WD 97/ 09273

PCT/ GB96/ 02103 1 Hydrogen Cyani de Process and Apparatus Therefor The
present invention relates to a process for the nmanufacture of hydrogen
cyani de (.HCN) and apparatus for use in such a process. Conventionally, HCN
is produced bwoH®9233-cal | ed Andrussow process, as descri bed@/¢Bp60E)03
patents US 1934838, US 4107278 and US 4128622, and in which process ammoni a
and net hane are conbusted in air over a platihumgroup nmetal catalyst to
produce an effluent stream containing HCN. As a consequence of using air as
t he source of oxygen, the conbustion is.inevitably perforned in the
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water, and residual ammonia. However, after separation of the HCN and recoversble
15 ammonia from the other gaseous components, the prasence of the inert nitrogen renders the
residual gaseous stream of such low fuel value that it is requires its own dedicated burner.

For optimum conditions, the Andrussow process is operated within the flammable
limits of tha ammonia and methane mixture. The use of oxygen enriched air moves the
procass closer to the detonabie region which makes operation extremely hazardous and as

20 such is conventionally prohibitively difficult to control.

In the present invention, the process is operated such that potentiaily detonable
mixtures of reactants are formed but in such a manner that detonation is avoided. This gives
rise to improvements in the energy sfficiency of the process and provides an effluent gas
stream which has a significantly higher hydrogen content than that obtained from

25 conventional Andrussow processes.

Accordingly, in a first aspect the present invention provides a catalytic process for

the manufacture of hydrogen cyanide, which process comprises

(a) forming
M an oxygen rich oxidant stream
30 (i) at least one oxidant-free feed stream supplying
N methane and ammonia;
(b) separately preheating by indirect heat exchange at least one of said
» oxidant and feed streams to a respeactive oxidant and feed preheat
temperature;

35 {c) rapidly mixing sufficient of the oxidant and feed streams at their respective



rise to inprovenents in the energy efficiency of the process and provides
an effluent gas stream which has a significantly hi.gher hydrogen content
than that obtained from 25 conventional Andrussow processes. Accordingly,
ina first aspect the present invention provides a catalytic process for

t he manuf act uwe BP9y dr ogen cyani de, which process conpri seBCT/&B/021830r mi ng
(i) an oxygen rich oxidant stream 30 (i) at

| east one oxidant-free feed stream suppl yi ng2net hane and ammoni a; (b)
separately preheating by indirect heat exchange at | east one of said

oxi dant and feed streams to a respective oxidant and feed preheat
tenperature; 35 ‘(C) preheatpéntPesatunés)ih 8 ehixingizbhetto Bt a@btohdthe mixédkvaim and
feed streams at thei ratﬁmﬁ%%ﬁmeanWh%/nﬁgaz r?ra\'mrelsaﬁleas 50°C

PCT/ GB96/ 02103 2 preheat tenperatures 1n m X1 orm a detonabl e
ni xed stream at a ni k8 %!*GF?"EWG‘W@@W%@HEQ%nperature is at |east
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of hydrogen cyanide from the mixed stream at the mixed temperature to
form an effluent stream containing hydrogen cyanide.
In a second aspect the present invention provides an apparatus for use in the
10 process of the first aspect of the invention, which apparatus comprises

(a) a first inlet for an oxygen rich oxidant stream;
(b) at least one second intet for at least one oxidant-free feed stream
supplying methane and ammonia;
{c) a first conduit connected to said first inlet and along which the oxidant
16 stream is able to flow from said first inlet to a discharge end of the first
conduit; '
(d) at least one second conduit connected to said at ieast one second inlet

and along which the at ieast one feed stream is able to flow from the at
least one second inlet to a discharge end of said at least one second
20 conduit and which discharge end is approximately coterminous with the
discharge end of said first conduit;
(e) a mixing zone located at the discharge end of the first conduit for receiving
the oxidant and fead streams;
{f a mixing means located in the mixing zone for effecting rapid mixing of the
25 oxidant and fesd streams te form a detonable mixed stream and for
conveying the mixed stream through the mixing zone at a mixing velocity
such that detonation of the mixed stream is avoided:;
{0) a discharge orifice providing a flow connecting means between the mixing
zone and a deflagration arrastor and through which the mixed stream is
30 able to flow, the deflagration arrestor capable of inhibiting the propagation
of a defiagration of the mixed stream back through the discharge orifice
into the mixing zone; and
(h) a reaction zone for receiving the mixed stream from the deflagration
arrestor and for directing the mixed stream to a supported catalyst located
35 in the reaction zone for promoting the formation of hydrogen cyanide from



of hydrogen cyanide fromthe m xed stream at the m xed tenperature to form
an effluent stream containing hydrogen cyanide. In a second aspect the
present invention provides an apparatus for use in the 10 process of the
first aspect of the invention, which apparatus conprises (a) a first
inlet for anweegmessri ch oxi dant stream (b) at | east onRCHEBWAI®Bn]| et
for at |east one oxidant-free feed stream supplying methane and ammoni a;

