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come under scrutiny as a potent greenhouse gas, and nitrous oxide abatement catalysts have

25  also been included in the ammonia oxidation vessels as layers underneath the precious metal
ammonia oxidation catalyst. For example, it has been proposed in WO 99/07638 to oxidise
ammonia by combusting ammonia with air in the presence of a platinum gauze catalyst and
passing the resultant gasses through a layer of nitrous oxide decomposition catalyst comprising
a ceramic doped with specific metals or metal oxides disposed below the gauzes and above

30 heat recovery means in the ammonia oxidation reactor. Similarly, WO 00/13789 describes a
similar process whereby a metal oxide selected from those of La, Cr, Mn, Fe, Co, Ni and Cu
was used as a nitrous oxide decomposition catalyst immediately after a platinum gauze in an

ammonia oxidation reactor.

35 In each of these cases the problem exists that by placing a particulate catalyst in a layer below
the precious metal gauzes an increase in the resistance to flow of the gases takes place. This
increases the pressure drop through the reaction vessel thereby increasing compression costs.
Furthermore in processes operated at high pressure, e.g. above 7 barg, the contact time

between the reactants and the particulate catalyst may not be sufficient in the thin beds used in
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that of the outer perfora
catchment gg uzes. ThIS has the advantage that the precious metal gauzes used to prepare the

perforate members may be rectangular, and therefore produce less waste in fabrication than
circular precious metal gauzes of the same surface area. Multiple catalyst and or catchment
and or steel gauzes may be used, which may be the same or different. The end members are
30  suitably fabricated from steel sheet and preferably are detachably mounted to the perforate
members to allow catalyst loading & unloading. Where the perforate members are cylindrical,
the closed end member may be circular with a diameter at least that of the outer perforate
member, and the open end member may be ring shaped with a central hole of diameter at most
equal to that of the inner perforate member. The suspending means may be attached to one or
35 both end members. Preferably the suspending means are provided by extending the end
member forming the open end of the unit. When the unit is placed in a reactor, the end
members may also be inclined to direct the flow of gases through the containment unit in the

desired manner. Additionally, baffles may also be provided on the unit to direct the flow of
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oxidation catalyst may be a platlnum group metal catalyst, WhICh may be supported, such as a
25 Rh- and/or Ir-based catalyst, or may be or comprise a base metal or base metal oxide,
especially where the base metal is a transition metal or a rare earth metal, and may, for
example, comprise one or more of iron, nickel, copper, cobalt, manganese, silver, or supported
platinum, palladium or ruthenium. The catalyst may also be a mixture of one or more base
metals with one or more precious metals. Hence, ammonia oxidation catalysts suitable for use
30 in the present invention include cobalt-containing and non-cobalt-containing ammonia oxidation
catalysts and mixtures of these. Included within these are Au, supported PGM catalysts,
La,O3, Coz0, optionally with minor quantities of Li,O, certain spinels such as CoAl,Q,, certain
substituted ABO3; materials, certain perovskites such as LaCoQOj3, including LaCoQOj3 in which
partial substitution (e.g. up to 20 mole%) of the A-site has been made by e.g. Sr or Ce, or
35  partial substitution (e.g. up to 50 mole %) of the B-site has been made by e.g. Cu), La,CoQ,,
Cos0, supported on alumina, thoria, ceria, zinc oxide or calcium oxide, Coz0, or Bi,O3
promoted by rare earth elements or thorium and optionally containing one or more of oxides of
Mn, Fe, Mg, Cr or Nb, CoO, with Pt on a support.
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However preferred mixed oxide nitrous oxide decomposition catalysts are spinels and
perovskites. Spinel catalysts that may be used in the present invention may be of formula

30 M'M?0, wherein M" is selected from Co, Cu, Ni, Mg, Zn and Ca, M? is selected from Al, Cr, or
Co (and thus also includes Co30,), Cu,Co5.,0,4 (where x = 0-1), CoxMg+.<Al,O,4 (where x’ = 0-
1), CosxFe,O,4 or Coz+AlO4 (Wwhere x” = 0-2). A preferred nitrous oxide abatement catalyst is
described in WO 02/02230. The catalyst comprises 0.1-10 mol% Co;,M,0O,, where M is Fe or
Al and x=0-2, on a cerium oxide support. The catalyst may also contain 0.01-2 weight % ZrO,.

35 A suitable non-Co containing spinel catalyst is CuAl,O,.

Perovskite nitrous oxide decomposition catalysts may be represented by the general formula
ABQO; wherein A may be selected from La, Nd, Sm and Pr, B may be selected from Co, Ni, Cr,
Mn, Cu, Fe and Y. Partial substitution of the A-site (e.g. up to 20mol%) may be performed with
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The proportion of the various phases may be determined by X-ray diffraction (XRD) or by

thermogravimetric analysis (TGA) making use, in the latter case, of the weight loss associated

with the characteristic thermal decomposition of CozO,4 which occurs at approximately 930°C in

air. Preferably less than 10%, particularly less than 5%, by weight of the composition is free

30 cobalto-cobaltic oxide and less than 2% by weight is free cobalt monoxide.

Thus there may be a Perovskite phase, e.g. VnCoOj3; or VvCoQ3, mixed with other phases such
as W03, Vn,0s3, (VV,VNn4,):03 or VvxVn,O,. A particularly preferred catalyst is a
La;,CeCo0O3; material. Such catalysts may be prepared according to examples 2 and 3 of

35  EP-B-0946290 herein incorporated by reference.

Whereas the containment unit may be placed in a reaction vessel as a stand alone unit, it is
preferred that the unit is used in combination with a precious metal ammonia oxidation catalyst.

