ammonia
enter the absorbing system through the pipe
92 and take. the path indicated by the ar-
rows, passing in succession through the coils
20, 15 and 14, in each traveling through the
said coils from top to bottom, that is, in the
same direction as the absorbing liquid.
After the gases have been treated to re-
move the ammonia to the extent considered
desirable, taking into consideration the diffi-

culty of extracting the last traces, they are.

passed back again to the furnace, but on the
way thither are passed through large strip-

pers so that the velocity of ‘the gases is

greatly reduced and opportunity is given the
water, whether as such or as vapor, to sepa-

(>3}

rate out from the gases. It is to be under-
stood that the gases are maintained under
pressure during the whole of the operation
and kept in motion in the circuit by means of
circulating pumps, that portion of the gases
which combines to form ammonia, and is
then removed from the system, being re-
placed by a fresh quantity of mixed hydro-

‘gen and nitrogen, pumped into the system

as hereinbefore described.

Apparatus for carrying out the manufac-
ture of ammonia according to the present in-
vention is diagrammatically illustrated in
Fig. 4. The mixture of hydrogen and nitro-
gen is raised by the compressor 23 to the nec-
essary pressure, it being understood that al-
though only one cylinder is shown, the com-

‘pression can be carried out, if desired, in

several steps. 24 represents a battery of

-steel cylinders which act as a reservoir for

the compressed gases. 25 is a cylinder con-
taining material similar to the catalytic
agent employed and maintained under prac-
tically similar conditions to the actual cata-
lytic agent. This said cylinder 25 is for the
purpose of finally purifying the gases from
any impurities which might damage the con-
tact material or in any way decrease its effi-
ciency. Some ammonia is generally formed
in this cylinder. The gases then enter the
manufacturing circuit through the valve 26
where they join the gases containing am-
monia on their way from the catalytic mate-
rial to the absorbing plant. This absorb-
ing apparatus is, for the sake of simplicity,
shown as one simple tube 27, in which the
liquid is maintained in circulation by means
of a pump 28. The ammonia solution is ob-
tained from the valve 29 and any fresh ab-
sorbing liquid can be compressed into the
system either by means of the pump 28 or by
any suitable method. The gases leaving the
absorption apparatus 27 pass through a
stripper 30 which is comparatively large, so
as to enable as much water as possible to
separate from the gases which then pass
through the outer tube of the spiral regener-
ator 81, then through the first tubular re-
generator 32, through the second tubular re-
generator 33, through the contact mass 34,
back again through the- three regenerators
33, 32, and 81, and through a stripper 35 to
the circulating pump 36, which maintains
the gas contained in the circuit in motion.
The gases then pass through stripper 37, in
order to separate off any oil, and then enter
the absorbing apparatus 27, in the manner
hereinbefore dscribed. i

The gases in the circuit are from time to
time analyzed, so that any excess of nitrogen
or of hydrogen above the proportion in
which they combine to form ammonia can
be detected, and a corresponding alteration
in the composition of the gases supplied to
the circuit is made, so that the gases in the
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circuit are made to attain the requisite com-
position. /As the reaction proceeds, espe-
cially if a gas containing a small proportion
of methane be employed, there may accumu-
late in the circuit an indifferent gas, in par-
ticular, methane, and when this attains a
certain percentage it becomes advisable to

‘empty the gases from the circuit and replace
them by fresh gases.

Those removed from
the circuit can be purified in any convenient
manner and then returned to the circuit, as
they are ‘needed.