(c) a first conduit connected to said fir$t inlet and al ong which the
oxi dant 15 . streamis able to flow fromsaid first inlet to a
di scharge end of the first conduit (d) at | east one second conduit

connected to said at |.east t%mam@medg;e% and al ong which the at | east
one feed streamis aog)eto%# romthe at

di scharge end of sai “thvgﬂﬁe AR nesns s o ondaliy &3 p°"58ﬂ?ﬁfhx'd5?}
whi ch discharge end i s approkiesdstesbys prigr gy mikingus wit h t he di scharge end of

said first conduit (e?heoxydén%é%nt?s@@ﬁnbﬁﬁﬁ?%tﬁﬁs%ﬁb&@@%@@olﬁﬁgcpf the

first conduit f dant and
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oxi dant and f ee patticsiarfiomies th (00T by einenabl e m xed stream and for conveying
the nmixed stream thr Oﬁgm el ohd ég,a& fze%gsegas& Wbraadé«ﬁé e.sinsa(e aweh,nmat
xe avol r%%}

detonation of the m stream di scha eor| |ce
providing a fl off teaAAedesdryeapswichams thenseea yrﬁ“&‘?d Qf?f
def | agrati on ar stesmimoPrefarably, themxigant irae fold streamiis aardma:ed steeami cont8ifing a mixture of

able to ) F1ow, 44 Renas dnd Amiohia "s@iabi§ ShéVonmRRER 1Rn& mbidhiahb bf difindnla%o methane
propagati on used in the present process is from 1:1 to 1:1.5, preferably from 1:1 to 1:1.3 and particulariy
from 1:1 to 1:1.2.

The oxidant and feed streams may contain other components, for example a feed

stream containing methane and ammonia may also contain a small proportion of oxygen
15 provided that the composition of the feed stream is outside the detonable region.

In addition to the use of an oxygen rich oxidant stream, the need to use a significant
excess of methane is further avoided in the present invention by indirectly preheating at least
one of the oxidant and feed streams to a preheat temperature such that when the streams are
mixed and passed over a catalyst capable of catalysing the formation of hydrogen cyanide the

20 reaction is sustained and proceeds at a desired catalyst temperature. Where the oxidant
stream is preheated it is advisable to avoid such temperatures that could give rise to
metaliurgical problems. Preferably, the oxidant stream is preheated to a temperature in the
range from 200 to 300°C and the at least one feed stream is preheated to a temperature in
the range from 300 to 450°C. The preheat temperatures are preferably chosen such that the

25 mixed temperature from 200 to 400°C, preferably from 300 to 430°C and particularly from 330
to 430°C is achieved. Use of such reaction temperatures normally results in a catalyst
temperature of from 1000 to 1250°C.

The effluent stream exit the catalyst is approximately at the catalyst temperature and
thus represents a valuable source of high grade energy. Consequently, it is preferred that the

30 effluent stream on exiting the catalyst is used in indirect heat exchange to raise useful high
pressure steam and hence to provide a partially cooled effluent stream, typically at a
temperature from 500 to 700°C, e.g. about 600°C. The partially cooled effluent stream may
also be usefully employed in other indirect heat exchange stages and in particular may be

.used to preheat at least one of the oxidant and feed streams and hence to provide a cooled
35 effluent stream, typically at a temperature from 200 to 400°C, e.g. 300°C.
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of a deflagration of the m xed stream back through the discharge orifice
i nto. the m xing zone; and (h) a reaction zone for receiving the m xed -
stream fromthe deflagration arrestor and. for directing the m xed streamto

a supported catal yst |ocated 35 in the reacti

pronoting t hWOYRBI on of hydrogen cyani de from 3 the c}’g’}é@gﬁgom xed
stream (i) - indirect heat exchange neans for preheating at |east one of
sai d oxidant and feed streans prior to m xing. The oxygen rich oxi dant
streamtypically contains from30 to 100 % by vol une of 5 oxygen.

