27 Decenber 2004 WO 02/ 10067 1 PCT/1BO 1/01692 New Catal ytic device for the
i npl ementation of a reaction in a gaseous nmedi um at hi gk ’t ERpErRed & Ofte

‘present i n¥gHheset €l ates to catalytic 5 reactions in a gaseous nedi um at

high tenperature, for exanple the oxidation of anmonia and tHe"HPAOKERi s of
HCN. A particular subject-matter of the linvention is an inproved catalytic
devi ce which can be used in this type of reaction and a reactor conprising
it. 10 The oxidation of ammonia is widely used in the production of nitric

acid. The process, kﬁgwncg%atlg.gicqiig@igepgﬁgg,_e?gﬁ ;i-Dﬁiéﬁggtg%gfata ,g;‘n

passing a preheated ammonia/air m xture, typi nprising
particul ar 10- 12€scoioni inby gateoes methum 3% high lHehgamatelQcity
(measured under standard tenperature and pressure conditions) through a
catal ytic device extending over the transverse cross- section of the

reactor The synthesis iTha spngsenepefiaveafioh 2@1RAydiocyani %é\?&ﬁ;{éf@\b
fromamond a a u ydraocarbon, in which synthesis the hedt needed
ot R SRS En 0BRSS ety crfu iR e SameraBuER oo

for the endothermc teaction IS ¢
reactions wth esapere okhe gaddedmon sthgammopgan amglicthas sginthelsd o her
presence of a afihpl YSlpatiSi AP AR F-) W o] L.ch_has.been known for a great
many ~ years (Patent U 1,934 838)%?%5‘5: ﬂ%ﬁ%gaggt %(13% &ﬁﬁﬁﬂ%&&ﬁ plr%caetgs.
These two types B Fe&ett Féﬁaaé’&léat%‘?‘%@@ fiviah t Banplke i mewdyr dup,this

general ly in thygeoron afesctfidt add NOVEAcO8HZ8omFPEs2RBAkENt wor ki ng

cross-seg_toi on of these aetacl)s)éis#s is Iigited by the di pensions of the
reactor. -I'n order to incteass et c BMACEY 2ot § HEE 1Y cdBeEr 41 ithe s

possi bl e to i npredve i nuitbed tefi (35achdal M GovZess, HMRMAT , aBeyand a
certain thickngsgyadg D%%%%Q%%,20%%mprises the stage of passing a
preheated ammonia/air wmixture, typically comprising 5-
15%, in particular 10-12%, of air by volume, with a
15 high linear velocity {measured under standard
temperature and  pressure conditions) through a
catalytic device extending over the transverse cross-
section of the reactor. '
The synthesis in a gingle operation of
20 hydrocyanic acid (HCN) from ammonia and a gaseous
hydrocarbon, in which synthesis the heat needed for the
endothermic reaction is provided by simultaneous
combustion reactions with oxygen or a gas compriéing
oxygen, such as air, in the presence of a catalyst, is
25 an operation which has been known Ffor a great many
years (Patent US 1,934,838). It is known as the
Andrussow process.
These two types of reaction use catalysts from
the platinum group, generally in the form of a flat
30 woven gauze. The apparent working cross-section of
these catalysts is limited by the dimensions of the
reactor. |
In order to increase the productivity of these
reactors, it is possible to increase the number of
35 catalytic gauzes. However, beyond a certain thickness,



WD 02/ 10067 PCT/ 1 BOL1/ 01692 2 the pressure drop thus created opposes the
increase in the flow of reactant and nullifies the effect’s BceFPet1 &4

-conver si on wpekGeoshkn addition, the increase in thickness can pronote side
reactions. Thus, the 5 difficulties in increasing production® W EHEEW: r ent
state of the art are due: - to the presszure drops, - to the nunber of
active sites of the catalyst (contact surface area), 10 - to the contact
time of the catalyst with the reactants. Wth the aimof increasing the

effective surfage a.ea.Qfrd t t, S 60, 72 S .
5, 356, 603 provide f?r t he %sgﬁg)@cg%g%ystf%at}ﬂzgesoégog%%i glﬁz‘t %51%2:\%&5[5% H
corrugations. AfFoubheYhiod sterakantarand i auilfid liescrebeedffidmse of a

corrugations havettew empétsnes. vEenahermmraqadtife shanaid et apibarofj4his
assenbly is onléhr.e%:?lg?/? possi ble for tenperatures of |ess than 800C. _
Beyond this, the s “cal “P0 cREPIOLE | sF1US o S YRS beEBFRe the

i nsufficiedt andifZscudamesheinndreassding hewdsstiien diap, thde dnhdser
corrugations haye.act %rfd%@l%yatﬁ% say qhe. lifetime of such a device is thus

