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WD 2008/ 116673 - 1 - PCT/ EP2008/ 050665 Method for
produci ng hydrocyanic acid (HCN) The present invention
relates to an inprovenment in the Andrussow process for
preparing hydrogen cyanide (HCN). 5 The synthesis of
hydrogen cyani de (hydrocyanic acid) by the Andrussow
WO 295@& 3is described in Ullmann's Encycl opedi@/8P2008/050665
I ndustrial Chem stry, Volune 8, VCH
Ver | agsgesel |l schaft, Wi nheim 1987, pages 161-162.
The react antiefhed forpraducing fydrpcyamis agid Hhpr i ses
nmet hane or a net hane-contai ning natural gas stream
amoni a and oxygen, is passed through to catal yst
The pmeBsih @s/ehtioraretazaad an impvemant it theaAndrasgoermbesse for pkeparing
approx. 1000C. The oxygen needed is typically used in
hydrogeneyryded{l8¢NYi r . The catal yst neshes consist of
pl ati numor platinumalloys. The conposition of the
reactant gas m xture corresponds roughly to the
The syaithekie bif Byd@bssn Ghnidb ¢hydiedcyatia atidpBy eRUaidreRowprédess is described
) proceeds exothermcally. CH4 + NH3 + 3/2 O2 - HCN + 3
in Ullrpgryy' ifpcxclepglia o{ industgalipleenyistas Y deme sV EHoVigringsgaselischaft,

. ' t oduct .. unconverted.NH3 and CH4
weinhERTTOYT Bt 1115 P D PR i e B iy
methare drad @EthRAORRMAihiAB nfurdiZas Sthand, ameddn@ aridsybsn, 604 through

rapidly to approx. 150-200C in a waste-heat boiler and

catalyst Feshgsds 8 seactop @n@ rrasigd at @nmmﬁur_ewmmrdm 10@1°EnThén exyeen
needed SRRy WS U ot 907 T Pl i B oo,

platinuin® alid}8. BRSINPosRIdN f tH¥H8acMrt ha SRt corresponds rou?hly to the
hydr ogenphosphat e sol uti on and subsequent recycling of

stoichipimetra Afribaingt reretion agueingt weishprasbedsrepoihormicallyurm, HCN

hSra rbed . 0 ter .and | rmed with a purity
CH, + éﬁ{@nggt@r—)tlﬁg}@ ggﬁg& bydﬁﬁzsy?%ﬁ(g downst r eam

rectification. The HCN contai ning water obtained in

the 25 bottomof the colum is cooled and recycled to

The reactien lgeNlemmgraptay comprsasrine HEANprddug pecbnienied NHpomgiGileg and
the sigrégrggrg%gjsprgguc%sh&Ofﬂg r}ﬂ%)? %%zpag’l (e:ﬁgr%e Iprsopgl(?tlso%rdf ?\ﬁd 'n DE

The reaction gas is cooled rapidly to approx. 150-200°C in a waste-heat boiler and then passes
through a wash column in which the unconverted NH; is washed out with dilute sulphuric
acid and parts of the steam are condensed. Also known is the absorption of NH; with sodium
hydrogenphosphate solution and subsequent recycling of the ammonia. In a downstream
absorption column, HCN is absorbed in cold water and is formed with a purity of greater than
99.5% by mass in a downstream rectification. The HCN-containing water obtained in the

bottom of the column is cooled and recycled to the HCN absorption column.

A wide spectrum of possible versions of the Andrussow process is described in DE 549 055.
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WD 2008/ 116673 -2- PCT/ EP2008/ 050665 As specified by
way of exanple, a catalyst is enployed which consists
of a plurality of fine meshes arranged in series,
conposed of Pt with 10% rhodium at tenperatures of
approx. 980- 1050C. The HCN yield, based on NH3 used,
WO 20@8/bB673% 5 One net hod for2maxi mi zi ng t he HECKEBRRDS/050665
by optimal adjustnment of the air/natural gas and of
As spdclifeda w?mmm Teg4 bRallySt islemployB@thich cossiftabeplurality of fine
p4, 128,y£32 . In agdi ti onlyt ot hg gsual, procedure g\n tht}éi r
mesheg grrangsd ok sages, qormpeeieef Ptweh Hivs ripliumesttemprestares loé approx. 980-

o (ch t of t air, w xygen. Tab. 1 lists
1050 FucHENGHTE Vasthot NEL skt B bt oo 1 ons. Lo
specified therein. Table 1: DE 12 83 209, 1968 DE-A 12
88 575, 1968 Society Edison Society Edison
One method derpoadsizing thediCE ¢ield by OptiNbalraljusent 48 8¢ di/nadael gas and of
. 679 440 BE.Pat 679 5 BE , 379, 500 Reactant gas
the airjgmimonia 3fg 1S Cgb%]d@é?s %6‘1&2{’51?% Mesh tenperature
1100 - 1200C 1100 - 1200C nolar (02+N2)/CH4 ratio
6.5-1.55 6.0-1.6 4.55-2.80 4.5-2.6 (02+N2)/NH3
In add#ioBt@the vSud) pRocedurd vltiBaiHss the bxFed pEbiddedHBaroud ddciients @scribe

-.1.0 3-1.1.1.25-1. 0 2/ (02+N2) 0.245-0.4 . .
the enrgchsent @tl tég ai]f WJith oxygen. Tag. 1 Bsts ome pat)ents w21’§1 the operating conditions

specified therein.

