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WD 2004/ 076351 PCT/ EP2004/ 001516 Process for the
production of hydrogen cyani de by the BMA process and

wa@ an0aloyessl f or the i npl ementati on thereof DescPCPEPING/001516

The invention relates to a process for the production
of 5 hydrogen cyanide by the so-called BVMA process,
wherein an aliphatic hydrocarbon with 1 to 4 C atons
is reacted with anmonia in the presence of a

n nt n| ng c st OO to 1350C. a
hy% og‘%nrp g?/’anl% ngc sf%pcgcra ed thiy ot 9Fhe" 3?%%’0‘??2@’ the BMA
gas. PXocelse awviemalt@rlyfajﬂﬂw thad dtmgsl emerat it ah yshereof
for the inplenmentation of the process, w th which
sooting problems can be reduced and/or the production
CasadiiPfiean be increased through increased catal yst
activity. 15 The BMA process for the production of

MHE Q@R NEY R &%llasce§<m R s &8e tld r@mﬁctlon of
E&’dym opedi a %Lsal C I ndustr.i al Chem st ré/ Rev. -
G CYaBT-ay G, t&@ SYyages e PR S04 pihgrein an
@fm@rmatu@ mlyrdl rxme:fkidmﬁ i te dLI afo Rydr @gﬁrmd £y tea@bdd with
grvi.ce of the cata use rious
ca éjl ys?t %sys %sehsae\fleceoea |¥§> Lgareen aﬁall?Jnrég catalyst
prtodédd é;©cdr3d>|0n§ tamd DEAS IER rafaeaaie Clett atgsd sate@ out of -

e QwedWhiChad n addition to one or more platinum
netal s, contain aI um ni um and/ or 25 magnesi um i n

talllcformor as a nitride. No indications as to

e A PRI SIS SO T e T Shisided: ¥t § hEShethe

ajﬁtptuaaerentt@tqb;txﬁldf e p&d:\t@”gsageumﬂnafl&m V\écﬁdﬂtiﬂi@ problems
sole use ati conbi hatii.on with the base

e P FeRios L TR b TR TR 288E g
W@CZ@@4k@V6&5bd@ﬁﬂﬂﬂ€ﬁﬁh@dﬁkﬂiﬂiljbt activity.

The BMA process for the production of hydrogen cyanide is
known per se - see Ullmann’s Encyclopedia [sic] of
Industrial Chemistry, 5" Rev. Ed. [sic] 1987, vol. A8,
pages 162 - 163.

In an effort to increase the yield of hydrogen cyanide and
the service life of the catalysts used, various catalyst
systems have been investigated. In the process according to
DE-AS 10 13 636, catalysts are employed which, in addition
to one or more platinum metals, contain aluminium and/or
magnesium in metallic form or as a nitride. No indications
as to which platinum metals should be combined with one
another to obtain some advantage compared with the sole use
of platinum in combination with the base metals mentioned

can be taken from this document.
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In the process according to EP 0 299 175 Bl an
al i phatic hydrocarbon with 1 to 4 carbon atons,

w@artiooassar |y nmet hane, is reacted with amoni BCT/EP100€001516

presence of a catalyst layer |ocated on a shaped
article. The catalyst |ayer was 5 obtained by

i npregnating the shaped article with a solution
contai ning platinumions and al um ni umions and

eat.ing nder. reduci,ng condi_tj ans. t h t hese, ,
SRochBoestRise FECBTtEore £ RLdech e Hoguher aivbatic
tydiresanbededitd 1r &st dr eafniidn edtoalsystpaadtiailyrlyheethane,

0 i chis er |
Sods rsn PaSh Enohta Ak b e o S T A 5F daver

flacpted produehpbrdcapadicly,. The wattaddeduatalgr was

O¥eLE AL byhgm@&@%h%@i@fg 0! Igng oy the scatalysth 18 solution
the BMA process, I5 is also addréssed in .
EPPERLBY Hg?iéﬁﬁpﬂﬁ #9183 3940 2 LFgindagudenshe 14 ot d higng
Ueﬁé@nﬁ%yéd%laiie@t @bm&iﬁt&ﬁ_n%hﬂp|AQ)t¢1d>dng Q:hhlelsﬁéobl'ﬁiﬁc'béei??s@s dmade it
coat i. of plat, nu ich can optionally be alloye
ROPRLHBCL 6O2GHBE G061 TAHGT AR ThrRlcY The TAI LT HEY L0
mebkltiotre dsilduppdrtlysThercd live tyg  dihsc lposrleraso £ os it tihg,

:0th l.ovi stituent.s,cqul i nval v ere.
N N G g e LT P T
gatallysitcarcty vasti vadc datisngs fond 1t Her surddarset iofn stripreity,
akt hekes deensitatingvRfr Rlmém ni um oxi de is known for 25
hydr ogen cyani de producti on by the BMA process. For
the coating, a suspension containing particulate
el enental platinumnetal and particul ate el enent al
alumniumin an atomc ratio of Pt : Al of 0.001 to 1
Taeeppbbyed. ofheooslisgendi dihe wiatha ltyieer car riler BNAjudtbcess

@geggggbgﬁd%%@@%BSHQQ Odﬁﬁgﬁfe.ﬁﬁggggyfiféxyb 33 240. To

addi tionally contain adhesive oxides or precursors .
Fﬁéﬂé@fﬁh§uéﬁ0@§lﬁﬁl?@@ﬁ@@ﬁ@al@oﬁ@ﬁﬂhﬂ&ﬂu&%.emﬂiﬁyed which

eatphykkgall Ycagtinge c30at1iand reeNt iHSh ida@%ﬁwmgy be
thi Igﬁlnun1netal, %Iunlnlun1and/or alumniumnitride ,

al o@e with up to 20 mole % of another metal, on calcined
mullite as support. There is no disclosure as to which

other alloying constituents could be involved here.