As there is a comparatively small market
for aqueous solutions of ammonia, jf.is"gen-
erally preferred to transform the #mmonia
into ammonium sulfate, or else to separate
the ammonia from the water and convert it
into the liquid form, which can then be pre-
served in steel cylinders and is then in 2
suitable form for transport. As a general
rule, the aqueous ammonia solution has

* hitherto been heated and the gaseous am-
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monia which is driven off is either absorbed
in dilute sulfuric acid, for the purpose of

making ammonium sulfate, or else it is-

passed over quicklime in order to dry it, and
1t is then passed to the compressing machine.
It has, however, been found that the am-
monia can be obtained in a pure form free
from water and oil by driving off the am-
monia from the solution, cooling the gas,
then compressing it and finally subjecting it
to fractional distillation under pressure.
The ammonia is then obtained in a form
which is immediately suitable for compres-
sion, without its being necessary to pass it
over quicklime or the like.

Should it become necessary to replace the
catalytic agent, this can be done very con-
veniently and with a minimum of dismount-
ing the apparatus by sucking out the cata-
lytic agent by means of a vacuum, and it is
preferred at the same time to pass a current
of nitrogen through, the vessel so as to pre-
vent oxygen coming into contact with the
hot walls of the catalytic furnace. Fresh
catalytic agents can then be introduced into
the vessel and the process re-started.

Now what I claim is:— :

1. The process of producing ammonia
which - consists in treating a mixture of
hydrogen and nitrogen under pressure with
a catalytic agent, then passing it through a
circulating pump, then removing ammonia
which has been formed by the action of the
catalytic agent, then adding a fresh quantity
of nitrogen and hydrogen to the residual
gases and passing' the mixture again over
the catalytic agent. _ -

2. The process of producing ammonia
which consists in repeatedly catalyzing a
mixture of hydrogen and. nitrogen and ab-

sorbing the ammonia formed by one catal-

ysis and adding fresh mixture before the
succeeding catalysis.

1,386,760

3. The process of producing ammonia by

passing a mixture of hydrogen and nitrogen
In combining proportions under pressure
over a catalytic agent at a raised tempera-
ture and then abstracting from the gaseous
mixture the ammonia which has been
formed, and then passing the residual gases
over the catalytic agent again and supplying
fresh mixture of nitrogen and hydrogen to
the circuit, but passing such fresh mixture
over a purifying mass, practically similar to

and maintained under practically similar

conditions as the catalytic agent before the
said fresh mixture enters the said circuit.
4. Apparatus for the production of am-

monia from its elements comprising a vessel

containing catalytic agerit connected with
tubular heat regenerators which are fol-
lowed by a double spiral heat regenerator,
the whole apparatus being capable of sus-
taining a great pressure.

5. Apparatus for the production of am-
monia from its elements comprising a vessel
containing catalytic agent and one or more
regenerators of less efficiency but capable of
sustaining a high pressure and temperature,
said vessel being connected with a separate
heat regenerator of great efficiency, but
which is incapable of being attached to adja-
cent apparatus so as to be able to sustain
simultaneously and permanently a high
pressure and temperature, the whole appa-
ratus being capable of sustaining a great
pressure. - - -

6. In the production of ammeonia by com-
bining nitrogen and hydrogen under pres-
sure by means of a catalytic agent at a raised
temperature, raising the catalytic agent, to
the necessary temperature by admitting gas
containing oxygen and igniting the mixture

- of hydrogen and oxygen which is formed,-

and allowing the flame to burn in close prox-
imity to the catalytic agent. .
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7."In the production of ammonia. by com-

bining nitrogen and hydrogen under pres-
sure by means of a catalytic agent at a raised
temperature, raising the catalytic agent to
the necessary temperature by admitting gas

‘containing oxygen and igniting the mixture

of hydrogen and oxygen which is formed,
and allowing the flame to burn in close prox-
imity to the catalytic agent, but preventing

110 .