very short and thus inconpatible wth industrial operation. Patent
Appl i cati on BP 931, 585 fof¢ theparessyin|dse@rst he use of a catal yst gauze

inthe formof radially ger tW@atRehl:SCSE Ofc£PPESs1 Qs BRL cRel B4R ‘iikg&
burner can follgwtlﬁe ﬁorru%ations %§ it rotates about its axis. I% ver,
t he abovenenti onEGZHPGHI EHEFETRPTE230 An ai m of the present invention is
thereforeibo provide a-cabalytd ccelevhce €OmpricH Nthea catalyst whikeh cihas a
greater geomtrkg?égégggg area and which wthstands the reaction

condi ti ons withou ubstantially increasing the pressure drop or the side
35 reactions. 27 Decenb®itR004he aim of increasing the effective

surface area of the catalyst, Patents US 5,160,722 and
US 5,356,603 provide for the use of catalyst gauzes
i5 having transverse corrugations. Although this surface
area 1is thus increased, these corrugationg have low
amplitudes. Purthermore, the shape-retention of this
assembly is only really possible for temperatures of
less than 800°C. Beyond this, the mechanical

20 characteristics of the metal become insufficient and,
from the increase in the pressure drop, the folds or
corrugations have a tendency to sag. The lifetime of
such a device is thus very short and thus incompatible
with industrial operation.

25 Patent Application EP 931,585 for its part
discloses the use of a catalyst gauze in the form of
radially corrugated discs or cones, so that a revolving
burner can follow the corrugations as it rotates about
its axis. However, the abovementioned problems remain.

30 An aim of the present invention is therefore to
provide a catalytic device comprising a catalyst which
has @a greater geometric surface area and which
withstands the reaction conditions without
substantially increasing the pressure drop or the side

35 reactions.



3.1n accordance with a first aspect of the present invention, there js
provi ded a catal ytic device forpt he i npl errgnt ation of ar}ﬁe%&qe&?qlﬁ 2|z904
-gaseous nedium at high tenperature, such as, for exanple, the synthesis
of HCN or the oxidation of amonia, conpri.sing: at |east one textured
material which is effective as catalyst for the said reaction, a support
conprising at |east one ceramc part, the structure of which makes

possi bl e t he passag&noficdoerdagasesyitheasdiidgiardspécthefsaile spppeent

having a corr .face t hat icyease in surface area. (R
produced by th%g‘z%??h%%ti Slr}%%\?vi tl% Pté:ggréc e%{gi é:atfa}r}a}ftjscﬁlr %‘éjec?sf%’g %Eﬁst
equal to that(Eptahentatidn faf sawteathicor rugati anssemds ofndddtveeatc

approximately ;1. 1, a i_mat e , .the said textured terial. being
posi ti oned so.lgjh i ?gmgfggah%%ﬁag%%{%%t a%he écoorr r G5ATRESr add of SYRENSET T part
of the said suppdt¥ endthel bandathenf ofmathendaf,. daman eanpl e

enbodi nent, the nra iC kes. it _-possible.to,hold.the textured

materi al agai nst g?hg%a\cg(yr r%b%t?te%{?%réeedo?la? E1Gdr PO HE s‘?ﬁ)tg%?tfl‘f% as
advant ageously cempeded toffcer dguormhighnteaftidre, ceranm ¢ support, the

structure of whicgh r{r&}i ossible.th assage of the gases, the sajd
second part havi %g & %%fu%%@gﬁl?ﬁ%g ﬁ%i ?‘neq%gc sUbSt ShtFaty | oydus and
conpl ement ary w shrugéusa dicorrigjatreskéaceonsibhe saied pafdgeste paf ttioé t he
support and the Ld.se d el si,t,ioned.so that the. said
cor r ugat ed facesggkgﬁheﬁgdg?ﬁﬁsg%ﬁg ggcotr%lae Barts AHPLLi RGVARY that

t he textured mateerahgatedi heeet edobéhatenhiehd reaicthseorirugatethdeaacaseand

Subst ant i &1 1y, hORBORBSoRSSIby DY h el Br E Bt it | FomRor be Eni
fornmed. 27 Decenbéat2604f4c@ hey atonvead i onghalreans thaevim )t a6l qersoni
skilled in the afgrcanég%égg%hto @%ﬁ%&&é fé?ngegnd of between
approximately 1.1 and approximately 3,
the said textured material being positioned so that it
is held against the corrugated face of the said part of
the said support and follows the form thereof.