From EP 0 407 809 Bl a process for the production of
catalytically active coatings on the surface of shaped
articles consisting of aluminium oxide is known for
hydrogen cyanide production by the BMA process. For the
coating, a suspension containing particulate elemental
platinum metal and particulate elemental aluminium in an
atomic ratio of Pt : Al of 0.001 to 1 is employed. The
suspension, with the carrier liquid preferably comprising
organic solvents, can additionally contain adhesive oxides
or precursors thereof, such as poly(organoalkoxysiloxanes).

The catalytically active coating contains, in addition to

the platinum metal, aluminium and/or aluminium nitride

formed therefrom. Compounds such as can be formed by the
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formed therefrom Conpounds such as-can be forned by
t he WD 2004/ 076351 PCT/ EP2004/ 001516 3 interaction of

w0 h@4abcsse subst ances with the reactants used PCTEPI064/001516

process, including Pt-A alloys, nay al so be present.
Al t hough ot her platinumnetals, including palladium
and mi xtures of platinumnmetal's can be used as 5 wel |
as platinum no specific advantage for a particular

i nation of bst ances can . be taken fraomthis
ABEORBRE LN ASEWENE 2ECTRoSHPSrAaSE S0l () diis iR afiats used
andthéuprocens, thelad&pgn@tenlcanl@@®|tm@qﬂdhso be

g?@‘sé‘{l@ oﬂftﬁ udh’ St?}erﬁg{ola%ﬁ‘n%ﬂg.e%%' 19, aCtIl\élec% gEt al's

s capa &g Teduc
Phééedmemalsndepgénreg alfsplmsnnuoneetaier ecaas teivapd as

G&@E@'é g@gun%t'yl% smcrl]g%catdk;%@lt% %r t@%éf&mar

what guant |ty person
srRmMpieatiant RE éPPS§H@GI6§ G388 &6ppékao fhsg fihis document.

ﬂbahbmmﬂhbntﬁéd@t Q@a@%hbﬂée @%t@%ﬁ%ﬂhﬁgﬁﬂpQﬁﬂﬁ&@&munlum,
| ati num al true that the

(0] |
Shévauieanr Shed tep s&%@&&@ﬂé&i%go T GHiS s TS other
dothepentatogt athicknessed scan e tprioduegburals aapable of

h d_article th re IS na |nd|cat|on .of s\ur.e
gﬁﬁggufadﬁeegsg ucg %he sogg I'ng prég?em§§$ loned
h@rbnesebsengh@a¢aﬂab¢$aléwtawtmweanNQJmnﬁndﬁilon can be

EEQQHCEEBR t%%@aa'kgmk%%t %?%o %ﬁ@ﬁﬁ”§£ W quantity a

nmechani sm of a e was i nVEStI gat ed

P5rEpnSehvar£danad E&ie @é@u@@@éﬂn@%@%&.ﬁfm@ GHOHAY

syathesns ihr ordEet hane ANevamMm@NizdlvantadncddigeSagi th
121, .10614 to 10625. It follows fromthis

P39g§9 PBafi 6 hat, conmpared with other transition
nmetal cations, including Fe+, Co+, Rh+, W, Os+, Ir+
and Au+, Pt+ 30 occupies a special position with
respect to the ability to

While it is true that the above-mentioned EP patent teaches
how coatings of different coat thicknesses can be produced
on a shaped article, there is no indication of what measure
could be used to reduce the sooting problem and/or to
increase the catalyst activity and thus the production
capacity that can be achieved.

The mechanism of Pt*-mediated C-N linkage was investigated
by Schwarz and colleagues using the example of HCN
synthesis from methane and ammonia - J. Am. Chem. Soc.
1999, 121, 10614 to 10625. It follows from this
investigation that, compared with other transition metal
cations, including Fe*, Co', Rh*, w*, 0s*, Ir* and Au*, pt*
occupies a special position with respect to the ability to
activate methane and mediate the C-N linkage. In contrast
to platinum, gold is not capable of activating methane,
i.e. of performing the first step of a carbene formation
(AUCH?") . On the other hand, an AuCH?' obtained by other
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activate nethane and nedi ate the G N Iinkage. In
contrast to platinum gold is not capabl e of

wa@edamuwaissng net hane, i.e. of perform ng the fPCHEPHD€1S16

of a carbene formation (AuCH2+) . On the other hand,
an AuCH2+ obt ai ned by ot her W 2004/ 076351

PCT/ EP2004/ 001516 4 nmeans can react with ammonia with
the formati on of CH2ZNH2+ and subsequently form

5}% LQgeY C¥@Qb@ew£hea%%wl%mw9fth %g%t 'f&gasctn&% of CH,NH,*

ressed I1n this investigation.