Accordingly, the invention further provides a catalyst combination comprising a precious metal
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by-product formation, and may thus have an increased rhodium (Rh) content, or may contain

other components such as cobalt (Co).

30 In a conventional nitric acid plant, the number of gauzes employed depends on the pressure at
which the process is operated. For example in a plant operating at low pressure, e.g. up to
about 5 bar abs., typically <10, often 3 to 6 gauzes may be employed, while at higher
pressures, e.g. up to 20 bar abs., a greater number of gauzes, typically >20, often 35-45, may
be employed. The gauzes, which are normally circular, may be incorporated individually into

35  the reactor or may be pre-formed into a pad comprising a number of gauzes that may be
welded at their periphery. The pad may comprise a combination of woven and knitted or
possibly non-woven gauzes whose elemental composition may be the same or different. If
adjacent woven gauzes are present, to facilitate replacement, they are preferably arranged so

that their warps or wefts are at an angle of 45° to each other. Angular displacement, suitably at



exanple in GB 2064975 and GB 2096484. The precious netal ammoni a oxidation
catalyst is preferably platinum (Pt) or a platinumalloy, such as an all oy
of pl ati nmon2eigdacs7sodi um (Rh) and/or pal | adi um (Pd) contairiBgos#Bos
preferably >90% Pt by weight. Alloys used in amonia oxidation in the
production of nitric acid or hydr ogen cyani de incl ude 10% Rh 90% Pt, 8% Rnh
92% Pt , 5% d 5%f)§h 90% th ?"j 95% Pt . @I S con n%?upto about
5% of irididm &Y P Pr%iisegl §8“98%a 20" Y °P VBT edB CeoﬁR?éH? 'e&i‘“ he precious
nmet al cat alcyanekimy desirably be fornulated to reduce nitrous oxide

by- product formation, and may thus have an increased rhodi um (Rh) content,
or may contain other conponents such as cobalt % a conventi onal
nitric aci ¢3PRARE 924458 PR QPa'&ﬂd'uah%i%Q%s'ré%PWé’Ha'a B’é"f‘m%da&ﬂn PIAYS [Fa%sur e at
whi ch t ke ;asecea:lsdl@tterpecrrabltedtorsl%mrvamaeq)blatmunm |astpyah&mumpe¢t@hievgpcaatiohow
pressure, %ﬂi : auzes
may be errp%(r) gngc(;ﬂ'éﬂ V\%Iq)?se Al E@elog{@gtglugl?é?sp%ulclyca?étgnenpéa%]g% n@tt‘g
great er nundsErOf Wpvegy Srited %ﬂS@éW%lO“"}ez@ed BTy e gauEss alkiptp t%eéﬂﬂ%ﬁed The
gauzes, Whiabdvedbahagrec@ls| iyetalicatanstar Anyayladien proset parg@uiadwil belabié atchy int o

the reactor, afuritio |al?ﬁ urf s 19 'oVES hé%tcgth%fﬁﬁ’!a%uu% d;!BR(ehPAfﬂ% c%tcﬂr‘r{gfﬁ%%éuz%fm auzes

t hat may be elr-peri conbi nati on
of wovéR arkd frremﬂpttea%(o %@sejeﬁrbwly%ﬂﬂmnwm/erﬁfe@@uz’é@Aawl@@ser rePrerpeh*ﬂdwm

conposi ti orbamwak&ﬁm&m«ga@z@ma%e diddf ahe Bétchnﬁefnt @éﬂt@ecraggt bV BIE YR BSat Al €
present, re erab

faC|I|ta e acerrent\/ %% ; |y arran eg so that
e s war pahep S el S SO Mt 6o B 5 RuBL R R R
di spl acenemteciogsiimetabtayalyst S0, Thaygatehingmt prizessway hreftniedre. adracdmttowsven gauzes

to reduce QRRAGIYHH. éb@@ﬂf\i@éncgrﬁé/@mé‘@?erlo‘r I&gersﬁ%aéﬁr@a&ﬂtme@éi%@@st%ﬁ&ﬂ on
pal | adium are desira | ants to act

so-cal I'8d SH!Yerss: a(‘ﬁ%b'Blalké'H%?%d &"em?}t@(ﬁ'éﬁ'?es%‘ﬁad' “BRCHGHAY H?Ee”ﬁ'sss cheni cal

action, evapoeradrikoitedintorageédmis oatal bosiseis ofidasion bditdqu pacebyssingt ad acat al yst .
Such cat Chg%ment@l@%%a\m}’or%ttlng pPoQS’ssf %{?ggjgn Pé}é%&??uaﬁé mEfAL:SLll HQH% es or

aggl oner at non-woven gauzes Ki n ove OI‘
preci ous n¥eaYinGtkgiting { .g%ﬁ‘?stﬂ&“lfeécﬂf%?ﬁ"ﬁ?'%@h?a"ﬁﬁu%at&%(ai’éh s ('\b)e able to
cat ch VapOlntblbe&Qdo)pir ablt MuUN Parssamge B'¢&tthmdnt gdea ey bl eabpadiddbnlanEenivent of

;ng g?tazgl y > 8)‘%92% %?lopﬁerg&%q' Ehubéggdrﬁtﬁgdgre{%t\éﬁal {erﬁ%sﬁr{aag l)é{for 4L93/%d gDI‘ eu ed.
The catc hné?ﬁucgaltj@esoxﬁapyﬁ@dw rnatied. anddesyriedstiefernkly pendain ea@alhe”@%mt cat al yst

gauzles l nd:e\@ dm|rliioﬂ|uﬁL(RhPrlﬁb&tlét@ﬁﬁfallﬁuﬂ gdiads dgﬁtéﬁﬁg%ﬁmogﬁté bf @tinamRHECI ous
netal cata a The,c ment auzes e i IE)% .. ral ng to
The-af or eotiugRRey beied 2 Sh e AP d5RScE N SBmiB-b2n effeflun 25 G 1
nmet al cat a|rlg®tur’rkandttluegr§ma|nder platinum, or alternatively comprise 82-83% wt palladium, 2.5-3.5%
25 wt rhodium and the remainder platinum. Ceramic fibres comprising an inert refractory
material, such as alumina, zirconia or the like, may also be woven or knitted into catchment

gauzes in addition to the palladium-based materials.

