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coal is heated to a temperature of from about 1000° C. to
about 1300° C. Heating is accomplished by any known
manner such as, for example, by electrical resistance
means or by a furnace. In the heating zone, the coal is
maintained as a fixed, fluidized or moving bed, or it can

opolis, and William A. Decker, Pittsburgh, Pa., as- 0 : . L
signors to the United States of America as represented Ee tpassec% tl}r; a dllspers%d manner]_ttl:erethroulgh. _Rapid
by the Secretary of the Interior eating o: e coal can be accomplis ed by allowing the
No Drawing. Filed Mar. 13, 1968, Ser. No. 712,596 coal particles to fall substantially freely through the zone.
Int. Cl. C01c 3/02; CO01b 1/02 HCN-containing gases are produced by the ammoniated
UsS. CL 23—151 6 Claims 10 coal-ammonia reaction, and can be removed from the
heating zone by means of a pump or an inert carrier gas.
Likewise, unreacted ammonia gas or unreacted ammonia
ABSTRACT OF THE DISCLOSURE decomposition products (hydrogen and nitrogen) or un-
Hydrogen cyanide is produced by reacting ammoniated reacted gases released by the coal can serve as ca.rrier gas.
coal with ammonia at temperatures of about 1000 to 15 The main purpose of an externally supplied carrier gas is
1300° C. to move the coal more rapidly through the reactor so as to
prevent the char and solid particles from sticking to the
.. . . . reactor surfaces which could cause plugging in a small
This invention, which relates to the production of hy- unit. Unreacted gases present during the reaction are suffi-
drogen cyanide from coal, resulted from work done by the tent t tugeing in 1 >
. Bureau of Mines of the U.S. Department of the Interior, 20 ©ntto prevent plugging in large units.
and the domestic title to tilé invention is in the Govern' Removed product gases of the reaction are then treated
- with a conventional commercial process to remove the
ment. . . P . HCN. For example, the product gas can be washed with
. Hydr'ogen cy{imde (hydrocyanic acid) is an important dilute H;SO, to remove unreacted NHj, then washed with
industrial chemical compound used, for example, in the . ; 3
. . ot 25 water to adsorb the HCN.
production of dyes, chel_ates, p!astlcs and acry!onltrlles. Since hot HCN is decomposed upon contact with many
At present the raw materials utilized to commercially prg- inetal substances, those parts of the equipment with which
duce this compound are natural gas or petroleum prod- the hot HCN comes into contact should be constructed of
ucts. Exemplary processes are the catalytic reaction of non-metals (e.g. ceramics)
amrr;‘onla afnd aw w'1th n'lfll:h?ne .(ci)rhnziit;]ral %?):{san\%htﬁ: 30 The following cxample illustrates a specific way in
reaction of ammomnia with liquid hydrocarbons. which the process of the present invention has been car-
these hydrocarbon raw materials are comparatively reas- ried out:
onably P riced, at present they are being rapidly depleted. 1593 grams of minus 300 mesh bituminous coal were
Accordingly, substitution of the abundant and cheap raw laced in a vessel, and the vessel pressurized with Com.
terial, coal, for hydrocarbons in the production of hy- . P2°C » @ osse” p zecl with co,
:lna erial, coa d’ or %’d Saoczﬁ‘_ cl)lllls g‘ i ;blim uction of y- 45 mercial-grade NII; at 10 p.s.i.g. for a period of time to
r%%enhcyam N wgu © dlgthai selsasrtantei.l uantities of enable 41 grams of NHj to be adsorbed thereon. Am-
© fhave now discovere u aq . A moniated coal was then charged to a hopper above a verti-
hydrogen cyamde can be produced by reacting ammoni- cal ceramic reactor tube, and maintained in the hopper
ated coal with ammonia at elevated temperatures. In com- under an ammonia atmc;sphere The coal was then fed
parison with reacting the ammonia with raw (unammoni- 44 downwardly through the reactor tube at a rate of 180
ated) cozil, the increased yields produced by our process grams per hour (equivalent to a rate of about 50 pounds
are completely unexpected. . . of coal per hour per square feet of cross-sectional tube
Iris therefore an Ob].e ct of the present Invention to pro- area), while the tube was maintained at a temperature of
vide a process for makm_g hydrogen cyam-de f;‘om a che_ap 1250° C. by means of electrical resistance heaters. Am-
and abundant raw ma.terlal. A _further object is to provide 45 monia was fed to the reacior tube at a rate of 1.0 ft.3/hr.
a process for increasing the yield of HCN produced by Helium was used as a carrier gas. Product gases were
reacting coal with ammonia. . . washed first with dilute HySOy4, then water-washed to form
Other objects and advantages will be obvious from a an HCN solution
;letqﬂed desoi?ll‘lptgon of the invention appearing in the fol- To compare th(; reaction of ammonia with ammoniated
owing specification. 50 . . . .
In the process of the present invention, coal, preferably and unam'morclllate% coal, a olur ality of different coals, in
in comminuted form, is enclosed in a vessel which is then unammoniated and ammoniated form, were fed down-
pressurized (e.g., to 10-30 p.s.i.g.) with NHj so that the wardly, concurrently with helium, through the reactor
coal adsorbs about 0.01 pound or more of NHy per pound tube described in the preceding example. The tube was
of coal. Thereafter, the ammoniated coal is brought into ;; maintained at a temperature of 1250° C. Table I shows
contact with ammonia gas in a heating zone wherein the the results of these tests.
TABLE I
Cannel coal Anthracite coal Bituminous (h.v.a.) coal
Unammoniated Ammoniated Unammoniated Ammoniated Unammoniated Ammoniated
Coal feed, /MY - o oo coeoooomeee e 115 115 170-180 170—-180 175 180
NH; employed for adsorption, ft.8hr e B - ¢ SR .30
NH3 gas flow to reactor, ft.3/hr. .. _.__._ 1,00 .83 110 80 1.16 .80
‘Total NH; employed, ft3/hr.__._ 1. 00 1. 00 1.10 1.10 1.15 1. 10
Helium carrier gas, ft.3/hr....._ 2.07 2,04 1,02 1.05 L0y .
Percent HCN 1n product gas 2_ 9.5 10.9 L1 .6 8.8 10.9
N, ft.31b.eoal ... ____ 1,24 1.72 007 . 048 1. 30 1. 56
HCN ft.3/1t.3, Cotal NH; feed .32 .44 . 004 .017 .43 .57