‘9@§sﬁ§béeﬂéenééuc§0@fme hmdéil@lg@ﬁh ol anddgl .y Sthe smmkphgnu ot

Ebe tBV) PEORESSaBYrdsisRe ancahalsyShvestighAcey ding to
EP 0 299 174 B1 or EP O 407 809 Bl, a certaln soot

formati on does neverthel ess occur on the catal yst

surface in continuous operation - in practice the

catalyst 10 is located on the inside of contact tubes,

&vgn dﬁdétoheralpmbﬂﬁhﬂeokbd&edﬁmefnma drerledm off -catalyst
g%%t&ﬁ ”Hﬁoegﬁbﬁhﬁﬂgfo%%E%dﬁga 51n arb&gté%#E%nlqg

s on e cat Fosses
éﬁﬁpédéﬁgytan@Ptﬁeﬁ@ﬁoﬁ§4nﬁﬂe§rcéﬁt@lﬂ07 809 Bl, a certain

GOWR! eLYABRSUHESORECETIAMhe 1@ I HCS, 1S QBf e‘m:,r et Oy st
or to 15 treat a deactivation that has already

SEChPCEd 1BUECRE1856US PReFRTioN t HE welastires jhefcatalyst

ammmcattdea met hare m%q@ec:@rf ﬁ:oanracﬁ;i(&rﬂHe% ke, g made of
Crease nor, e reactor

SRS R G o TR el tetnriat o Y e soot below

nn@é@deeoamﬂecamb@@um@mtm&mnn@hmmp@shamgen1quaﬂt¢a@aIWst -

ﬁ%@%@'@ohﬁ%sség %% %%fi%ﬁ%r%%e%n%PEH@}éﬂgiéwﬁﬁiéé)certaln

as resu inincréeased process costs. Accor
F@u@ﬁéffhélﬁaéﬂltf@rsn@telo\ﬁésafré’r Hed yeidng et e aSootopratbl @mor to

the aeoRt ach ket 16N thet Mehaniealdy fd&anedy due to soot
erlodlcall but this is tinme- consum ng

Fetdra: I%gﬁsmP&%§l%iﬁkﬁthﬁmmﬂﬂ%%mxé§@thane used can,
&walbabmb&by ard inite capReidre mEikeolljyeetr afhd hecactor can

%re%%%EaE%ée%%&g%dh%éﬁ %§wh%hpggﬁkgﬁaa%nly However, these

- counter-measures mean that a larger quantity of ammonia has

to be separated out of the reaction gas, resulting in
increased process costs. According to another alternative
for reducing the soot problem, the contact tubes can be
mechanically cleaned periodically, but this is time-
consuming and therefore leads to a reduction in plant

avallability and thus capacity.

The object of the present invention is thus to provide an
improved process for the production of hydrogen cyanide by
the BMA process. The improvement relates on the one hand to
reducing the sooting tendency of the catalyst and thus
increasing the plant capacity. As an alternative or in
addition to this, the sooting tendency of the catalyst to
be employed in the new process can vary within the

conventional framework if, at the same time, the catalyst
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i nproved process for the production of hydrogen
cyani de by the BMA process. The inprovenent rel ates

worootles3she hand to 30 reducing the sooting tRPCHEPIIY4/001516

of the .catalyst and thus increasing the plant

capacity. As an alternative OF in addition to this,
the sooting tendency of the catalyst to be enpl oyed
in the new process can vary within the conventiona

framework if, at the sane tine, the catalgst WO
9boa} arS 351 T TPHHAF B01816125 BPspRaysafrghdr the

ashphyity 6P dhgtagh iscagase kohibeedcapacity of a
plant is again achi eved. The above objects, as well as

ot her objects as can be 5 derived fromthe foll ow ng
description, can be achieved by enploying a platinum
catal yst, which is doped with other elenentsin a
Teet aboveagbj@écpsocasswhas beentheungbfiectisha@s can be

85999@&i9€ﬂﬁftﬂ¥dEQQEBW}QgCMQQbQEpQXOBhec%%'ﬁ@lé%%fgé%d by

DYOCESS ereln an %{1 rocarbon with
€EMB{ OWBNT s@ r BABE LA Fﬁ akirshi a"nAcht ke FrEsehee tdF qfher

thﬁéﬂgg}gﬁngab@kﬁglﬁaWnyst at 1000 to 1350C and
hydrogen cyanide is separated out of the reaction gas

formed, characterised in that the platinumof 15 the
catalyst is doped with at |east one elenent fromthe
series copper, silver, gold, palladiumand tungsten,
Bhproqgaant hey bee@ufanddPdobeithg gpocwmc3qomlef ¥ydrogen

Q?ﬁﬁgg?gg?tghelgg —gybelal AQ%rEQ%s%ro%%%§éﬂﬂEgﬁféfhphatlc

B odi nents t can be seen from
HETpFREPORr ishalukPed Sbevemsi isj Feagtgs thdih ammonia in

Eﬁé'@gbﬁghQEdo@oﬁpﬁﬂaﬂ@%@mb%%&tﬁ&&ﬁh@n%@tﬁiyst at 1000 to
%%gBQnents of a Iatlnun}contalnln% %ﬁ%L fo the

25 BPEceySIoBEt CHard dras She&R 16 Hin <
quantubm_gas wbmmbdthe&erekﬁmﬁﬂssdan@.t@a&et&&eqxbmmhnum of
ggem@%%ai§skh§s doped with at least one element from the
series copper, silver, gold, palladium and tungsten, the

quantity of Cu and Pd being up to 30 mole %, based on Pt.

The subclaims of the process relate to preferred

embodiments thereof.

