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The present invention relates generally to an improved
chemical process and 1t relates more particularly to an improved
process for the production of hydrocyanic acld and valuable gaseous
by-products,

The methodsheretcfore employed in the synthesis of hydro-
cyanic acid from ammonis and & hydrocarbon particularly in the absence
of a catalyst have possessed many drawbacks and disadvantages. The
reacticn between ammonia and a hydrocarbon 1s endothermic requiring
relatlvely large quantities of heat. For example, the production of
hydrocyanic acid from methane and ammonia requires over 60 keal per
gram mol of hydrocyanic acid as indfcated by the formula

CHy + Ny = HON + 3H, - 60,1 keal.
Furthermore, the temperatures necedsary to permit the sbove reaction
to proceed are very hlgh. In the above reaction, the logaritom of
the equillbrium constant Kp = {PHCN) (PH2)3 / (eCHy) (PNH3) is positive
only when the temperature exceeds 1050°C. As a consequence, in order
for the above synthesis to proceed satisfactorily the reaction temper-
ature should be maintained at over 1I00°C and relatively large
guantitles of heat must be externally applied.

In British Petent No. 442,737, there is described a process
in which the necessary heat for reacting ammonia and a hydrocarbon is
suppllied in part by preheating the gaseous reaction mixture and by
employing in the gaseous reaction mixture an excess of hydrocarbon,
over and sbove thet emount which will consume all the oxygen present
or react with ammonis. The combusticon of the hydrocarbon furnishes
scme of the heat required Jor the reaction of the asmmonia and hydro-
carbon to produce hydrocyanic acid. Although this method of providing
the necessary heat of reaction is theoretically highly advantegeous
there is no disclosure in the British patent of how the process may be

safely and practicably Initiated and continuously suatalned with the
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excesses of hydrocarbon required. In order to stert the reactlon it
is proposed that the reactant gases te preheated above their ignition
temperetures and then passed into a combustion chamber, steps which
possess explesive dangers and many other drawbecks in the sustenance
and control of combustion. The process also requires the application
of heat from an external source to initiate andfor sustain combuation
and reaction.

In Unlted States Patent No. 2,596,421 a process 1s described
in which a hydrocarbon gas, ammonia and methane are reacted in a
combustion zone in the form of & thin disc-shaped flame which may or may
not be surrounded by e separately formed auxiliary flame. The same
inventor, in United States Patent No. 2,718,457 proposes preheating
the remctant gases prior to combustion thereol by pagsing them in hest
exchange relationship with the burned gases as the latter traverses a
bed of particular materisl. In both of these patents the per hour
production of hydrocyanic acid is limlted and by-products resulting
after separation of hydrocyanle acid and ammonia are of no practical
value.

It 1s apparent from the above that the heretofore propesed
methods of producing hydrocyanic acid leaves much to be desired. The
use of the auxiliary f;ame or other combustion supporting arrangement
is not only ineffilclent but also requlires the use of complex eguipment
and close process contrel. Where the reactant gases are preheated,
the mpparatus is further complicated by the necessity of employing
expensive construction materials since the hot reactant gases are
highly corrosive. Another difficulty encountered 1n the preheating
of the reactant gazes 1s that smmonia tends to decompose at nigh
temperature, particularly in the presence of metals.

The invention is based on the discovery of particular reactor

gecmetry and reaction conditions under which a stable, self-susialning,
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turbulent flame of a gaseous mixture of oxygen, ammonla and &
hydrocarbon can be maintained. In the improved method for producing
hydrocyanic scid, according to the present invention, a mixture of
reactant gases, including ammonia, oxygen and a hydrecarbon, are
introduced at a relatively high velocity into an expanded reaction