In an example embodiment, the means which makes it
possible to hold the textured material against the
corrugated face o©of the part of the support is
advantageously composed of a second part of the ceramic
support, the structure of which makes possible the
passage'of the gases, the said second part having a
corrugated face which is substantially homologous and
complementary with the said corrugated face of the said
first part of the support
and the said second part being positioned so that the
said corrugated faces of the said first and second
parts are facing and that the textured material is
inserted between the .said corrugated faces and follows
the form  thereof. Thus, the ©pressure drop is
advantageously substantially homogeneous over the whole

of the catalytic device thus formed.




materi al against the corrugated face of the first part of the support. The
term"textured material” is understood to mean, within e Gt 205
-exanpl e enbodi nent, any assenbl age of strips or wires which are |inear
and/or in the formof helical conmponents which makes possible the passage
of the gases. This assenblage is, for exaghpl e, of the gauze, woven fabric,
knitted fabric or felt type and can be obtai ned by various techniques,
such as weavi ng, knittingtheew dgnvenbiohder yweais khewd i ke. d tpébson
advant ageousl y_a. e.. The,term."twy cqrrugated faces.,qf .substantially
horol ogous andS]g%)er%ig‘érrelrﬁ argi}ef Stmr g2 edeag?god:o[ oﬁﬁéan,tﬁ'ﬁtﬁ?fﬁ ¥he%sense
of the exanpl enaedbbal negeinsty tWebimatugated facef adesclexhfbidt ngart
corrugations whegeskmhartsi ze and form that is to say having a

substantially 1dentical”Tncrease in surface area R which is constructed
such that, when these tTBef 5688 atextagiasy nates icok't vgatwederatecd to

conpl ement ary. m&her wsbhjiacttHet §ehscabd advantagrs1al i ainant i gpy Wil |
becone apparent t%ngrersons skilled in the art fromthe detail ed
descri ption het%f W afd Sy RN of ' 1EEferBhced 85t He- Y HRBPT

illustrative idravhagsorf guff endl ¥l esenpsnanspeaifiict: diagianm®ssthle

exanpl e of a | yii Vi a rdi to the. invention. Figure 2
represents thg?%%r ?rées%easgge vw%f\fch%(rfrla egglg’tesposgﬁﬁige ?%Sgré'ﬁgﬁpgt e*The ?%%rease
in surface arexayde profiutbe lgpuwant omrverof abigaci okl tTied sigipora ¢»)

accordi ng to th@e d n¥eRLI Qhd Scafpdss 0 F AAKC 1) : t . which
makes possible 27 Degignber _208?1 V\%:?eozl;all)gg%gggml_ﬁ B%?%%ggz%%ﬁ%ﬂ%%sage
of the gases. EXEhARsVEAVEREse G SHWLInG t ABBEOLPRIYat i35 @ ani ¢

foams or ceramike. It is advantageously a gauze.

| The term “two corrugated faces of
substantially homologous and complementary form” is
understood to mean, within the sense of the example
embodiment, any combination of two faces exhibiting
corrugations with a similar size and form, that is to
say having a substantially identical increase in
surface area B, which is constructed such that, when
these two faces are facing, the corrugations are
complementary.

Other subject-matters and advantages of the
invention will become apparent to persons skilled in
the art from the detailed description hereinbelow and
by means of references to the following illustrative
drawings.

Figure 1 represents a specific diagrammatic
example of a catalytic device according to the
invention.

Figure 2 representsg the parameters which make
it possible to calculate the increase in surface area
(o) produced by sawtooth corrugations.

The support (2) according to the invention is

made of ceramic, the structure of which makes possible



conposites. The support (2) can have a honeyconb structure. The term”
ceram c" is advantageously 5 understood to nmean, within e ot 4G4

‘present i nkethheky any refractory material capable of V"ith%ﬁr}ﬁbﬂ&gwe
tenperature to which a catalytic plati num gauze is brought in reaction

medi um conprising, inter alia, steam I|Nh the case of the 10 application in
the synthesis of HCN according to the Andrussow process, this tenperature
can reach 1200C. The materials which are suitable are therefore. then

based on al um narandpaaRagenii Sendardal € PEQRANIRNSor Ok neidd C@eaéalrﬁ)lég

606 by weight) and o 15 zirconium titaniumand ceriumoxide (1
to 20% by wei gfit*For "gjgt%ﬁo'ﬂ)‘f‘ '[qrﬂa LLERGASP t USRS CThd QAR 1Y al STXRHC

conprise, W thouwtcngaditats on, Tiome suppore of(2hhe cdol [tmmag a:orfnmé}d&)mb

silicon dioxi deds(@ thﬁ:@ 02.)rh ee;rglpn C%ngﬁlg | I |(ch V[’ﬁrhtéé% Ng
g (&

silicon 20 bori I con boronitri al um ni um OXI
al um nosi | iat e‘{l@ﬂ%%l tp) meam} yniddbigr o§|hle| caeesecarbobhki essent

