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WD 2009/ 013035 1 PCT/ EP2008/ 055730 Reactor for
prepari ng hydrogen cyani de by the Andrussow pr ocess
The present invention relates to a reactor for

o8 0y dvstgen Syan'os (b by the Atioms s

perfornmed using the inventive reactor. The synthesis

of hydrogen cyanide (HCN) by the 10 Andrussow process

i SRel@storbedri prébhping hydcoggal epadideobyl nteshndalussow
Chem stry, Volunme 8, VCH VerI agsgesel | schaft,

Wei nhei m 1987, page 161- 1687° react ant gas

m xture, V\,hl ch generally corrprl ses nethane or a

TEIANC, LOOLAL N ORIl 085, SLLEAMAMTRNI Be20001°  for
oxygen, |s passed through ca es 1n a reac
and egEniard edl}edrcv@etpereyame@eof (HFN) oxby1000@C. Andeussow

0 egﬁg I Xplﬁﬁgéé(séjs%grj np %a O?ﬁcff‘ @IfCNa' which is

cat aeﬁyst meshes ‘consi st genera pl ati num or
pp&nm IWQM@CW‘HY%W%?C‘%% reactant gas

20 m xture corresponds roughly to the stoi Chl onetry of
the exot herm ¢ net react on equati on l\(lgﬁ + 3/2
0Fhe RRthestpo afy é??‘*ﬂ%“chY?Hé Peactt galy the
f RoNirng sl copﬁ@tégs thQiHCN pesducbed 25;umconw&ameﬁn s
NH3 an " th nt i ucts ,

}-E%,Cy %géd’a Pgr ggng?lg 5???%8%?8?@ “¥he Y?Ceig%: eTonS VCH
g¥erilegsgelsed lsapiadlty, | Heanhasne 1Ht, begkerldl-162. The
a 50-200C u n S : u
SEPEbrRg St ot oh f e Uroenanrt od REE oo Hothane
seruBb&gte@nama td iung seatphRt cgagi gt aRdMpofiigRsa and
obxtBenst Q.%m[ﬂi'@sé'd)néﬁﬁéﬁ hOobhtaAhse kR@Med Sidhg reactor
abs&rptl on of qul wi th sodi um h%dr%f?enﬁhos%.rg 00 h
sBPt | T Emd & bé&qu%ﬁ?P?Eé98¥? FRBT Qo 0 15 aThe
35xglgens heedrsdabso it icra Idot wsed HGN tlse absombefl anr. the
c er is P in tr .
FSaPrrVRkeT e SRELRY, QeReraliy | B, Ry o
nmadstiThe HGN-omnt a‘hm r@omm@itb@naiqfedthﬂ theadi@rttongas

0fi kBEreOLBIR Y0209 33T F%%“tﬁr?@@@é@é@f&@atry of the
exothermic net reaction equation
CHy + NH; + 3/2 0, —» HCN + 3 H0 dHr = -473.9-kdJ.

The reaction gas flowing out comprises the HCN product,
unconverted NH; and CH,, and the essential by-products

CO, H;, H;O0, CO, and a large proportion of N.

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

containing water obtained in the bottom of the column
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2 is cooled and recycled to the HCN absorption
colum. A broad spectrum of possi bl e enbodi nents of
the Andrussow process is described in DE 549 055.

Accordln%kﬁ& reactors are al so known forgg%zgggbgg/g§§53o

FGE%OM/process, one exanpl e
reactor being detailed in ER 1 001 843 Bl. These
reactors generally conprise an inlet for the

r q;@ctc@aﬂ%,d amd eeldyetl doord i&elepmmu@moa@ﬁmm@balum.,
|ntheform

whi ch_nma conf red, for f
a‘pl H?ré?a?/qy we %)rlrﬁgtf’ unpﬁ\??ﬁéi arra‘i‘?’?ébéjd‘ i of" the
S AOCESIFSOW. IEHmMea$elys abd@ectheedat dlrystDHestp4% 055.

943l q%alak,e e%fﬁ%]]iélearé ay Lo }e]og@h %ﬁgp dm%hHCN

Serves as and as a
Theey rtrf@c@s@e@sweqw et S t mwmﬁm@@t@ﬁ sSath egdyeactor

a&:%%% geegaﬂ@adsuw tdp aR aggeptabl e mner gnedeMpdactors
o_the significance of _the product, however,

ng -t
tﬁ@ﬂ@ﬁ@%la pEPHREERE efflor tNLELI nﬁPEvetPﬁe B%?FB?ﬂEﬁce an

apdtlie eﬁé@Cthéewwtg hgnd eact@dsal?éx | nwiiiew afay be
Is thus an o

t he i or ect. of t

BB PGeRn. (iR T actor DR EREng & Bt iey of

p@ﬂbmdnbmrlmesh&pleaandngadxpen3|secpeepaoatlohmmédlately
e e yiel ti

HggSXF ( 2§§%$£¥%i§9fm%%ﬁ t Re afapgraé?ggg §€Ote0tlve

péﬁVﬁ@MWﬁY bhowrpWasachereabel. SEﬁV@@M4$oﬁ hqaﬁmﬁﬁleld

cangequent ky o -ap @ mﬁghr@f the present invention to
provi de a reactor ch enabl es production of HCN

with high HCN concentration in the reaction gas and
hen@e §Qo@@é§é§ulgaéfﬂofmu energy temand irBatherklCNilready

[_at . t d furth t S _whi
LPeERsE otV iErRE criTe B0 Shr R arht ! Selad: efgrana.
dewumgbIeOorth®|sxmgnmﬂﬂaaﬁqenndﬂuath@nngcodons, however,
gkﬁ%?@sg% QFr e§§ @@¥09E k tr Yetion rforqénce

chieve rea havi n atures al m
AppdophEaﬁéfﬁﬁ@ﬂﬂﬁ@ﬁﬁﬁoﬁ§ tse Fﬁéct@¥§nt|ve react or
are protected in subclains. Wth

In view of the prior art, it is thus an object of the
present invention to provide a reactor which enables a
particularly simple and inexpensive preparation of HCN.
At the same time, the yield, the production output (kg
of HCN/h) and the catalyst lifetime in particular
should be increased. In addition, it was consequently
an object of the present invention to provide a reactor
which enables production of HCN with high HCN
concentration in the reaction gas and hence

particularly low energy demand in the HCN isolation.

These objects and further objects which are not stated
explicitly but which are immediately derivable or
discernable from the connections discussed herein by
way of introduction are achieved by a reactor having
all features of Claim 1. Appropriate modifications to
the inventive reactor are protected in subclaims. With

regard to the process for preparing HCN, Claim 25
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regard to the process for preparing HCN, Caim25 WO
2009/ 013035 PCT/ EP2008/ 055730 3 offers a solution to
t he underlying object. The present invention

accordi ngl rQvides a reactor for prepaLl

C)% nizggg%f&?ﬁé%Andr USSOW process, con‘pr?é*zglb%g%})gggno
reactor vessel, at |east one gas 5 inlet which opens
into a gas inlet region, an outlet for the reaction

poa@tdetts aasdlatdanalys thewheriein ydthg bbgettone m xi ng
el.enent _and at .l east .one gas-per ble _inter [

CabE Ryt st Rt  ARRRRALEEER, xS Hactor
t lergaprepatinegi brdandethe maraldest , by 0 tthe niApdgussow
e bei T b t i nl-et [

SRS CEREsgo C AN DECACEd, | VEsfas, BkZled I Ak gas
ofniEsey uPesDS| tinte sar gAssi HYlSE pBgSPBl e ap outlet
PEQY deha reaetobn Wi duenad! 88da a 18aPATF4€Ul AHetein at
sinpl e and i nexpensi_ve preparation of . In

ad@8PEFoRT S HEXyP8l &%ﬁ@%@rﬁf Ghuct§ait sRp AT RETReab1e
H@Ntakméamabehimayeasedrby phegﬂdedOfwﬂﬂhiﬁvemméVereactor
reactor. .Furthernpre, HCN.can .be produced .at

oXPEFEL BTV %ty BHer §OSdThI VI TH G FRdentis 3R Lyst
r ehet ol xikr edemep_tt fre ilng etrrangsfd th@mralbjsi Lamninlet
gge?géﬁl gﬂaeghgyg¥§tbg%mggb&@e 16easkeHLEaN beatures

reactor. eI nventive reactor conprises a
reactor vessel into 25 which at |east one gas inlet

ORENS; Thesypactsy vessRl nRBeheses attl east &MErisingly
m Xi ng@ﬁl enent, at | east one gas- per nevg{JJ 1

i RPEPMBAFat &9 ayBro¥rdCat # easf26h8 cat Jfgf eppRles  a
ppaductalartydissabaegechd rioraxdgn sieac tpofepeasaeiion of HCN.
through.at | ea one tl et e e.of t ct

3gn\,8§§-’é?1f3§1'u§$@ﬁ ?’il((:egllgi Sglrd st-el;{é ?ﬁ%?ﬂ}%ta °h {b%r}“{a@ﬁha & ot
aHCN @bl anzan abeor incuadsedosyy sebei onse Tied r @actisrventive

preterghl y ﬁ%tgle%d i calwshape. e voLHaB-oh the  a
reactor vesse epends on the_intended production ,
obaphicudpdlyhe lpgacteite RS sefehayd asWife afp of iRfRtivVe

3B SUEL LAY ¥ HIES t hAPRK FRI dleelof, tiHRe eauRRstdf ddie be
prolonged by virtue of the construction features of the

reactor.

