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. Application fled Pedbruary

To all whom it may concern:

Be it known that I, Lerano L. Sumsrss,
a citizen of the United States, residing at
Chicago, Cook county, 1llinois, have in-
vented new and useful Processes of Prepar-
ing Nitrogenous Compounds, of which the

nnﬁ
. following 1% a specification.
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The object of my invention is to provide a
new and useful process of preparing ni-
trogenous compounds, namely, those' com-

unds of nitrogen ar elements auch as car-
K:n and hydrogen, or a combination of these,

producing as a result ammonia having the,

chemigal formula NII., cyanogen C,N, and
hydrocyanic acid C;1.7, from all of which

- may be obtained numcrouns salts and chemi-

0

. ler:gth with a series of delivery pipes or in-

_nous liquid which is introduced
- manner by the instrumentalities hereinnfter

. cal derivatives well known in the art,

. 1 have discovered that by the use of cold
or refrigerated nitrogen or a compound of
nitrogen, such as ammonia, using it prefer-
ably in a liquid state certain chemical reac-
tions may be more readily brought about.
Referring to the accompanying drawings,
Figure 1 is a longitudinal sectional cleva-
tion of an apparatus for practicing my in-

‘vention; Fig. 2 a similar sectional eleva-

tion of the furnace portion of the apparatus
but on a larger scale than in Fig. 1, and Fig,
3 a cross section on the line 3—3 of Fig. 2.

- Before deseribing the details of my appm-
ratus I will state that no means or devices

. are herein shown for liquefying the am-
“monia or nitrogen inasmuch as such devices

are now well-known in the arts.

Referring to the particalar spparatus

- illustrated in the drawings, the same consists
essentially of a suitable furnace 1, a retor; 2

heated thereby and adapied to contain cer-
tain substances as hereinafter deseribed, and
a supply pipe 8 for supplying the nitroge-

in suitable

deacribed. This supply pipe 3, it will he un-

derstood, coinmunicates with a sonree of ni-

trogenouns liquid- which is cither liguid ui-
t obtained ashercinbefore dcscriIm]. lig-

-uid ammonia or other nitrogenous produet.

This liquid pipe 3 is provided along ity

jectors entering the drum or retort 2 at «dif-
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tdelivery pipes or injectors is provided with
, n expansion valve 5 whereby the supply of
. the liquid nitrogen into the drin or retort
“may be accurately and minutely controlled,
. By preference these valves are arranged to
- be operated simultaneously and to this end
, the same ave operated hy the single control-
¢ ling rod 6 whose rotation in one direction or
i the other opens or closes said valves,

The drum or retort 2 is arranged as shown
at the upper portion of the Turnace 1, so that
the furnace heats only the lower portion of
the dram throughout its entire length, the
Yipper portion of the druin being provided
with an insulating covering 7. The onds of
the drum are provided with removable cov-
ers 8 which when ihe apparatus is in oper-
ation close the end openings through which

drum is provided with a suitable stirring or
mixing device such as the.shaft 9 extending
: longitudinally through the drum or retort
with bearings in the covers 8 and having the
series of arms 10 for stirring or agitating the

is rotated in any snitable manner throngh
power which may be applied at one end, ns
the pulley 11. It will be understood that

ing hoxes 12 through which the shaft 9
passes, The products of combustion from
the furnace, after coming into contact with
the drum, are discharged into the flue 13.

In operation the drum or retort 2 is
charged with a mixture of carbon in the
form of charconl or coke and an alkali metal
I sueh assodinm the precise proportions being
- immaterinl though 1 prefer to use an excess
of earhon.  Heat is supplied by the furnace
el the mass in the drum or retort ix agi-
. tated by the mixing or stirring device there-
When a suitable temperature is - ob-
Ctained in the charge, depending upen the re-
s action desived, the valve controlling vod 6
is operated and the valves 5 are peemitied
tto discharge a small quantity of hguic am-
i monia into the heated chavge threugh the
series of injectors 4. A suddan and violent
reaction ocenrs, and various compounds of

the covers 8 are provided with suitable stuff-:

5

T

is introduced the charge of carbon, hydro- .
carbon or various other substances. ~ The

contents of the drum. This stirring device -

81
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ferent points along the length thereof but ! nitrogen, hydrogen and carbon result. There
| is an instantancous rise of pressure in the

toward the front end thercof. Epch of these |
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drum or retort and a tendency for the gases
formed to rush through the outlet pipe 14.