zi rconi um oxi de i p@HRon, Yt tahpm Oﬁéﬁﬁaé&’a , rfedled iy OXidg, @’ of
magnesi um oxi de cordieri te 03 SiQ2) .. 25 Use w
advant ageous| y B"é’\‘éﬁg&é‘f&? e 'd&F ant &P N% Fetvaer) & W&ﬁl"stéttrfé?talt}ﬁ@c
charact eri sti cs pdfatitnueh @uazeas fol lonsugR? Daeenkere 20Q4dE +dh 4nddildmm) O
NONU-Hc id 4%%%5 fﬁ%ﬁ LR e UaiQa,~ Qté%ﬂﬁ Olgoigﬂé(ocase of the
10 application in the synthesis of HCN according to the
Andrussow process, this temperature can reach 1200°C.
The wmaterials which are suitable are therefore. then
based on alumina and can comprise variable proportions
of silica (10 to 60% by weight) and of magnesium,
15 zirconium, titanium and cerium oxide (1 to 20% by
welght for each of these cénstituents). These materials
can comprise, without limitation, one or more of the
following compounds: silicon dioxide (silica $i0,),
silicon carbide §8iC, silicon nitride 8i,N,, silicon

20 boride, silicon boronitride, aluminium oxide (alumina
21.0,), aluminosilicate {3A1,0,-251i0,},
aluminoborosi;icate, carbon fibres, =zirconium oxide
(2x0,), yttrium oxide (Y,0,), calcium oxide (Ca0),

magnesium oxide (MgQ) and cordierite {(MgoO-Al,0,-8i0,}.
25 Use will advantageously be made of the ceramic
Stetta®G29 from Stettner, the characteristics of which

are as follows:
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use, these materials which are used to formthe support (2)
are generally formed according to known techni ques of noul di ng, extrusion,

and the like. They are subséquently cal cined at high

tenperature (> 1300C), so as to acquire nmechanical properties conpatible

whi ch can, for

(1) which is effebgivjer &8

the platinum
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thi s gatal yg# cdif be a nixture dqonposgd of o Eatal yise ronr
s—deseri-bed—hereidabove ard_at ljeast ore ot her
2 45 1.5-3 2-4 1.3~ 380 1000 10°
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Prior to their use, these materials which are used to
form the support (2) are generally formed according to

known techniques of moulding, extrusion, agglomeration,

and the like. They are subsequently calcined at high

temperature (> 1300°C), so as to acquire mechanical
properties compatible with their future operating
conditions. These combined operations must confer on
them a structure which makes possible the passage of
the gases which can, for example, exist in the form of
cells communicating in the 3 directiong (foams) or of
honeycombs with a circular or polygonal (square,
rectangular, hexagonal, and the like} cross-section.
The textured material (1) which is effective as
catalyst is in particular a catalytic metal from the
platinum group and can be brepared from platinum,
rhodium, iridium, palladium, osmium, ruthenium or the
mixture or alloy of two or more of these metals. It is
advantageously platinum or a platinum/rhodium alloy.
Alternatively, this catalyst can be a mixture composed
of a catalyst from the platinum group as described
hereinabove and at least one other material including
but not limited to'cerium, cobalt, manganese, magnesium

and ceramics.



but not limted to cerium cobalt, manganese, nmagnesi um and ceram cs. 27
Decenber 2004 WO 02/ 10067 7 PCT/1B01/ 01692 The corrugati cits RFCAHRENF acidd
-(6) and (7)“&§ ‘&&5 support can be of any type, in particular sawooth
corrugations.‘?ﬁe sawt oot h corrugations will be defined by FCIHBIHE6Ht
"h" of each corrugation and the distance?7 'nod" between 2 corrugations. The
increase in surface area a produced by corrugations of this type can thus
be cal culated fromthese 2 paraneters (Figure 2) in the follow ng way: 10

a= (4h2 +d2)!d The incre@ﬁﬁ in surface area (0), praoduced q¥ any type of
corrugation according to the Vet oHNF | Pt GBCPEastéleqaal t& X apfand
wi |l be chosen Witdi auphertr apge Yo onf appyoxivivet, eliyn Jpah-t DowpRr oxhgabely 3.
This is because.grrudadi&QLresponds to an increase in surface area of

100. Below this value, the advantages of this corrugation are not very
apparent. Above 0 = 3, 2BPfhFAYCGh sgorragidiice beddiesoali Hkifdued Fhe
saw oot h c@& r ugaiie®nBeagaer di~mg 1t g hgagﬁveﬂgljﬁﬁa %ngﬁge%@ ydfg‘y%nge
profile of an isa%qelg§ triangée with d = 2h, ich resultsinaratio a
of approxi matel y 1. 4PEREFThuS iTPEHIRcIeESe Thesukngeeases iar eaupface
approxi mately 4@%ealhe prRs@ted MONLURL A=A IR alLSL,9 atﬁ%ctccgn fQr.an
exotherm c reaction at high tenperature in a gaseous nedi unrhaving &
general |y circulPqr T fislarad fEpBsshsset Roparehetacteer(Fiemre 2hatn ithe