The inventive reactor comprises a reactor vessel into
which at least one gas inlet opens. The reactor vessel
encloses at least one mixing element, at least one gas-
permeable intermediate layer and at least one catalyst.
The products are discharged from the reactor vessel
through at least one outlet. The shape of the reactor
vessel is uncritical per se, such that it may have a
rectangular or round cross section. The reactor
preferably has a cylindrical shape. The volume of the
reactor vessel depends on the intended production
output, and the reactor vessel may assume any of the
customary volumes. Appropriately, the volume of the
reactor vessel may, for example, be in the range of
0.01 m®> to 50 m®°. The ratio of height to diameter (H/D)

of the reactor vessel may preferably be in the range of
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reactor vessel may, for exanple, be in the range of
0.01 nB to 50 nB. The ratio of height to dianeter
(WD) of the reactor vessel nay preferably be in the

19875084 8808 oty 06 to 1.4 Appr opr FRELFg 0088570

reactor vessel, viewed in flow direction of the gas,
fromthe gas-perneable internedi ate | ayer, may have
am.i4nney 1i8) ngooé prhéatabeyi St.@nttarel eti akppFoprbately,

ex%npln_géagt ay%essela cet 8%8 filJPr %l%t ecﬁ f%ct of the
exam -

nmpl e~ an contaifding ceramc fibre eri a ch
i Sa@btafnamletMmde@aﬂ+REnMQﬁhi¢uuﬂ;ﬂQ¥mﬂduahg, lﬁH?rbe may

PLAvided, % pmiﬁas_t srt he Heact s Mvassfl ddPial. For

reaction o he different reactant gases may
béxé@ﬁﬂﬁnedaup%@Yéﬁnwo%f Pr qeFAHE r dddrsr pakssLal,” for

_Aetsca %@glyn gmecohwallsa&n W&aﬁﬁﬁcthl AkBks mstém%ul which
into e re or vesse ere Q§se
L Re Rl BEl S oietodt s (1734° | RoBa NGkAl o mey be
r ggb@ﬂd\aﬁose wiildhe psotédics i t thal peacter Bexemi t hErom
nl. et g and the catal yst, according to the
Rostis s

FS?&E%OH at least one nmixing 20 elenent is
prOV|ded According to the enbodi nent, the gas inlet

f%aleonil L0 FOLOLRALL 9% etg]emgi'/xb@g chIARA - udbeream

m XI ng errent serves to mx he react ant gases
seépmredln ahBeareaehk&wn % meRESOBRigEsY i RBFs THY OF

lbﬁloﬂéedga§5 Qnéte has) s dHerd S_Jrilfléi etaed reelactor vessel.
oW mai Nt enance constructian, the mixing el enent

pWéFgaﬁbl9 Be TRSTYned 55 % e ﬁ%Fh1gﬁsﬁgatarghéﬁggEXCted
|ﬁﬁesnaI31mhjcha ngee prieflertabl yegbopr i gkoaepl orcdluntey  is

?E?ca@?e% <30 In a preferred aspect of the
lnven on, "the mxing element may have three, four,

five or nore plate |layers. These plate |layers are
ppeterall vy i¥danged inlet region and the catalyst,

according to the present invention, at least one mixing
element 1is provided. According to the embodiment, the
gas inlet region may also form part of the mixing
element. The mixing element serves to mix the reactant
gases supplied, and all known embodiments of gas mixers

may be used.

On the Dbasis of a simple and low-maintenance
construction, the mixing element may preferably be
designed in the form of plate-shaped internals which
more preferably comprise a plurality of plate layers.
In a preferred aspect of the invention, the mixing
element  may have three, four, five or more plate
layers. These plate layers are preferably arranged
essentially in parallel, the angle of the individual
plate layers relative to one another being preferably
in the vrange of -10° to +10°, more preferably -5° to
+5°. The plate separation may, for example, be 0.5 cm
to 200 cm, preferably 1 cm to 100 cm and most

preferably 5 cm to 50 cm. In this case, it is possible,
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essentially in parallel, the angle of the individual
plate | ayers relative to one another being preferably

35 in the range of -10 to +100, nore preferably -5 to
+50. separation may, for exa

tggﬁgggﬁﬁ&g{’g?er ably 1 cmto 100 cm aﬁcﬁ{/ﬁz@o?/&éﬁno
preferably 5 cmto 50 cm Il-nsthis case,

possi bl e, WD 2009/ 013035 PCT/ EP2008/ 055730 5 for
eRanplekantod eysec pelfser apedf i ated, pllatesi chictaghichhecase
orifices.are offset S 10 achjev x1,ng e
hbe SERE TR raE arstere TS v arTrs s of che
i gpeesi ouPgitatmslan n pheéegﬁmgal mehs gﬂrefeglas s5or earging

51& DD Qsiﬁgt% ro Phi £l cas i tar e RE 0yhded @team
a

t ang es tot te plane 1n t p ates oOr
b@me@ﬁe tm@ssrﬁa@t é‘élrovﬁf@ PRIt el sr Wb#ich cse oPrpHaded at

dfigfgﬁferﬁ BYEr S dmyhdagadran bmﬁnﬁarﬁ.hcutﬁé | sytes or
provided in _an alterpating mann in the. mddl e_of

tlﬁ%t‘i%e?ed?:l'feor RIgLSEs - 5 eRarpiheyi ﬁrt hRr+brAedf &h the
ofiff&€Lent liﬁjl/éré hﬁap| abesedr oat thike padgd caflarhd ayer, be
reacto esse tvveen the particula e

REStRied oA e AlsERE RS e YA (EHE s Bt A ne
pr@ietcabl yebeeldediqggneskamp ke r iingtdtlescfcatrm a‘ngeﬁentorlflce

t?l‘fquo@ffé eé?aggy 89) atI Eh@h'eﬁlrg_y eC¥e tl'!%e rlé%)&,ro% Yssel,

connect ect| to the reactor vessel, whereas

t:hee r i hgswean t@@qc@%wlw théaEBadier WasuprllTRésdhe

AL APYSFERlSssdBY AHAfer aBhyt QR bae raa%o Bréf SES120 be
In epbodi ments which achi eve nmi xing of t

e gas, stre
U PP Per Bus 3pl aF £89 - ¢HEnu ARFCBTT | ce(éisjisr?'?o@émt
pdedignl) ar 1lnay\ehlchnp&rseﬂ thet Hes et diarent sowi tdonnected

pcpe‘rf%ct eﬁgsgl %thes I & rel Xll o‘%helr%yags gn§%ﬁ95 g:an

I men VM I nperV|oué ates pretera
heaec hitderosti th0, the efrgaatiior atveﬁﬁsatl 5 Thesei cayapgements

S forated pl at
%\;@ mégf% M £hsos ke ysi ng; peg forated pl ates

ices per nz. For exanple, the
perforated plates may conprise at |east 11,

pr.ef enBbEYmaht beasti ckd a&QlékF@ RRgtingr efferegid ygak stream
lues?flgg nggélrxfrjl.ggg B‘iates, the number of orifices in the
particular layer compared to the embodiments with
perforated plates is relatively low. Layers configured
in the embodiment with impervious plates preferably

have at most 10, preferably at most 5, orifices per m?.

Embodiments which work using perforated plates have
more orifices per w’. For example, the perforated
plates may comprise at least 11, preferably at least 15

and most preferably at least 20 orifices per m?.