Table 1:
DE 12 83 209, 1968 DE-A 12 88 575, 1968
Societa Edison Societa Edison
corresponds to: Pat 660 4519 NL Pat 660 4697 NL
Pat 679 440 BE Pat 679 529 BE
US 3,379,500
Reactant gas preheating 200 - 400°C
300 - 380 °C
Mesh temperature 1100 - 1200°C 1100 - 1200°C
molar (O,+N,)/CHj ratio 6.5-1.55 6.0-1.6
4.55-2.80 45-2.6
(O,+N3)/NH; 6.8-2.0 6.0-2.0
v 4.8 -3.65 45-3.0
| CH4/NH3; 1.4-1.05 1.3-1.0
1.3-1.1 1.25-1.05
0,/(02+Ny) 0.245-0.4 0.245 - 0.35
0.27 - 0.317 0.25-0.30
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0.27-0.317 0.25-0.30 WO 2008/116673 - 3-
PCT/ EP2008/ 050665 Table 1 (continued): PCT 97/09273,
1997 1C (special reactor) Reactant gas preheating
200 - 400 C further tenperature data for individua
reactant gas streans Mesh tenperature 1000 - 1250C

WO 20a8/Br66782+N2) / CH4A ratio (023N2)/ NH3 CH4/ NH3 PCTUER2®08/050665
02/ (02+N2) 0.3-1.0 WD 97/09273 sol ves the

Table dicativaat)ages of a large N2 dilution of the reaction

gases hy usi ng s preheated, detonatabl e m xtures of

net hane, anmoni 4 PEIIOHRIYGE1%k i ched dir or pure
oxygen. In orderléP be abl e to handl e {t he det onat abl e
m xtures safely, speci al reactor whiich prevents the
detonation of the reaction m xture isjused. The use of
this solution in industrial practice ijo entails a

capi t al -i nt ensi yéspeoai faactat)i on of exi $ting HCN pl ants.
Both in an operating node with air and in the case of
oxygen enrichnment, which is perforned| in accordance

Reactal b4t Jrile Or ahhg - vantages ari se and will be
cac ex%#zﬂrnea@%éel ow] 00 30087 116673 - 4. PET/ EP2008/ 050665
Wien oxygen i s Usathedserigteatapey@enfopr oyi der in the

reactant gas m xture, the
individual reactant gas

streams
Mesh temperature 1000 - 1250°C
molar (O,+N,)/CH,4 ratio
(O+Ny)/NH3
CH4/NH;3 1.0-1.5
0,/(02+Ny) 03-1.0

WO 97/09273 solves the disadvantages of a large N, dilution of the reaction gases by using
preheated, detonatable mixtures of methane, ammonia and oxygen-enriched air or pure

oxygen.

In order to be able to handle the detonatable mixtures safely, a special reactor which prevents
the detonation of the reaction mixture is used. The use of this solution in industrial practice

entails a capital-intensive modification of existing HCN plants.

Both in an operating mode with air and in the case of oxygen enrichment, which is performed

in accordance with the prior art, disadvantages arise and will be explained below.
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concentration in the reaction gas is only approx. 6-8%
by volune. OmMng to the establishnent of equilibrium
the |l ow HCN concentration in the reaction gas causes a
relatively low HCN concentration in the aqueous
bottom exit stream of the HCN absorber colum of 2-3%

WO 2608/616668s. A hi gh energy expenditure is thus REEPR2@RB/050665
to cool and renove the large flow rate of absorption

When \0&ty&dn. is bsedad dhd 6:8/2en bhRwider ahthie Redctantgss hix@et, tROHCNISES
relatively |large apparatus volunes and streans in the

concenfgationpn Brrreacipn ghelspnbearesox. O % §y velumee Oavingitd the estpblishment