115

the products of cembustion from coming

into contact with the catalytic agent. _
8. In the production of ammonia by com-
bining nitrogen and hydrogen under pres-

sure by means of a catalytic agent at a°

raised temperature, raising the catalytic
agent to the necessary temperature by admit-
ting gas containing oxygen and igniting the
mixture of hydrogen and oxygen which is
formed, and allowing the flame to burn in-
side the.catalytic agent, while preventing the
products of combustion from coming into

. contact with the catalytic agent.
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9. The production of ammonia by passing
a mixture of hydrogen and nitrogen over a
catalytic agent under pressure first admit-
ting gas containing oxygen and igniting the
mixture of hydrogen and oxygen which is
formed, and allowing the flame to burn in-
side the catalytic agent while preventing the
products of combustion from coming into
contact with the catalytic agent, then cut-
ting off the supply of gas containing oxygen
and passing the mixture of nitrogen and

‘hydrogen over the heated catalytic agent.

"10. The production of ammonia by pass-

‘ing a mixture of hydrogen and nitrogen over

a catalytic agent under pressure first admit-
ting gas containing oxygen and igniting the
mixture of hydrogen and oxygen which is
formed, and allowing the flame to burn in-
side the catalytic agent while preventing the
products of combustion from coming into
contact with the catalytic agent, then cut-
ting off the supply of gas containing oxygen
and passing the mixture of nitrogen and
hydrogen over the heated catalytic agent, in
the opposite direction to that in which they
were previously passing.

11. Apparatus for the production of am-
monia, from its elements under pressure

.comprising a plurality of vessels containing

a hot catalytic agent and arranged in paral-
lel, a circulating pump for moving the com-

. bined gases produced in said vessels, appa-

ratus for separating the ammonia formed, a
supply valve for adding fresh gases contain-
ing nitrogen and hydrogen and connection
pipes distributing the gas in parallel over
the contact vessels, all parts being capable of
withstanding high- pressure.

12. Apparatus for the production of am-
monia from its elements under pressure
comprising a plurality of vessels containing
a hot catalytic agent and arranged in paral-
lel, a circulating pump for moving the com-
bined gases produced in said vessels, a sup-
ply valve for adding fresh gases containing
nitrogen and hydrogen, apparatus for sepa-
rating the ammonia contained in the whole

. gas mixture and connection pipes distribut-

ing the gas in parallel over the contact ves-
sels, all parts being capable of withstanding
high pressure. :

18. Apparatus for the production of am-
monia from ‘its elements -under pressure
comprising the succession of a vessel con-
taining catalytic agent, a circulating purnp,
a cooling apparatus, a supply valve for add-
ing fresh gas mixture, an apparatus adapted

©to remove the ammonia, and a pipe leading

60

- back to the vessel containing the catalytic

agent. . :
The process of producing ammonia

14.

which ' consists in passing a mixture of

65,

hydrogen and nitrogen in about combining
proportions repeatedly over a catalytic
agent, removing the ammonia formed be-

7,

tween each passage by washing the gases

leaving the catalyst with a liquid capable of .

absorbing ammonia, the gases and liquid be-
ing passed on the counter-current principle
and ~ subjected to cooling on their way
through the washing operation, the whole
process being effected while maintaining the
pressure. '

15. The process of producing ammonia by
passing a mixture of nitrogen and hydrogen
in practically combining ‘proportions and
under pressure over a catalytic agent, then
through a circulating pump, then separating
the ammonia from the gases, then leading
the gases through a stripper in order to re-
move absorbing liquid, then adding fresh
mixture of nitrogen and hydrogen and then

_passing the mixture anew over the catalytic
a .

agent.

16. The process of producing ammonia by
passing a mixture of nitrogen and hydrogen
in practically combining proportions and
under pressure over a catalytic agent, then
through a circulating pump, then adding
fresh mixtures of nitrogen and hydrogen,
then separating the ammonia from the gases,
then leading the gases through a stripper
and then passing the residual gases anew
over -the catalytic agent.

17. Apparatus for the production of am-
monia comprising-a compressor, a battery
of pressure cylinders, a purifier, and means
for leading the gases leaving the purifier to
the cireuit, said circuit containing a circulat-

ing pump, a plurality of regenerators, a ves-

sel containing catalytic agent, and means for
absorbing ammonta from the gases contain-

-ing it.