As can be seen from the prior art evaluated above, it is
true that palladium and copper have been mentioned as
components of a platinum~-containing catalyst for the BMA
process, but there has been no mention of the quantity in
which these elements are to be used and of what is the
intended purpose of their use. In the process according to
the invention, copper and palladium are employed in a
quantity of up to 30 mole %, based on platinum.
Unpredictably, by doping platinum with palladium, used in a
quantity preferably in the range of 0.1 to 20 mole %, based
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i ntended purpose of their use. In the process
according to the invention, copper and palladium are

weaptoysdl in a quantity of up to 30 nole % bBSEEPZING/001516

plati num 30 Unpredictably, by doping platinumwth
pal l adium wused in a quantitygpreferably in the range
of 0.1 to 20 nole % based WO 2004/ 076351

PCT/ EP2004/ 001516 6 on Pt, it was possible both to

reduge ot _for .G a 0, increase catalytic ..
é’?lt ilib\%'t )S'/LQ' Y ddpi négl%ea[bﬁon%hmtvét e&f:%%p%??gt f\ﬁgr@%ff’ﬂgand to
tEIERGE Cart ey triet trertd, vidut. iyt opspeptat bntihewith
CS! (Al 1dvidd dendiariledd dd Miatbead gHANGEEY
of "copper used to about 10 role % based on ati num

poSe Grtaletfciat e % oot i hy ‘ﬁ%‘ﬁﬁégcyo limit the
MGty RE AP WL atalasdudcio hdYe 4 hepgkeneshs
gﬂ]%” silver 10 and tungsten are preferably used for

& d8fMg in a quantity in the range of 0.01 to 50

nole % particularly 0.1 to 30 nole % based on
platinum Wth respect to reducing the sooting
tendency, silver 15 occupi es an outstandi ng position.

r ; ) p. [

e T ool e v i ve e Sl Sh P Fnq or
FEFTEES 1Y dha ¢aB% Y Sthe &dotlitity tidrrlenksmefita gold, silver
RInat ithgstairalped aped-aMith gld 20 GOL reSPPAGSin a
\%ﬁpr xi, mat.el yhto that of_the pure platinum catalyst

en e HEv e o g ol Myt i 1w ke the Barhicularly
dorit ént Jnarcdas &S, Hwneey em dlhesisaodj ng t endency
decreases. On the other hand, gold as a doping
el ement is unexpectedly distinguished by the fact
that the catalyst activity 25 increases significantly.
By using a catalyst doped e.g. wth 10 nole % gol d,
@é%‘d I&F RSt ituk e duE s dite ARQIUng deendeney besilver
ioreigased a3l thatghh ddie Qs fArdmE iZ0N dsn N seen from the

examples, when platinum is doped with 10 mole % silver, the

soot deposits can be reduced by up to 65%.

The sooting tendency of a platinum catalyst doped with gold
corresponds approximately to that of the pure platinum
catalyst when the level of gold doping is low; as the gold
content increases, however, the sooting tendency decreases.
On the other hand, gold as a doping element is unexpectedly
distinguished by the fact that the catalyst activity
increases significantly. By using a catalyst doped e.g.
with 10 mole % gold, based on platinum, the plant output
can thus be increased although the soot formation is not
reduced or is not significantly reduced. The result of
doping with gold is particularly surprising because, as
shown by the investigations by Schwarz et al. evaluated

above, gold alone is not capable of activating methane.
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reduced or is not significantly reduced. The result of
doping with gold is particularly surprising because,

w@200307a8Rown by the investigations by Schwarz BCT/EP2004/001516

eval uated above, gold alone is not capabl e of
activating nmethane. WO 2004/ 076351 PCT/ EP2004/ 001516

7 According to a preferred enbodi nent of the process
according to the |nvent|on the catal yst additionally
cont ai.ns al um ni um_or iumin ele tal or
APEPEARnTT 6PP BAPERCGFAT FTERCeRtuA It (O The
eabakm$hg|SOCoheemhwemahbm amm@n@adaxygt(Hﬁﬁitmbmmuzy
support ri.al. consisting of _an_o e qr tr|
UPER b BBy RapRORE, PrelRetiy® Bl S el bt Sherice
§opmorparnate&aaﬂyi@;uMdnpmacmw¢eld@eran1c t ubes,

whi ch are heated 10 fromthe outside and in the

interior of which the reaction takes place. To

guar ant ee adequat e adhesive strength of the catalyst
coating on the support material, it is useful if the
EQ@apﬁgﬁlV§§e95|§OﬁV@&§%ﬂ¥%%%¥sﬁﬁﬁiﬂqeqnﬁ%ﬂéeﬂo?ﬁﬂng on a

m@t@@r@lf m@:ﬂ%r@&l?@ro@lsq)@td_&gorofsi?gi aba;tl@eadﬂﬁsdi/@idé\ d&ramic
arti cular ererr own .enpoadal a coatln

BB OLRLT ORI S TR SN o5 CRir RO
obteadhésiive anl@eapﬂrydzuqynamAptdubéﬁeFthnh PredQiieated
%Q%mB:l:ﬁle tol&%sq'd%c la?l%lu 1% Cthev\'l'_{' Q.J]éhxlﬁnf l'g %vﬂﬂfk?rﬁ% afggctlon

present descr ption. e cata ayers t

e kese@l2geacder @u@gratrﬁeteh@dew@rtta @Wif@a‘fri“{% %‘blf%tlil%’@@l of the

fcraQr@lty@% c%%rfﬁ‘?ﬁj to|no S, dTRHpRed Iﬂé’k&%é& AO 809 Blefdl if
that part of atlnunk{s repl aced by one or

G 5 LR iS YAt T O R RS B B o7 hEL oy
kah sa odopneg cel e d:8 deaddi tdidnaldte u;&ﬁdsiwhtrélst he

%%@%i% g&h%yprefp&leés known embodiment of a coating
composition, which also contains suitable precursors of
adhesive oxides, is taught by the EP Patent 0 407 809 BIl,
the disclosure of which is fully incorporated into the
present description. The catalyst layers to be used
according to the invention can be obtained from the
compositions mentioned in EP 0 407 809 Bl in that part of
the platinum is replaced by one or more doping elements
according to the invention, or in that a doping element is
additionally used with the same quantity of Pt.