A portion of the compound remainy in the
drum, being in a fixed combination with the

s highly heated earbon.  The continual opera-
tion of the mixer insures an intimate con-
tact between the injected materinl and the
ulkali metal and carbon. The temperature
and the pressure in the drum 2 may be regu-

10 lated by the amount or frequency of the in-
jections of the nitrogenous material, the tem-
perature being lowered and the pressare be-
ing increased by increasing the amount or
frequency of such injections. The gasified

15 portion of the contents of the drum 2 passes
through the pipe or outlet 14 at the rear-
ward end of the drum to the absorbing ves-
sels 15. The outlei 14 may be provided with

a valve so that communication with the ab-

* 20 sorbers can be shut off or a direct outlet may

be maintained, as shown in Fig. 1. The ab-
sorbing vessels may contain any standard
reagents for the nbsorption of the gascous
products, but on account of the chemical
25 aflinity of cyanogen compounds for minutely
divided iron and also on account of the
aflinity of ammonia for sulfuric acid, the
gases may be passed through an aqueous
solution of ferrous sulfate, the product ob-
80 tained being insoluble Prussian blue from
the cyanogen and soluble smmonia sulfate

. from the ammonia. Or in the first absorb-
ing vessel, for instance, may be })Iaccd hy-
droxid of potassium or sodium for the ab-
85 sorption of any hydrocyanic acid. The re-
sidual gases after passing through the ab-
sorbers may be washed to remove any traces

of ammonia and the combustible products
may be utilized in the ordinary manner as,
40 fqr instance, providing heat to the furnace
'\’ll&ier drum 2, In the present instance 1
have shown a series of three of these absorb-
ing vessels, but it will be understood that
tacy may be of any desired number and of

45 any suitable size and dimensions. These
vessels communicate in series with each
other, the fiest one thereof being connected
with the outlet 14 of the drum by means of

a pipe 17, while the vessels are urranged to

50 commuinicate throngh sunitable pipes 18,
These pipes extend into the receptive ab-
sorbing vessels to' a point near the bottom
thereof and below the line of material, that

is the line of the reagents introduced therein

85 for the purpose heremnbefore stated. 'When
n high pressure results from the discharge of
the liquid nitrogenous materinl into the
drum, 1t may be desirable to allow the lib-

- ernted  gases frees exit from the drum
60 through the outlet pipe 14, and the absorb-
ing vessels would then be subjected to the
pressure in the dram.  In order to prevent

- any tendency of the solutions to be lifted
out of the absorbing vessels, it is desirable

66 to maintain them under pressure and to this

end T provide the outlet pipe 19 londinﬁ

from the lust absorbing vessel with a bac
pressure valve 20 which reduces the pressure
of the gases passing from the absorbing ves-
sels to the pressure ordinarily carried in the
gns washers or serubbers or at which it is
utilized.

In the above apparatus using a mixture
in the drum 2 of carbon and metallic sodiumn,
eyanid of sodinm will be formed by the
action of the ammonin at about 400° C,, a
sodinm amid being first formed in necord-
ance with the following equation

. NH,4+Na=NaNH,+I

The sodium amid in contact with the carbon
will form the sodium cyanid at about 700°
or 800° C. in accordance with the equa! on

NaNH,+C=CNNa+H,

In this reaction the fixed products in the
drum will be sodium cyanid und the volatile
products will be hydrogen. The propor-

70
75

80

85

tion of material used in the drum may vary .

within wide limits for an excess of either
has no effect on the reaction other than upon
the quantity of the products of the reaction,

If the drum be charged with charcoal only

and this heated to incandescence, the reac-
tion will take place in accordance with the
equation :

ONH,+C==CNNI,+H,

The products therefore being volatile am-
monium cysnid, and hydrogen, the fixed
portion remaining in the drum being car-
on. But if the action be continued until
the carbon is largely utilized, the volatile
products will also contain unspent am-
monin as well as ammonium cyanid. These

‘temperatures are well suited to the appara-

tus as shown. If, however, higher temi-

sratures be used and the apparatus be
lented to o temperature of from 1,200° C
to 1,500° C. mixtures of alkali metal salt:
or salis of alkaline earth metals and carbon
may be utilized, and nitrogenous compounds
may then be formed either from ammonia
or directly from nitrogen. Sodium is rep-
resentative of the alkali metals whose com-
pounds may be employed for this purpose
and barium and magnesium are the alkaline
carth metals. The particular compound
employed may be any of a considerable
number, of which nitrate or hydrate will
serve as suitable examples. The formation
of the nitrogenous compounds from contact
of nitrogen or ammonia with carbon, hy-
drocarbons and salts of the alkali or alka-
line earth metals may tuke place in accord-
ance with various primary reactions from
which compounds other compounds ars
formed in o secondary reaction. At a tem-
perature of from 1,200° C. to 1,500° C. ni-
trogen may be caused to react with acety-
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lene formed from hydrocarbons and hydro-