Preferably, the oxidant, stream contains from 50 to % b | unme
oxygen and in parti cJTVB'Fa"V'r"B?ﬁf@‘G"'(Wﬁ@@%'wr%ﬁfﬂé&‘ggﬁ@hﬁ% quﬁ&a%fﬁ@"
oxygen-free feeabtsud by volame pfhydioden. t he net hane and anmoni a as separate

fleed strears whi oh arReaeBiE B Baf o OF i i aho a8 sEUSHSD Bl Bl

stream Preferably, the reamis a pre ream
cont ai ni ng a ni YNEeEF morgfsepanatppreheatac spges ushndhat the SBB?W%?'SE‘FWR?“?HM rieheatedind
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to 11 2. The oPieas T pepetumed Phkide higams hoy B Aol rlfoaby 687 0
exanpl e a feed Ryehesting iepariormas bblg"dm neahexeameammﬁmpamﬁwoq%efﬂt@owaam a
smal | proport [ %.@gfmé)mégﬂglar;ﬁo\nﬁ@m@ﬁe ¢dmaditst he conposition of the feed
streamis outside t heP vpnler? earc%%%t%e at least one oxidant free feed sireams contain
10 ammonia and methane, each first conduit is associated with and located within a second
conduit. This simplifies the construction of the apparatus including the selection of the
materials of construction. Particularly preferred is where each first conduit is associated with
and located within a second conduit and the partially cooled effluent stream is in indirect heat
exchange with the feed stream as the feed stream flows along the second conduit. In this
15 particularly preferred situation the length of the second conduit is dependent on the required
preheat temperature to be achieved; in the case where the feed stream is preheated prior to
entry into the second conduit then the length of the second conduit may be shorter than in the
'case where the same preheat'temperature is achieved solely within the second conduit.
However, in any event, the maximum temperature to which the feed stream is preheated
20 should be less than the autoignition temperature of the methane and ammonia mixture.
The supported catalyst bed may be formed from materials conventionally used to
promote the formation of hydrogen cyanide from oxygen, methane and ammonia, e.g.
platinum-group metal catalysts. Preferably, a sintered metal or ceramic flame trap is
positioned before the catalyst bed in order to inhibit the propagation of any undesirable flame
25 fronts from the catalyst bed to the deflagration arrestors.
The present invention is aiso further described by reference to the accompanying
figures in which:
Figure 1 represents a general layout of an apparatus according to the second
embodiment of the present invention.
30 Figure 2 represents an enlarged view of a mixing zone as used in the present
invention. .
Figure 3 represents a cross-section through a mixing means as used in the present
invention.
In Figure 1, an oxygen rich oxidant stream is introduced into the apparatus via a first
35 inlet (1). Within the apparatus, the oxidant stream is divided amongst a number of first

[



In addition to the use of an oxygen rich oxidant stream the need to use a
significant excess of nmethane is further avoided in the present invention
by indirectly preheating at | east one of the oxidant and feed streans to a
preheat tenperature such that when the streans are m xed and passed over a
cat al yst capaP&7827kat al ysing the formation of hydrogen cyX&FEB6/PEDQ
reaction is sustained and proceeds at a desi%ed catal yst tenperature. \Were
the oxidant streamis preheated it is advisable to avoid such tenperatures
that could give rise to netallurgical problens. Preferably, the oxidant
streamis preheated to a tenperature in the range from 200 to 300C and the
at | east one f ewdduits eachrnavipg g islatertid?) and a distrargeend(8)r A premiiet exitambijee Bedm
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300[err]C \RfTesion /(5)9@7@ inhibits the propagatlon of deflagration of the mixed stream
PCT/ GB96/ 02103 The mixed stream is then received into a reaction zone (15) and from there is
directed to a supported catalyst bed (9) capable of promoting the formation of hydrogen
15 cyanide. The effluent stream exit the catalyst bed (9) is then cooled by passing it through an
indirect heat exchanger (10), which as shown is a steam raising boiler, to form a partially
cooled effluent stream at the heat exchanger exit (11). The partially cooled effluent stream is
then routed via at least ons effluent conduit (12) so as to flow against the external surface of
each second conduit held within a heat exchange section (13) of the apparatus and in a
20 direction which is counter current to the flow of the oxidant and feed streams thereby
preheating at least the feed stream and cooling the partially cooled effluent stream to exit
from the apparatus via outlet (14). On exit from the apparatus the hydrogen cyanide present
in the effluent stream can be recovered using conventional separation techniques.
In Figure 2, a first conduit (6) is associated with and located within a second conduit
25 (7) as described in Figure 1. The first conduit (6) and second conduit (7) pass from a heat
exchange section (9) through a tube sheet (8) into a reaction zone (10). The discharge end
of the first conduit has a tapered section (1) which serves to increase the flow area available
to the feed stream and a series of radially connecting holes (2) through which the oxidant
stream fiows to be mixed with the feed stream. The oxidant and feed streams are then mixed
30 in a mixing means (3). Within the mixing means high shear forces are encouraged to promote
rapid mixing and the velocity of the mixed stream is maintained as high as possible. On exit
from the mixing means (3), the mixed stream flows through a discharge orifice (4) which
provides fiow connection to a deftagration arrestor (5). After mixing the mixed stream is a
detonable mixture of methane, ammonia and oxygen. Consequently, the volume availabie for
35 flow downstream of the mixing means should be minimised. The deflagration arrestor (5)