zone, burned in a turbulent flame in the reaction zone, traversing

the reaction zone at a relatively lower velocity and thereby malntalning

a gelf-sustaining combustion of the reactant gases. The reactant
gases are introduced inte the reactlon zone in & turbulent flow, e.g.,
as produced by a Jet-stream or streams having a linear veloclty of
petween 40 and BO meters per second. The reacting gases flow through
the reaction zone at a linear velocity of between 1.0 and 3.0 meters
per second, prefersbly between 1.5 and 2.0 meters per second. The
length of the reaction zone should be guch that the residence time
of the rescting gases within the reaction zone is between 0.1 and 1.0
seconds. The term linear velocity, ms employed herein, is calculated
on the conditlon of the gases in a standard state. The space velocity
through the reaction zone, that is, the volume of gas in & standard
state passing in one hour, per unit volume of reaction zone, ranges
between 10,000 and 50,000 end preferably between 20,000 and 30,000.
By employing the above operating conditions, an automatically self-
gugtaining combustion of ammomia, oxygen and a hydrocarbon can be
continuously maintained with highly desirable and unexpected results,
including a high yleld of hydrocyaanic seld, hydrogen and carbon
monoxide, the latter two gaseous by-products being very valuable in
other chemical eynthesis.

It is well-known that the combustion of smmonia, methane
and oxygen, in the sbsence of a catalyst, normelly produces water,
carbon monoxide, hydrogen, carbon dioxide and hydrocyanic acid.

It is highly deslrable that the yield of hydrogen and carbon monoxide,
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as well as hydrocyanic acid, be nigh as compared to the other by-
products. Tt hes been found that the yield of hydrocyanic acid incremses
with an inerease in the molar ratic of the hydrecerbon to the ammonia,
the oxygen supply remaining constant, but that the cepability of
maintalning a self-sustaining combustion decreases with such an

increase in the molar ratio and necessitetes preheating the reactant
gasas or the use of an muxiliary flame. The absence of self-sustaining
combustion results in an increase in the concentration of unreacted
hydrocarbon snd an undesirable decrease in the concentration of hydrogen
and carbon monoxide in the effluent gaseous product.

Tt has also been found, contrary to expectations, that where
the oxygen concentration is decreased, while the concentration of the
ammonia and hydrocerbon is maintained constant, and the combusticn
maintained by preheatlng the reactant gases, the yield of hydrocyanic
acid remains unchanged, but the yleld of carbon monoxlde and hydrogen
fall apprecisbly. By employing a greater concentration of oxygen, not
only is the automatic malntenance of & self-sustalning combustion of
the reactant gases facilitated and the need Tor preheating or asn
auxiliary flame cbviated, but a considersble increase in the yield of
carbon monoxide and hydrogen is achieved. More particularly, 1t has
peen Found that the molar ratio of the hydrocarbon to ammonia, a3 defined
below, should be between 1.5 : 1 and 2.5 ¢ 1, preferably about 2.0 : 1,
and that of oxygen to hydrocarbon between 0.5 + Land 1 ; 1, preferably
about 0.8 : 1. The sbove molar ratios have peen adjusted for the
number of carbons in each mol of the hydrocarbon. For thia purpose the
actual gram molecular weignt of the hydrocarbon employed is divided
by the number of carbons in the molecule to provide the "per carbon”
grem molecular welght of the ﬁydrocarbOn, which figure is then used
to.determine the mols of hydrocarbon in calculating the above-mentioned

molar raties. It should be noted that the oxygen is preferably employed
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in a substentially pure state, in the sbsence of large quantitles of
diluent gases such as nitrogen sc that the end products are in a
relatively undiluted state permitting their easy separation and recovery.
As an example of the above, methane, oxygen and ammonia in
a molar ratio of 2 : 1.6 : 1 were combusted according te this invention,
without preheating of the reactant gases or using an auxillesry flame,
to convert between S4% and 60% of the ammonla to hydrocyanic acid, only
5% to & of the ammonis belng lost to side reaction products. The
coneentration of hydrogen and carbon monoxide after the removal of the
hydrocyanic acid, condengsed water and unrescted ammonia was about 90%.
Tnasmuch as the loss of ammonis was small, the yield of hydrocyanlc
aeid based upon the total amount of ammonia consumed was thus betwean
85% end 90%, such yield being achleved by separating and vecycling
the unreacted ammonie from the reaction product.
In effecting the above reaction in a self-sustaining manner,
a cylindyical combustion chamber 0.3’to 0.4 meters long and provided
with & plurality of vertically spaced injection nozzles was employed.
It should be noted that, althﬁugh gas mixtures of the above compositions
have & low burning velocity of the order of 5 to 30 centimeters per
second, self-sustaining combustion could be maintained in this apparatus
at considerably higher, Jet-stresm velocities, e.g., up to 30 meters and
more per second. Because of the length of the combustlon zone there is
little loss of hydrocyanic acid by hydrolysis and a large part of the
water formed in the reaction 15 decomposed to provide hydrogeq. However,
inasmuch as hydrocyanic acid possesses a strong tendency to hydrolyse
at the reaction temperatures, e.g., 1200°C to 1500°C, particularly at
the hot surfaces of the combustion chamber, the reacted gases must flow
directly from the combustion zone into a cooling zone 1o minimize such
hydrolysis.