Ltrogen t wat er . .content in the residual S
of cqueaf oy ddEN R b FRkOT st hir Aog v ain ey HON
concer@@iBAlin BR dqtQJudbBRodTxA stBkB bF e IAENABLd#Ber Bludh of 2-3% by
econom cal l'y viable manner. 10 Al though the known

mass. privgleensegy aipendioiy gehuseguicdthtercoobdndtrhmovethe tlange flgwgate of
see table  1). i ove the disadvant ages nentioned for
sbsorpfifE vt Fraebgn. B B{EAGRGT EFTHPY RGeS EBHes epparaius
I o ] . . t : t :
volumE ST AERLEN e I 5, 85 RS, OIS 1AR8 Ak ivose,

the waged jcaistertdn tle residual geg stemmois 1ess ylgpanl 88h by ebloerret The Inedregenghus

insufficient separation of the NH3/ CH4/ N2/ 02 m xture
cannolfHESHRIEIAL 23 EITIELH LR FicPToTMRRSHFRE B8RSR | on of

the reactor is no longer ensured. Possible effects
are: - risk of explosion 20 - risk of deflagration
Although eimrigewitnoprodesses atit] gsigemesdighment ofthe odactantgdsl(yee table 1)

) occurri t enper at ure peaks, whi ch damage .t he cat al yst
improvzdli,disadyintse eritonsd & t@&@l@ arthadp ey agf%m?wélyé%adéwéher

ictiBR! 1 _nced oxidation of NH3 to N2 and hence to
resmcéﬁgg%%% gér}{}?n the HCN yield based on the NH3 used. 25

3. The degree of oxygen enrichnment is limted in the
known processes to an enrichment up to 40% 02 in the

VBheryn rfctarbgrsaatinsdal el pO1 g op G/ Chbmre notgglustegto the
dg %rergég ?)é%glg gﬁf&%ggc{lérﬁésts %@uf&i@%ﬁ{ &Bgraggl’? of Al I\ﬁ%?éﬁ!;/i\]%}bz
mixture from the upper explosion limit and safe operation of the reactor is no longer
“ensured. Possible effects are:
> risk of explosion
> risk of deflagration (damage to the catalyst mesh)

> risk of locally occurring temperature peaks which damage the catalyst mesh.

2. The increased oxygen supply at the catalyst leads to enhanced oxidation of NH; to N,
and hence to a reduction in the HCN yield based on the NH3 used.

3. The degree of oxygen enrichment is limited in the known processes to an enrichment up

to 40% O, in the oxygen-nitrogen mixture (DE 1 283 209, DE 1 288 575).

4. Oxygen enrichment in the reactant gas can establish an increased catalyst mesh

temperature which leads to more rapid damage and deactivation of the catalyst.
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deactivation of the catalyst. WO 2008/ 116673 -5-
PCT/ EP2008/ 050665 5. Approaches to sol utions by
countering the existing disadvantages with a specially
constructed reactor (WO 97/09273) entail high capita

WO 20@81 566Rd are not capabl e of - increasing t he PCT/EP2008/050665
performance of existing plants inexpensively. 5 1In
view of the prior art, it is thus an object of the

present invention to provide processes for preparin%
5. ppmoashies ko odwtiose byseruierrgithe exigting dispdvantageswih appesially

[ S] nd ., with high yield. In thi
SR RSSO U o R e Bt o
iBafehdifg tRpefbatide BEexibiy MARE thekPeriiiedt i N plants. In -
addition, it was consequently an object” of the present
invention 10 to provide a process which enabl es

._production_af. wi t.h rticularly | ow ener
In vieg b GO it st el R krobn SR oh PER U todsases for
preparRREACR GV e HPORASI W 4 NPHEUISKPERPIVAd inexpensive manner and
nodi fi cati ons bei ng necessary. Mreover, it was an
with highjyead. Iofthis hentprtethe produatiemoutput (kg of HEGN/Hpin partoouter ebsuld be

cor?jng to the

increasivénﬁw ﬁ}?iggling’gpq?lﬂ}_g}!eébgi:tigg,tilt \rrlvlaégqepé cglgeﬁ i?@%ﬁ)&g@ ghepresent invention
. : . . .
o o8 sk OGRS, o SRCT RS OKEEARY P v omns
Furthemhore hsafaplatteopemtion sibudd be ehabdah byettle provesi vaitletuy efpensive
..the connections di scussed hereip b y of | ) :
modifipiiong GHEE PETPSSAY SOER KTl 33S BY oy eﬁfquggsgrem mygntign to provide
- T r - [ s
s proEMERUENCE L. by 9RLER B I L SRS bl

meshessshbulddhavs a p2QicBlarlyilongléfetifnet he proportion by vol une of
oxygen in relation to the total volune of nitrogen
and oxygen (02/(02 + N2)) being in the range of 0.2 to

These %b&gctém ﬁlptgf:rre (ﬁ)ﬁ‘&tté xgﬂic? %}er}g)t Bﬁf{doeg(gﬁglﬂywlh{ th%h can be %carfv};ed or

n-ignita eactant gas m xture, S sSurpri si
discernp® #fineliatelofromalie ciemacting d@sasstO hereli BP@EY OUntyEIcEOL re
. cyanide by the Andrussom18rpcess by neacting .
achlevq%q%pr@c% Rewng ph deagrss of Claim 1. Appropriate modifications to the process

according to the invention are protected in subclaims.