The mixing element preferably comprises impervious
plates which have an area which corresponds to at least
40%, more preferably at least 60% and most preferably
at least 80% of the cross-sectional reactor area, and
more preferably at least 25%, preferably at least 50%
and more pre{ferably at least 75% of the plate layers

present in the mixing element have such an area. The



10

15

20

25

30

35

The m xi ng el ement preferably conprises inpervious
pl at es whi ch have an area whi ch corresponds to at
| east 40% nore preferably at | east 60% and nost

pref erab 3 | east 80% of the cross-

r 8Qc£8P% é¥é§%33nd nore preferably at égf}§§€858/055730
preferably at |east 50% and grore preferably at | east

75% of the plate layers present in the m xing el ement

havessusbBcanoakea. rdhec WO 2009/ 0dB8035s from the area of
PCT/ EP2008/ 055730 ro s-secti onal act or

aFP'8ed $FOMt h¥8PES ! The  FedESH" lﬁ\fse s%?r%f%ﬁato the

npastuiedlpar pllbeke flaykle inpaetihcabae.pl ate |ayer in

each case. 5 The constructions detail ed above can
preferably result in the formation of a turbul ent

f The, comety ruieati onex cdttahkedn abaye o arhdxplsally result

aghi e‘éﬁg %Bwa%%hor ofessel @i dn X NGy e BB  that
may 10 produced from any material s which withstand

tﬁéceééﬁﬁFtWéﬁénﬂhPéhtéﬁlQﬁseguﬁﬁaﬁpélﬁﬁﬁérlals are
espeC|aIIy netals, for exanple steel. In addltlon
se comp onents of the r be coat ed

nhber 1 SPaBHRF chYRPEG bt hiqr Hakt | BI<CRS: neL FBSHY arEes be
gasedyucedpedimain y ahyNHIawedealtshe glohdht i erishstand the

Sgo%gu?goE?’The@g gg\teré !Lgtare ?ﬁi@éﬂ»?g 'rﬁé@ér%ié‘ are

ccor I nvent i .
reapeenalwvemmatahSthefOQO @X@@El@onse¢ebas $mow@ddltlonr

doppstr eamMnd hes Mgd Ngheel PARBEorhaga A RS- BERABADIWith
i nternedi ate | ayer. The gas- per neabl e | nter ngdl ate

| ByePTialpr Sriet 4| PIEEH g s a68ed BER (FRactant
| fagkber sspkeashbagk ofpnut;eciiden. the &d:ﬁ:hd:lmxmnﬁ héslected.

| ayer ca chle e 25 f||t n t he [gacta gase
mﬁ%%ﬁereﬁﬁs NFart %T%é??% pa%Plgula Qlﬁﬁ i us
abldezipng4t he gas-perneable intermedi ate | ayer may
result in the formation of a pressure difference

which leads to particularly uniform flow of the
rhacordingases thoardgyenidarat ad ygeacter3o Yigwed in the

c@t-extiohheckr esply e frap, MYoRgsW-EAhN B3fW d8e mixing
element, has a gas-permeable intermediate layer. The
gas-permeable intermediate layer is preferably
configured especially such that it offers flashback
protection. In addition, this layer can achieve
filtering of the reactant gases, which removes small
particles in particular. In addition, the gas-permeable
intermediate layer may result in the formation of a
pressure difference which leads to particularly uniform
flow of the reactant gases towards the catalyst. In
this context, the pressure drop may be within a wide
range, the inventive advantages being achieved at a
relatively high pressure drop, i.e. in the case of
formation of a high flow resistance through the gas-
permeable intermediate layer in a particularly high
degree. On the other hand, in the case of a high flow
resistance, a relatively large amount of energy is
required to form the intended flow rate of the reactant

gases. The person skilled in the art will therefore
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range, the inventive advantages being achieved at a
relatively high pressure drop, i.e. in the case of
formation of a high flow resistance through the gas-

per e i medi ate [ayer in a partic
d@8?2359%915h§%ot her hand, in the case o#‘é:gfﬁ%ﬁb?{%é?no
resistance, a relatively | arge anount of energy is
required to formthe intended flow rate of the

r ﬁ@chﬁhﬁﬁlyg&fd?_]&stTh’eh@e@S:@@ssjﬁel | &f fardrivee aahidwidie flow

t he 009/Q13035 / EP200 7

oﬁ??ﬁﬁ??ﬁcgdj ugPs?% gYesgﬁ?e %agféé%ﬁ%aeég%d Jfrhte]frpedlate

r ésiystrancedernustge bygltvtml gé@lmeiama'ablcendm:epmédl ale this

'éééﬁfce%der tﬁ%vglgsg %@ﬂ#@%f&;ﬁ tJoNghe! N A Snediate
abi t S

cont ext, T ow gas~per he inter rredl ate
| dpEer| eiemdse ot® h@gﬁumhes@afeésarﬁf etdfererie gase gas-
peerkabbeel rih@:re'ﬁ@cﬁta@:é aAVBfe FBYa Pr 9&@&@%}6@&0@%@@ a

pressure drop which is in the ran
nEF@SEPEFefﬂéHPy Wi 35S nBBr F hr‘?ea’g"’tﬂ%% wft i at%%%%éfbar

”ﬁa@ﬁetﬂef@raaﬂfy* oW reat e_;, of mbhe, r amtsa:ﬁﬁedgamm Xure-tube
t t
b@?ﬁ@@ﬁ%?ﬁe%}a? fggp(\l er feq: aSpec ct'tar} 'rssanﬁirc}(ct%re of

cat &l wge.confi gur ed areally |n the reactor may be at

| east 30 mm 15 preferably at | east 60 nm More
preferably, this distance may be in the range of 40
it @ 108 AxRFefoEPesitef cbh®| Ylistanre rkpigecdr shemAas-

t BeffaBM: The cfasdiReeeah)&r i Qﬁ@r Bediadlg visty Qforhislgured
pr ef er ny ess t|aII¥ Farallel qtheehe area of th

céf"ﬁf"} Y cdmfi gt{]"reed LFREFPY 26 tHfe rhct 316 asfty t?hq gims
cpﬁefethblgaSaper Meaddte | 60 enm. NeMbate lpayderand yt,he this
C st confi ure r.eal | he .r eact.ar bl
f% c%n gre oy ﬁ%eatr%%greé{%#g Si io %{ﬁ ﬁf% 1|cbro%f i, vost
ppeééeabbily 51t ocheCrapgeThet gas- p@r rt@abl@eo mm The gas-

' ﬁéﬁ?\ggﬂiét qnlt@.yc%dq%xeb Lanf i gur f)éefe&%v;x%@&tlmy

orm of a nonwoven ric, woven fabriC or foam
aparahisl| 59thﬁa?r§énﬁlfl sBeoraterl visdr ondrigained preally
| pheepedirdbetoayerrdeynbe E9eaediheoga@dnypermeable inter-
mediate layer and the catalyst configured areally in
the reactor preferably form an angle in the range of

-10° to +10°, more preferably -5° to +5°C.

The gas-permeable intermediate layer may be configured,
for example, in the form of a nonwoven fabric, woven
fabric or foam, and this layer may comprise one Or more
sheets. The intermediate layer may be formed from any
material which withstands the conditions which exist.
These include especially metals, for example steel, and
inorganic materials such as ceramics or mineral
glasses. In a preferred embodiment, the gas-permeable
intermediate layer comprises at least one metal mesh
arranged in the direction of the catalyst and at least
one sheet of glass wool, for example quartz wool, which
is provided in the direction of the gas inlet region.
The metal mesh arranged in the intermediate layer may

preferably have a nominal mesh width in the range of
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mat erial which withstands the conditions which exist.
30 These include especially netals, for exanple steel,
and inorganic materials such as ceramcs or m neral

?h@:?@gi/gqﬁﬁr ef erred enbodi ment, the ge,ﬁné?g%ggnggkgsno

té T"ayer conprises at | east one
arranged in the direction of g he catal yst and at | east
35 one sheet of glass wool, for exanple quartz wool,
Whi gdm tics 2@r0ovingethdrre tdres i radelty oim dfhe heamggs ol Btum to
reglogm Eﬂ? “ﬁéﬁi Sﬁeékr%m%%k'g?ﬂhﬁé'Héﬁ%ﬁ?iﬁg for
Iayer may ~pre 21 ab ave a nom na
r gFrgarot, V\MJZ@O9¢@Q3®B@WPCEJEEPZU@181PD55V36t g(bublrhet cpomt

20Qsm) e IBbefﬂ@r?&aYrd N4l rafge @ktaiMidsn 188N for

The nom nal nesh wdth can be determ ned, for
eREAFPES . wi PR IR IGBIHEGadSouBbl ¥OYHRt AR eCBoikFaid,

teﬁtl);ht %ﬂé@ék?@darﬂidéﬁoﬁetime meaf Ib TBS8e MaYc1fdle ,5 for
exa contil gure as a en abric r [ al

R ERe ke Dl VEre mtar e Wttt ThE| i hngss of
exhaplsteecbutath gl wool winkl weaferabhg bei dkness afange
the s t_of ol b | e e
VDB L Pl 800 AP0 nBRY AEEELARY, DEol LADELARAC of
llcamt ¢ Tnem| nInhithimseasehe tinst arleimlsheesma eipel the

SEﬁeees%fglgq%%&%olﬂwagebeneheiegeey erger@éle@ted

net al _sheets have or_ exanpl a hol e diraneter
i ReER: SReGE SofWhihn PaVeeo fak ?fﬁrépjpereferé‘@l ¢ slippeter

t9n 48eMrande Ofce whe teadicaiim,Jase e rass8d 5 mm to
through the gas- perneable internediate | ayer, they

f 8w owards a cat al yst. The catal ysts usable to
prepare HCN by t he Andr ussow process are conmon

k e O I
PRERAIE BBt g O e PasSiATREroddh the gas-
\/penmeaelevcmt,/ermaésgeeel Laysehaf tthever fHewm fgt&wﬂrdm a

08ReL 8 st t hepeat @é&’éi?s@@”&%‘a%ﬁeatt& eastpanre NeRl epy2ihe
netal ,” especially a nmetal of the platinumgroup. The

Andrussow procdess are common knowledge and are
detailed, for example, in Ullmann’s Encyclopedia of
Industrial Chemistry, Volume 8, VCH Verlagsgesell-

schaft, Weinheim 1987.