In the drawings which illustrate a preferred form of the
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improved apperatus which may be employed in practising the present
process:

Figure L is a longitudine} cross-sectional view of the
apparatug, and

Figure 2 is a sectional view taken along line 2-2 in Figure 1,
partially broken away to ghow interndal construction.

Tn the drawings, the apparatus includes a gas mixing chamber
11, 2 burner block composed of a ‘burner, jet block and assembly 12, a
reaction or combustion furnace 13 and a post cooling chember 2h. The
furnace 13 comprises a vertical cylindrical shell 16 formed of iron
or the like and having a centrally apertured top wall 17 bolted to &
Plange carried by the shell 16. A tubular combustion zone 18 is disposed
coaxlally wlthin the shell 16 and le surrounded by & cylindrical wall 19
built of & suitable refractory material capable of wilithstanding
temperatures of at lesst 1500°C and vhich is chemically and physically
resigtant to the mction of the reaction gases includlng ammonla and
hydrocyanic acid. This refractory material is preferably one of high
alumina content. The space between the wall 19 and the shell 16 is
filled with any suiteble high temperature heat insulating material 20
t£o minimize heat losses. In order to initiate the remction in the
combustion zone 18 there is provided means for establishing & pllot flame
in this zone, such means including & tube 2L extending radially through
the Furnace and chamber wells. A second similarly located tube 21" is
also provided to afford visual access to the reaction zone 18 for
inspection purposes.

Mounted on the top of the chamber wall 19 and forming the
vpper end of the combustion chanber 18 is & jet or burner block 12 having
disposed therein a plurality of longltudinally extending bores which
define nozzles 23. The burner block 12 may be of a suitable refractory

materlal, but is advantageously formed of metal and constructed with
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internal passages to permlt the circuletlon of a coolant therethrough.
It has been found that a highly stable flame may be establighed with
the latter conmstruction, spalling due to temperature chenges being
eliminated and that the nozzles may be machined to close tolerances.
Nozzles having an inner diameter of 1 to 2 centimeters each are
advantageously employed.

The lower end of the reaction zone 18 communicates by way of
an outwardly flared passageway with a cooling chember 2k of ecylindrical
configuration and lined with boiler water tubes 26 of any suiteble
arrangement. The space between the tubes 26 and the outer shell 16 is
also filled with & heat ineulating material. Any desirable heét
exchange medium is clrculated through the tubes 26 to effect the cooling
and stabillizing of the reaction products and the recovery of the heat
thereof.

The gas mixing chamber 11 is detachably mounted stop the
burner bleek 12, coaxial with the reactlon chamber 18, and includes
a tubular member 27 having & downwardly and cutwardly flaring bYottom
wall 28 terminating in an smmular flange bolted to the top wall 17.

The upper end of the tube 27 is closed by a replaceable safety disc

29 and a plurality of circumferentially spaced apertures 30 are set
therein below the safety disc 29. An snnular chamber 32 surrounds the
apertures 30, communicating therethrough with the tube 27 and is sealed
to the tube 27. The annuler chamber 32 is connected to a source of &
gaseous hydrocarbon and smmonia by way of a plpe 33. A downwardly
directed gas injection nozzle 34 is located directly below the apertures
30 and is comnected to & source of oxygen by way of a pipe 36 passing
through the wall of tube 27. A plurality of tubular conduits and
passageways 37 are provided at selected points in the apparatus to
accommodate thermocouples, manometers and other 1lnstruments and to