4 Typically, the effluent streamcontains from15 to 20% by vol une of HCN
and from 30 to 40 % by vol une of hydrogen. The preheating of at |east one
of the oxidant and feed streanms may be perfornmed by one or nore separate
preheati ng stages such that the streans are at |east partiall reheated 5
on entry to tWe97/8%2pkctive first and second conduits. Addi t?ﬁ%(ﬁg?wzlﬂ"’
alternatively, the preheating may be perfornmegd whilst the streans fl ow

al ong the conduits. Preferably, the preheating is perforned by indirect
heat exchange with the-partially cooled effluent streamwhilst the streans
are flow ng along the conduits. Preferably, when each of the at |east one
oxi dant free fedohikjispmprgatienefariotenta) detanration torihe rerctionzers, (1@4krbughite e
condIUI]E is ?ﬁ SOthﬁh?ﬂeHMsf(i) mphmtu@duwnﬁdudﬂa@amgﬁ%rﬁm;s}ea stIEHrﬁ -
sinplifies e constru on of par i.nc i n e selection o e
mat erial s of con???’??@t"ﬁ% e'ﬁ‘ﬁa‘f"f‘.ze'aﬁ @&I ? %’r’éﬁ% Mess qggatka%@rfeéto&geﬁa fqnioal;
conduit is assomoastedtlomrahngaﬁmtlhrowmtv&uth\mqmmd gas fieysdinaleby prooriging tremilxddh e

partially cool aﬁ&%“ggh&“mq&ﬁadﬁ -Yol exchange with the feed
streamas the feed stream fl ows e seconﬁ conduit. In this 15

particul arly preferred” E'F‘E'ﬁﬁtq’%misﬁég‘l"ﬁﬁm"ﬁ iy mixing.chapneli () diengaich thegxidant
dependent on t heanddapdistreshsisioe derarg nibemgeei aihich protide the neaissapytegh shidr forbed snas e
where the feed SJeP)% ﬂg is preheated prior to entry into the second conduit
then the length o e second conduit may be shorter than in the case where
the same preheat tererP&t"M?’EW’P’éﬁﬁ'EPF'We%EM@?SP"Gﬁ‘PFﬂerf"'PW@gﬁW‘Pd condui t .
However, in ano event Exardyge fraxi num tenperature to which the feed streamis

heated 20 should b re of th
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materials converf®hal |y used to pronote the formation of hydrogen cyanide
from oxygen, nethane xdakisredha, €.9. kghat i RmMemgr oup netal catal ysts.
Preferably, a sint ere(bxpaae;’al or ceram c|21H amg,prap is

15 Nitrogen 0 0

Feed Stream (premixed)  kg/hr kmol/hr
Ammonia 848 499
Natural Gas (methane) 777 45.7
which have been preheated so as to achieve a reaction temperature of 400 °C the process of
20 the present invention provides an effluent stream of the following composition (using a
platinum metai catalyst aperating at about 1100 °C)
kg/hr kmol/hr

HCN 948.2 35.1
Hydrogen 165.7 829
25 Water ' 10400 578
Ammonia 1279 7.8
Carbon dioxide 68.0 24
Carbon monoxide 3790 86

Nitrogen 1071 3.8



positioned before the catalyst bed in order to inhibit the propagation of
any undesirable flane 2 catal yst bed to the deflagration
arrestors. The present | rvﬂ\ !'lﬁ@g@ further described by reference to
t he acconpanying figures in IL.C 1 represents a general |ayout of
an appar at uswixw®ezfBng to the second enbodi nent of the presReW/GBIHIRWSI on.
30 Figure 2 represents an enl arged vi ?W of a m xing zone as used in
the present invention. Figure 3 represents a‘cross-section through a m xing
means as used in the present invention. In Figure 1, an oxygen rich oxidant
streamis introduced into the apparatus via a first 35 inlet (1). Wthin

