PROCESS FOR THE PRODUCTI ON OF ANHYDRI DES The present invention relates to a
process for the oxidation of hydrocarbons in the presence of a catalyst to
f or m anhywoi2desi4edddre particularly it relates to a process/drwizdse233
catal ytic oxidation of butane or benzene to mal eic anhydride or the

anhyar | de. _Pr ooes S0P RS RAR fHE ERAVE GG DA ARHDRIZERR 22 Lt ane and

benzene to nal ei ¢ anhydride are well known in the art, For about 50 years,
the main process route to mal ei c anhydri de has been the oxidation of
benzene i Aht lpessesipouentphaskiand 2 fhosess dmatbirsoaddommeT idadcartmut en discount i ng
for around 15 to .20 of gl obal capacity., However, . hi benzene costs nean
hat “t he. BroBEES RS BuEtin " PERERGe L Mot VT L e e R o= ER a0l nt .
As the che stdiyifiddi8n LeBehhORSHAEME hYalSE Bhil @ ide ¥R Ridtibgoohd pl ants
intended to utilise benzene as a starting material have been retrofitted to
enabl e n- beaheaplshpenawadixayet herest lantilvgopalalidal . Wi chever starting
material is used, the reaction is very exotherm c. However, as discussed in
nore detail below, the energy released fromthe reaction in which ri-butane
i's the st &rdcefgs TRt @eiakdgysefdsdidatonh elich benzeneaidsbéhens tafdalag
material and this is reflected in the steam co-prqduct. It should be

under st oo8MEELE Preell ZREVE NEHDLEE 6PT 3PUE Wekets SWsmAPPREEt FAUE &, there
are nechan. : st .0 Ry SR, 0f . L, [ N .ylic acid
bei ng for %@é}? r%hg}' |de ﬁ%ﬁ %{egzll 22{; gg‘ﬁh%%gggﬁfﬂée 1%%%%%%‘%3 pg%% tgh%g%%(/i dation
of but aneramdnbenzemertiol makebccaninglfirdecarde! ¥ er ROstmil gobAdsapieyt he

cat al ystségg}sgd i ,t}gie reaction. ﬁTygi cgl _conmmer g@q_l catal ysts are based on
unsuppor t EF ¥FaHadi M PRISTRSEIREKNHS M W9 TR SEEORING BT RIEHEVB A v used
in fixed bed.J:8agt @kgipoRomoters such as those selected fromlithium zinc
and nol ybdenum may al so be used. Recent research has suggested that

magnesi um cal ci um and bariumions nay al so be effective pronoters with the
potential ,to, generate hjgher conversion, .yield, sgl ectivity than the
oo {1 ed e Carary e bR PRV Sp it e d e SELaTa st ihe

cat al yst deligs pames e saediyidhref hikeheatiakysitedandiBRCEebbBS: td he.

Catal yst activity is greater at high phosphorous:vanadiumratios, but the
cat al yst Bpdensithe siggmgiaiedplady pinecvae pgingynitereyl s, thareaction is very
phosphor oys:; di N . , t, OV | he opti nal
bal ance bé’%‘j\}é%%%té’cﬁg \)ﬁti:t@%}’ %rsigifﬁbcé%sgﬁ 3@?’"‘ Lliglg% g@ﬁ}l&%g)‘%%rtgggééé}gggg%%g %}rl%ducti on
of mal ei cdanfydidnde Wigch hitusdneat e¢d sotisgatdasl bycd:ds fapuhercbenkdhetifi S
process, feed is prep,a{ed in secti og,A. Here the henzene or n-butane feed
i's vapor i SEFHHEE AakEd! MG HiCe HPIESE 4H&iISFaT oA e8Htr ol | ed manner general |y
using static in-line mxers. |If a catalyst pronoter, such as trinethyl
phosphate, is to be used, it will be added at this stage. The prepared feed
i s then psdediin sektsion Bavtherart heuokedat didnrepeanti om pakelsr.phace. The
oxidation will denerate a s hst an Ii al anmount _of heﬁgt{ H\hiﬁcft[l mus{ be renoved.
Car ef ul cfft FEFIGFh@2) Bt gP 8! BERHTR AT AO° 5 B AR pRigtic aci being

hydr ocar bgn4axygeR:ieoNROSKEd Dfkildseachi ng conbustion Iimts.