conpri ses the 3@cdatoaitd aredevi ce according to the invention extending
acr oss itiotransverse cross-section It also relates to a reaction process:

in a gaseous nediumat high tenperature, such as the 27 Decenber 2004

lo =f(an? + &)/ d

The increase in surface area (f) produced by
any type of corrugation according to the invention will
15 be at least equal to (o) and will be chosen within the
range from approximately 1.1 to approximately 3. This
is Dbecause o = 1.1 corresponds to an increase in
surface area of 10%. Below this value, the advantages
of this corrugation are not very apparent. Above B =3,
20 the wuse of such a device becomes difficult. The
sawtooth corrugations according to the invention
advantageously have a profile of an isosceles triangle
with d = 2h, which results in a ratio o of
approximately 1.40 and thus in an increase in surface
25 area of approximately 40%.
The present invention also relates to a reactor
for an exothermic reaction at high temperature in a
gaseous medium having a generally circular transverse
cross-section, characterized in that it comprises the
30 catalytic device according to the invention extending
across its transverse cross-section.
It also relates to a reaction process in a
gaseous medium at high temperature, such as the



WO 02/ 10067 PCT/1B01/01692 S oxidation of ammonia or the _synthesis of HCN,
characterized in that it uses a catalytic device or a re&dctOSCeEEES Gt to
-t he inventiwg.o2héhgd speci fic enbodi nent of the invention, thFCT/;’BOQEo%ﬁSS

according to the invention is the synthesis of HCN and conprises the stage
of passing a gas mxture conprising a I‘?ydr ocar bon, advant ageously net hane,
ammoni a and oxygen over the catalytic device according to the invention at
a tenperature of between 800 and 10 1400C, so as to obtain, after reaction,

a gas flow conpkh&hRgodl | 8RSt JBthdihVOl YEe ofy HONg. The ydr ocgpbonysed
in the process for the synthesis of HCN according to_the invention can be

a  substituted GPALASHEIEAEG etf ahetl ifhatses 3yErRtalytiss devhaki € a
hydrocar bon or aeatxbur acicherdely tbhelexaplas-ieh. t hese hydrocar bons

ropane, butane,  mot hatl i Rot Snec A Ay BFocd RO | SPERYRAPRyedust y

met hane. 28 ThePppesent aanmemtinen & sbheellavestiona jpr odesssyhohesties of

D Par oL O A S, ok S i3 0L g0 PLSLALEI 408, minteg

corrugat ed faceCofBY181"Bhe Par LYCFPHTRNe suppyrPOLEZEOWH ¥ hameithars:,

fol lows the forawhbeiaobndanskydern habeit the helthihere auiibet beckelaff an

i mrobi i zati on feans. This i bilizati on _neans i s advanpt ageousl

mechani cal and T% 50%0%%W%E$ﬂea§ec%n eﬁ‘ﬁ’letra%ﬁ‘feofo tP?@tg’ r%{OE’Z)a,nq he

corrugat ett0f acel479°Gf whn chs3Ckaovbtainhe appesi redaceomnf theysai dlow

(3) of “the tai & 2IBEF 020t Bre Cadvantageaney G HE “The’ Conbination”

thus formed generates Bhfoiyieasiwkoryr ssashi én | she3Pmedesantiat | yhe

homogeneous i n dhecied 98- SACtEAD BbcbR@inkeact Otne? 4 RRGePEL 2004 be a
substituted or unsubstituted and aliphatic, cyclic or

15 arcmatic hydrocarbon or a mixture thereof. The examples
of these hydrocarbons include, without limitation,
methane, ethylene, ethane, propylene, propane, butane,
methanol and toluene. The hydrocarbon is advantageously
methane.

20 The present invention also relates to a process
for the preparation of the catalytic device according
to the invention, characterized in that the textured
material (1) is rolled out against - -the corrugated face
(6) of the part (3} of the support (2), so that it

25 follows the form thereof, and in that it isgs held there
with the help of an immobilization means.

This immobilization means is advantageously
mechanical and is composed of the second part (4) of
the support (2), the corrugated face (7) of which

30 covers the opposite face of the said material (1) to
that situated against the corrugated face (6) of the
part (3} of the said support (2}.

More advantageously still, the cowmbination thus
formed generates a low pressure drop which is

35 substantially homogeneous in the cross-section of the
reactor.