By virtue of the proportion by volume of oxygen in relation to the total volume of nitrogen
and oxygen (O2/(O, + N3)) being in the range of 0.2 to 1.0 and the reaction being performed
with a non-ignitable reactant gas mixture, it is surprisingly possible to provide a process for
preparing hydrogen cyanide by the Andrussow process by reacting methane-containing gas,
ammonia and oxygen-containing gas over a catalyst at elevated temperature, which can be

performed in a simple and inexpensive manner and with high yield.

The process according to the invention can additionally achieve the following advantages.



10

15

20

25

30

25 ammoni a and oxygen-contai ni ng gas over a catal yst
at el evated tenperature, which can be perforned in a
si npl e and i nexpensi ve manner and with high yield. The
process according to the invention can additionally
achi eve the foll owi ng advantages. WD 2008/ 116673 - 6-

WO 24081116P2908/ 050665 The producti on out put of EITEERPHYS/050665
HCN reactors can be increased by up to 300% conpar ed

The prd@uctibh @upnesSdxisiggHUN rdctdts e beheradell & yaiprto B80% compared to
repl aced conpletely by oxy gﬁn (molar 02/(02 + N2)
the opgrafinggmedewigh airgvhprdhgipisasrlacedcommlaigly by orbigen; (mpdat@4R: +

ds surprisingly not only in increasing the
Nﬂrﬁﬁ) g%ﬁtlon out put but simultaneously in inproving the
hydrogen cyani de yield based on the expensive NH3 raw
material. At the sane tine, a residual gas with | ow
The predess welfdmﬁamtbmnvambrt@n@@dh slghn%aglﬁ mpf oy Vraingesasing the0

o QR S S A B HE LMD By om e

expensWerNHfranmht%ﬁﬁ wat er having to be conducted in
circulation to absorb the HCN fornmed owing to the

greater HCN concentration in the reaction gas. 15

Mor eover , roduct n out put of the catalyst : :
At the g e airsSidial gay Fith doSe AERE SFRIERS ARk DROCH TSN palprififyaluc is
obtaine@f HCN production per kg of catalyst over the total

run time of the catalyst) is achieved. 20 The

inprovenents menti oned are achieved with a

o R B A B, Sy ot 2,581,
virtue cﬁq’éé@ Raftd ‘ﬁa@i‘hg ke 9(5&1‘&@1%& 119@1?6?1‘19%[13 o bibsotlM el VR %r'[nférell owing to

hat the process can be performed in existing

the greafta‘rHﬁNobonoeymhml acthd rgpcg@agat i on. No costly
nodi fications are 25 required (U Il mann's Encycl opedi a
of Industrial Chemstry 5th Edition, Vol. AS, p. 159

Moreoxfgfé én rdQR b ouﬁ:upgf"thg Q?ta #H g.ra{b% \9{&1 ﬁ{edo%egﬁgé mode W1t a1r

ation con”p reactors ScCri
(amount of HCN production per kg of catalyst over the total run time of the catalyst) is

achieved.

The improvements mentioned are achieved with a non-ignitable reactant gas mixture and

ensure a safe operating mode of the reactor.

It is a further advantage of the process according to the invention that the process can be
performed in existing plants for hydrocyanic acid preparation. No costly modifications are
required (Ullmann's Encyclopedia of Industrial Chemistry 5th Edition, Vol. A8, p. 159 ff.
(1987)). Since the mixture is outside the detonation limits, complicated reactors, as described,
for example, in WO 97/09273, Figure 1, are not required. Moreover, there is no need to keep a
wide safety margin from the self-ignition temperature of the mixture (min. 50°C), as described
in WO 97/09273 (p. 1 line 35 —p. 2 line 2). Thus, even in existing plants for hydrocyanic acid

preparation, an improved space-time yield is achieved.
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for exanple, in WO 97/09273, Figure 1, are not
requi red. Moreover, there is no need to keep a w de
-safety margin fromthe self-ignition tenperature of
the m xture (mn. 50C), as described in WO 97/09273
. 11line 35 - p. 2 line 2;. Thus, even in existing
WO 2008 ht6S7Bor hydrocyani ¢ aci d7-30 preparati on, B{al/EP2008/050665
i nproved space-tinme yield is achieved, WO 2008/116673
-7- PCT/ EP2008/ 050665 The degree of oxygen enrichnent
maybe up to 100% 02 in the ox gen-nitrogen m xture. In
The degarsi afjospigen FEChmen) st e ipeld0&x Qp Bi the gXyRantNiEe ey TRiKture.
long lifetinme. 5 According to the invention, hydrogen
cyanide is prepared by the Andrussow process. These
In addioRC S SeE1ySY RedhBOVEhiBiE h pakicaldly 3 IdBGae] bed in detail
- in the prior art cited above. Since the reaction
t akes place outside the detonation |inmts of the