t he apparat us, Cilamsoxi dant streamis divided anongst a nunber of first
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PCTi GB96/ 02103 15 Comflxjca[tayhcgro ﬁesﬁéo\’;fhr?gmaélﬁfa?tﬁ'iee{ hydm(?e'(’%amdec}v hm(!l’f%?% Tar ge end
(5). A preni xedog®rigasnt - free feed stream containing methane and anmonia is
i ntroduced into the ggparafmaingi @ a second inlet (3). However, if desired,
it s possi bl esto separately |nt{l)oduce t he merang Er}d anmoni a through two
or nore such second inlets. Wthitn thea"a%ﬁ%ﬁné KO EPBed streami s

di vided 5 anongst a nunber of setibnd casmWsoaMfmfwwreamsumlm end (4)
and a di scharge end approxi mately cot Q-ﬁé’{hé}@léﬁd%ﬁ,&-"ghat of the first

conduits. As shown, ch first ondu and | ocat ed
within a second cond su&FPAR prf??@'?ﬂ?yl ragfchg%cfx ?Ftﬁﬂg" said

oxidant and feed streams to a respective ox:dant and feed preheat
10 temperature;
) rapidly mixing sufficient of the oxidant and feed streams at their respective
preheat temperatures in a mixing zone to form a detonable mixed stream
at a mixed temperature and which mixed temperature is at least 50°C
below the autoignition temperature of the mixed stream;
18 {d) conveying the mixed stream through the mixing zone at 2 mixing velocity
such that detonation of the mixed siream is avoided; and thereafter
(e) feeding the mixed stream to a catalyst capable of catalysing the formation
of hydrogen cyanide from the mixed stream at the mixed temperature to
form an effluent stream containing hydrogen cyanide. '

202 A process as claimed in claim 1 wherein the oxygen rich oxidant stream contains
from 30 to 100 % by volume of oxygen.
3. A process as claimed in either claim 1 or claim 2 wherein the oxidant free feed
stream is a premixed stream containing a mixture of methane and ammonia.
4, A process as claimed in any one of ciaims 1 to 3 wherein the volume ratio of

25 ammonia to methane is from 1:1 to 1:1.5.
5. A process as claimed in any one of claims 1 to 4 wherein the oxidant stream is

preheated to a temperature in the range from 200 to 300°C and the &t least one feed stream
is preheated to a temperature in the range from 300 to 450°C.

6. A process as ciaimed in any one of claims 1 to 5 wherein the mixed temperature is
30 in the range from 200 to 400°C
7. A process as claimed in any one of claims 1 to € wherein the effluent stream on

exiting the catalyst is used in indirect heat exchange to provide a partially cooled effluent

stream which is then used to preheat at least one of the oxidant and feed streams.

8. A process as claimed in any one of claims 1 to 7 wherein the effluent stream
35 contains from 15 to 20% by volume of HCN and from 30 to 40 % by volume of hydrogen.
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in the annuli formed be uii nd second conduits. At the outl et
end of each first condummmmmu“"mmgtream energes into the feed stream
and is mxed in a mxing*ngand (B) $0 to forma m xed stream at such a

vel ocity that detonation of the m xed streamis avoided. After m xing, the
m xed streanwblsa92s8oceeds via a discharge orifice (7) to XCI&BI&BABY i on
arrestor (8) which inhibits the propagation of deflagration of the m xed
stream The m xed streamis then received into a reaction zone (15) and
fromthere is directed to a supported catal yst bed (9) capable of pronoting
the formati on of hydrogen 15 cyanide. The effluent streamexit the catalyst
bed (9) is there.cool da sppargtasict usg in the pracese ghdafined in dny aretof tiaims 1 6&, Iwhisher

(10), which as %?'bénp?isést eamraising boiler, to forma partially cool ed
ef f | uent strearral%gt t he heat exchanger exit (1_1Eh The partially cool ed

ef fluent streamis tHK¥n ro8fistinigtfar anoxygen sieh tsfredMient conduit (12) so as
to flow against the gpter nallegdtidriezecontiniet ff Bt Ie3CenadxitaNsEe feetiSttedmi thin a

heat exchange section (13) . dina 20 direction which is
count er currerﬁ to the flow é’?"“‘?ﬁ%‘?‘g’%ﬁ‘gﬁ"ﬁ‘sﬁ% feed streans thereby
preheating at |east ti#fle fe8/éirskeoneuitpoanagted trsaidiiEst infabanstaiang mhich theseiden

effluent streamto exit frasahiabRite Aéviiohssaid fst ikt ked didchdnge efdior@nd firstf 1 Om
t he apparatus the hydrogen%aﬁ&gni de present in the effluent stream can be