WO 02/10067 9 PCTIIBO /01692 A specific diagrammatic exanpl e of the device
according to the invention (Figure 1) is conposed of: - & cafsierhgor Ytd
-corrugat ed g¥Q2840061), a corrugated ceram c support (2) in tWo-P Sio (3)
and (4), each having a corrugated face ( and (7). The gauzes f‘%‘ ar
situated between the two faces (6) and (7) of the parts (3) and (4) of the
support (2). The parts (3) and (4) of the support (2) are 10 made of
ceram ¢ having a honeyconb structure with a circular or polygonal (square,
rectangul ar,- hexagonal , ZPangpeheflicke)l aressnRecd | ggamﬁl@még pfethe ice
preparation of tQ%C%{ﬁHéti dsyd clqlvejhscftccogglin to the invention: The
support (2) according to the invention ca %‘?’6@&& ¢8r FOFRCEET o¥fm

ei ther before calcination ¥ AAfHGatiemmi dingrssagel gauabierni)

cal ci nation, by assenbling m%@é@%%%ge%ﬁggggé?)z Ei_)n?twgoparts

triangul ar gross-sectign. ,A conbinatiaqgn o
constituti ng t he(ggt aflgt i(é)ch%@, %aé’lé’tﬂo@eqlfému%tdﬂséated (bet wadn (2) .

| ayers (3) and (4) of coThegafredzesuport a¢2) . sThi Siit L onj eration
is carried out 2Bapysrold)i ng Qut (. pver tgg cor?hégtég%epaé%e‘%?go%q}%eEWO
support (2), a conbination of ‘galzes Gf SPPFi 3FERF foPm amd A clo@i Ehebe
applied to the cOPRYEEi 6Ak-of the part (3) of the support, the support

havi ng been positioned brgsorghand thgshol Jow bricks (11) 30

const i tutiﬂg the base %f thebréeact o?ﬁ,}wi tﬁda Ql)r cﬁ?art(ij r%%’%’é’é&i@‘?. The
width of the el Pt c8F ¢atz8¥Ccdidedlsbnds heneheoinht extnakcthhadetar1of 4t he
reactor. The | engtdulissr equalpolggioh@Iw HdhAnd ti pli coefficient i
defi:ned previ ousalb tﬂéezlgﬂ{’%‘f)r (I:a%er 4 Sdgl of corrggglp%ltr?a%erl?%am% rit
possible to i nmobilize Ceners Ey¢5102/ 10067 PCT/ | BOX/ 01692

Example of the preparation of the catalytic device
15 according to the invention:

The support (2) according to the invention can
be given a corrugated form either before calecination
(during the moulding stage) or after calcination, by
assembling and adhering together prisms with a

20 triangular cross-section.

A combination of platinum gauzes (1),
c':onstituting the catalytic charge, is subsequently
inserted between 2 layers (3) and (4) of corrugated

. support (2)}. This positioning operation is carried out
. 25 by rolling out, over the corrugated part (3) of the
support (2), a combination of gauzes of elliptical form

(1) which will be applied to the corrugations of the

part (3) of the support, the support having been

positioned beforehand on the hollow bricks (11)

30 constituting the base of the reactor with a circular
cross-section. The width of the elliptical gauzes
corresponds to the internal diameter of the reactor.

The length is equal to the width multiplied by the

coefficient B defined previougly. The upper layer (4)

35 of corrugated material makes it possible to immobilize



10 the gauzes (1) nechanically while conferring a honbgeneous pressure
drop on the combination over the entire exposed surface2’/ADssgmbsy P4
-(10) is sulOBIENMTIy deposited on the catal ytic device thusperheingdez |t
makes it possible to confine the reactiop and all the activation energy to
t he nearest point of the surface of the gauzes (1) . The holl ow bricks
(11) are thenselves positioned on the boiler tubes (12) of the reactor,
whi ch are conposed of a refractory cenent 10 (13). Performance The use of
the catal ytic defP'Be ¥’ ng (fld" tmechavdrildy nmaMeslét possiditeingor at he
same reactor, tRohBgeAasHst } e a for n .between the 1

catal yst and the reagtants. ?ﬁf§#$g§§I?ggﬁfé%PtEEQSE%@Ll%%%Pa?ﬁ ?%?%ugﬁﬁut
of reactants,irF%EIFﬁpr@ﬁﬁ?s%ﬁodﬁgﬂﬂﬁqw-anﬁ a heias meshasddsubst@nt i akl y
constant pressusebdegpenthki ndeposstbe phodued | @ tGANRA INGRE od OPPSE
duration, |t S@.Si uch. a_devi 20 wi t hstands the reaction
conditions?éin Bg?gﬁéﬁfa?tig&%ﬁ%g gﬁbjBS?éag?S et haffrtalRed it naer6R10TNhe
tabl e herei nbel oW%mRéd theprreibration ewmpane tdether henwwage Whide of
representative sysd eguekackhefrg it h C yiic.device according
to the 25 invention, PRI CO% %\)RT:EIQ%I g.t%lhg\gsst e{n]ia,Coe ﬁ%c%g'cr%og Iﬁ% [ \9??‘5}
kg of HON per tdiffe bREMSPLVERd BRF U @aedl gt thep bopler | NWBNEl AN2) of

Corrugat ed syst erhel. de@clibr) nehease dik DESHSYESA of a refractory cement
10 (13) .
Performance‘

The use of the catalytic device according to
the invention makes it possible, for the same reactor,
to increase the surface area for contact between the

15 catalyst and the reactants. Thisg results, for the same
overall throughput of reactants, in an improved
productivity and a winimal and substantially constant
pressure drop, making possible production campaigns of
longer duration, all the more so since such a device

20 withstands the reaction conditions, in particular is
not subjected to mechanical deformation.