~cyanic acid will be produced in accordance

with the equation
oON+4-C,H,=2HCN
When an aikali or clkaline earth carbon-
ate such us sodium carbonate, magnesium

earbonate or barium carbonate i3 used, car-
bon monoxid will be formed through the re-

uction of the carbonate by the incandescent

carbon.  Ammonia can be caused to react
with the carbon monoxid resulting in for-

‘mamid in accordance with the equation

NH,4-CC=HCONH,
and this may be decomposed into hydro-

‘eyanic acid and water in accordance with

the equation
HCONH,=HCN+-H,0

Contact of the metallic salts and the
highly heated carbon effects a reduction of
the metal from tho salts of the alkali or
alkaline earth metals, which may be acted
upon by nitrogen or the nitrogenous com-
pound “injected into the drum 2. Thus
metallic magnesium forms a nitrid in ac-
cordance with the equation

3Mg-}-2N=Mg,N,
which in the presence of water will form

" ammonia, thus

MgaN,+8H,O::2NI-I,+3Mg()
Certain of the alkali or alkaline earth
metals when reduced from their salts in
the presencg of incandescent carbon will
form a carbid. Thus barium reacts in ac-
cordance with the equation R

Ba--2C=BaC,

ond this carbid will react with nitrogen
forming the cyanid, in accordance with the
equation. :

‘BaC,+2N=BaC,N,

~ For the purpose of securing a sufficiently
high temperature to reduce the alkali or
alkeline earth metals from their sally, it
will be convenient to use n diffevent met‘wd
of heating the
cossive deterioration. This may readily be
done by employing & resistor of any well
known or approved tyf)e in the drum 2.
"Thus in Figs. 2.and 3 I have shown. a lon-
gitudinally extending resistor 22 which may
be ~onnected up in any known manner to a

" souree of sufficient current to effect the heat-
ing of the drum.

The feature of my in-
vention is not the particular means for pro-
viding for the heating of the drum 2 or
menas for cooling the nitrogen or nitroge-
nous substance in‘ic.-.(:l.ml into the drum 2, but
in contact the highly

hented substances in the drum 2 and the

ing from the drum 2,

drum 2 in order to avoid ex-

vefrigorated nitrogen or nitrogenous com-
pound in sceordance with the above equa-
tions.

It is apparent that the process of formin
the nitrogenous compounds :nay be vari
widely without exceeding the scope of my
invention. Thus, in using an alkali metal
siich as sudium in contact with carbon in
the drum 2, of Iig. 1, the first application
of heat will cause the metallic sodium to
melt at a temperature of about 93° C., and
at a temperature of from 750° C. to 900° C.
the melted sodium vaporizes. As the cy-

‘anids are formed at a temperature of from

750° C. to 850° C., it follows that in the ordi-
nary processes there is a separation of the
vefpor of sodium from contact with the car-
bon. In injecting the refrigerated com-
pound into the drum 2 the immediate low-
ering of the temperature in the drum causes
a condensation of the sodium vapor and in
the case of ammonia an intimate reaction
between the sodium and the ammonia form-
ing the amid. As the cooled amid is con-
densed in contact with the highly héated
carhbon, the formation of the cyanid will
take piace without an escape of the vapor
of metallic sodium. In this particular re-
action, excess ammonia and hydrogen would
be the only volatile products escaping. It
the outlet ‘14 is closed until the action has

‘been completed; the surplus of ammonia

will be recovered in the absorber npon al-
lowing the outlet 14 to communicate with
the absorber. As ammonia is readily de-
composed at a temperature of from 600° C.
to 700° C., the reactions taking place in the
drum 2 can be controlled by controlling tho
temperature and by admitting u suflicient