1 Adsorbed on coal by pressurizing coal-contalning vessel to b0 p.s.ig.
with ammeonia gas. As pressure inside of the vessel dropped off (due to
adsorption of ammonia on coal surface), vessel was repressurized to 50
p.s.i.g. This procedure was repeated until pressure inside the vessel
remained constant, indicating no further adsorption of ammonia. Before
the coal was transferred to the feeder-hopper of the reactor tube, the am-

monia pressure was reduced to atmospherie. During adsorption, the
cannel coal adsorbed an amount of ammonia equal to 3.2 percent of the
coal’s weight, while the anthracite and bituminous coals each adsorbed
ammonia equal to 3.6 percent of their weight.

3 Wet analytical method of analysis, carrier gas-free basis.
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As can be seen from the Table I, when the coal is am-
moniated, a marked increase in the amount of HCN pro-
duced per total amount of NH; employed occurs. This
increase ranges from over 32% for bituminous coal to
over 300% for anthracite coal.

Considering the fact that coal presently costs 14 cent
per pound compared to 1 cent to 1%2 cents per pound
for the hydrocarbon raw materials presently used to pro-
duce HCN, the process of the present invention offers
a new, economical way to produce this valuable chemical.

While the particular process herein described is well
adapted to carry out the objects of the present invention,
it is to be wunderstood that various modifications and
changes may be made all coming within the scope of the
following claims.

‘What is claimed is:

1. A process for producing HCN from coal and am-
monia comprising -

(a) ammoniating said coal under pressure until at leas

about 0.01 pound of ammonia per pound of coal is
adsorbed; and

(b) reacting said ammoniated coal with ammonia gas

at a temperature of from about 1000° C. to about
1300° C. to form HCN-containing product gas.

2. The process of claim 1 further comprising separating
HCN from said product gas.
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3. The process of claim 1 wherein said coal is bi-
tuminous coal.

4. The process of claim 1 wherein said reaction step
comprises passing dispersed, particulate ammoniated coal
through a heating zone containing said ammonia gas.

5. The process of claim 4 wherein said particulate coal
is minus 300 mesh and said heating zone temperature
is about 1250° C.

6. The process of claim 4 further comprising injecting
an inert gas into said heating zome to carry out said
product gas.
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