In general, the catalysts comprise at least one noble
metal, especially a metal of the platinum group. The
platinum group includes especially platinum, palladium,
iridium, osmium and rhodium, particular preference
being given to the use of platinum. These metals may be
used individually or as a mixture. For instance, it is
possible especially to wuse alloys which comprise

platinum and rhodium.

The catalyst may preferably be configured areally in
the reactor, the area more preferably being arranged
such that this area is flowed through essentially at.
right angles by the gas. This flow angle is preferably
in the range of 70° to 110° and more preferably in the

range of 80° to 100°. The catalyst configured areally
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pl ati num group includes especially platinum
pal l adium iridium osmum and rhodium particul ar
preference being given to the use of pI ati num These

a used individually or
inﬁét gﬁgg%ﬂ?sﬁg 30 possi bl e especi al I y ?%&Jée 8(@355730
whi ch conprise platinum andahodium The cat aI yst may

preferably be configured areally in the reactor, the
ameg @smeéemabﬂgraﬁl yatwermgedr eangatdiaBbyspehalhal thi sthe

apeacLscilovad thuauah eospathallocal eholtAnghes Pes.

e I's prefer
o‘lfhéoamllalcfcm@dmbte phefber ablandsn Ttléh')é prahgtabiygbe in

t 0,200 é‘% &Rt ahyst configar e‘i‘h@:%%alx}ayld@ 299@/ 843@35 on
PCT EP20 8/ 055730 9 may preferably be arranged

esBenfilatiey paver| #bhich tlm»s St esBhalRRt | ALEFARFS from

Whhehcseaygst 018y &rt he gases.. The angle formed by
t hese planes may preferably be in the range of -10 to

+100. These val ues are based on 5 the plate | ayer
whhe hchasl{yhe saalfhget:edi atrandéyf iamtheherecatralrystay, for

| a The, cat aI nf| re e [ he
’\éam?le’ lréemr‘)rpiD ld%e pr O\Q/H gol%“ {%ﬁfle os{lllr% of frr?e%aﬁe&%mple
fmrexéwrplleis,lowwee fetadids akr @figs i cpevfoyrted, metal

pesi Pk abpdnoe |fEQhES 9&eg%E@5cE°§%Bg13%%f%@%%%@aﬂiy to
Fyo

gl ven especl a usi ng neshes ¢ch conprise
pm%%nﬁumesuhtes swlﬁbgléu FIEPHeEe Péaﬁé@wane It wbs PIpssdple

fmt;lfe ortdmﬁ;%ewegh@$t t\,l];-’cg ef Q:fogéia emf%dlgrreat:s rﬁlﬁrdim(ﬁw&hes
cata rr nt s re escril pe er all a

B ardPted AP o2 e R s b b e e RS S
Oéissos‘l&&cr'ﬁﬂr@d;at ahyst isligenerial |§IPaA¥@1n@@@ vd7a EP-A-1
Sé‘@é"’é{? UTL% 392 fb‘@i’% ¢ a@& wégéqf/eé‘é%’é e,

manuf act ured tTr'omne rom a ceramc
mat eri al, preference be| ng given to ceramic materials.

Tﬂ?éecéeamggks i%re% @éiﬁﬁ’aQEQﬁged Ik E—E-éa §§9 This
, EP-A-1 358 01 EP- A-1 307 and
VPR BDIBEY : 2E0FoPXaRBhBl ePet Wénélgﬁﬁfcyé‘?dcgﬁome@?téﬁr or

A EMRPQY t MHa@c material, preference being given to
ceramic materials. These supports are detailed, other,
in EP-A-0 680 787, EP-A-1 358 010, EP-A-1 307 401, WO
02/062466 and WO 01/80988.

For example, the catalyst can rest on a support which
has been produced from ceramic. The ceramic support may
preferably have a multilayer structure, in which case
the support comprises an upper ceramic support which is
provided in the direction of the catalyst, and a lower
ceramic support. The upper ceramic support may, for
example, have flow channels with a smaller diameter
than the lower ceramic support which is provided in the
direction of the outlet of the reaction products. The
diameter of the £flow channels of the wupper ceramic
support may, for example, be in the range of 2 mm to
20 mm, preferably 4 mm to 12 mm, whereas the diameter
of the flow channels of the lower ceramic support may

be in the range of 10 mm to 30 mm, preferably 12 mm to
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has been produced fromceram c. The ceram c support
may preferably have a nultilayer structure, in which
case the support conprises an upper cerarric support

\gﬂbcgobgégﬁg%gded in the direction of th Adsoss730

ceram ¢ support. The upper eranic
support may, for exanple,-hayve-flow channels with a
smal l er diameter than the | ower ceram c support which
i 84pmovi detek | dithetedi reft itddre of l1blve chihedlof itshea mean

d | - |
Tt T St i e et
K ﬁﬁ@ﬁﬂﬁﬁyﬁaﬁlﬁlﬁhff@Cl@@thﬁ]1@ﬂﬁﬁﬁﬂmm®eﬂ ol tgharmels
nghdwgﬁbgé%u%ﬂ@l aeten atQBgt he el kW C h"’mféels% oxté"?%ade

| ower cera C Su ort rray bé in the range of mm
30E rmreprBLEr aBIRyY 1@%@@% 2009/ oggpdaced from Al;0;

PEd1-ER2088685 %1 3hi mi vk si24 dHBe Therstharet ﬁavgﬁgt Be A1,0;

fl ow channels is a mean _ _val.ue which ca det erm ned
b§ONESRbr PRGRESF] E‘aPulsé)’ &5 Pati a5 1 Y appropriate
seﬁbodnmehtyofatge meﬁbEDeraChamaﬂlﬁesmnday be provided

ubseguen cal cul l.atin h S r .
SHESEOLET L, SOLSH A oA e A S, SUBRET oS e,
cenamizkclor casmrn rnh,lm simeitedt emeehaniies paedngedn from a

Aﬁé&@rlgP”hﬁﬁkhgf Qﬁﬁﬁéﬂgg]f?ﬂ@efgt@rgaﬁbhaHk§65¥ which

riate ment of the Teactor a net al
n@yl% pwbvfﬁdé\?ta&em@éh e Baral 9§?f§ﬁabélrzfeb§u¢>pfmuced
MBgem Ofsteananbe, &0 dtenhi §Dl§?]\$e ftd¥ S emBimll eMesFom S Mat .

pr od d from terial which w thstands tenperature
c%nﬁ%%?o?ﬂ% I&?ﬁ"@ﬁ fgm st. This nmetal mesh may nore
preferabl y be produced fromsteel or a steel all oy,

f gg][f;@ 4767 Kang 5
furt%er er%%led! i men &%m?%% ;?ve |ve r%g%: Vé réﬁcéor, the
ceatd st ma@ryré@@toﬂnaasappgptrtmh@ﬁhc@@mm@@smat least

| 38t e ORE] BT §u}!>b8r§ URRSKt wHESH WRI GBuhs coPURt 8d R rt
support _grid nmade_of netal. The support nmay

Fererels ebnperad- 28hensurpRst fnﬁwe@reff@mabéw FoFprise
neia) | tRosUBRREE , MTEDRES .or |rﬁb1§éﬂ| Be€as®ict BeppuRPOMdeshes.

¢E§hth1 cggé,e§ﬁgpggppo?¥ mesh may, for example, have a
mesh width in the range of 1 mm to 50 mm. The support
mesh and the support grid may preferably be produced
from steel or a steel alloy, for example from Mat.
1.4767 or Kanthal or Inconel 600, Mat. 2.4816, and
these materials must be stable under the temperature

conditions which exist in each case.

The support grid may be secured on the bottom of the
reactor vessel, in which case the support grid may be
configured such that the areal  catalyst has a distance
from the bottom of the reactor vessel provided with

orifices in the range from 50 mm to 300 mm.

Appropriately, a layer of a ceramic material may be
applied directly on the catalyst. This layer may be
present in the form of one or more ceramic fabrics or

of a ceramic foam.
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mesh width in the range of 1 nmto 50 nm The support
mesh and the support grid may preferably be produced
fromsteel or a steel alloy, for exanple from Mat.