The supporting framework for the gauzes may be any currently in use and includes simple
30  girder support arrangements that extend across the vessel and so-called “baskets” in which the
precious metal gauzes are supported on the base of a cylindrical unit suspended within the

ammonia oxidation vessel.

The containment unit may be separate from the supporting framework for the precious metal
35 gauzes, but in a preferred embodiment, the containment unit is fixed to the precious metal
supporting framework using the suspending means. In a particularly preferred arrangement,

the catalyst containment unit is suspended from a precious metal catalyst basket.
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Preferably the process comprises passing a gas mixture comprising ammonia, an oxygen
containing gas such as air and optionally a methane containing gas through a precious metal
catalyst gauze on a supporting framework and a particulate catalyst disposed in the catalyst
containment unit.
30
In the oxidation of ammonia to nitric oxide for the manufacture of nitric acid, the oxidation
process may be operated at temperatures of 750-1000°C, particularly 850-950°C, pressures of
1 (low pressure) to 15 (high pressure) bar abs., with ammonia in air concentrations of 7-13%,
often about 10%, by volume. In the oxidation of ammonia with air in the presence of methane
35  for the manufacture of hydrogen cyanide, the Andrussow Process, the operating conditions are
similar. The present invention is particularly suited to processes and ammonia oxidation
reactors operated at pressures in the range 6-15 bar abs, particularly 7-15 bar g (so-called high

pressure plants) because the containment unit may readily be placed in the vessel without



contai nment unit then pass radially through the particul ate catal yst

di sposed in the containnent unit and then out of the base of the unit and
exit the wommi@esrsi dati on vessel via an outlet in the lpeasasB2i®@as51205
arrangenment may be reversed in an upflow vessel. In cases where a

conbi nati on of precious netal gauze and $arti cul ate catalyst is used, the
i nvention further provi hod of retrofi nmoni a oxi datl on
vessel  comiPy i BRSrRRET nh BRpERreice CEunpaN fohi P B P Ut | ho

preci ous netedlumcaessbnesand an@spheriepkenten f urt her provi des an ammoni a oxi dati on
process conprising the step of passi ng a gas mxture conprising amonia, an
oxygen cont ai ni as air optionally a nmethane_contai ni ng gas

n
through a PaFe Oé’grag 9e°°8%‘f{'%ﬂs§’§?°r'8?ds'ﬂ%‘°§g8 ¢jithap ReerpustaIAsticeds e PRARST® uni 't .
Pr ef er abl y atinenjprpasergsthroogisred@s npts satalgst gagas and thénif eesiredrpask sherrgsutantoni a,

an oxygen GoRpa| Nidad gas b%HBFh.@o%s%k.&e Am &ﬁtloﬂ’&é‘t@algyt ﬂp%&?ﬁ SRBAANNI NY

gas through a precl ous met al cat al l{lfg e on a OI’tI n ramevvor and a
particul at @f%a%saﬂﬁmcﬂf%%?&joth?{wlsﬂéo PRPSAthe BRATRIE tﬂH’@rﬂgh ingesirplie ¢ he
oxi dati on ok affpaBsMgaanirionid (i.&.1“em@Xmial ipf)ad the Riric e et @hek eRplésiieC aC| d,

t he oxi dati t

particul arl &%@%@%ﬂ? ETESQ 'ﬁgo%(fglfa%l tr%npg)é%s%r grﬁpo% tlo%gaq I%SQQ% Ipr essure)
bar abd0, wispangfiertyd anmeniapridagernestaitst Qtolt%@at%ﬁt Fasgmbly, igs P‘eﬁﬁ'b&ﬂ@e?rmlm% by
volune. In atobmrcmgd Q@ﬁdnwatrefanarmrfecatometmemws mefal t:élaymca&egl%@ﬁ itMehiane for
t he manuf acture hey rtog n.S %( lgﬁef t he Angah S5O ess er ating
condi ti ons ”E}yee”%? S [ O N PR T RIPRPER 156 i ?ﬂ?'(eéjlﬂra?ﬁ%?ys%‘? 88 to
processes aigtereammoomiceflopxateltatbecned. daeddion, apesntivoratipratioysrresialgrezs dakalyslise range