e A 5T DR bl SRR Goces e

procesRRMat OkABh pdd s@ ak PN ABSIrRRAKN d&aif\Bthe pHEMArE ER& Pove. Since the
These reactors are |ikewi se known fromthe above

reactiopdi{es place ontside Foy detérmtion dipaisatfitiareadtari@rl marctors; wihivd geoerally
t he inventign, a nethane-gontﬁinigﬂ gas I S used. .
COMPTESIRYEF -y 254 STREHR ANSTTAT O BR OF YR IgF 456RYmGANal
Andru@bw BN Eh&RReRbort 82 dike WAL KRHRRF dnt B abBe ;?'[ﬁﬁli'&éﬁkﬁls! S
preferably at |east 85% by vol une, nore preferably at
| east 88% by volune. In is addition to nmethane, it is
al so _possi to use natural gas in the reactant gas.
For the i SHOHAIEN, SO I e m, b TrUiRe SRR RS Used.
D B o BT prgprion
of metlpms 1umeftrabdy atdeaso R ey valuae, nmort pogfemblyay past ALK byvaume. In
.. In this case, the proportion by volume of oxygen in i
additiop & meHERC.{0'S Bffe PRGNS AANTAESAS N thevemtad At N Bl i
nderspdhE Ao et bigal Sl bR B e by v ing ot mothane,
invention, air is used as the oxygen-containi ng gas.
In a preferred aspect of the present invention, the
In one peF &L thegrresspt nypitiag. Bre ARYgYerPItHNING|Zas 1ssd maydergrygen or a

s g BATE B S B ARYERI  hh e
total vo@hé bEshy@en asdeitloger (0,4 MHONY) isi i tha@igdéf. 2 tabbYvdlgvol.). In a

_in the range of greater than o
particular aspect of the present invention, air is used as the oxygen-containing gas.

In a preferred aspect of the present invention, the proportion by volume of oxygen in relation
to the total volume of nitrogen and oxygen (O,/(O; + N3)) is in the range of 0.25 to 1.0
(vol./vol.). In a particular aspect, this proportion may preferably be in the range of greater than
0.4 to 1.0. In a further aspect of the present invention, the proportion by volume of oxygen in
relation to the total volume of nitrogen and oxygen (O,/(O; + N;)) may be in the range 0f0.25
to 0.4.
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0.4 to 1.0. In a further aspect of the present
“invention, the proportion by volunme of oxygen in
relation to the total volunme of nitrogen and oxygen
(02/ (02 + N2)) may be in the range of 0.25 to 0.4. WO
2008/ 116673 -8 - PCT/ EP2008/ 050665 The nolar rati o of
WO 2048{H&Ré3t o anmoni a (CH4/ NH35 -in the react ant P&d<EP2008/050665

m xture may be in the range of 0.95 to 1.05 nol/nol,

The moiar extiprof hrestiednk yo ammbhie (CERAEH Hfin theS8actamt FadBixtdleenay be in the
reaction tenperature is preferabl bet ween 950C and

range of S5tpCio ToMemelmel nase pre@ably sn TogeReetd-BI84R- The

reaction tenperature may be adjusted via the
proportion of the different gases in the reactant gas

The re@otibﬁ@éﬁmpa‘raureax prafrebly ibatvicas 96BINIR 1200P O, preferdbly Between
the conposition of the reactant gas m xture is

ase,
1000°Cé@|ql<h bk@acsme@%@p t@mpera@m:mn be gdiystpd vieuksprgportiaa of the

differeft d%agesblfx él?et g&g{tagg e% egitﬁglﬂwg}ﬁd%/ﬁ% ﬁx ﬂ}ith?s?%gg the
compo!';lﬁfm of fk lﬂéa@ta@t géshﬁlxﬁgé @H stétesuldh tfat RASALERE chis BRANR the
of a thernpel enent or y neans of a radiation

concengli@nzangs of lmi@a}oé@rrmxtmfels cEvamM@cﬂﬂpgssﬂdﬁ opéretigmpants areh@lown in

Fsue B R B A R R B e o

by meaﬁ% Mﬂ@fhdla%oﬁ &yg%we@er( RN floSy dreafisr sy ﬁlh&s the mreﬁsﬂﬁ@ment
to 1 (rmol /ol ). 15 The nolar NH3/(02+N2

point maathe&emyl the edtelystishgshlaea duifanse efiappsoxa Of idhani on of the
mol ar 02/ (02+N2) ratio. The follow ng relationship
preferably applies to the nolar NH3/(02+N2) and