(WO St o stabl o uder | hePéﬁéﬁs%iﬁmssm

condi ti ons which exist in eagh case. The support grid
may be secured on the bottom of the 30 reactor
vessel, in which case the support grid nay be

C red such th the eal C I t h di st

R R S R e AL R W S
opmﬁﬁd638|nthheughngérﬂﬂontﬁe noedot B0 muodBits can be
AEBFM&%% Tde'&(z &t Y. E’Ea@t Er?r@s%ﬁﬂat Ly %hl@yc%f‘e the

ag |rect y on i cat a er_ may
esEpm iaf ttHe fmaﬁwr oVies8el npE ééﬁ@mb@ ffameass yf the

otmeleer agc foam MO,2008A401303auPEL! EP&QlO8/a0555§@ferred
11 _The reactor vessel may, have a bottom wt ne or
s Santhe

nEFECIGREREc &Lt ubRVERT £YC t hE2FEREL | bRSp

beea@@gduct;ed:dnatsafmape dompitice vesgsel buhﬁl‘ké)bl ?whdasae are
ott er ctor S SO e (0]

L OSER S Eh of Ko EAR! Phe Bt enetarpel Ot %nis
pcefser,rehe enfved ibvedtl egf ntahe henveritias gk adttan , thdeaction
ogkl%% %%ﬁ wE@ﬁC%éyéﬂyé) éﬁe @gPEhigﬁsuQﬁose to

bundles are configured int orn1o
ekBRalgaFsor| Heehed -10 case, the tube bundl es may be
protected fromthe action of the heat with ceramc
el ements (ferrules) close to the reactor vessel. The

| ROENEFVENEIAE SredrlyP opY | SETPHLERert YdHSonertTeRoneBE S,
egppecahlyya aonpomepheher oartiswgdtiecatidleyticatalytic

reaction. Th g i nclud speC| flares
iﬁﬁ??l%ﬁneleg ro esl%?f?ﬁ %%sagggaﬂgggrogﬁﬁ}’%}%Fes’
OﬂgnsnsonZ@lﬁqynodeEchiathezﬁqyxﬁ&ﬂr@dtenb@dlmmnERﬁB 1
apgohnygetive reactor. The reactor (1) conprises a
reactor vessel (2), a gas inlet (3) which opens into

a gas inlet

Figure 1 details a preferred embodiment of an inventive
reactor. The reactor (1) comprises a reactor vessel
(2), a gas inlet (3) which opens into a gas inlet
region (4), and an outlet of the reaction products (5).
Between the gas inlet region (4) and the catalyst (6),
a mixing element (7) and a gas-permeable intermediate
layer (8) are provided. In this specific embodiment,
the mixing element (7) is configured in a disc-donut
design, alternating rings or discs being provided. The
rings have orifices in the middle of the reactor and
may be in contact with the reactor vessel. The discs
are ‘envisaged  as impervious plates, orifices being
formed by an intermediate space Dbetween disc and

reactor vessel.

The gas-permeable intermediate layer (8) comprises a
metal mesh (9) which preferably has a mesh width in the
range of 1 um to 200 pum, more preferably 5 upum to
100 um, and a sheet of glass wool (10) which may have,
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region (4), and an outlet of the reaction products
(5). Between the gas inlet region (4) and the
catalyst (6), 25 a mxing elenent (7) and a

g ternmedi ate |ayer (8) ar rLQvi .
ﬁ%% %%gg%&ﬁ%%gﬁbodlnent the m xi ng elgﬁg6?¥%g§g(ggg730
conflgured in a disc-donut - desi-gn, alternating rings

or discs being provided. The rings have orifices in

t foxm dedbepdé, t he tedckorsandildO ttey benge cofit &cts cm to
with fhe Jeacton, yessel, Jhe d&r%"speé‘fc?rﬂ‘%ésr%‘@@zg'l Aheets
i mpervi‘o 3 p ates,” ori AR

i ritdn) medéawt ebespaeedbew/e@recm:sa: ahdser e@cetrmnmessemd the

3@@%%1%@%&%%@%%@ ‘?na{ heled 3111 d YL & r CPHthﬁ e:?ange

netal mesh (9) h prefera y has a nesh w
t@ef- 1r &Hgé cofl 0P }“«Em mr@o@rm f esd Yp PefMEY &151 v 05 M-t o
100 m and a sheet of glass wool (10) which nay have,
WD 2009/ 013035 PCT/EP20 8/ 055730, - 12 for exanple,
URFCkABSS PROTRB 1 AMHRPHITT S criith TEOCERE prEPEFADI §2)
1vd@wb@1 5iam £ Rew f (ahaieeﬂ:ﬂmi albbfsheeés gdd,l) sy ba inner

ed to s re these nt nd_t he rf

LS8 L8, SO SR P B G BT A £om
nﬂon1n®ermﬁﬁlnmeelpweﬁeﬂébly 5 nn1to 40 nn1 In the
present enbodi nent, the reactor vessel (2), viewed in

flow direction of the gas, has an inner  lining (12)

cOREEs oIt heas - PesPetafiirongdy ithie fiviRrmeriate layer
| iger, Negicatead ay8r doBlacdoRer witth g8Eehastpassed (6) which

t hr ough e internediate | ay 8), .the gas
c&ﬁtac?%ﬁ%%ﬁ??ﬁfhejﬁhtaF St (é%‘&h 8ﬁ i% c&HF%&SFed The
| motiljélf:atﬂbnf shosmir flax:@‘lg'ﬁ‘.teg 15 hadid | legteé oo S hepwre ramic

has eeL% Irgltrjlglcjte‘)d %re(}:ﬂ?g%ﬁ %rg Cgagg%g &(%%J@&I\A@H:hthe

seetiméyst. (PN the seeod rdnt howre emd@odlcmrm yshoyrs) the

r a sygppor ) i chy i sqyy it actyped ng@ ;
cgég%% an Qﬂ pr%%é%% cgge QEO Suproprlagelg, t he s

c@aaﬁﬁécguﬁeert M haFeraMivo- | Afer tha r uPEBEERL| n Ccase.
wWabphopasgtthe, SHRROLErGIA): GIRRSed mefy have a two-layer

structure, in which case the support (14) composed of
ceramic comprises an upper ceramic support (15) and a

lower ceramic support (16).

Subsequently, the reaction products are passed out of
the reactor wvessel through the outlet (5). The present
embodiment comprises especially the tube bundles (20)
which are configured in the form of heat exchangers,
the tube bundles (20) preferably being protected from
the action of heat by ceramic elements, for example

inserted sleeves (21), close to the reactor vessel.

Hereinafter, with reference to Figure 2, a second
embodiment of the reactor (1) 1is described, which is
essentially similar to the first embodiment, such that
merely the differences will be addressed, the same
reference gymbols being used for the same parts and the

above description applying correspondingly.
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ceram c conprises an upper ceram c support (15) and a
| ower ceram c support (16). 25 Subsequently, the
reacti on products are passed out of the reactor

VeSS the outlet (5). The pres '
cﬁﬁp?IgéMSggé. ally the tube bundles ( T/%ﬁé@g"”
configured in the form of hegt exchangers, the tube
bundl es (20) preferably being protected from 30 the

agiken tfe heatrshy @ﬁﬁdﬁiﬁrﬁ.‘erﬁi ement, s, ther r@emnmlxe shown in
inserted, sl eeves 1 c os t he r t ss I
B i BB, St T ol g o595 JrEECTG)" wnicn

erent | gur e

eobens nemtoofat kpesr et ot era}gllo@ désker i be-d OwIﬁhecth P§ the

[ I t St odj nel
3%&%%{1 eﬁ%é%ﬁétg] (3 csar e%cgg ‘E\?\nﬁ#’%%be%ggd%essq%ngs lement
sk am@f@r%%ep@y%@bke bEnherus@éater La¥er shkk- part s
and the above description applying correspondingly.
WD 2009/ 013035 PCT/ EP2008/ 055730 13 Li kg t he
S o BPRERE SE0G:0 ( hBSr EREVST SHORHTSRE Fi Gher Mg £ Cat ion
I slester ivessel. (2)codpgsSes nb.etme(taa)l whisth (Dpenshipho has

t t I
%P% CPgow?‘%jieggb%gpzéle%lstt%&ocuat (E]g | & néa%ﬁqleo%(\%port
afith b gade pEromabereamnter Pcedaatresmycer i¢8)s lsmrprisingly

ggﬁgééféfe }:II.O% t Q@qé‘x@@g € RODOAEJED] eﬁé‘éﬁ "'?9 ! %hé? aLd

own 1n conprises a neta Whi ch-has’
been provi ded between the catal yst (6) and the support

K Adfha e, fromeer seF6reASea £8SURtigukt 18, a third
sur pI‘I Si Igl y ° ossible to enhan&re) t he efé{@ectl eness f,

HPPEHE et hafiSaCt Ry t hiilef eren ich
acdfnrésbommoésaentiafllyha:d eaheorfi(dgt i Sm]deéi:mehed such

ich 15 corre on sentially. the i
% i et ‘i Ysueh® laft%serjfgrrlglef t%eigi I‘b%eriel%%]?eésﬁme?l bbeelow’
aﬂ@hfem@ beb@w;rent:he synect ef dreitee sprdol §obeitHte same

or t same arts t he i pti
;\tj;%j%/% ng %Ig?respg]ﬁgl ngl 3385}8 Li kgg%\hégl ??L%h ¥plying

eyoeh sRARAIRHLY t he reactor shown in

Like the first embodiment too, the reactor shown in
Fig. 3 also has a reactor vessel (2), a gas inlet (3)
which opens into a gas inlet region (4), an outlet of
the reaction products (5), a catalyst (6), a mixing

element (7) and a gas-permeable intermediate layer (8).

In contrast to the embodiment shown in Fig. 1, the
modification depicted in Fig. 3 comprises a support
(14) which has been produced from metal. The support
(14) made from metal comprises especially a metallic
support mesh (18) supported by a support grid (19). made
from metal. The support mesh (18) may have a mesh width

in the range of 1 mm to 50 mm.