According to a particularly preferred embodiment, the BMA
process is performed in the presence of a catalyst coating
arranged on a shaped article consisting substantially of
aluminium oxide. The catalyst coating is obtainable by
applying a suspension on to the shaped article, said
suspension containing, in addition to particulate elemental
platinum, particulate aluminium or aluminium nitride and at
least one doping element from the series copper, silver,

gold, tungsten and palladium or a compound of these
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According to a particularly preferred enbodi nent, the
BMA process is perforned in the presence of a

W@ 210al0y@61 coat i ng arranged on a shaped arti cl BCT/EP2004/001516

consi sting substantially of alum nium oxide. The
catal yst coating is obtainablg by 30 applying a
suspensi on on to the shaped article, said suspension
containing, in addition to particulate el enent al

gLatlnu %@@rt i cul ate alun¥n|un10r un1n| n1n t d% .
TSRS | FAL 13 RESTRDFRG BF eRBnP Xt ASnPEhE" E achesive
toppeprefetalely ogoddict cagsien amqupdlladeuat@mxm ratio of
SPUPONOR O 4 1ERP, 2,204 076351, EEILERR0840904816 0 na tne
B ahents apd-a precursor ©

mdhasi vatipnod ]pl@tenarbl Yo odgaing eéﬁmeetc IS| quSd atTHeast

?tO”bcoéi‘téﬂdofareﬁéf‘ébw”lto al.ym Rbum i.S ol |t A& dange e
of 0.01 t nd t ol ar rati o of I ati numto
gopPag @FEh%%?Es?aV§ E?eneagﬁtsd1w1tb eofuaﬁ&nSlon of this

ﬁyﬁé?rﬁbi&hlcanoagathoﬂallQ 80n6&&ﬁrahh@ll&&@p%ﬁbstances
artlgles hﬁge bgen coate suspiﬁs on t hi.s

£ ped ARF CE G aRnSRUPOL Gl PGRaBAPATn S| FoaRRY 12
substdeeesd tﬁtadphstchbelyheObm@ycabtbebawmwma Hyhéreating
gﬁa% ng§£ %FénSf %%Hoh?%o Eh81%§5§|¥tliallyd%aéf”%educing

resence of ammni a
apnddgéansi . €0 &ﬁ@@rtpeéaépné conditions, to 1000 to
1350C. The present invention also provides the
catalyst to be used according to the invention, which
is characterised in that 15 it contains at Ieast one

mthe_series ¢ SI|

d el ement fr ol :
FO R el ARG L haraaPtne LoRe PEOHLORE. “hE 58 oy & £0 be used
bebbgdmpgt002®hﬁohev%htbaaedwhmcﬁt1sObhamaqnanuaﬁﬁurn that

%B%t%@t l%%tl% Hg]@'#qgglgﬁqun%nq{gﬁ}%he series

rAadunyarumni un1a| ossi bl or these
QOppampOﬁeﬁwgrbog@édenﬁM@gé&e@uﬂmﬁgpﬁﬂéa@awahyéﬂue content

BEOGUCLHAN O heli@gbepf @oMed R 1%l Y aemdPlaat imumaiik
al um ni um under the

components of the catalyst are aluminium nitride and/or a
platinum-aluminium alloy, it being possible for these
components to be employed during the catalyst production or
to be formed in situ from platinum and aluminium under the

conditions of the BMA process.

A preferred catalyst is in the form of a catalyst coating
arranged on a shaped article consisting of an oxide or
nitride ceramic material, which adheres firmly to the
shaped article by means of an oxide or silicate adhesive.
The catalyst or catalyst coating can be produced by a
method that is known per se, the gquantitative ratio
according to the invention of platinum and doping

element (s) being used.
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conditions of the BMA process. A preferred catalyst is
in the formof a catalyst coating 25 arranged on a

W@ hapethsarticl e consisting of an oxide or ni t PCTHEP2004/001516

ceramic material, which adheres firmy to the shaped
article by neans of an oxide aqf silicate adhesive.