recovered using convention paration techniques. In Figure 2, a first
conduit (6) is associ(dit ed afleastenecdetand aensidit odnnedted toisaidatdanst anesecond infet ( 7)
?s desc[]l bfd 1d1hFl gure 1£&ia€azot3 wg%nﬁ\eaﬁua&?&gaedasﬁdan?a@ga%wrweét?%, pass
rom a heat exchange section rQ a tube s ) into a reaction
Jone. (10 The. i schar ge. el 1€ sehadani e & aistage Bl o g poears, | on (1)
whi ch serves to increase t¢paddiiandwhick dischatgelendis apnrexindiely ¢aertiinous Wwtrtheand a
series of radially connect gigfarBobfPor et filsiYoRal@N Whi ch the oxidant stream

o o venap, Kol G 5ad S5l PR B M R R
forces are entouraged to phemxdast andieed stresmisng and t he vel ocity of the m xed
streamis maintained@s hi ghidg MiasSiosited in (A8 mbargzone for effecting rapid mixing of the
oxidant and feed streams to form a detonable mixed stream and for
conveying the mixed stream through the mixing zone at a mixing velocity
such that detonation of the mixed stream is avoided; '
20 '{s)] a discharge orifice providing a flow connecting means between the mixing
Zone and a deflagration arrastor and through which the mixed stream is
able to flow, the dbﬂagration arrestor capabie of inhibiting the propagation
of a deflagration of the mixed stream back thraugh the discharge orifice
into the mixing zone; and
25 (h) _ areaction zone for receiving the mixed stream from the deflagration
arrestor and for directing the mixed stream to a supported catalyst located
in the reaction zone for promoting the formation of hydrogen cyanide from

the detonable mixed stream;
G) indirect heat exchange means for preheating at least one of said oxidant
30 and feed streams prior to mixing.
10. An apparatus as claimed in claim 9 wherein each first conduit is associated with and

located within a second conduit.

LS



fromthe m xing nmeans (3), the m xed streamflows through a discharge
orifice (4) which provides flow connection to a deflagration arrestor (5).
After mixing the mxed streamis a detonable m xture of nethane, ammonia
and oxygen. Consequently, the volune avail able for 35 fl ow downstream of

t he m xi ng newo®70$238Il d be m ni m sed. The defl agrati on arr evicwceobdzios WO
97/ 09273 ' PCT/ GB96/ 02103 6
i nhi bits propagation of a potenti al det ondf#on from the reaction zone (10)
through to the m xing neans (3). After {passindlthrough the deflagration

arrestor (5) the m xed stream energes #mto t eggtion zone (10).
Preferably, the deflagration arrestorflis o nical construction having
slits through which the m xed gas fl oviding the m xed 5
streamwi th a uniformvelocity on apfr talyst bed. In Figure
3, the cross section shows the m xi f 94 [i1)nal ong whi ch the oxi dant
and feed streans flow during m xi ng p de the necessary high
shear forces and velocities. The i@/enp er illustrated by
reference to the follow ng exanple. 1 npl e 1 Wien used to
produce hydrogen cyanide fromthe oWl K | N feed streans
Oxi dant Stream kg/ hr kmo ) (i1 1211 37.9
15 Ni t rogen o ? éﬁ
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Feed Stream (prem xed) kg/ hr knol / hr Ammoni a 848 49.9
Nat ural Gas (et hane) 777 45. 7 whi ch have been preheated so as to
achieve a reaction tenperature of 400 [err]C the process of 20 the present
invention provides an effluent stream of the foll ow ng conmposition (using a
pl ati num netwb 923 yst operating at about 1100[err] C) kg/ pcr/cBesmdiosr HCN

948.2 35.1 Hydrogen 165.7 82.9 25 Wat er

1040.0 57.8 Anmoni a 127.®2 7.6 Carbon di oxi de 68. 0
2.4 Carbon nonoxi de 379.0 8.6 N trogen 107.1 3.8
Clainms 1. A catalytic process for the manufacture of hydrogen cyanide,
whi ch process conprises (a) formng 5 (i) an
oxygen rich oxidant stream (ii) at | east one oxidant-free feed stream

suppl yi ng net hane and anmoni a;

Fig.2.
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«(b) separately preheating by indirect heat exchange at |east one of
sai d oxidant and feed streans to a respective oxidan
tenperature; " (c) rapidly mixing sufficient of th BEPUMEMFN PHEsed
streans at their respective preheat tenperatures in XTTg Zzone tojff
detonabl e m xed streamat a mxed tenperat@re and whiich m xed:# enper at
Is at least 50[err]C bel ow the autoignition tenperatyre of “the m xed
stream 15 (d) conveyi ng the m xed streamit hrough—t- ng
zone at a m xing vel ocith such that detonation of th rﬁ&@lé@t?- am 1's

avoi ded; and thereafter® %8?‘”“'?8%9% ®¥he ni xed str a-catal yst

capabl e of ‘catal yé¢} ng t ingiré@heat axcmangé megnly fogmaheajiag adeast poerftshie axidamtd
stream at the m xed te%f@&%&@e%@t’x&rﬂ]ﬂﬁﬂn ffluent stream containing

hydr ogen cyani de. 20 2 SS as cI 3imed in claim1l wherein the
oxygen rich oxi dafhe gm%m"t@m@t streamytypieaip cersaing om0 o 1481 % me valgmeafy gen.