The chemisiry for the oxidation of butane and benzene to maleic anhydride are very
similar as are the catalysts used in the reaction. Typical commercial catalysts are
based on unsupported vanadium phosphoros oxide (VPO). These are conventionally
used in fixed bed reactors. Promoters such as those selected from lithium, zine and
molybdenum may also be used. Recent research has suggested that magnesiom,
calcium and barium ions may also be effective promoters with the potential to

generate higher conversion, yvield, and selectivity than the unmodified VPO catalyst.



The product of the oxidation reaction is then renoved from section B and
passed to section C where recovery of the crude product occurs. Here nore
heat is rwowvedi4bgoom t he reacti on of f-gas and then an afUeEB0V05823Bvent
based recovery systemis generally enployed to obtain the crude naleic
anhydride .str str mlsthen assed to section D

pr oduct pL}ﬁjiefilaé%lgi“c SR‘%@’@%‘@P% ?0 ag”iné it Ji5i 4 ?535 ‘%t‘ﬁ%l% tﬂéepa‘di‘“ét?lqiwg‘f i on
appr oach kﬁwggymﬂgh&mgbﬁiﬁgdsu&@ﬁnghuamﬁa&@@r&ﬂﬂgﬁ@ﬁw@ﬁmgﬁb@mn@ﬁ&ncut
This separation is genera y vacuum assi sted. Energy recovery is a key

factor in e ebiinghanceeloronife pr oerss&cedr at h@tprdghl‘dt:vt i mnrﬁefﬁ‘%rral éic
anhydri de. ph§ﬁﬂ§m? %Jdﬁ%} r&t?rofrieaggs%wg k %&%g o pROHe te‘h?p l C%i%gzp%é% d wast e

recovery, om'vacuum s
hydr ocar bdwatwdea hefiviguindsanmbyt afel be utilised in ener gy recovery in section
E. Cenerally these are incinerated to recover energy as super-heated steam
The steam can be used to supply energy to the process or to suppl y energy

to integrated, RLACesSEs- pm@?&‘?&hféfcﬁhle% aﬁhﬁ/@mﬁél dﬂ% ROLAN L ?I <t S '%em

mal ei ¢, anhydride is a conplex reaction | e cata
abst r act s Faguhy dr dgéhs atoss, aadisimgerddsin 3caiypgenHateohs bgzmnzﬂgr @buexet herm ¢
heat reIe % of 297 kcatt-nol, of, butane, wi.th the rrg:lrésade reactlon of

PR

but ane oxi Bt PoRPPES LA HoRIGE Wk PEPERSLRY & F P GOUKE AENGADI  of

heat. ThesginkeaeliiQNsedifeghang {,Qﬁéh’shﬁr(ﬁﬁk@t é&ﬂsas in!n@%%l ons%ﬁ&&, z%%@HZ Cl-13
+ 3.50, C7112(C0) 20 4H20 CH3CH2CHR2GH + b, rthe oxidation

of benzendetgechal wilchapdipd i dos sthege. he m€941r@é§@$i Earﬁe:naﬁzseﬁcalwcgi@mﬂ and 555

kcal i g- nol 20,.+ 2H20 + CO2 + CO C6H6 + 602 3CO2 + 3Q0
3H20 Howev' h"’gﬁtﬁf’ Ohﬁgﬁ’iﬁreﬁdﬂ%ﬁp éatﬁ%’(‘jd that the ratio of carbon nonoxide to

carbon di oxide is not fixed
The oxidation will generate & subsianiial amount of heat which must be removed.
Careful control of the reactor is requived to prevent the hydrocarbon/oxygen

composition breaching combustion Hmits.

The product of the oxidation reaction is then removed from section B and passed to
section C where recovery of the crude product occurs. Here more heat is removed
from the reaction off-gas and then an aqueous or solvent based recovery systeni is
generally emploved to obtain the crude maleic anhydride stream. This crude stream s
then passed to section D where product purification oceurs, This is typically a two-
step distillation approach involving light ends removal and the separation of a heat

cut. This separation is generally vacuum assisted.