The support grid (19) rests with 1its feet on the
ceramic elements (21) which protect the tube bundle
(20) from the action of heat, or on the bottom of the

tube bundles (20) which serve as heat exchangers. The
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Fig. 3 also has a reactor vessel (2), a gas inlet (3)
whi ch opens into a gas inlet region (4), an outlet of
the reaction products (5), a catalyst (6), a mxing 25

(B8 baBRR.T Dot he anbod ment ShowhCHAERR054055730

the nodification depicted-imngFi.g. 3 conprises a
support (14) which has been produced fromnetal. The
sdppaahcd0 kﬁéﬂ&emdeafcewsnetrﬁés}conmi sasd eshecitidtpm of

ofra (1o nabbBRLs TR iy 7R BERRE R ROy o

havé ampnesh width in the range of 1 mMmmto 50 mm 35

The support grid (19) rests with its feet on the

ceram c el enments (21) whi.ch protect the tube bundle

(Zbp meGmtore naY i lon veefegspesiadAvt HoothonPberaketion

t ylpe %%) MHELCh (gerye @% heat axehargels. pFfbEess.
V\D 2009/ 01 CT/ EP2008/ 0557 - 14 di stance

bt ﬁé@np&ﬁ’t‘fﬁ%?ﬁs mEh BYYAn®@StheshofiBmPse qarerifRd in

baedhel(20) theypriot axanplieesdbabs®ermto 300 mm 5

The reactor nay be used especially for the preparation

of hydrogen cyanide (HCN) by the Andrussow process.
Thesprppeces €Y, apecfrownceer s gyiamh dre westy | dedetinane-
d or a I bov 0T re -
RS T ab o BorS g IR S g & et haris | Aing  a

c@ﬁiénﬁiﬁ@téxshlwr|ou<é<am¢§/nt afy gﬁh@é’\ﬁ ngfm be used. The

sdbhtehent by hmgbhéﬁeteﬂé Oﬁréﬁéﬁéﬁﬁ cagtbe1@§§g doe by
content of msthangfe referably at 3§t 80%

VBPUHES  nBPESpPEFERRERY Yar gétstss%%ﬂo X N pds well
vwek| mkEhasieretiangs iﬂoSEﬁLlﬂ.@SSttm @stkeo niseutl ugak das the

ettt BRI bl e SPReLESPBYE SH08° B e
ofasevhank. com‘naanlsl atoheasd PREphyevECNmMacobr dehbane .

t he Andrussow 20 process, an oxygenous gas i s used,

for which oxygen or a nitrogen-oxygen m xture can_be
uEedadpAtifng E@sOreRaRe pF#@goat:P@ﬁ by9v &lurkdiepfAndrussow

oX¥8e8sk N bl dkheRnRst RRis is used, for which oxygen or
a nitrogen-oxygen mixture can be used. In this case,
the proportion by volume of oxygen in relation to the
total volume of nitrogen and oxygen (0z/(0; + N)) is in
the range of 0.2 to 1.0 (vol./vol.). For example, air

may be used as the oxygenous 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 (0,/(0; + 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 feature of the
present invention, the proportion by volume of oxygen
in relation to the total volume of nitrogen and oxygen
(02/ (02 + N3)) may be in the range of 0.25 to 0.4.

The molar ratio of methane to ammonia (CH,/NH;) in the

reactant gas mixture may preferably be range of 0.95 to
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total volune of nitrogen and oxygen (02/(02 + N2)) is
in the range of 0.2 to 1.0 (vol./vol.). For exanple,
air 25 may be used as the oxygenous gas. In a

preferr t of the present inventio
p%§p§PP§28§§@§§o|une of oxygen in relatigﬁngsgﬂgg/°5573°
total volune of nitrogen andsoxygen (Q2/ (2 + N2) )
isin the 30 range of 0.25 to 1.0 (vol./vol.). In a
par.Disc tbay modspetise t brefprapoyt ian vrey parger alfl o 38 to
ig bge range of greater than 0.4 to 1.0. In a further
featdre of the present invention, the proportion by

vol une of oxygen in relation to the total volunme of
Nnit.[O X 02/ 5 (O y LAt h °
R e e B e hae o oo0°C

aARonilZ Q% NpeFLeHaPhe besserantl QRR° i redr & 1’ C. The

prebecabhy tbapkangerel Brd%d @R AP/ P1B308% proportion
PCT/EPZOO&/OSE?BO 15 1.05 nmpl/nol, nore referabrx

| ATt RS SidE TG P AR 0BNeTREFEARRL GRS strean, for
t erpepakureid s tireef engbby bet veegwHS0Qn 5 tarid 12868€, the
preferab%x bet ween . 1000C agd 150C. Thet reacti.on Justed
t SRPEPELIF 8 c P be 5] HSPEHUFa Ihe PHETSHS oh® oFA4HREEe
defitkr ehttgabes rieacthatr gact drt gassisla gdg dopcentration
e e a. rafi 0 of . thi A e
cgﬁggéif¥%nl qfﬁgﬂf%agggggéégg ﬁ?ﬁ%u?ﬁﬁ}s a%iﬁ%?egflothe
sgehatar meshr ezt BARSYARSAi PYoure Phed thermoelement
CORCRY ndd 0 of anRgerLdi 4 il apl eofbibyl eShelNReasurement
tengeratur of th catal yst nesh is neasyred by neans
oPOA1E hEFRbe"oferit™® of2BYA nEdhsPBHECReTaHI 4fi Gif oPen site
pyhonkéeglolhagmeasurl@eent Fopoimaia susethefrnr witdh a thermo-
radi ation pyronmeter is_an _open site 15 e. gl owi n

c%?% ?/% . Fo%heneaglﬁrag%re] e\I/lvlgt h }?ao%%te‘r rmg’qeeit“ger?ent QWIt hgflow
néasecenent ofothe, gesesedmay fleoweydindedtticorcafalgt mesh
0288 afiBYafee oy ongpthe cglabysh mesh at a distance

of “approx. 0-10 cm 20 The nolar ratio of oxygen to
ammonia (02/NH3) is preferably in the range of 0.7 to

1tk (MBL4pol yarTBe beachbapheRi Xtur eanR¥ni&el goaphy,;)be is

reheated to, a
ppregerably in the range of 0.7 to 1.25 (mol/mol).

The reactant mixture may preferably be preheated to a

maximum of 150°C, more preferably a maximum of 120°C.

The flow rate with which the reactant gas is passed to
the catalyst may be within a wide range. In a preferred
modification of the process according to the invention,
the reactant gas is passed to the catalyst at a rate in

the range of 0.5 to 5 m/s, more preferably 0.8 to

- 2.5 m/s:-The flow rate specified is based on the cross

section of the reactor vessel and takes into account
the operating conditions (pressure, temperature) of the
reactant gas mixture which is passed to the catalyst.
Since the cross section of the reactor can vary, these
data are based on the average cross section of the
reactor between the mixing element and the gas-

permeable intermediate layer.
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maxi mum of 150C, nore preferably a maxi mum of 120C.
25 The flow rate with which the reactant gas is passed
to the catalyst nay be within a wide range. In a

PhE PROER0REREE (Te 1 oactant gab i o pasoittAt Aqns/bss30

catalyst at a rate in 30 theigange of 0.5 to 5 nis,
nore preferably 0.8 to 2.5m's.;:The flow rate
speei fpmwebdrs: bdswentriorhewtl dse seédflivenratetihein detail

I t
(Eagheratesacl A0 CAGTLIE RECOWbng IS, BELONLPO oy

gastenkionetht chhis pheyéd iwopehe earabysict3snsi nce
the cross section of the reactor can vary, these data
are based on the average cross section of the reactor
bBXaEBhSEhe ni xi ng el enent and the gas- perneabl e

| pher rediuats by aihe W20 H13036r PEEAEBROBR/ AeFE3Eound
16 The present i nvg—intl on will be illustrated_in

GERaidP REPEEARFRSE wi PP ER BREn PN Uxddifh| 85, & dosage
V\nnhhoutwanh ithleaniailon mdwd tHleswshoohdrohpese afor the

reé’éé %e%xa’ﬁ’é €8 ThEcEBIHLLS oa(mx!i&?l Xa”BH%%‘ an

SCri ed SW wer & foun I'n-an’experi
a@bac‘arusabohsaserngoaf rrelussygang uplie weaﬁt@hér galses to

”P§§ é'Qﬂ\ecgn&égbtsgsvtegge&h%lthe%t At 9238S MSGRter of

hane, anmonia, air), an el ectrical heater for
p%%@]erarm ngtt K eﬁ@@aﬁ@rga%@qlo otouhd iRt pERBLEr Were
vesseéawi th an internal dianmeter of 100 mm In the
reactor vessel, various internals were tested. 15
Exanple 1: The gas is supplied to the reactor vessel
fmmmphe 1op. The feed orifice has a dianmeter of 25

h |
e Gef i ofupn ey £ Ble FeBoPby o868 TaYom che top.
rThn@s f\@h?ldcrplal%lQ@ hast ak | éd apwitaitl epft @SomE-andehey the

zﬁeéﬁﬁ“f@éﬁ@@ ofs 10 mixithe candnadld ¥ ddnedtdiRfS of an
have a dianeter of , )

alternating arrangement of discs and rings which are
installed parallel to one another at a distance of
10 mm. The centrally fixed discs have a diameter of
93 mm. The free gap at the edge region is thus 3.5 mm.
The rings fill the entire internal diameter (100 mm)
and have a circular orifice in the middle with a
diameter of 40 mm. In flow direction, the elements are

arranged
disc-ring-disc-ring-disc.