The catal yst or catal yst coating can be produced by a

nmet hod that is known per se, the quantitative ratio 30
g.l%%o Ivggtta%et he us\élentl Oe‘é%o%’ol at i nur ngnatn{jaflfjr]) ngnSlst in
ROE/ EPZ@O&h@@le@ thelhe ladidnnages ofdime tavenei bnvention
%lfb%ﬁqémo' aloy<c rcnt ' enre!?lq:sf agty tvll'laaé p@ysﬂ;fe (5o ;reduce
sel ect’i on accor el nventr on one

dosi kg oellere s, sq %lﬁbstéieblBé’wt d»lrmﬁ:% Zbcheordlng to

RrreFleemrcaf e%@@dl%dt% tfgﬁ&%lﬁraqq%ﬁ%heﬁc&péﬁé ng 88p9Png of
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@@geﬁr@ﬁ%\réma oY §31@<m1%ﬂ¢1e%t3f%t¢1@a<bytﬁebﬁsbe
q&cgggseQS foll ow ng exanpl es. WD 2004/ 076351
PCT/ EP2004/ 001516 10 Exanples: General: The
catal yst netals fromthe series Pt, Cu, Ag, Au, Pd and
Wwere incorporated into a |acquer (= coating
suspensi on),
The invention is explained further by means of the

following examples.
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5 in which platinumwas conpletely or partially
replaced by netals to be investigated. The

w@oopo%i3si on of the |acquer substantially corrPerpPIVd€E1516

to that of Exanple 6 of EP O 407 809 Bl. The | acquer
for the reference exanpl es cogéisted of: 10 7 g N
pl ati num 10.0 g Al powder (d50 approx. 11 pm 3.5 g
phenyl et hyl polysil oxane (oligoner) 0.3 g pyrogenic

ilic Aerosil(r) 300, Degussa) 10.0 g
;éﬁ?@igghyl/butyl) nmet hacryl ate as 40% m xture in 15

toluene 40 m toluene A sufficient quantity of the
seoeeallacquer was introduced into the tube so that,
after drying (substantially toluene 1loss), approx. 1

eral Aile¢stat@lvsts RAE die s%gﬁbe%d 20, emenl ¥ O”AﬁhePd and

i nner surface of the t ube st at e|OMI I'n ‘eac
¥ tghes lpsreresated drdimyth LeERT di= 8:<?ﬁ1§lngAw@pensmn)

atfat |w\h%tc|hn?>ltal“ﬁﬁnﬁﬁf ?Ja)éStc&c\btl@ﬂatl %mrﬁteftdll\éflhﬁy rdg986ed by
ane nmmni a e ure asse r
e A s s S e | Qﬁlfa“toﬁs%gcgg% {28quex
(slumiserajmallacl\l@n doamessrainder) tfd)rtirfam oflTExamatéi 6nogaBP 0 407
o1 tiv fron1e h be. In
ordc?er t\g%%ea%ﬁ%gl ro%c}'nrvgtg}ae ga% necesoeo almll%f%ngt ﬁO%SlSted

wfacticable test duration, the nDIar rati o used was
adjusted to 0.7 nol/h NH3 and 1.0 nol/h CH4 conpared

W th dihe istandard 30 (approx. 10 nole % NH3 excess)
The soot formati on was detern1ned g{avinetrically.
Onduiff ERMYGTs ey PRPFSkenilf¥BMm the fol | owi ng

eXanp ese i e200A/ Gei3psl IRGH P20/ dHiddd6 11 The
Icgg,gr At orr%g%\ﬁelnc \Aslasllcqau' &PeerdosvgltagI 3506 Ubfegugsae?(:h
10.0 g poly(methyl/butyl) methacrylate as 40% mixture in

toluene

40 ml toluene

A sufficient quantity of the above lacquer was introduced
into the tube so that, after drying (substantially toluene
loss), approx. 1 g of dried catalyst paste is located

evenly on the inner surface of the tube stated below.

In each case, 5 tubes were coated (length 40 cm, d; 8 mm).
After activating the catalyst by heating under N; at
1300°C, a methane/ammonia feed mixture was passed through
the tubes arranged in a laboratory reactor at 1300°C
(internal oven temperature) for 5 h. The reaction gas
mixture was selectively analysed from each tube. In order
to be able to investigate the sooting with a practicable
test duration, the molar ratio used was adjusted to

0.7 mol/h NH3 and 1.0 mol/h CH,; compared with the standard
(approx. 10 mole % NHj3 excess). The soot formation was
determined gravimetrically. Any modifications may be taken

from the following examples.
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wi th one tube containing a coating with the basic
pl ati num fornulation for conparison purposes

w@ povamrasal st andard). The feed of the gas m XPCF/EP2004/001516

(NH3+CH4) was identical in all 5 the tubes. The firing

of all the tubes was unlforn1 ecause of the oven

design. Exanples 1 to 5 For ari son purposes, the

catal yst elenents Pt, Ag, cu, Au, Wand Pd were each

I nvesti gat ed |nd|V|duaIIy In the 10 basic

Tlo? MR 2P F 3RO Pt OVa W%ﬁl%%@HPB?dtHétBtﬁeFuéﬁénéﬁt§aCh case,

ﬁwema@@evauyescéﬁtaiﬂ@n n§r@@§@lhﬁ wetehthe= b&@@kﬂ@gbtlnum
rmﬁﬂe tube can be taken fromthe foll ow n

St af 951 CURERBATOOEPURPOPREr dABEELRE) SEapard)
1H0 fe@e®do250he3gfs AiROurd AYHIUHD,) &a@JiﬁHﬂtléhNV1n all
% 20 %gsThfh u%£§95||5¥ giltgﬁgetﬂﬁgg o&ang m because

tPon" decreases Pn approxinat e hé*§ane “ordi
@ﬁetBQOOVﬁg deadlgnecy i ncreases. Exanples 7 to 12 20
Cat al yst coatings were investigated in which platinum

WasmpiBE Prigmpy catalyst netal and, conpared with the
generaf“fnrﬂufatlon 10 nole % Pt was repl aced t he
Bpi RGN 2601/ B26BSECPCT EP2684POTE516L eTﬁn&SerFé%t Ag, Cu,
mentyonged. Pahaekefeaence$§aﬁmhgafeataPﬂedldmaﬁuy In the
ng n t e results,o test .run
K45 5o PARON-FEOR { RE POl FoRIAG T abRe e StreE eldiats.
Average values for the increase in weight (= sooting) of

the tubes can be taken from the following table.