6-15 bar algnaRafcbh fedriabhky eazrelgfosle%fatlg.m( ﬁlesg aAnH %@eﬁ“a@@thgrlseﬁﬁﬂéreﬁt tQ LARES)
because t he contai nnent unit rea aced in e vesse

wi t hout'RaviedeSbCIRSYE D AN 'ﬁ%?a%ﬁ‘ééﬁkqf8%'6\98'?3?“H~rér§ﬁ§r988’?h‘f’dﬁ”t&?”fLB‘HWd j ust
bel ow t he geafiares conditeds, umayEies moeeased rdtalbtriftes Herrpeigp leagthShefddn di@tdogpés at | ng

condi tions deschiRps ﬂ@{ap&%ﬁf Beddusd'AS pll%f‘e%d HﬁH?J oxWe%%Edrﬁp%suh&m dd %JSYBIOX' di se

t he anmoni a a55| ng throu reci ous net al gauzes and

desi red pa§§°e@c“l"|%t°r°é§‘l¥§? Qﬁf’x'ﬁ‘?tpf‘ SLRPMNG: frsh 6\9?—?@5%’ %é‘ﬂa'é’l‘ leRgths o Sf YRAtde
deconposi t isgnificatatoysdnt ofdpasrt ahd aenhighle deeduoiet i on in process efficiency, to
oper at g,ot herw se coul d expose the operator to the highly undesirable risk
of passing_anmoni a gi.e. ‘anmonia slip") to the nitric oxide absorber where
expl osi ve dhfbisPermoning Peesent frgntiop mey PRYIIP AgBPstT A Inleberiv 1690 8P®Bxi de

deCOﬂDﬁSl t |pﬂiﬂe|r§tﬂ)1? BdIB S0t dpa, mofe @éfseb@mee\%e@wnven&mmeeerm {539 zm cat al yst

Into the cata t _as S .per t OI‘tIOI’l

of the anmohi 4 Fas PEOCH piac il eRaran b & oY PusSehsadinRen
unit. Furthermore using the catalyst assemblies of the present invention the campaign length

25  of ammonia oxidation processes may be increased, e.g. by 210%, preferably 220%.

Hence for a low-pressure ammonia oxidation process, the catalyst assembly of the present
invention may comprise 1 or 2 precious metal ammonia oxidation catalyst gauzes followed by
one or more gauzes of palladium catchment, followed by a radial flow bed of shaped units of an

30  oxidic cobalt-containing nitrous oxide decomposition catalyst. Likewise in a high-pressure
plant, there may be less than 15, e.g. 10, precious metal ammonia oxidation catalyst gauzes
followed by the catchment and the bed of the oxidic cobalt-containing nitrous oxide
decomposition catalyst. Thus, for example, the catalyst assembly may comprise 10 or fewer
gauzes of a platinum or platinum-alloy ammonia oxidation catalyst, one or more gauzes of

35 palladium catchment, a radial-flow bed of shaped units of a mixed metal rare-earth cobalt
perovskite catalyst. In a preferred embodiment, the catalyst assembly comprises 10 or fewer
platinum or platinum alloy ammonia oxidation catalyst gauzes followed by one or more gauzes
of palladium catchment comprising <5% wt Rh, followed by a radial flow bed of shaped units of

mixed metal rare-earth cobalt perovskite catalyst, preferably as described in EP-B-0946290.
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present invention anmmoni a "oxi dati on

cat al ydf g&araigmerslupipsiseenspd ere seif bﬁ%ﬁ@”'@dﬁ&@@ fbefmtb?éﬁ Jrepapesne eevdhnent |

fol | oned byuvarRGhdd fidd.ow bed of shaped units of an oxidic

cobal t-contai ning nitrous oxi de deconposition catalyst. Likewise in a

hi gh-pressure plant, there nay be |less than 15, e.g. 10, precious netal
ammoni a oxildaigiren theadaddlypstontpanueaturitgbmpiises inbgr ant euteatanbentristcylnddeal he bed of

the oxidi C rﬁ‘e@h&'ﬁ SO R HoR Dt Fn'éQUénd@%bﬁé‘ordﬁﬁé)HHﬁ?ﬁthdx%@tr&@éa@a'ly)éth}auzéEhUS
for exanp t he catal yst asse n%rrse 10 or f ewer auzes of
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of pal | adi partic@dste brmeotia o&datadraadl/erfrirtwus bxdk afateptzap@thlyshi@ sThefmeahesi etk et al

rare-earth a%nnginﬁed% Oé(rétlﬁér s?eepéﬂe@‘ﬂ %ﬁﬂat ekt@nd% rBF.ﬁ;fn%W 5(9 s%%%btﬂ%mne uFr he

catal yst asse rises 10 or I 'at I num or atr num a anmoni a
oxi dati on é'é&r%qyyﬁ%’t""‘éé’mgd ¢t ICBW%%I“WV &Pl shert d8 gadiyiEin e inpe qy%{lﬁl’f'
cat chnent c@spno 8iptgedcd%nidal Rifle Joahdtawe b digctajat ediady thfdugNVthberdrt ofheshaped

uni ts QB maﬁﬁl%zgqgé% ﬁészzg(% &%(t&got%gb%ldtof BS'En%%t?e‘é%emC@lt r‘é-s%a &?eg %bl y as

descri bed in |nven ron 1s further reference
to the drawenps’ 2hhaxinp lsentr frle eorespandigg éthe digagtesefdfee inasyngsh. diwrew a

catal yst cadHnilgRABpPén dHal trh@sﬁoprhdhm 2b @ adglbd fréh tRMAIed hréanaovrmftaras&dmmend
menbers arranged to %rovr IS a.cut-away

t
T el con S ot AP EhOE pPatoliPtilas! %‘Uﬁr%”dér@emagﬁgfornsdgvge%a
enbodi nent ewetding the edgecf feribe msmaen2rigedhe outgnroashd@. Trweustiendingdima4 f | ow,

Figures3 i $iaga ﬂ%e@%yrts\%xﬂ&nrﬁzl t6 Y&t A tehtioR Bf RAEURINIS A¥hWHR! TRBadkRSRR|
containi ng r&jsc%r?e[t sh(}/wnt) connect the end members 18, 22, and allow the unit to be disassembled for

catalyst loading and unloading.

In use, gases enter the unit via the central hole in the ring-shaped end member 22, pass

30 through mesh 10, catalyst 16, and mesh 12, and then out of the unit.