The mixing element is concluded by an edge deflector
(guide plate) in the form of a 10 mm-wide ring.

Approx. 10 mm Dbelow the ring is installed a gas-
permeable layer. This construction consists of two
perforated metal sheets (external diameter 100 mm, hole
diameter: 5 mm) between which a metal Dutch-woven
fabric having a nominal mesh width of 80 um and, above
it, an approx. 6 mm-thick sheet of mineral wool are

positioned.
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93 mm The free gap at the edge region is thus 3.5 mm
The rings fill the entire internal dianeter (100 nm
and have a circular orifice in the mddle with a 25

SYBTERER/BhafdoTm, L1 o et Ton, Uhect) SE ) s

el ement is concluded by an-eﬂge~deflector (gui de
plate) in the formof a 10 nmw de ring. Approx. 10 mm
batow tdiestdmge i s£i B9t alnl éok owyashe pegarepireckayer . layer,
c io of -t at t
T
neptbéyaeencehi dh024muteshepdicoh- wowsn thiatias el Gt anm)

n9g1 r_}L strgqslléd’v' di‘l‘i'e Ofca%%lez@tar}gesﬁggv%re' tguBBb AR 0%y &

I ck sheet of m neral wool are p03|t|oned WO
2@99#@1393?%9@2@0@4%59?30%% 17714 416 BRargRd ofwire

3@hHHkitQ§!3§W2t hgn, gﬁ&nltaer gfﬁémﬁ%e&j/c%Rhl d 1tnheNé§éBiNStsealant
nsi stin sheets, O a ca St

CIBSLREaRLS) driBaE y CT i los A0, 076 aioY; rdSitn.  The
iﬁspip?ifed gdi@ oﬁisedslstomeaheSeaamlsupqaoppenlt bwitld flow
nNel a | SUpRpo i d

t% ﬁnegg @ ({16‘11‘% are e g‘@&%&p %g?npe?gg%gi asqi_pport
(@eceeam:comgae shkEUse R ﬁwbﬁh@%@é@ hegitorexchisgger in
SYREG tHL | He L1681 S§n0Yad f§r@fgb§e§u98°£bp%kh Sbeve.

annel s of diameter 6 mm Below the ceram c support,
10 the reaction gas enters a tube bundl e heat
g@rztn whi ch the reaction gas is cooled to

00C. Exanpl e 1 t hat
SRR Bt SYRUBL® B S TR 5 SEEEEL P
sdppectlw tdroutthe nmeealalic support gwidho&xanpl eediallic

I except with a mxing elenment in which,
Aéugé%}]? gﬁv}%l rection, the elenents are arranged

di sc-ring-disc.

Example 3:

As Example 1, except with a mixing element in which, in
flow direction, the elements are arranged

disc-ring-disc.

Example 4:

- As Example 3, but with a mixing element consisting of

2 perforated metal sheets with a diameter of 100 mm and
with holes of diameter 5 mm. The two perforated discs
are arranged parallel to one another at a distance of

20 mm.

Comparative Example 1:
As Example 4, but without mixing element.. The gas
mixture flowing in meets the gas-permeable layer

directly.

Comparative Example 2:
As Comparative Example 1, but without a gas-permeable
layer. The gas mixture flowing in meets the catalyst

meshes described directly.
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Exanple 4: As Exanple 3, but with a m xing el enent
consisting of 25 2 perforated netal sheets with a
di ameter of 100 nmand wth holes of dianeter 5 nm

MG AEBoRBE a8 ance of 20 mm 30 Conply LA THA0SE/ BEET0

Exanple 1: As Exanple 4, butisi thout m xing el enent.:

The gas mxture flowng in neets the gas-perneabl e

| Bypehstaeaaculfy .tz Leompasat vees&Exanphe 2‘eaA$10n gas was
Co t|ve oWt W thoyt g

If’i%? 8 %%pPB tur%é)of Ildf)vm n nL]£ mésé t%ﬁ ca{%g](:%ofr and
rresppéldéscrlu@ed dar ectdoyvnS\memow 013935 scrubber for

P@ﬁﬁf&@@ﬁé@?éﬁgf théSHcQO%%éaameB fheur ga%e&on
e t 00C

vess e reaction gas was cooled to approx.
in a tube bundle reactor and supplied to a dovvnstream

lE?ESEE%EFQBPfEBS W%@t%ﬁb&%@b@?%ngﬁnkhQH*aqddﬂfﬂﬁiassess

Wi sol ufi on e.reacti

ohPFn8™PHNE & B ak38Esd- t hBSa &%ﬁae;ﬁeaowam nfe%lutlon

t hes diathiarigath INaCNwedbleHon anv@s taedi CNoraddtent in the
Lghed, . an e cont e n the ffluet f th

ERPLEPtERar GOE BEMCRRrT Rl “hr Sr ok ap (gento-

tmeétaiconiBrbtigperi ments were perforned with a

constant reactant gas volunme of approx. 25 nB [norm

condition]/h and equal reactant gas conpositions, and
thbl apKDOBE URBE 35WEFBWPRAS CAPSHoNL LG 22 GARThfgitmreactant

coadi tyonihd, dihe dgdoxol BBe nf OY\h@ﬁrﬁr%n&é’vﬁor{ﬂB/h and

[normcondition]/h and the pethane volune flo
aPPrIX. FFLA [ H6Pm CIRRPET bhP ! FE&ct%ﬁ”E gyt ume
t Ehper aldy eapprakl. expez imen{sowas cdiE idkaite, 1the NH;

le/jgy\gméh%lro%suallégr&?.t ay ngg m?-O[nE%m ecghdition] /h and the
methane volume flow approx. 3.27 m® [norm condition]/h.
The reactant gas temperature in all experiments was

100°C. Table 1 shows the results obtained.

Table 1
HCN yield |HCN yield HCN vyield HCN conc. in
[kg/h] based on based on reaction gas
NH3 [%] methane [%] |[% by vol.]
Example 1 2.76 67.8 69.9 7.81
Example 2 2.67 65.8 67.6 7.63
Example 3 2.58 64.67 65.46 7.40
Example 4 2.61 64.25 65.42 7.15
Comparative [2.37 58.69 59.95 6.43
Example 1
Comparative |2.11 52.41 53.86 5.77
Example 2

The inventive embodiments of the reactor (Examples 1-4)
show significantly better results with regard to the
reactor performance and the vyield. The higher HCN
concentration in the reaction gas additionally enables
an energetically more advantageous isolation of the HCN

in the workup process.
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HCN yield HCN yield HCN yield HCN conc. in [kg/h]
based on based on reaction gas NH3 [%4 nethane [%4 [ %
by vol . Exanple 1 2.76 67.8 69.9 7.81 Exanple 2 2.67

]
65.8 . Exanple 3 2.58 64.67 65.4 4,
&8@?@9205323564. 25 65.42 7.15 Conpar e 282008 /055730
58.69 59.95 6.43 Exanple 1 QConparative 2.11 52.41
53.86 5.77 Exanple 2 The inventive enbodi nents of the
reactor (Exanples 1-4) show significantly better
rﬁiths with regard to the reactor performance and
t &WSId. The hi gher HCN 25 concentration in the
reaction gas additionally enables an energetically

re a e [ j h N - \yar
B?ocesg?‘g%ggogéf 01%?%%7%3%0@’055 3" YR HRT AP che
ChaflFyssew RERSESS /( JOMH Himshar | ARPAYEF oyeRseyanidde at

byebBe RABHYSIANRI OCHSSwhESHPbLENRY hi®agt @as inlet
vessel (2), at Ieasé one gas _inlet (3) which opens

i REg1angdd) i nPBt Outd§itort OFa )t ek GHIAR fFededs (5) and
rgacéaailpstodust)s (thaabdteaieatal 15t (Yt at least one

characterized in th at_| east e mxing element (7
aﬂﬁxéPgleﬁg?m%ﬂg gézipe?ﬂéab?% 1 ?%%eﬁﬁ%%i 3P TRgideable
(8rtarmepriavedeédyeirt hi&) tdmee rpacvbddedvedsblin(2he reactor
t g ' t i (4) . ~cataglys
(EpSER RPN, R0, P SRR Bk
t@etghsstnl &) re§hen PA¥L1EEd QIRIYHs- gé nedieg arranged
i ptewaedi ahe Rveri {1t A&gZon Reaft ahdaeeer G- delrmeable
Camil, charai erized in that the mxing elenment (7)

{
cbnprreedipFactayes. (Rbactor according to daim 2,

characterized in 20 that the mxing el ement (7)
C?!mrlﬁeeéc’ct':gperavc'cocyédfrllgat(:1‘:% Claim 1, characterized in

that the mixing element (7) comprises plates.