18. Apparatus for the production of am-
monia comprising a compressor, a battery
of pressure cylinders, a purifier, and means
for leading the gases leaving the purifier-to
the circuit, said circuit containing a circulat-
ing pump, a plurality of regenerators, a ves-
sel containing catalytic agent, and means
for absorbing ammonia from the gases con-
taining it, and means for removing the ab-
sorbing liquid from the gases before the lat-
ter are returned to the catalytic agent.

19. Apparatus for the production of am-
monia comprising a compressor, a purifier,
and means for leading the gases leaving the
purifier to the circuit, said circuit containing
a circulating pump, a plurality of regenera-
tors, a vessel containing catalytic agent, and
means for absorbing ammonia from the
gases containing it. : :

20. Apparatus for the production of am-
monia comprising a compressor, a battery of
pressure cylinders, means for leading the
gases to the circuit, said circuit containing a
circulating pump, a plurality of regenera-
tors, a vessel containing catalytic agent, and
means for absorbing ammonia from the gases
containing it.
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21. Apparatus for the production of am-
monia comprising a compressor, a-battery of
pressure cylinders, a purifier, means for
leading the gases leaving the purifier to the
circuit, said eircuit containing a circulating
pump, a double spiral regenerator and one,
or more, tubular regenerators, a vessel con-
taining catalytic agent, and means for ab-
sorbing ammonia from the gases contain-
ing it. - o

92, Apparatus for use in the synthetic
production of ammonia comprising a vessel
containing catalytic agent, a tube through

“the said catalytic agent and means for pass-

ing hot combustion gases through the said
tube, while preventing them from coming
into contact with the catalytic agent.

23. Apparatus for use in the synthetic
production of ammonia comprising a vessel

containing catalytic agent, a tube through -

the said catalytic agent, means for causing

a combustible gas to burn with oxygen in-

the said vessel, , and means for passing the
products of combustion through the said
tube, while preventing them from coming
into contact with the catalytic agent.

24. Apparatus for use in the synthetic

production of ammonia comprising a vessel
containing catalytic agent, a tube through
the said catalytic agent, means for causing
a combustible gas to burn with oxygen in
the said vessel, means for passing the prod-
ucts of combustion through the said tube,

while preventing them from coming into
contact with the catalytic agent, and means
.for passing nitrogen and hydrogen through

the catalytic agent and through the said
tube.

1,386,760 -

95. A catalytic furnace for the preduction

of ammonia containing in combination a

shell capable of confining more than 100 at-

mgspheres pressure, a lining substantially
immune from forming carbon compounds
with hydrogen, and a catalyst receptacle -of
heat-proof material separated from the lin-
ing by a passage for the nitrogen gases on
the way to the catalyst. '

26. A catalytic furnace
of ammonia containing in combination a
shell capable of confining more than 100 at-

mospheres pressure, a lining. substantially -

immune from forming carbon compounds
with hydrogen, and a catalyst receptacle of

40
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for the production 5

50

heat-proof material separated from the lin- . '

ing by a passage for the nitrogen gases on

b6

the way to the catalyst and a heat regen- = -

erator forming an exit for the catalyst gases.

27. A catalytic furnace for the production
of ammonia  containing in combination a
shell capable of confining more than 100 at-
mospherés pressure, a lining substantially

immune from forming carbon compounds-

with hydrogen, a catalyst receptacle of heat-
praof material, and a heat regenerator lead-
ing from the exit of thecatalyst receptacle

arated from the said lining by the passage

of the hydrogen and nitrogen gases on their

waly to the catalyst. -
- Tn testimony whereof I have hereunto set
my hand in the presence of two: subseribing

witnesses. . o .
: CARL BQSCH.
‘Witnesses: i .
T. ‘Aurc. Lroyp,
Joserpe PFEIFFER,

60.
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said regenerator and receptacle being sep-
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