In Figure 2, the catalyst containment unit comprises inner and outer concentric cylindrical
meshes 30, 32 formed from steel mesh and/or one or more platinum oxidation catalyst gauzes
and/or one or more palladium catchment gauzes, defining a space 34 in which may be placed a
35 particulate ammonia oxidation and/or nitrous oxide abatement catalyst 36. The meshes 30, 32
are mounted on a ring-shaped steel end member 38, having a central hole corresponding to
the diameter of the inner mesh, thereby forming an open end. At the other end of the meshes
30,32, the unit has a circular steel sheet end member 40 mounted horizontally on the meshes

and extending across the width of unit thereby providing a closed end. On the upper surface of



containment unit with the end nenbers arranged to provi de outwards radial
flow, and Figure 4 is a cut-away side elevation of an ammoni a oxi dati on
vessel combabmings7a catal yst conbination conprising a pretiGB80MBIAE gauze
supported in a basket and a catal yst cont ai nnent unit suspended fromsaid
basket with the end menbers arranged to ﬂ)row de outwards radial flow 1In

Figure 1 th ont ai nnent._unit conpr nner . and ter cqgncentric
oyl i ndr i caltek o aud Sendid sfpr Bt B PR ER SRaFiraim ¥ ThipRd S
pl ati num oxkidedingthe elaesadfy@trmgauQ@smaerd%cblpn@nelIxolhernmﬂe:awrdnafdje gutecagsbhnent

gauzes, defzhid %v@-th%%ﬁ@ﬁ]eﬂnﬂeru@ Wvﬁ%g%su@ﬁen@ina%gn@mE}ﬁé’&lérﬂél gbGaammoni a
oxi dati on and/or nitrous oxi de abatenent cata nmeshes 10, 12 are

e
mount ed on PETREPEERINGRT WG araiddie quieriesh Sa iy ‘?é%/iB%"hﬁBP?SfB Hiaéilf'?‘Qj tofbe Uit he
wi dt h ob t fee sumpendirgheemdbynas aflarigads at its| exgerdityeo derm@instdiation ppide usitinfoace of

sheet 18 a’?ﬁac}’&rtﬂr&d%ﬁ'@t !aﬂ@d%r(n&%hévﬂg 3{3@% RS rdndefs 32 26 Sl QuFQ\RHé Gl

baffle 20 t acts to direct gas ﬂ% rough the unit. The annul ar
space 14 i £ kg gsassenaied fRecagsbiPadiiprduneAd@dreshes 10, 12 by a ri ng- shaped
steel end nedeegasd? eh@vhdgnitavicctRbrindlar od €6, passItRSEONBesh(P2] @itdijse3slandet er  of

the inner e§n30 aﬂﬁ%gﬁ%ut o?th‘ P vi8 the i 1810 rﬁg%ncﬂ% mBQ[?r'?%er 22 1s angl ed

fromthe ou e I nne an angl e of about
45 degr1@es Suspendl ng arm?24 is formed by vertically extending the edge of

the ring medvbglire 32a &w.ﬁunoa%nwtaefx.damweas& comse%mmdlua@r%m@éz wigs a
flange 26 a ion into, a

t t
oo L PlaeSeREE il & kb i lots” 20
and al | ow tlcw@r pertienst SudrendidSemestbiniHigdo fvhin thatvassgkis alcatal$tiegntaindentmhibagdi ng.

I n use, ga%@&ct@@h@*guw"ﬁnq\mch rﬁ@sﬁ1@9&nrﬁ§é§£ ﬁhrahQBﬁalétlﬂu%Iaﬁmfohﬂg)xiag'tﬁ)ﬂed end
menber 22, pass cat al and t hen out of

S ) )
the uni'®. 6 aiff'téﬁ%"s ghe ?ar‘ﬁ‘iyséé'f’%PfQ%% m‘é%h@a[?%?éﬁ?tcoﬁ‘ﬁ'i'ste E8RpIPEPE1ANNAer and
out er conceatchment quzemdmd tbamesreshefrti3h corB@ist ongrerdndre etrengthesihg stegdh and/ or

one or nor g, at 'MHéM??&'p‘E’Q&’aWa%@El%ééﬁt nr%?tﬁre@urtg/ géssgf'gn (e Hi’&fo?w&é' | adi um

cat chnment gauzes, defining aced particul ate
amoni a oxiHRE J¥ET BAEANGE. ﬁPfir?‘éf{}éaﬁGﬂr feat el é%ﬁrﬂrovtd&tj 3T°§/§‘i thSBe”F’f‘ﬁ@ hbehes
30, 32 ar e camlysticostainmest uhit ngwséiapedjtsrtrﬁ@h 12BAd the r3rle wal of thavdseg 66. Tt r al

hol e cgpre I o Al ng an
open ol - AnOpnEot 1 bR ek Ehendt b tog aBndFEbend PPHEMRLINTD

st eel sheetthectwer meahag thalmagesLamesgndibm E\@Nﬂlamayre@ﬁlytm@s tﬁé@H@@er@ﬁﬂo@eth endi ng
across theyd ke of unit thereby providing a closed end. On the upper
surface ofsheet 40 and extending across its width is a conical baffle 42.
Suspending arm 44 is formed by extending the sides of the ring end nenber
38 hor i zontimalideya mirdute ofeantmanid dngl afr r aptionafecantaining meskdne, is passed at elevated

25  temperature and pressure downwards through the inlet 64 and is deflected by member 22 to
pass through the open end of the catalyst containment unit. The gases then pass radially, with
the assistance of baffle 20, through catalyst mesh 10, particulate catalyst 16 and steel mesh
12. The catalyst mesh catalyses the oxidation of the ammonia and the particulate catalyst may
complete the ammonia oxidation reaction and/or catalyse the decomposition of nitrous oxide

30  formed in the initial oxidation step. The reacted gases then exit the unit and are deflected
downwards by shroud 72 to the lower portion 66 of the vessel and then out of the vessel via
outlet 68.