Energy recovery 1s a Key factor in achisving an economic process for the production
of maleic anhydride. Some or all of the reactor off-pases, post maleic anhydride
recovery, non-condensables from vacuum systems, fank vent gases, and waste
hydrocarbon rich liguids may all be utilised in energy recovery in section E.
Generally these are incinerated to recover energy as super-heated steam. The steam
can be used to supply energy to the process or to supply energy to integrated

PEOCESSes.



On- goi ng devel opnent work to inprove the nal eic anhydride production
process centres on identifying nore active catalysts and obtai ning an

i ncrease W0 29i2é146002However, the benefit of nore active ®aTAIB2O124056238 be
difficult to realise in, for exanple, fixed bed reactors unless the

specific reactiqon rate.can be increased., Such increases i.n productjvity
generat e %ﬁ?“éégﬁé{n%ﬁﬁ?%&gfm ﬁg& bR TISE e~ ‘llré'cgﬁ)\?éldwéiifpké‘f‘i F%‘f’tém’t Hat

nai nt ai NS eAicht ALl Q1:ORRr AR a8 QNS A M €zenShibink Ahd RARES SSEE, 0ok Qudiged for
the oxidation of o-Xylene, naphthal ene or m xtures thereof to phthalic
anhydr i degivitigese cppibooss dsatarceas sb2fkkralignoanct hulphe it theTheincatal yst
used w Il | _genera be sim. |l a Q.1 hosg. in the cLion l eic
annydr 1 deartoing: BYemoatiie Tootedt 8hdsr "Fhekd LAREL BEEHIT PR ah s

m xture. hen Thee extdatinsiofvntnt eneibesdows a significant heat rel ease
of 265 kcal/g-nol, as well as there being heat rel eased when naphthal ene is
oxi di sed (467 kcal/g-nol): C61-1,4(CH3)2 + 30, ----- > (61-14(C0)20 314,0
Cl O% 4. 502 ChE4 0+tn—ngg:g§€3 el &:l;y the reactions are carried out
in speciaﬁ?gggﬁégg%%6r§”"ich“iﬁ ﬁg?? dev#%es to provide cooling. Generally
fixed bed or fluid bed reactors will be used. However, it is difficult to

realiset ! i of, nore ti catal ysts unless the specific reaction
rate can gﬁggﬁggi$¢%F§§s .“Tﬁ&%éé?ﬁ?*? é%best heat renmoval to catal yst
ratio for a fixed bed systemis delivered by an axial tubular reactor, In
this arrangenent, catalyst pellets are | oaded inside tubes of an axi al

react or. Eoothienyidmdi ohbersaehioasaivapohidideghohtareicisss sappliked mmetind t he

t ubes. Reac%gg%%gﬁses are then passed through the tubes where they contact
the catal §% 'Ha™¥xi dation reaction takes place. The heat evolved is
transferred through the tube wall to the surrounding cooling nedium In
view of the need to control the heat within the tube, the size of the tubes
is |imte&stHo tdlGow EheltHent t oigas<Geatifly fromthe centre of the tubes
to the wall s where heat exchange occurs. Generally therefore the tubes have
a dianeter of |ess than about 40 mMmto ensure the required | evel of heat
transfer and,ta@ipr-evEnd, -t heOcatdlyst | ocated towards the centre of the tube
overheating and thermal runaway occurring. The small size of the tubes
contributes to the high cost of construction of these reactors since the
nunber and; RENEE MO0 dENG L URE Snd Ak RE LB HRLFBAW LG Goc@Btain a
specific catalyst volune Is [imted. Even at the small tube size the
cat al yst pandtifcdeds have to be relatively small in order to ensure
reasonabl e m xi ng and heat transfer. In addition careful selection of
conditions such as superficial velocity and gas hourly space velocity has
to be nmadeyd. o@%%&e%&nm Ahal b thshequ redeibeabvdt@Nshetcand,warage the
conversion of the reactant gases at a reasonable overall pressure drop.
product i oneitest he Pordsingf mptte adidtcabyialysts Wkl gbtahiss aprivbbem danicbe

al l eviated, by ensyring that the active,sites are pre near. the
surface ogﬁFﬁagéaggl?%?EQQEEF%Fe?)?ﬁi%m%E%S3%?5%5@%%%§I§)%%3%%5& For