3. A PEg éﬁ ar%fe?ébw ﬂ%doxi&énﬁéttte%rcoﬁtkﬁb Forh 58'to %@%rﬂy%omro?bﬁgémﬁxd

oxi dant free strea prem xed stream containing a m xture of
net hane and‘”eﬂ?ﬁtFHPéf"”ﬂBo“’ 100A"’|{Wd€'é'§§ as claimed in any one of claims 1 to

3 wherein the vol U@ af|@4st Gn®bxyden-red fadd Strdzeh MEFBBVIde the nidtitdfe bnd afModial. 5.
5. A process as.cl.a rred I n one of cla nms, 1 t n. 1 he oxidant

streamis pPeREPArRigfeed ste %?rélﬂgn iSRPARE yr%ediew:pwrtg%o?@s %'I &rr]C and
the at | easstreame Frefeckbiyt theamdast fredémicstream <03 pretnixe swredrucantaiming & mixtuge gle

from 300 ﬁ;_.é’r;% nRan@lo drinsnid 1
to 5 wher glerr{‘ ?\%ég%q&igam&anp%?‘g? {gglq’?ﬁ@?)%dqe Q{aé) '?atﬁliém 208 too 408[ err]C
7. A pr geE8 thepresent RTRERSE i facmﬂ ‘die1:d0 reRraby fm &1 ¢0 il Srasp padtigdarly
ef fluent st rgaMOB 1:1.2.

The oxidant and feed streams may contain other components, for exampie a feed

stream containing methane and ammonia may aiso contain 2 smalil proportion of oxygen
15 provided that the composition of the feed stream is autside the detonable region.

In addition to the use of an oxygen rich oxidant stream, the nesd to use 2 significant
excess of methane is further avoided in the present invention by indirectly preheating at least
one of the oxidant and feed streams to a preheat temperature such that when the streams are
mixed and passed over a catalyst capabie of catalysing the formation of hydrogen cyanide the

20 reaction is sustained and proceeds at a desired catalyst temperature. Where the oxidant
stream is preheated it is advisable to avoid such temperatures that could give rise to
metallurgical problems. Preferably, the oxidant stream is preheated to a temperature in the
range from 200 to 300°C and the at Isast one feed stream is preheated to a temperature in
the range from 300 to 450°C. The preheat temperatures are preferably chosen such that the

25 mixed temperature from 200 to 400°C, preferably from 300 to 430°C and particularly from 330
to 430°C is achieved. Use of such reaction temperatures normally resuits in a catalyst
temperature of from 10C0 to 1250°C.

The effluent stream exit the catalyst is approximately at the catalyst temperature and
thus represents a valuable source of high grade energy. Consequently, it is preferred that the

30 effluent stream on exiting the catalyst is used in indirect heat exchange to raise useful high
pressure steam and hence to provide a partially cooled effluent stream, typically ata
temperature from 500 to 700°C, e.g. ‘about 600°C. The partially cooled effluent stream may
aiso be usefully employed in other indirect heat exchange stages and in particular may be
used to praheat at least one of the oxidant and feed streams 'and hence to provide a cooléd

35 effluent stream, typically at a temperature from 200 to 400°C, e.g. 300°C.



.exi ting the catalyst is used in indirect heat exchangee—pre
partially cool ed effluent stream v'\/ni ch is then used td ME&%&MENT BHEER: {one

Sainme 1 to HVHDMEHBEMETHR Sent ot cam 55 cont ai ms |- pmts dem 436 |

Mg Ep At Hy
vol une of HCN and froth 30 tb 40 % by vol un& of hydr ogeh. 11J/3V\b%§7 273
PCT/ G3B96/ 02103 8 9. An apparatus for use in the prpc ' I{n
any one of clainms 1 to 8, which apparatus conprises (a) a first inlet
for an oxyg$ rich oxidant stream (Db) at | east one-seCOMAd tNTret 1or at
| east one ox¥@Tt-free feed stream5 suppl yi ng net hane and
amoni a; (c)1. a A catalyticprochss for tremarafaetlrd of hydroger cyaside| whicht proceds al ong
whi ch the OX‘%’“@P streamis able to flow fromsaid first inlet to a
di scharge en The first conduit; (d) at | east one second conduit
connected to said @ | ea®mio®e second inlet 10 and al ong
which the a |east one feed stham | §na,g)ggn;,@,&,d§m§tfegmthe at | east one
second inlet to a discharge en