In Figure 4, a cylindrical ammonia oxidation vessel comprises a domed upper portion 102 with
35 inlet 104 and a domed lower portion 106 with outlet 108. A flanged joint 110 joins the upper
and lower portions. Suspended from this joint 110 within the vessel is a gauze-support 112 in
the form of a steel-frame basket containing a precious metal gauze pack 114 made up of a
plurality of platinum/rhodium ammonia oxidation gauzes and a smaller number of palladium-

based catchment gauzes. Suspended from basket 112 is a catalyst containment unit as



32 to above the end nenber 40. Providing the suspending nmeans in this
manner provi des a peripheral annular void 46 around the outer nmesh 32

t hr ough weochiogases may flow to the unit. The suspendi ngcargB24eb/f3amsa
flange 48 at its extremty to permt |nstallat|on of the unit into a
reactor. Threaded steel rods (not shovvn) connect the end nenbers 38, 40,
and all ow the unit oadi ng.
' use, oadBaEhingic:faE R S ToReS g, s d plhens P B dBnd A resh 32,
cat al yst 36uspendingmsdns39 is atachedhe imisut!6 ektending fram the wnderdideeof besket HI2. hol e i n

ring end m%m%?fo récﬁrce lstrrlesEéQdH tﬁe %teﬂorawéjr'ly H tﬂgibbvgraﬂort%m@'a%h%lj gé‘ﬁlé She¥essel
COITprl sSes a | ower Ort i on

66 with oulsf"@'fj 16%'39 Vfdle%\ﬁ@éﬁfj ihSPﬁrfph?@OfEB‘Fﬁ%ta'%’ﬁé"%'[}@?”téﬂﬂ'&b‘?%%ﬁé‘rth‘?)‘a# i ons.
Suspendéd fwesn 2 Aindsthe @isidé wZlDofwhet eissel t1 o Thessuehd baffleais Gaidad ytsbemﬁngtrmansre nt

unit as depi f | L I

pl ati num a%}r%h(?g S(‘%%legzlgtg rlldct)r(r?;e %uztaéra e&@%&gg ér&%é%gﬁrg g?’? @?.Bég’a@ly pta%:e mesh
10 may al s&"etprPden giiee \ssthor e pal I adi um cat chnent gauzes and the mesh
may further conprise one or nore strengthening steel neshes. Mesh 12 is

preferably Irﬁaus%t gﬁlxtﬁé%m$&| :Ing%[r %?a?#alﬁy&%%lqi@arﬁéﬁ %%,eiggas?gc?al] Iet\/gl{edor wal | s

of the | ower provi ded
around Phe temmrqiwe eipd @ﬁsqurmth@agfamﬂet ¢ehanglidistribated Qe rthereitfageeah tftewetatyalt er
mesh 12 angatReabisi4dsy gahs oidfistibdforMBsme | noﬁ&owﬁ)hel' he lesdspabaddwn@ardd i s

conveni ent | fromthe suspendi n 24 and ced m t he
oo e e R B PSR e S B PR RE S Lo B ¢ he
| ower port igenmixfure then passsedownivarda ged is gdefiectet! by eegbersdfio naéss tfan'd;haher open

optionally eﬁ@Bﬁtﬁé EHtél t@ﬁé%t uritS TIH@§§5%Q tidh pgéser)éaélf%dw&rﬁtﬁ@%s%ié%@ofadaﬁ'le
pressure downwar ds and s def| l¥e nber 22 to

pass t HPoudgh t{"ﬁlég'b'ﬁ%ﬁl? 1(9nget%¥3tﬁ1%nddﬁﬁsﬁl1§éf“ﬂ"e@d'ﬁﬁ %‘?Sﬁ?fjerﬁ?cnﬂ?ﬁtf" APRs- J8%es t hen
pass radi aldesired wactiont rhay tesise sinanhatien offthdahihbrea @adatibireactigh be atiddtipsdf nesh 10,
particul at %}gn%%%ltﬂéhaslr@méfﬂgd §ﬁr§§,ltedr5ﬂ§%a%%aem}8ug%5al ¥t arﬂ%? thecat al yses the

oxi dation of the ammoni a and articu te cat st may conplete the
ammoni a OX|d8%&'Wp8ﬁt'?’b9.{@tt’PHJ%1°>%ﬂ?d?r6}ed H‘aft‘%d”i}"s"é)xtdﬁ@”cfé%?oﬁﬁ%éﬁaﬁ%ﬁaﬁﬁﬁ thenexibus

oxi de f or meek unit ahdnereidefidctedldoaitad byosmrdiiti @ps totheloweaottied 10as s Tdhemamki t t he
unit a t by shroud 72 to the | ower portion 66 of

t he veggel ﬁengﬁ{#%e\%g?eq\?%n%é@essel via outlet 68. In Figure 4 , a
cylindrical ammoni a oxidation vessel conprises a donmed upper portion 102
with inlet 104 and a donmed | ower portion 106 with outlet 108. A flanged
joint 110 joins the upper and | ower portions. Suspended fromthis joint 110
within the vessel is a gauze-support 112 in