permit sampling for enalysis and process control purposes.
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The mixing chember 11 may ve formed of iron or other sultable
metal and 1s of such dimensions as to permit a thorough mixing therein
of the reactant grees and minimize the danger of flesh-back in case of
accldent. The length of the combustlion zone 18 is between 0.3 and 0.k
meters and the inner dismeter of the nozzles 23 1s between 1l and 2
centimeters. The varlous other dimensions and operating requirements
are ag above set forth. In operation, srmmonia and a hydrocarbon gas
are fed by vay of the pipe 33, through apertures 30 into the tube 27
and these gases are mixed in a thoroughly turbulent flow with the oxygen
delivered by way of the nozzle 34, The mixed gases then jet at a high
veloeity through the burner nozzles 23 and emerge and enter the burning
gases in the chamber 18 in a turbulent flow. A self-sustaining
cembustlon 1s thus malntalned a short dlstance below the burner block 12
to effect the reactlon of the pregent process, the reacted gases
passing through cooling chamber 2l and out for further procesding.

The following examples in which linesr gas velocitles are
based upon the gas in a standard state are illustrative of the process
of the present invention:

Example 1

A mixture of natural gas having a 97% methane content, oxygen
of 99.7% purity and ammenia the molar ratio of methane to oxygen to
ammonia being 2 : 1.63 : 1 was fed st a rate of 16.2 cublc meters per
hour through nozzles into & combustion chamber lined with a high
alumina refractory brick end heat insulated. The inner diameter of each
nozzle was 10 millimeters and the linear velocity of the gases
therethrough was sbout 58 meters per second. The combustion chamber
wag cylindrical, having an inner dlemeter of 55 millimeters and 2
length of 300 millimeters, the linear velocity of the gases therethrough
being sbout 1.9 meters per second. Combustion of the gases was

initisted by s pilot flame which was thereafter extilnguished and a
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aelf-sustaining combustlon was automatically maintsined without any
auxiliary flames or external heating. The temperature in the combustion
zone renged between 1,000°C and 1,500°C and the temperature in the
combustion chamber was at its maximum of about 1,385°C at between 5

and 8 centimeters below the burner block.

Gf the total ammonla fed 56% was converted to bydrocyenic
acid and T.7% was decomposed to other products, so that the hydrocyanic
acld yield based on the amount of ammonia consumed (qonverted and
decomposed) was B87.9%. The reaction gas per hour contained 6.20 cubic

meters of water, 1.96 cuble metera of hydrocyanic acid and 1.23 cublc

. metere of unreacted ammonia which when separated left 13.95 cubic meters

of residual gas conteining 62.7% hydrogen and 27.0% cerbon monoxide,
Exanple 2

There was delivered into a combustilon chember through &
multijet burner block a mixture of methane {99.L% purity) at 115 cubic
meters per hour, oxygen (99.7% purity) at 93 cublc meters per hour and
ammonia at 53.5 cubic meters per hour. The burner block had 19 nozzles
each having an inner diameter of 10 millimeters and the linear velocity
of the gases therethrough was S0 meters per second. The combustion
chamber was cylindricel, having an inner diameter of 0.25 meters and 8
length of 0.4 meters and of the same construction as that of Example 1.
The linear velocity of the gases through the combustion chamber was
1.5 meters per second. Combustion was ipitiated by means of a pilot
Flame which was thereafter extinguished and combustion thereafter was
self-sustaining.

of the total apmonia fed 57.9% was converted to hydrocyanic
acid and 6% was decomposed to other products, so that the yield of
hydrocyanic acid based on the amount of emmonia consumed (converted and
decomposed) was 90.7%. Upon removal of the hydrocyanie apid water and

unreacted ammonia the residual gas contained 136 cubilc meters per hour
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of hydrogen and 57 cublc meters per hour of carbon monoxlde and the
overall purity for the hydrogen and the carbon monoxide totalled Q0%.
Example 3

A mixture of propane of 99.3% purity, oxygen of 99.7% purity
and ammonia, the actual molar ratioc of propane Lo oxygen to ammonia
peing 0.667 ¢ 1.41 : 1 was fed to the apparatus of Fxample 1 at a rate
of 19.8 cubic meters per hour. The linear velccity in the combustion
chamber wes 2.3 meters per second and the space velocity 28,000. It
should be noted that the molar ratio of the propane to oxygen to ammonia,
based upon the nmumber of carbons im the hydrocarbon is 2 : 1.41 : 1.