product i Vigk¥mak, fiRed 86d taaBiosd L@issstihakpati: avaidnaalecdaueint@altd. Vircked hard

to deliver a reasonable overall productivity, )
increases in productivity generate larger amounts Bt heat which must be removed at a

rate that maintains a stable operating temperature,

Similar processes are used for the oxidation of o-xyiene, naphthalene or mixtures
thereof to phthalic anhydride. These processes are also well known in the art. The
catalyst used will generally be similar o those used in the production of maleic
anhydride or may be modifications thereof based on a vanadium-titania mixture. For
the oxidation of o-xylene there is a significant heat release of 265 keal/g-mol, as well

as there being heat released when naphthalene is oxidised (467 keal/g-mol):
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Vari ous approaches have been suggested for addressing the problens of these
reactors. One proposal is to use nmultizone catal yst beds. Here the fixed
bed i s pMRediai4td2cat al ysts of different activities. GPOEGH2212/45M33| east
active catalyst will be used at the feed point with the nost active

catal yst being located at or near the exit, Wilst this allows for staged
heat rel ease, packing of the catalyst into the tubes becones a nore

conpl ex, and hence wpre costdy,opF 9ggdure. A second alternative that has
been suggested iS to operate wth variable tenperature zones within the
same catalyst bed. In this arrangement the same catalyst bed is subjected
to differ r at i Lhi s achi eved by enpl oyi ng heat

renoval &f’#ﬁ @ Hgégifé%gﬁgﬁe%glﬁﬁe%ﬂ ng of the reactor required to
achi eve th| S |s conplex and costly. An alternative approach is to carry out
the reaction in a fluid bed reactor. This does offer sone advantages. In
par ti cul afieptiaibetheametionsapicpiied avendRcaNEry yeR R R BE i MARSAHIFESSS expor t
of high-pr, a f t l.f the air
Fate requrtont e hEr AR Hakhee @ R R R R ol yst
parti cl esisatifficsispesdsed tha’lbsiﬂhéﬁshydn@’eamli)*eﬁ‘lczmzﬁ@ﬁmaﬁieﬁmﬁ&ape:nﬁ;grfﬂam@d by the
injection of reactjon gas at the bottomof the reactor. The gas becones

hi ghly di saé%iﬂ"*s’eiﬁsqzl’ﬁ‘éu’&ﬁﬁét the reactor and so in theory the mass transfer
area fromgas to catalyst is very large. Additionally, as the catalyst
diameter is low, the mass transfer and heat transfer resistances within the
cat al yst parmiat&:%t tedrs lahkisericon. toSkatyet ke foa ﬁk%bedsﬂysﬁﬁ‘ax:‘ie dairi‘e&aeﬁ By
relativel e heat tr nsfer fromca artl d is high
So that o feogal Frbiestt 06 TARPREMTGHL d R PRSI R B a ur e
condi t i ongs adl BEahkShohaals! 1%!;‘;%&!&5&1’@%11&'9&5& PickieRe A0, 8alphle:dmBnagdas: Wi th
internal or external coils I'n which water is vaporised. Thus in theory,
carryi ng 6est heegstoot asssi Hie dhpubbised shighely theabeorvivr day varaduie

advant ages I unt-er.e particle
si ze di st ”%&F{?‘gﬁé"?%e Fﬁﬁ?éi? aggglgat%?%t&%& rralﬁlﬁtzgglalﬁed V\EI quq%?gl@{%? ng an

econom cakhraggiutie ©he catiabyst soRkauing Anialgt eediakl VR aapwr@famb thas ibeen to
use a transport bed reactor. These reactors are al so _known a

ci rcul at i 68l uheReR v iR FelBE ol SiagdUR fubeh AR YRiP iR £ 7Y t}s@t Peat tQuf fer
from var S dranpacksand di spdvantages mJ\t}y@& L*v‘hez‘é‘ e REHURLS 5a,mod t hat
whi | st thé varli ous approacﬁes to carrying out the reactions for the
product i oRz:@bradn hky'aienode&esm hasge melwmiateraiiydriideztenddphehal ersuanhydri des
each offer so apt a they al so each have .their own dj sad an ages
There is tr?ﬂ%?rgge?" Y%&?Q“?“&“ tt%pi?l’b‘%%%“;ﬁ yl"iﬁﬁ?%ﬁ?& ia“ﬁ?%éfé‘s%‘*