of said | east one second condU|t and
whi ch di scharge end is approxi f#t el yatc'STséP'Pﬁ orirpnt &F? feeqd Aieeam SUPR%PEe end of
said first conduit; (e) a m xing #ethand awpdmtlotia; t he di schar ge end of
LP (ra e];lmr;;St condui t {b?r r e(s:eepla}'/ateQ)gpreéeatmg by indirect heat exrgnange atqe %% one o Lised '
oxidant and feed streams to a respective oxidant and feed preheat
10 temperature; '
(c) rapidly mixing sufficient of the oxidant and feed streams at their respective
preheat temperatures in a mixing zone to form a detonable mixed stream
at a mixed temperature and which mixed temperature is at ieast 50°C

below the autoignition temperature of the mixed stream;

15 () conveying the mixed stream through the mixing zone at a mixing velocity
suych that detonation of the mixgd stream is avoided; and thersafter
(e) feeding the mixed stream to a catalyst capable of catalysing the formation

of hydrogen cyanide from the mixed stream at the mixed temperature to
form an effiuent stream containing hydrogen cyanide. .
202 A process as claimed in claim 1 wherein the oxygen rich oxidant stream contains
from 30 to 100 % by volume of oxygen. '
3 A process as claimed in either claim 1 or claim 2 wherein the oxldant free feed
stream is a premixed stream containing a mixture of methane and ammonia.
4, A process as claimed in any one of claims 1 to 3 wherein the volume ratio of
25 methane to ammonia is from 1:1 to 1:1.5.
5. A process as claimed in any one of claims 1 to 4 wherein the oxidant stream is
preheated to a temperature in the range from 200 to 300°C and the at least one feed stream
is preheated to a temperature in the range from 300 to 450°C.

6. A procass as claimed in any one of claims 1 to 5 wherein the mixed temperature is
30 in the range from 200 to 400°C
7. A process as claimed in any one of claims 1 to 6 wherein the effluent stream on

exiting the catalyst is used in indirect heat exchange to provide a partially cooled effluent

stream which is then used to preheat at least one of the oxidant and feed streams. '

8. A process as claimed in any one of claims 1 to 7 wherein the effluent stream
35 contains from 15 to 20% by volume of HCN and from 30 to 40 % by voiume of hydrogen.
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(f) a mxing nmeans |ocated in the m xing zone for effecti %@%bﬁdm X ng
of the oxidant and feed streans to form a detonable m xed stream and for
conveying the m xed streamthrough the m xing zone at a m xing velocity

such that detonation of the nixed streamis avoided; 20 AR a

di scharge orifi cww ding a flow connecting nmeans between f“‘j“ ®i ng zone
and a deflagrati restor aWeRLP RTBHETIUARERQEERTY PROANPEATEY st r eam able to
flow, the 2 ‘ '

def | agr ati SR ;o PELICRTION, #}QM&%%@&M 089 2k Fy e
the mi x{#§ Wﬂﬂé’mﬁﬁwﬂﬁws' (h) a| (1) Sradriatimal PallietidnNumbeeC €1 V V§OL 97409273

m xed s{rexodCron t he deflagration arjrasfor and for directing the m xed

stream {o_a supported catalyst | ocatdd h4Y ferpational Publication fiate: forBM”SW?’WCf””

the,for |on of hydrogen gnid fromthdﬂ gnab sr

| ndi 1 oc| Chasmdoes Aepltn el [ o PR PISbelpE fwaﬂéf X: Y
and fee i(zammalmhpbaﬁo M 20 Avghst 1608 (29.08.96)4N appm;m,asmasn am.rre aluj MC, 6L, 2, 5ED
wher®ei nfeach first conduit is associated Wwith and | ocated within a second
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(57) Abstract

A catalytic process and apparatus therefor for the manufacture of hydrogen cyanide. In the process an oxygen rich oxidant stream
and at least one oxidant-free feed stream containing methane and ammonia are separately preheated and rapidly mixed to form a detonable
mixed stream at a temperature which is at least 50 °C below the autoignition temperature of the mixed stream. The mixed stream is then
conveyed to a catalyst capable of catalysing the formation of hydrogen cyanide at such a velocity that detonation is avoided. The process
is more energy efficient and gives rise to an effluent stream containing more hydrogen than the conventional Andrussow process.