Ex. no. Catalyst element Weight increase (mg)
1 Pt 150
2 Pd 250
3 Cu 1100
4 Ag 3400
5 Au 3100
6 W 2050

The suitability of these metals for HCN formation decreases
in approximately the same order as the sooting tendency

increases.

Examples 7 to 12
Catalyst coatings were investigated in which platinum was
the primary catalyst metal and, compared with the general

formulation, 10 mole % Pt was replaced by the doping
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5 After the 1St test run, the tubes were nechanically
freed from adhering soot by known neans. The 2nd test

WO x0v4as51 t hen performed. Wei ght increase (ng)PCEXPI0pI/@1516

Dopi ng el enment 1St test run 2nd test run 7 Reference
(Pt) 550 150 8 Cu 600 90 9 Ag,440 20 10 Au 640 50
11 w330 40 12 Pd 370 70 10 ile the soot formation
was rel atively strongly mar ked in the flrst test run,
t he se ond est run he reducti in sop
£ FW&P ofeP&dQnEidig | oﬁ fré SIS g r%ﬁWEF%Qthﬁ%ly Pt,
iineennhioodogvery miremetitearly. In addition to the
quantity of soot formed, the product gas 15
GoIPesihie. was anat ys %rhafuﬁ *}ﬁ?\? 394 10120, Ok bheche!

i . e. “before e catalys sur ace Wwas
ﬁ@é&PWé@gb¢ab§th|ng The vol ume concentration of HCN
in the reaction gas given in the follow ng table may

@Qt@&nkh@ngdta§e§tnP@§Ur@h@ft&$@s @Qr&a&@&M§hlcall¥ freed
a

ctivit since the operati condi ti ons re cons
F@™a 2FEEE & & S 3P %ﬁﬁy§5r ﬁ@%EFeﬁﬁeru§aW§s

&m@a.pw@fzaaékn76351 PCT/ EP2004/ 001516 13 Exanpl e No.
Dopi ng el enment % HCN by volune in the reaction gas 7
Reference (Pt) 15.1 8 Cu 13.8 9 Ag 14.9

Weight increase (mg)
Example Doping element 1°% test run [2™ test run
7 Reference (Pt) 550 150
8 Cu 600 %0
9 Ag 440 20
10 Au 640 50
11 W 330 40
12 Pd 370 70

While the soot formation was relatively strongly marked in
the first test run, the second test run shows the reduction
in soot formation resulting from the doping according to

the invention even more clearly.

In addition to the quantity of soot formed, the product gas
composition was analysed at the beginning of the 1°% test
run, i.e. before the catalyst surface was impaired by
sooting.

The volume concentration of HCN in the reaction gas given
in the following table may be mentioned as a measure of the
catalyst activity, since the operating conditions were
constant and a reference sample was always running at the

same time.




10 Au 17.0 11 W14.0 12 Pd 16.3 Exanples 13 to 16
Dopi ng el enents were added to the fornul ation

worepiongsétd at 5 the begi nning; the Pt cont ent PCEERINEW1516
unchanged. The testing was performed under conditions
that were otherw se conventiopal. The results may be
taken fromthe follow ng tabl'e. Exanple No. Doping

el enent; Wi ght increase anount used (nole % (ng)

based on Pt) 13 Reference (Pt) 280 14 Ag; 10 % 100

15 Cu; 10 % 200 16 Au; 10 % 290 WO 2004/ 076351
PCT/ EP2004/ 001516 14 _Clains: 1. Process for the

predptéins.of hydrodeapeygnedembyitt he sa- cmN agy BMlume in
process, wherein an|aliphatic hydrocarbo% \Mtf]étlch4-a
C atoms is reacted With anmonia in the 5 Preddits ot a28

[atT num cont al ni ng [cat.al yst at 00 to 0C and
ﬁydrogen cyanide is §8§§F§P88 ég% of the]%ggaction gas

%orned, characterise% In that the platin t he
atal yst i s doped wilth at | east one 10 |el€nent from

he series copper, gi)ver, gold, palladijum qnd
ungsten, the quanti?ﬁ'of Cu and Pd being up to 30

g@le % based on Pt.A%: Pr ocess accordingyfg)clain11,

11 W 14.0

12 pPd 16.3

Examples 13 to 16

Doping elements were added to the formulation mentioned at

the beginning; the Pt content remained unchanged.
The testing was performed under conditions that were
otherwise conventional. The results may be taken from the

following table.