The mdz%llrﬁgi 'o"i_\@%rgglgid femona (bz/ﬁa%) 1s(¥r9érabf931§1€%h@faﬁ%l§ 5?@'73( 25

.08, in which Y'is theé nol ar N2)
(mol/mpBtio and X is the nolar 02/ (02+N2) ratio. In
addition, the followi ng relationship may preferably
apply to the nolar NH3/(02+N2) and 02/(02+N2) rati os:

The molar NH3/(O,+Ny) ratio may preferably be adjusted as a function of the molar
0,/(02+N3) ratio. The following relationship preferably applies to the molar NHs/(O,+N,) and
0,/(02+N;) ratios:

Y <1.4X —0.05, more preferablyY <1.4X —0.08, in which

Y is the molar NH3/(O,+N;) ratio and

X is the molar O,/(O,+Ny) ratio.

In addition, the following relationship may preferably apply to the molar NH5/(O,+N;) and
0,/(02+N;) ratios:

Y 21.25X —0.12, more preferablyY >1.25X —0.10, in which

Y is the molar NH3/(O,+N,) ratio and

X is the molar O,/(0O,+N,) ratio.
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25 Y ? 1.25X - 0.12, nore preferably Y >:1.25X - 0. 10,
in which Y is the nolar NH3/(02+N2) ratio and X is
the nolar 02/ (02+N2) ratio. WO 2008/ 116673 -9-
PCT/ EP2008/ 050665 The conposition of the reactant gas
m xture may nore preferably be within a concentration
WO 2¢3hd 6@ ch is limted by th®-two straight |i #&3/8§P2008/050665
=1.4X - 0.08 and Y =1.25X - 0.12 , in which Y is the
The compoaitiohlidB tHeG2adN) ghamixtu@mabhyXno® préferabbl rwitkdh @ @8ndsdjration
ratio (see Figure 1). s Depending on the nolar ratio .
band whichgls ligited by ABredirsstindshé dinpsal i ol 4X o 0o AR ¥ <dmd5X ~0.12, in
e ti e . i h . .
which 'SYtni? gll{eg {;’19{ %/((e)gﬁg 75 irxr%t?]o %asdzﬂnﬁﬂg ngilér\r;é‘zg(rdgrﬁﬁeratw (see Figure 1).
paraneters are wthin the follow ng ranges: mis
preferably in the range of 1.25 to 1.40, nore _
Depenging Pa thegnglar ratior’s angdyentageons polay satio, B3olaws frem jrserting the

referably.in the 1ge of ..0. 05 tq 0, 14, re
paremd ot P fetEieh SfiCecdptcn B K b Hhese Biegmsisgg are
within BleSbB6@Rlgfadest he range of 0.08 to 0.12. The reactant
gas m xture may preferably be preheated to a maxi num

m is preferabh0ig, therange ofHt -85 & B0 ymaremasferaby iofthel@0: ofib2Fogud 2 and
vis el S RSP o SRR P 2PN oF R0 e
most plR@alldSCtheirfhdet oOBIHOd M th air as the oxygen

carrier. Figure 2b and 2c describe preferred variants
in which oxygen is netered into the airstream This

all ows an. oxygen-enrjched airstreamto be pr red.
The redgignbes GRS ERVERD MG AP0 FETSEIROS St GwTe
prefera}g\fﬁ,tahnﬁﬁﬁﬁﬁprQOb@ﬁ exanpl es, without any intention

at this should inpose a restriction. Exanples 25
Exanpl es described bel ow were performed in a

: | gbor.at ory apparatus consisting of a gas _.nmeterjng
Figure | deseghes feboiaitieer RAmPIRSShow: LYUPRGIW iggrapnigigire 2a
deseribbERE g IR ARG (A TELAG Site AR, Pryelh orr YR 2 and
2¢ descgbs pefereedrvaaiante in which oxygen is metered into the airstream. This allows an

oxygen-enriched airstream to be prepared.

The present invention will be illustrated below with reference to examples, without any

intention that this should impose a restriction.

Examples

Examples described below were performed in a laboratory apparatus consisting of a gas
metering system with thermal mass flow regulators for the reactant gases used (methane,
ammonia, air, oxygen), an electrical heater for preheating the reactant gases, a reactor part
(internal diameter d: 25 mm) with 6 layers of a Pt/Rh10 catalyst mesh and a downstream HCN

scrubber for neutralizing the HCN formed with NaOH solution.
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(internal dianmeter d: 25 mm with 6 |layers of a