3. Reactor according to Claim 2, characterized in
that the mixing element (7) comprises impervious plates
which have an area which corresponds to at least 40% of

the cross-sectional reactor area.

4. Reactor according to Claim 2 or 3, characterized
in that the plates are arranged in a layered manner,
the mixing element (7) comprising at 1least 3 plate

layers.

5. Reactor according to Claim 4, characterized in

that the plate distance is 1 cm to 100 cm.

6. Reactor according to at least one of the preceding
claims, characterized in that the catalyst (6) 1is
configured areally in the reactor, the area being
arranged such that the area is flowed through by the
gas at an angle in the range of 70 to 110°.

7. Rector according to Claim 6, characterized in that
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whi ch have an area which corresponds to at |east 40%

of the cross-sectional reactor area. 4. Reactor
according to Claim2 or 3, characterized 25 in that

t l-at.e arranged in a | ayered man
nggﬁ%g%gﬁ%lgn§5(7) conprising at | east 3B§?’?E£8&8/°5573°
| ayers. 5. Reactor accordi rg2oo-Claim4, characterized

in 30 that the plate distance is 1 cmto 100 cm 6.

Reaet oratetpsdi nfp )t 0 catndreiasts one ofeasie precediesy which
cl ed in that the catalyst (6) is

cg% $§BF% ??é%ﬁﬁyﬁkn the reactor, the area being 35
arranged such that the area is flowed t hrough by the

gas atR%%c%%Qleabeoiagnﬁaﬁ9§ aft 7Qe58t115he cﬁﬁeéiﬁﬁms 2
accord t a|n16 aracterlzed inth

2699/701 apETrEEEF0 80880 th ezaatéhésfcaf% ysprgpyured
g @&:%@13_95 iat theastet® R WHE fpla?@i@rw}&séh pduaé i phblm;ent
eact or, accordi ast one of
o ia e TRt CDncC A AGYS BT Gif it the
amaabbyoﬁn—ube teaetlor .and the plates which are
present in the mixing element (7) forman angle which

isin the range of -10 to +10. 10 9. Reactor
adcor dRergctorabcegstinangcofatt Hegatecutt ref Ehaipesceding

CE@%@%Eer'Z@Qaf@cé@@izéﬁe a5 - PeHIRAD| gnel NS HBG Ah&abl e
| ayer (8). and the catal 6% confi ured rea

t hBteEREEdRtOLRYRT awghy hei §a1tﬁ‘ lywé ?@ng%O%ﬁgured
- 40eh0191G:n 15hd OreRBegehorfaaeoati Bgdle athi®astisode the
of the rec&@Lng chﬁgns, characterized in that the
ga8P8&r teab Rt érrredi ate | ayer (8) generates a
pressure drop which is in the range of 5 to 100 nbar,
@esurggegéog‘eggéo fdl?l% 2o attUli%a%n%ﬁ%rg a\;h@ gf@é’%ding

rate o react ant mx ur
R@é@ms.acc@bma@t@ma@dl eddgt ofdasf thbepr mﬁfgrmeable

intermediate layer (8) generates a pressure drop which

ig in the range of 5 to 100 mbar, measured by means of
a U-tube manometer at a flow rate of the reactant gas

mixture of 1.5 m/s.

11. Reactor according to at least one of the preceding
claims, characterized in that the gas-permeable
intermediate layer (8) comprises at 1least one metal
mesh (9) arranged in the direction of the catalyst (6)
and a layer of glass wool (10) which is arranged in the

direction of the gas inlet region (4).

12. Reactor according to Claim 11, characterized in
that the metal mesh (9) arranged in the intermediate
layer has a nominal mesh width in the range of 1 um to

200 pm.

13. Reactor according to Claim 12, characterized in
that the metal mesh (9) has a nominal mesh width in the

range of 5 um to 100 um.
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clainms, characterized in that the gas-perneable 25
internmedi ate | ayer (8) conprises at | east one netal
mesh (9) arranged in the direction of the catal yst (6)

a [y gl ass wool (10) which is j

tﬂg agp?égﬁﬁgésof the gas inlet region (§§ff%§§@é%7555730
Reactor according to Caim-121 eharacterized in that

the netal nesh (9) arranged in the internmediate |ayer
hag .a Reathel mesdowdild it the rlazge obné miht6la208 11
p 1 . cqrdi t ' 2,

CRar 33t cErCa r e PR Phe it o e ol () and the
nbaveal offeghawsdmecln (U amsngnfoBhhy FWOEeEiagzted
2002L01303%) PCT/ EP2008/ 055730 - 21 14. Reactor
according to at |least one of Clains 11 to 13,
characterized in that the netal nesh (9) and the

I@z;.er Qtéagtaﬁﬁawt@@h_»dﬁ;@) tgr @é:euga@&ted;dw dﬂ/\thhe preceding
pe Qrate sneets .(I11.).,. . eacC I, ccordalkn to at

L ehe o Cna et Sl i ORan RS iR RRREr Ly ene
t ak -pbemdabl ancemteainetin ttdhel agas- p@)neatd ethe catalyst

' dj | d: ; -
R gral Sl e e Ao B Tetibrebante o agheaet

ndd MmB. Reactor according to at |east one of the
preceding clains, characterized in that the reactor

vessel (2), viewed_.in flow direction of the gas from,
the-i nRRepCagrnararéirgyép e8) leastarnend Y& ipwpceding
(d23imE, acheatartesiziidanin mehati alhe 1fecafEGEL sl (2),

accordi,ng to_at | east one of th recedi clalins,.
charcte 'nzea??ﬂ tcﬁ’aﬁe Ji%ef)%o?t}ge c%iaﬁm'n%onéoghe inter-
natétate (28prhas)beemns appl iiededi rleoting t 612heof a heat-

C : ( Reactor according to at |east one
d?éskééé?%cg%F%%§a%rains, characterized in that the

catalyst (6) rests on 25 a support (14) which has
been producsd L£OBLESHEMES: at least one of the preceding

claims, characterized in that a layer of a ceramic

material (13) has been applied directly to the catalyst
(6) .

18. Reactor according to at least one of the preceding
claims, characterized in that the catalyst (6) rests on

a support (14) which has been produced from ceramic.

19. Reactor according to Claim 18, characterized in
that the support (14) composed of ceramic has an upper

ceramic support (15) and a lower ceramic support (16).

20. Reactor according to at least one of Claims 18
and 19, characterized in that a metal mesh (17) is
provided between the catalyst (6) and the support (14)

composed of ceramic.

21. Reactor according to at 1least one of Claims 1
to 17, characterized in that the catalyst (6) rests on

a support (14) which comprises at least one metallic
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19. Reactor according to Caim18, characterized in
that the support (14) conposed of ceram c has an upper
ceram c support (15) and a | ower ceram c support (16).
30 .2 r,.according to at | east one,

%8 %Qoggﬁg%gg erized in that a netal EE(%%?bg§/&§5730
provi ded between the catal yst2(6) and the support (14)
conposed of ceramic. 35 21. Reactor according to at
| eappoane nefstCl 618k dhith Lias cdheemactepilied iom tdhasupport

atalys support (14) which
%p?iu s(gsxa‘téof"gésste%ztﬁg HecamT e Wo 2000/ 013035
PCT/EP2008/055730 - 22 support nesh (18) which has

b§§n aﬁ@%b%grona@céfﬁpﬂét tcgrbgaﬁgng)zfonm%c@grlzed in
net al React or accord to Claim?2

cﬁaaactfelw 7 6§PPRTES Pagk t )suppsr 2 nrﬁseﬁh( 1%3dHas g the

meshgwi dEhii fimt B soamge of 1 nMmto 50 mm 23. Reactor
according to at |east one of the preceding clainms,

characterized in that the outlet of the 10 reaction

‘pedducReatbprcanpoirsdadt toe drurndaes: (GP abi e pweceding

CSTLEgQred ch%ata'&%ergaé@d"f figat tﬁéEhaE%rs u?tAieth

accor characteri zed ube
buadb930629¥0énet§rdﬁéc@@mgrmﬁﬁsIﬁybeub@ndlﬁﬁmtﬁohe@hlch

VV'akQ e8haMharehe BNt fe( 2L mCLeS Bk Ekk%hah ¢Lor
jacket. 257 Process for preparing HCN by the Andrussow

process, characterized in that a reactor accordlng to
204l argBctol0 a2éccblsdmged t026c1£’mcem ae:mﬁcabﬁgrh@ed in

[ aracteri z at the te ture.of
ChBa b oohe RIS L Husffie (1@ oo BEBRERECH, gfom the
nastidb06f 2=at with ceramic elements (21) close to the

reactor jacket.

25. Process for ©preparing HCN by the Andrussow
process, characterized in that a reactor according to

Claims 1 to 24 is used.

26. Process according to Claim 25, characterized in
‘that the temperature of the gas in the region of the

mixing element is at most 150°C.