Example No. Doping element; Weight increase
amount used (mole % (mg)
based on Pt)

13 Reference (Pt) 280
14 Ag: 10 3 100
15 Cu; 10 % 200

16 Au; 10

o\

290
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characterised in that 15 platinumis doped with 0.01
to 50 nole % particularly 0.1 - 30 nole % of an

web@apnd3sf rom t he series silver, gold and tunpSI/EP2008001516

Process according to claim1 or 2, characterised in

that 20 the catal yst additionfﬁly contai ns al um ni um

or nmagnhesiumin elenental or nitride form

particularly alumniumnitride. 4. Process according

to any one of clainms 1 to 3, characterised in that 25
1#ftalyst is arranged as a coating on a support

materi al consisting of an oxide or nitride ceramc

nmatefd@dss pedt i € aptydatuioni ofm oxddegeh. cPradees by the

accordi t one of clains 1 to 4, ..character]

e N R

congiortent stpl 4t € nanpms gbs draadied sittermmodial dmi vihem

ni trjde. and/ oF 2 Péé‘ih{l‘ﬁ!ﬂ"&ﬁke RLLE é%alcgiy‘%r&da'ts 1000 to

arranged as a coating on shaped arfticles,

pari3zi@rayd akydrogpreraniésai £ n§epp rapedoosto pé3ghe

PCT{ EF20044 0945160 rA8g eaction tubes consisting

substantially of alum nium oxide, by neans of an
oxi HeABRCkeFieatelBdRB&Fve. 6. Process according to
anytigfepDit Channerlthe 4atathatadterbped wnthhatt Sedsr one

reaction js_perfornmed in the presen f. a t.al yst ,
coa?i%@e%#rgﬁagdggﬁ 3e§ﬁ§5e80§P?Fél§§%%E§Vs%%%?’ Palladium
substantuwagbyeof ahanoneobibyi d€, Cuhendi ®dt ke igat alpy St

coa%bngoié obt ginahl e,byappl yi ng a suspensi on,
containing partrculate el'enental platinum particul ate

2. Process according to claim 1,
characterised in that
platinum is doped with 0.0l to 50 mole %, particularly
0.1 - 30 mole % of an element from the series silver,

gold and tungsten.

3. Process according to claim 1 or 2,
characterised in that
the catalyst additionally contains aluminium or
magnesium in elemental or nitride form, particularly

aluminium nitride.

4. Process according to any one of claims 1 to 3,
characterised in that
the catalyst is arranged as a coating on a support
material consisting of an oxide or nitride ceramic

material, particularly aluminium oxide.

5. Process according to any one of claims 1 to 4,
characterised in that
the catalyst contains as its main components platinum,
gold and/or silver and aluminium nitride and/or a
platinum-aluminium alloy and is arranged as a coating on

shaped articles, particularly as an internal coating of
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10 alum niumor alumniumnitride, particul ate doping
agent fromthe series copper, silver, gold, tungsten

wa@ae@4/0pabi adi um or a conmpound of these el enent BCEHREP2084/001516

precursor of an oxide or silicate adhesive in a

carrier liquid, wherein thejatomc ratio of Pt to Al
is 0.01 to 15 10 and the nolar ratio of Pt to doping
el enent (s) is at least 1 : 0.001 and preferably 1:

0.01 to,1 : on to e sha art.i.cl poratin

t hé S@&H08r tlunbz‘ﬁﬁ d;%'{t sﬁaﬁﬁ E’hlg% % [ &minfum
ar tdxdlde , c @3t etk ars tdfl sanwaykiidet @r tshelmwé vddicasivye.
actlve st ate by heati ng it in the 20 presence of

ni trogen 0G. . 7 talygt
gw ta e chilrcclor nngenttl 3?8‘ e l]\%spcﬁo%%%sé o?é ?he
pr oﬂhﬁoftalcctr@rcfse@dlrmg?ém’fcyam de, containing platinum

and yaf ﬂégggidﬂuiéﬁﬁgfﬁbfﬂéﬂnﬂﬁ gHé”ﬁfé@%&@é'§§ catalyst

copper, | ver tungsten and pal | adi um vvhere| n
thecozaetlmnaémanﬁedwrarﬂj @ﬁﬁ%d L?pr’%loclz% Gk 894 baged

OP%ﬂbsﬁﬂﬂﬁléllyndﬁLﬁmdﬁiﬂldﬁidMMHéU ﬁherelg the catalyst

platinum al.umi nium a tal yst_accordin

cl & 7‘“9 &r?arog?:iiae]r’?%ké]ug Wtarpgfal c%t%‘ll%?n?gof‘h t he

f orcmrﬁj‘alalmrgatpanzgt:adh]eﬁmgemnéntraﬂ ypla)’g/iwemnspartlaqulate

OX1 08 %%fﬂ | cate e%hX%1 %F g? %tglﬁo ing agent
e n|tr| B¢

conS|s I'ng Of an oxl de, car e cer
matf&rdral thepara i ices ardgp ot awlﬁ@ﬁungObf;h deungsten and

palladium or a compound of these elements and a
precursor of an oxide or silicate adhesive in a carrier
liquid, wherein the atomic ratio of Pt to Al is 0.01 to
10 and the molar ratio of Pt to doping element(s) is at
least 1 : 0.001 and preferably 1 : 0.01 to 1 : 1, on to
the shaped article, evaporating the carrier liquid and
transferring the shaped article coated in this way into
the catalytically active state by heating it in the

presence of ammonia or nitrogen to 1000 to 1350°C.

7. Catalyst suitable for implementing the BMA process for
the production of hydrogen cyanide, containing platinum
and at least one doping element from the series copper,
silver, gold, tungsten and palladium, wherein the
content of Pd and Cu is up to 20 mole % based on Pt, and

aluminium nitride and/or a platinum-aluminium alloy.

8. Catalyst according to claim 7,
characterised in that
the catalyst is in the form of a coating adhering
firmly, by means of an oxide or silicate adhesive, on a
shaped article consisting of an oxide, carbonide or
nitride ceramic material, particularly of aluminium

oxide.