Pt/ Rh10 catal yst nmesh and a downstream HCN scrubber

for neutralizing the HCN forned with NaOH sol uti on. 30

WD 2008/ 116673 _10- PCT/ EP2008/ 050665 The reaction

as was analyzed online in a GC. To assess the anobunt
WO?-S@S/H',(?Q@M med, the CN cont¥ht was additi onal P§I/EP2008/050665

determi ned by argentonetric titration in the effluent
The reattidmgas M@Eblanslgzddundine P4 GCR @di adgksé the nain ORI AN fogned, the CN

node corresPonding to the known ogperatin condi tions

contenpiwag agdionadlvidetermiipddly asgsnirectriaiipaqhiarthe cifiuppied e CN

. e ! _
sraob PSS Aord P BSE Mok AU BRNATP DR ongrn
condit{das Mith diedsi the WRsen EOEHIE QEMYphBri€ X %ea Mas tAddéMmB 1y @plabed by

Al experinments were perfornmed with a constant _
pure OXygen(ia AR cxpesimastal serids|apdy at sheesagte time, the gPRYy O ritak as

shows ectian.of, .representative .results. 10
reduoef] e s B Gl RE O AL ERREERREl Yt Bresl Bl ¢ Ao
reactaﬂt%ﬁ§ Velline GRSy fa6kl of 2401 (TP M. UriBle 1 shiwisal RleMfion gﬂre%resentative

(STP)/m n, reactant gas tenp. TF. 60C) No. 02 content'
resultsppl ar rati o Mesh  Vo2/ (Vo2+VN2) 02/ NH3 CH4/ NH3
tenperature TN C 1 0.21 1.15 0.98 994 2 0.259 1.02
0.98 1011 3 0.300 0.98 0.98 1022 4 0.393 0.92 0.98
Table 1032 5 0.516 0.88 0.98 1034 6 0.714 0.87 0.98 1010
7.1.003) 0.84 0.99 Fault

Experimental results for O, enrichment in the reactant gas
(di: 25 mm, volume flow rate V's: 24 1 (STP)/min, reactant gas temp. Tr: 60°C)
No. O, content” molar ratio Mesh
Vo2/(VortViag) 0,/NH; CH./ NH;4 temperature Ty
°C
1 0217 1.15 0.98 994
2 0.259 1.02 0.98 1011
3 0.300 0.98 0.98 1022
4 0.393 0.92 0.98 1032
5 0.516 0.88 0.98 1034
6 0.714 0.87 0.98 1010
7 1.007 0.84 0.99 Fault

D:0, content in the oxygen-air mixture; ?: only atmospheric oxygen; >: method with pure
y P yg p

oxygen without air



:02 content in the oxygen-air mxture; 2 : only
at nospheri c oxygen; 3 nethod with pure oxygen w thout
air WD 2008/ 116673 - 11 - PCT/ EP2008/ 050665 Table 2
(continued) Experinental results for 02 enrichnment in
the reactant gas (di: 25 mm volune flowrate VVF. 24

WO 2808/B1G67Bni n, reactant gas tldmp. TF:  60C) No.PGHZRP2008/050665
conc. in the specific yield reaction gas Reactor

Table Diéqmtitudd) HCN % by vol. kg HON /h/n2 %1 7.6 303 62.9
291380 62.4 310 1 442 64 5 4 12 Q0 542 656 5

Experiigentabryulis fa Ogenriclanergdn dlse Beacmnigav 863 68.0 Lspe:
. u f r sed an the
(& 2538 Bl AOGIR OF RIS TP Pt R0 PE
60°C)const ant gas vol urre flow rate, the speci fic reactjor
out put (anmount of HCN production in kg/(h*nP) based

M. t he ¢HESNcaned theral area, of S}Iehlé'lccymlél yst rresh)

[ M NI T wO VAP-NN

rises fromapprox. 369—kg \.,.. 27
agent only &Bherli Igeaﬁiﬂfé’@ﬂ’)“t Becappr oxﬁb@go kg |of

HCN /P11, giet had DXygen asof he
oxi di zi hg aqe The Hg%[yl el ased on ammoni a uUsed

AHCN, NH3 im:yr_(pves firom 63993 0 68% | The HEN

concentration in the reaction gas rises with 10

decreas| ng paportion of nB8Pogen in the 9kéctant] gas

from+-b6% by yoturetto—16-—79% by

3 10.7 447 64.5
4 12.0 542 65.6
5 13.7 650 66.3
6 14.6 750 66.8
7 16.7 863 68.0

Lgpec: Amount of HCN produced in kg/(h*mz) based on the cross-sectional area of the catalyst

mesh

At constant gas volume flow rate, the specific reactor output (amount of HCN production in
kg/(h*m?) based on the cross-sectional area of the catalyst mesh) rises from approx. 300 kg of
HCN/h/m? (oxidizing agent only atmospheric oxygen) to approx. 860 kg of HCN/l/m” in a
method with pure oxygen as the oxidizing agent. The HCN yield based on ammonia used
Agen, nu3 improves from 63% to 68%. The HCN concentration in the reaction gas rises with
decreasing proportion of nitrogen in the reactant gas from 7.6% by volume to 16.7% by

volume.
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30

vol ume. WO 2008/ 116673 -12- PCT/ EP2008/ 050665 C ai ns
1. Process for preparing hydrogen cyani de by the
Andrussow process by reacting nethane- containing gas,
ammoni a and oxygen-contai ni ng gas over a catal yst at
el evated s tenperature, characterized in that the

WO 2008 pHiBon by vol une of oxylgen in rel ation t @EHEP2008/050665

total volune of nitrogen and oxygen (02/(02 + N2)) is

Claimsn the range of 0.2 to 1.0 and the reaction is

performed with a non-ignitable reactant gas m xture.