-quantity of the gases to the drum 2, the tem-

perature can be lowered to a point where
any excess of ammonia will not be decom-
posed, but may b3 caused to pass through
the absorbers as combined nitrogen and hy-
drogen and thereby recovered, whereas, if
the temperature of the drum is not lowered
sufficiently to cause the nitrogen and hy-
drogen to recombine previous to discharg-
they would pass
through the soluticn in the ubsorbers, there-
by wasting the nitrogen as an inert gas.
From the above reactions it will be appar-
ent that part of thenitrogen may be com ined
with carbon or other fixed material and
part may be combined in a gaseous state gen-
erally resulting in o union of nitrogen and
hydrogen, or nitrogen and carbon. Dy vary-
ing the fixed or incandescent element in the
retort or drum, various compounds may thus
be obtained. As the gases formed are passed
to the absorbing vessels and brought into
intimate contact with various solutions,
chemical combinations are effected and prod-
ucts may be extracted for use as hereinbefore
stated. By means of the apparatus and un-
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der the process described eyanogen products,
amnmonia, amid and cyanamid products are
obiained, but it will be understood that with
n change of materinls in the retort the nitro-
gen, carbon and hydrogen may be com-
pounded with other products, the Rroocas be-
ing general in its application for the fixation
of atmospheric nitrogen, the production of
cyanogen, ete, '

In certain of the «laims I have used the

term “carbonaccous uiaterial”? to refer to

that portion of the charge of the drum which
furnishes the carbon, whether it be coke,

-other form of carbon or a hydro-carbon.

I claim:

1. The process of preparing nitrogenous
compounds which consists in intr “0";5
into heated carbonaceous material liquefi
gns containing nitrogen. :

2, The process of preparing nitrogenous
compounds which conslats in_ introducing
into heated hydrocarbons liquefied nitrogen.

8. 'The process of preparing nitrogenous
compounds which consists in introducing
into heated carbonaceous materinl refriger-
aled gas contuining nitrogen.

4. The process of preparing nitrogenous
compounds which consists in introducing
into heated hydrocarbons refrigerated ni-
trogen. _ .

5. The process of preparing nitrogenous
compounds which consists in introducin
into hented carbonaceous material, mix
with an nlkali, a li(lu‘eﬁcd nitrogeneous gas,

6. The process of preparing nitrogenous
compounds  which consists in introducing
into ‘heated hydrocarbons mixed with an
nlkali, a liquefied nitrogenous gas.

7. The process of preparing nitrogenous

compounds  which consists in introducing °

into heated carbonaceous material, mixed
with an alkali, refrigerated nitrogen,

8. The process of preparing: nitrogenous
compounds  which consists in introducing
into_heated hydrocarbons, mixed with an
alkali, refrigerated nitrogen. :

9. The process of preparing nitrogenous !
compounds which consists in introducing .

1,018,460

info carbonaceous material under high heat
and pressure a liquefied nitrogenous gas.

10. Tho process of preparing nitrogenous
compounds which consists in intr ucinﬁ
into hydrocarbons under high heat an
pressure a liquefied nitrogenous gas.

11. The process of preparing nitrogenous
componnds which .consists in introducing
into carbonaceous waterial under high heat
and pressure refrigerated nitrogen.

12, The process of preparing nitrogenous
compounds which consists in introducing
into hydrocarbons under high heat and pres-
sure refrigerated nitrogen.

" 13. The process of preparing nitrogenous
compounds which consists in introducing
into carbonaceous material under high heat
«and pressure a liquefied nitrogenous gas, the
degree of hent and pressure of the carbons
heing rt!r;nlntéd by the amount of the nitro-
gen or lquefled nitrogenous gas introduced.

14. The process of preparing nitrogenous
vompounds which consists in introducing
into hydroearbons under high heat and pres-
sure a liquefied nitrogenous gas, the degree
of heat and pressure of the hydrocarbons
heing regnlated by the amount of the nitro-
gen or liquefied nitrogenous gas introduced.

15, The process of preparing nitrogenous
compounds which cousists in introducing
into carbonuceous material under high heat
and pressure a liquefied nitrogenous gas, the
degree of heat and pressure of the'carbons
being regulated by ?he fre(iuencv of intro-
duction of the nitrogen or
enous gas introduced,

16. The process of preparing nitrogenous
compounds which consists in introducing
into hydroearbons under high heat and pres-
sure a liquefied nitrogenous gas, the, degree
. of heat and pressure of the hydrocarbons be-
, ing reguluted by the frequency of introduc-

i tion of the nitragen or liquefied nitrogenous

| gas introduced.
; LELAND L. SUMMERS.
Witnesses:

S. E. Hinsex,

S. Briss.
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