the formof a steel-frame basket containing a precious netal gauze pack 114
made up of a plurality of platinunfrhodi um ammoni a oxi dati on gauzes and a
smal | er nwohero/abe7pal | adi unbased catchment gauzes. SuspeadasB2boonsibasket
112 is a catalyst containnment unit asdepicted in Figure 1, in which the
nmeshes 10, 12 are steel neshes and the flPange 26 on the suspendrng means 24
is attached, to linbs 116 extending fromthe underside of basket 112. In
order to r s stresses on the interior walls of the | ower portion 106, a
shroud baffle or heat shield 118 is provided around the periphery of the

catal yst cont ai WBMysthlaindRhVERsutiFe BHEL In BB SHmdsa @)ﬂ&iatrhrh@es%éls' de wal | of
t he vessel 106. The shroud baffle is fixed to suspendi ng neans 24 and is

spaced fron1theCBWW@WQﬁ@%ﬁ"@%“?ﬁﬁﬂbﬁﬁ§8§“%h%¢ﬂpﬂ%a??%Wr FRECEITYNIGRER) readily
pass to the | owpnrtipdatt catalysdimaly he plaess ehd prbcressrﬂled -ingpemedbkiread okmaamoNi a and

air, optionally n?o%ﬁ%é‘}aﬁ}h@%nﬁ@é{ ik oﬂa&rﬁ’ éreﬁ'o%@ﬁoerqer‘h é’ﬂ%% Ure and

pressure t hrough t dlstr over surface
catal yst gauze PFaCRS He4niy PrRYARS C@Pe‘iﬁ@tqnij Bl‘i’tqt'lﬁﬁ erﬁefa?rgbe(r ﬁBﬁesstPR)WW'ar The
gases pass downwpdddshdrébyippdviding dnfopenighi thrbegrgmua@ap@@Mawmﬁrer blteheumipni a

oxi dation reacti R@gusﬁ%e%g%%g?namgd Ja%b%grq?ot rn%el;s%'%/ ﬁ?ﬁe@r{%y@t ar ds

and is deflected ass ro open en | yst
cont ai nnment uni tseCUTWeN'@&‘s%@a@Wen pass radi aI I y, WI t h t he assi stance of
baffl e 20, through mesh 10, catalyst 16 and mesh 12 where the desired

ti t ak The. d d t | et f th
rmoni o oxi qati OHEFUEL BTN SR o P HEHF S S ORES RiR R
unreact ed after cpmdecapded meshegh pack 114, and/or the deconposition of

nitrous oxide formed in the initial oxidation step. The reacted gases then

exit the unit_and are defl ected downwards t?'%: shroud 118 to the | ower
portion 106 of ¢rEEbekLaEngrgt Y HEARCEHRS Brlatth iergBES e WGP ¥t B 108. O ai s
1. A catal yst pedoataimembats camptise cgeliot mbre@latiom ceaysit pauras amywieha@oroxerdat i on

vessel , conpri S'pQﬁbdFuWPcafcﬂﬁH%ﬁt@aﬁie% perforate nmenbers defining an annul ar
space in which a particulate "cat al yst may be placed, and process

fluid-inperneabl e end nenbers nounted on the ends of the perforate nenbers,
wherei n one end Nﬂéfd@@l’coﬁtétrﬁfédﬁurﬂ@b@&ﬂng‘.tb%njdditietof'bl@mﬂﬂ(wBd\&re&rrﬁh@ﬁ@drﬁsﬂd and

the other end m‘?rmgn%ers r&é}?ﬁdrrcg clo%dae ﬂ?ﬂ%ﬁ]%gr |£ .‘?ou%%tr% S’XJth‘ePeq Ie%st tRzRen end

t hrough whi ch gases nma
attached to one obthe B@trehp%fﬁ@tene?m@r Pngyhegpee And rnemmrrsrrmmpam V‘@bél@?’ét@' Wit hin

a reactor. 2 . Aokatahystr £ adkedquamAhatdltie ideE pérfbralgmb@bs! ai m 1 wherein the
perforate nmenbers are cylindrical steel neshes.
5. A catalyst containment unit according to any one of claims 1 to 4 wherein the end
members are detachably mounted to the perforate members to allow catalyst loading

and unloading.

6. A catalyst containment unit according to any one of claims 1 to 5 wherein the
suspending means are provided by extending the end member forming the open end of

the unit.

7. A catalyst containment unit according to any one of claims 1 to 6 wherein baffles are

provided on the unit to direct the flow of gases radially through the catalyst.

8. A catalyst containment unit according to any one of claims 1 to 7 containing a
particulate ammonia oxidation catalyst, a particulate nitrous oxide abatement catalyst

or a mixture or layered combination thereof.



3 . A catalyst containment unit according to claim lor claim?2 wherein, one
or both perforate nenbers conprise one or nore platinum catal yst gauzes
and/ or onwoanimms@spal | adi um cat chnent gauzes. 4 . A catrelncs20®031 86 nnent
unit according to any one of clains 1 to 3 wherein the perforate nenbers
are cylindrical, the closed end nenber i'$ circular with a dianmeter at |east

that of the outer rforate er nd the open end nenber is rjng shaped
Wth a centr ot RAPYSH SHPIRETE T pcordis o Bdiheran e FHAY e dreon ekt

per forate menbercatalyst.is AsupportddyRit catatyst etiarmveprrted ni ensaprogedipurg atdmaey one of
claims 1 to 4 WiRkfbilad BoneBdnoRTHES MREE EEtrsaR! MeBRBIDCEdin bQpha®r

perforate nenbers to all ow catal yst | oading and unloading. 6 . A catal yst
cont ai nment  uni PERETEF §YH %0 any one of ciains 1 to 5 wherein the
suspendi ng nmeans are provided by extending the end nmenber form ng the open