The table hereinbelow makes it possible to
compare the performance of a representative system of
the prior art with a catalytic device according to the

25 invention.
PRIOR ART: INVENTION:
Flat system
Corrugated system
Coefficient o 1.0 1.4
ProductiVity: 2.00 2.16

kg of HCN per tomme of
air and kg of catalyst
Increase in pregsure 29 5
drop:

% per month of the
initial pressure drop
Duration of the test: 993 3138
hours of production




drop: 295 per nonth of the initial pressure drop Duration of the test:
9933138 hours of production. WO 02/10067 27 Decenber 200471 DeRETS0LII592

.CLAI M5 3-. @& e¥/¥péc device for the inplenentation of a r eaGicdBiol, @ﬁ
gaseous nedium at high tenperature, such, 5 as, for exanple, the synthesis
of HCN or the oxidation of ammoni a, conpr|5|ng at | east one textured
material (1) which is effective as catalyst for the said reaction, a
support (2) conprising at |east one ceramc part 10 (3), the structure of
whi ch. makes possi bl e the passage of the gasass the said part (3) of the
said support (2) having a corrugated face (6), so that the increase in
surface area (03) produced by the corrugations wth respect to a flat

surface is at 15/ east etpahlyoithaleticd €akcwiat edqfy q@n@ygé)ﬁfy&é F
corrugations an imately. 1.1 an appr oxi mat e he
: ok éﬁ%r%e?gb %%);;osﬁl ‘%%]d“%oatt %gﬁ Feweﬁé‘lt@r@galwhthe

said textured materi
corrugat ed ¥ ace %) %ﬁrt%aﬁﬁlﬁ, 20epanntit@siof dheHSRi 81S wpROIK:xK () 13

follows the formf thikofa, Zodgatfkyhic device according to Claim 1,
characterized in that the neans whi ch”makes it possible to hold the

material (1) agi A$t leRetcomadatedutaden@bet 631 01} hpnpakt 1(33)ef<ffectt'1%-ze)

support (2) is coggo%g@aqu& ﬁﬁc%p@ﬂd(@actléhe ceram c support

t he
* a support (2) comprising at least one ceramic part

10 (3), the structure of which makes possible the
passage of the gases, the said part (3) of the said
support (2) having a corrugated face (6), so that the
increase in surface area () produced by the
corrugations with respect to a flat surface is at

i5 least equal to that (a) calculated for sawtooth
corrugations and of between approximately' 1.1 and
approximately 3,

the said textured material (1) being positioned so that
it is held against the corrugated face (6} of the said

20 part (3} of the said support (2) and follows the form

thereof.

2. Catalytic device according to Claim 1,
characterized in that the means which makes it possible
to hold the material (1) against the corrugated face

25 (6) of the part (3) of the support (2) is composed of a

second part (4) of the ceranmic support {2), the
structure of which makes possible the passage of the
gases, the said part (4) having a corrugated face (7)
which is substantially homologous and complementary
30 with the said corrugated face (6) of the said part (3)
and the said part (4) being p081tloned so that the said
corrugated faces (6) and (7) are facing and that the
material (1) is inserted between the.said faces (6} and
(7) and follows the form thereof, the pressure drop



-conpl enent agwy 38007t h the said corrugated face (6.) of the sq,icqjlpg{éa]fﬁgg)

structure of which makes possi bl e the passage of the gases, the said part
(4) having a corrugated face (7) which is substantial |y 2Homsicegdes aftP4

and the said part (4) being positioned sQ that the said corruga aces
(6) and (7) are facing and that the mat’éri al (1) is inserted between the
said faces (6) and (7) and follows the formthereof, the pressure drop 27
Decenber 2004 WO 02/ 10067 PCT/1B01/01692 12 thus bei ng advant ageously

substanti al | y hammgenessiing ovesviheaybehe19f e GabalhiiG, deydksydhdsus

formed. 3. Cat alcxrtl c Cl.:?v' ckﬁ%fcco%d{éﬂ to_either aqne of the preceding

cl ai ms, charact ériZed 1h THatStHh gpS?Fa YF1csdgydce frdnesy damned r uct ure.