As in Example 1 the combustion was initiated by the pilot flame and was
thereafter self-sustaining.

54, 7% of the total ammonla Ted was converted to hydrocyanic
acld and %.6% was decomposed to produce a hydrocysnle acid yield of
92.1% based upon the amount of ammonia consumed {converted and decomposed).
The preoduction rates were 3.56 cubic meters per hour of hydroeyanic
acid, 2.6k cubic meters per hour of unreacted ammonla, 7.47 cubic
meters per hour of water and 21.95 cubic meters per hour of the resldual
gas left upon removal of the hydrocyanic acid, unreacted smmonia and
water, said residual gas containing 55.2% hydrogen and 33.6% carbon
monoxide.

It should be noted that other hydrocarbons may be employed
in place of or together with the methane and propane set forth in the
above examples. These hydrocarbons should have relatively low boiling
points, such as ethane, butane, pentate and hexane and are preferably
gaseous at 25°C. Saturated and unsaturated aliphatic hydrocarbons

having from 1 to 6 carbon atoms per molecule are advantageously used.
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L EMBODIMEWTS OF THE INVENTLON IN WHICH AN EXCLUSIVE
CHOPERTY O PrlVILMGE IS CLALMED Akti DEFINED AS FOLLGWS:

1. A process for producing hydrocyanic acid, comprising intro-
ducing a gaseous mixture corsisting essentially of ammonia, oxygen and
nydrocarben into a combustion zone at a linear velocity of between 40

and 80 meters per second, the linear velocity of the gaseous mixture being
reduced to between 1,0 and 3.C meters per second within the combustlon
zone, reacting said gases by means of a flsme reaction in said zone to

maintain a stabie, self-sustaining turbulent flame in sald combustion zone.

2. A process for producing hydroeyanic acid which comprises
introducing a paseous mixture of ammonia, oxygen and hydrocarbon at a
linear velocity of between 40 and 80 meters per second into a combusiion
wona, the molar ratic of hydrocarbon to ammonia being between about 1.5l
and 2.5:L when calculated on the gram molecular welght divided by the num-
ber of carbon atoms of the hydrocarbon, and the molar ratio of oxygen to
nydrocarbon beilng between about 0.5:L and 131 on the same basis, reacting
said gases by means of a turbulent flame reaction in said zone, said
reaction zone being so dimensioned that the reacting gases traverse sald
zone at a low linear velocity of between about 1.0 and 3.0 meters per
second (calculated on the condition of the gases in a standard state ),
whereby a self-sustaining flame reaction is maintained in the reaction
zone, passing the reacted gases into a cooling zone and recovering

hydrocyanic acid therefrom.

3. A process as defined in claim 1 or 2 wherein the average
residence time of the gases in the combustion zone is between 0,1

and 1,0 second.

L An improved chemical process as defined in claim 1 or 2 whereln
the oxygen ls at concentration sufficlent to maintain the self-sustaining

combustion in the absence of any preheating ef the reactant gaseous mixture.

Se A process as defined in claim 2 wherein said reactant gases

are introduced into said combustion gone through one or more water

i<
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cooled metal nozzles,

6. A process as defined in claim 5 wherein sald nozzles are of

1l to Z centimeters in bore.

Te A process as defined in claim 2 wherein said combustlion zone is

between 0.3 and 0./, meters long.

8. A process as defined in claim 2 wherein the space velocity

of the gases through sald combustien zone is between 10,000 and 50,000,

9. A process as defined in claim 1 or 2 where the reacted gases

are cooled immediately upon emerging from said combustion zone.

10, A process as defined in claim 1 or 2 wherein sald hydrocarbon
is gelected from the class consisting of the saturated and unsaturated

aliphatic hydrocarbons having from 1 to 6 carbons,
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