end of the unid. - I i r gi e of
claims 1 to Gi%e%éﬁlyﬁ%ﬁirﬁgf%p gﬁ%gg%/ﬁgg{j}fso&rq&%ﬂtﬁgﬁ%ﬁgt&f{jg{%&%r&g?@@? e flow
of gases radi al I°) aSHPRHH fr?ﬁ‘éwﬁréﬁaqp?g%r?'w@te. caalysheisnoged indhsaMshrent uni t
accordi ng to anyomaiemedt ugit adcomling td any bneondiaingi kg9.a parti cul ate anmoni a
oxi dation catalyst, a particulate nitrous oxi de abatenent catal yst or a
m xture or | ayered conbination thereof.9 . A catal yst contai nnent unit
accordi ng to 8 viretabisheconthnatinnacerrding o aipim de woerpiodhe Rregicus Meddl gemonig g
sngor t fed Rh cateabatih cgtwg i§¢|&m9@(e@om pIé&Iﬁ%MW&fN_&Qﬂ alataP Iyl p|an'icr9§ﬁpl4/imet al
oxi de of one or nore , Fe, : _ang._ Ni r r in a
op nel “or “per oveRRE G tan PRIecteS P4l teniei SPoRBIrERAG TB L ng s
preci ous netal anmonia oxidation catal yst gauze on a supporting framework

and a parti cu AteafRlPlofibinafirSRES &y IdbidiM 80 64ANYS wheRIMAbMAERIH uni t
according to any one of clains 1 cat al yst conbi nati on

1to 9. 11. A
accordi ng to cl SR AREF &S RoYerd UBPERsauEe REsCRYs 3 fa¥shxi dati on cat al yst

is platinum (Pt) or a platinumalloy, such as an alloy of platinumwth

rhodi um (Rh) ang/ &Faly@ﬁé&g%ﬂ%%ﬂ&?&bin&%%?éﬁ% &Qtlagn%gf@tBHE(Nﬂ Rilt¥e PO by

wei ght. 12. A catal yst I nation accordi ng aim 1050_r clarm1

wherei n a pal | adPRRVek{cE HiPstze§£0PRISeS 2 9irdsy SeRPAT AHRNSERERIh StaRaskit Bci ous

met al cat al yst. whigh the pedick yital gaurbsd aratsusportaceothdbag df @ cainyricanaitof ¢l ai s
10 to 12 wherein the supporting franmework for the gauzes conprises a girder

support arrangenent or is a basket in
14. A catalyst combination according to any one of claims 10 to 13 wherein the

containment unit is separate from the supporting framework for the precious metal
gauzes, or is fixed to the precious metal supporting framework using the suspending

means.

15. An ammonia oxidation process comprising the step of passing a gas mixture
comprising ammonia, an oxygen containing gas such as air and optionally a methane
containing gas through a particulate catalyst disposed in the catalyst containment unit

according to any one of claims 1 to 9.

16. An ammonia oxidation process according to claim 15 wherein the gas mixture is

passed through a catalyst combination according to any one of claims 10 to 14.

17. An ammonia oxidation process according to claim 15 or claim 16 comprising passing a
gas mixture comprising ammonia, an oxygen containing gas such as air and optionally
a methane containing gas through a precious metal catalyst gauze on a supporting
framework and then through a particulate catalyst disposed in the catalyst containment

unit.



whi ch the precious netal gauzes are supported on the base of a cylindrical
unit. 14. A catal yst conbi nation according to any one of clains 10 to 13
wher ei n twe 20mni4eé78ament unit is separate fromthe supporCirgB2hesFewnsr k f or
t he precious netal gauzes, or is fixed to the precious netal supporting
framewor k using the suspendi ng neans. 18% An ammoni a oxi dation process

conprising th tep of passing a gas m xture co i Sing a ni an oxygen
Contai ning gal QAR PRI EEE SRArPy e R AAto i & ACRGB4E! t hr ough
a particul at e cdaradeyattredldls19640eD°Croredsares at hloyiStacahst aitmammoniaimiair accor di ng
to any one of cl.ghddhiratiohLofF-139:18: vofdthe@Mmoni @ oxi dation process according to
claim15 wherein the gas m xture is passed through a catal yst conbination
according to any one of clainms 10 to 14. 17. An anmmoni a oxi dati on process
accordi ng to td & prockSs ascodingitanary®ne ofiqiims i1 Hip Bapsiateg abprgsssirasiinkthel range

conpri si ng amMmoRi @, ,.AhL0Xygen containing gas such as air and optionally a
nmet hane contai ning gas through a precious netal catalyst gauze on a
supporting framework and then through a particul ate catal yst disposed in

t he catal yst 2ot aéthdestietivnttibg drifammdhidRitaidroved¥d| 66thpriding Plspens s Actaysti ng to
any one of cl ai , e -

pressures of 1 {Egnt%gm%rgru*'g%%s@rn%&? %y}%ﬁ%ﬁ ﬁ]%;ﬁg 5&8%%@5%% ?tagi%ge%'s% U%f 7-13%
by volune. 19. AgH elelsyd gawesreoidams. any one of clains 15 to 18 operated
at pressures in the range 6-15 bar abs. 20. A nethod of retrofitting an

i i dat | ¢ i Si i tal yst t.ai t it
Bccording to Zhy BREGToRr R oo BB BRALHAT afaf Sy P e e e al
catal yst gauze suppoent of ¢zime ! tPd to the existingprecieusanelalrgtalys gehze sypX0t feorepr i si ng

fixing a catal yst contai nment unit according to any one of clains 1 to 9 to
the existing precious netal catalyst gauze support frane.