2. Process according to Claim1l, characterized in that
RSB ol e ST LUANE e AR bRl e bt
con@ining gademeemda aricntygemgortain{dgaialbilerercathlyst at elevated
characterized in that the following relationship

tﬁ@ﬁfﬁ?@ge,tcba@ﬁt@rimq igrthagthy I{I@Bqllti_z’)l by _h’QhJ@IQE{ ¢fpxysen in relation to the
BB} PBineEpichablang R DR SRS o PreB (7 670 an e

re&dtiof is Perfdrimee Shth ArdCiedititde F&c@ﬂﬁ%a@fmikﬁﬁe.pr ecedi ng
- clainms, characterized in that the

ol | owi ng
rel ati onship applies to the nolar NH3/(02+N2) and

2/ (02+N2). Los: 20 Y . 1.25%X -.0.12 | | ich Y
G oRablng BB goherioizen B oS ipctar o Grnc o
B2 tO@YNEBS irOthe %acﬁh@?ﬁ%ﬁixﬁﬁ@ o iditNgrah e OMEIDo 1.6

preceding clains, characterized in that air is used as
the 25 oxygen-containing gas. 6. Process according to

f th di | ai 1.t0.4 teri .in.
RGeS taratind loroleh o By Seiiee0i SRR ne Stioghbip
; ' : 02/ (02 +
B8 ol etonn) 2py oy en (02
Y <£1.4X -0.05, in which
Y is the molar NH3/(O,+N,) ratio and

X is the molar O,/(O,+N,) ratio.

Process according to one of the preceding claims, characterized in that the following
relationship applies to the molar NH3/(O;+N>) and O,/(0,+Np) ratios:

Y >1.25X —-0.12, in which

Y is the molar NH3/(O,+N;) ratio and

X is the molar O,/(0,+N,) ratio.

Process according to one of the preceding claims, characterized in that air is used as the

oxygen-containing gas.

Process according to one of the preceding claims 1 to 4, characterized in that the
proportion by volume of oxygen in relation to the total volume of nitrogen and oxygen

(0O2/(0O2 + Ny)) is in the range of 0.25 to 1.0.
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15

20

30 WD 2008/ 116673 -13- PCT/ EP2008/ 050665 7. Process
according to Caim6, characterized in that the
proportion by volune of oxygen in relation to the
total volune of nitrogen and oxygen (02/(02 + N2)) is
he range of greater than 0.4 to 1.0. s 8, Process

I N
WO 200« i7i319 to daimé6, chardéteri zed in that tH{el /EP2008/050665

7.

10.

11.

12.

proportion by volune of oxygen in relation to the
Rrotesk agording toflamh tt; dyerctairdd ox thgethe Ghortidn I§2votu2 pf oxygen

isin the range of 0.25 to 0.4. 9. es ccordin
ipgelafien Bring Fl SoBicasssbritasshand onuin GLIEE T IR B3R b of
E?QHQ%M%EQ4§6ﬁQ@n1 10 is mxed with an airstream before

he conbustion gases are added. 10. Process according

to one of the preceding clains, characterized in that

the stream of the nethane-containing gas. and the
FIRRSMPECORtIRR b e Onfhargissierd Mbthatide pednertinn bydealime At oxygen

. a - | . .

bR, SLAC OLHIE QORI A0, 905, ) B o rngeo
clratoacd.eri zed in that the reactant gas mxture is
preheated to a maxi mum of 150C. 12. Process according

~to Caim1ll, characterized in that the reactant gas

l’ti[z)&gsyerlc%ohﬁng %Oon%ro?@f?e%rgcded&% c"i‘ai%,)(éﬂ&lme?{ze&' ﬁnot%at an oxygen stream

is mixed with an airstream before the combustion gases are added.

Process according to one of the preceding claims, characterized in that the stream of the
methane-containing gas and the ammonia stream are mixed before the metered addition

to the stream of the oxygen-containing gas.

Process according to one of the preceding claims, characterized in that the reactant gas

mixture is preheated to a maximum of 150°C.

Process according to Claim 11, characterized in that the reactant gas mixture is

preheated to a maximum of 120°C.