4. Catal ytic dewdi.ce accoiaiagytioc adgvine ebcohelingr ecediintheat &b, of the

characterized inthaisi gat, : th,corruygations, so at
E) dllﬂf cf@:[rﬁn_é’,:a{:hgggcgé%ligg{ Q! f% t fua;%pe%rté (%5‘

the increase in surface area ncrease i n surface
Catal ytic &evi c&3c CortiRy SO ff Fqturehar act eri zed in that the increase

in surface areaql3 is appwgums ekievhich fecGRrlahyt i dgulCeAccordi pget 0
any one of ‘the _15 preceding ?Iai ns, characterized™in that"the nateria
(1) is a gauze. PF° br {62 aMZexot NEPPTRCFRREEREN atithi ghtheénperlare

in a gaseous nedioumugsatingea gerer ablwy oot cubit-ubib@Asvier,Seser osBasecthen,
characterized in 20 that |{t conprises a catalytic device as defined in
Claims 1 to 6 eXPERGHTS atfosy 'f(asceiréﬁ§@er§e= cFlels ingaeriseh. 18, Twakaee
according, o daim.7,, characterized in that the exothermc reaction is the
synt hesi s" of HCN 2?'9. Reactor according to Claim8, characterized in
that the device5is plac€dtedtthie hol dewibei ckaddddimgpnst tbut i rg Aihe pase

of the reactor agd is covered , with a heat shield.
characterized in that the increase in surface area B is

approximately 1.4.

6. Catalytic device according to any one of the
i5 preceding claims, characterized in that the material

(1) is a gauze.

7. Reactor <for an exothermic reaction at  high

temperature in a gaseous medium having a generally

circular transverse cross-section, characterized in
20 that it comprises a catalytic device as defined in

Claims 1 to 6 extending across its transverse cross-

section.

8. Reactor according to Claim 7, characterized in

that the exothermic reaction is the synthesis of HCN.
25 ?. Reactor according to Claim 8, chavacterized in

that the device is placed on the hollow bricks (11)

constituting the base of the reactor and is covered

with a heat shield.

10. Reaction process in a gaseous medium at high
30 temperature, characterized in that use is made of a

catalytic device as defined in Claims 1 to 6 or a

reactor as defined in Claims 7 to 9.

11. Process according to Claim 10, characterized in

that it is the synthesis of HCN.



10. Reaction process in a gaseous nediumat high 30 ten‘gerature
characterized in that use is made of a catalytic devi ce2ds GErmREd 2904
Cainms 1 toVeoM00%7 reactor as defined in Clains 7 to 9 11.  P(ddERK01692
according to Caim10, characterized in13that it is the synthesis of HCN
27 Decenber 2004 WO 02/10067 PCT/1101/01692 13 12. Process according to
G aim 11, characterized in that it conprises the stage of passing a gas

m xture conprisjng a hydrocarbon, nt ageou rret hane anmon
oxygen over the Jc%lt al yti gr889§§ea§€€ g%o %i CPBI@CEFIAZE% in

t enper at ure of behaeen t80€cmndisé400Ce setaget @ﬁ)bpasa;mgf teer gagactixonrsa

S?Zpa]; ;?Yvoncgpp;é%&laélng#néea?éVI Cg}&x:CCOI’ |n gg&an]t%gl&{l%%ﬁs anli:htapl%

characterized i @m@%ﬁaﬁn@h@%}@&mr@ﬁeﬁaﬁéﬂ a:laiv(a@)ytinsc r@@Vééeoaﬁcagénm

the surfaces (6) ©f t:mglﬂ@rtl(éb @f ébeaceiémwé%réugaorﬂet{@en SQobhathd t
follows the formthereof, and hat it: i's_held there with the -help of

an i mobi | i zat it feans. SQL5a§4 tcPr 8@&?&”&100%?5??59 TR " 18 9as flow
characteri zed i rcompmaisihg aambbiksitz &8 @y rednsne Sofreddmwni cal and is

conposed of the rt (4)P913c&$§ sgggork 2) rgEgFa%% ac%f(7)a OE ';ngic

covers the opposite surface of the sal % o%hat* sif
agai nst the surfdgeice0 g@)oniindge tsar €31(513)HSOT1 t he sai d@wgmﬁer(lzz)ed in

10 that the textured material (1) is rolled out against
the surface (6) of the part (3) of the corrugated
support (2}, so that it follows the form thereof, and
in that it: is ‘held there .with the “help of an
immobilization means.

15 14, © Process according to Claim 13, characterized in
that the immobilization means i1s mechanical and 4is
composed of the part (4) of the support (2), the
surface (7) of which covers the opposite surface of the
said material (1) to that situated against the surface

20 {(6) of the part (3) of the said support (2).