addr esses yQNne.HQroJiBl8:i 04 aﬁ@%d@ﬁa@bhﬁm&?fme&m% arfe SALABELTENLS mb%ecor di ng
to the present invention there is provided a process for the production of
anhydr i desobyiboattactd h@havagfag’égwtme@m sk ?beammitﬁrb %@nmthel iwxli’tm emé atal yst,
sai d proc ss_bei.n d ou t ubul actor hawing an | and an
out | et “BeoltE ?tmaié? h‘g’ﬁi‘&ﬂ: “g‘g\ﬁﬁ S a?nc% ‘“tn e s Lgmg’é? &7 egct or
conpri si ngsgﬂ@te@f nore tubes haV| ng Iocat ed therein one or nore carriers
for said particulate catalyst and cooling nediumin contact with said at

| east one tube; wherein said catal yst carrier conprises: an annul ar
cont ai ner ai e f r wal l
defi ni ng aEh‘t(f22 h% Sﬁ%ﬁlﬂ‘lgﬂl % C‘di?g%péﬁ{l §h<ﬁ%‘%o %gll:é tg‘%g %@é?ﬂ’gﬁ%ﬁg annul ar
cont ai ner e@z@zﬁh&e&@xﬁ&b@fﬁn@tﬂﬁi aﬂ&hh@lt asdhaie. tﬂned@nmubaeﬁ;tmmmmem ronditions

such as superficial velocity and gas hourly space velocity has to be made in order to
maintain the required heat transfer and manage the conversion of the reactant gases at

a reasonable overall pressure drop.

The issue of pressure drop is critical for the oxidation reaction in that mass transfer

limitation is thought to occur in catalyst pellets leading to excess carbon dioxide
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a surface closing the bottom of said tube foLined by the inner wall of the
annul ar cont ai ner; a skirt extending upwardly fromthe perforated

out er walwoab1de@oannul ar contai ner froma position at ®CTAERI1IZIIE23B0tt om
surface of said container to a position below the |ocati on of a seal; and

a seal located at or near the top surface and extendi ng mth cont ai ner
by a di st AFEECHH Ehﬁﬁxif%?&igp %*ﬁ‘%:]ytén %@fiét thag,pre f‘-‘@ &8 P i§k1|a -P¥%sai d

process CQMhﬁag'ﬁ%ﬁm@c}vb n&ésogy%m b8 Qﬁ%%%rfa@@ﬁ? @«;@tcﬁedm ﬁ&a@@t he

inlet; (b) passSing said reactants downwardly through said east one tube
to the upgies caudfigcacwnty tfiet porduthatf ax bt acioat ditoy shat car awadabl‘@‘\ﬁemtq hey pass
into the assa the i.nner perforated wall of the container

bef or e pa@g Efﬁggﬁfﬁﬁul {}Ff"ﬁr @ﬁ"?ﬂ%“&‘%{?gi’vﬁ‘%"éﬁ’ t owar ds the perforated
outer wall; (c) allowing reaction to occur as the gas contacts the

catal yst; (d) passi ng unreacted reactant and product out of the container

t hough thé'af:iéﬁ“f sppwedicoubnr bkl sumzdstehdnr wedpdry hetweidame hd heber

o o ekl ! froBRdh 11w e N8 L0l b, AN RARLB NG Lt e

reach the sé di P et ed over SKI and caused

to flow demmwatgays &mm@eﬁt dchieiteut Sensulty dedenf adiie cakiyed wihik &dae at nner
surface of the reactor tube where heat transfer takes place; repeati ng

(e
steps (b) Hheotepdpoigt walhythe grsbElivRcaElBRPYEE Rairisdpr nﬁfﬁdhe ekit.” Whilst
this allows for staged heat release, packing of the catalyst info the tubes becomes a

more complex, and hence more costly, procedure.

& second alternative that has been suggesied is to operate with variable temperature
zones within the same catalyst bed. In this arrangement the same catalyst bed is
subjected to different temperature regimes. This is achieved by employing heat
removal technigues. However, the engineering of the reactor required to achieve this

is complex and costly.

An alternative approach is to carry out the reaction in a fluid bed reactor. This does
offer some advantages. In particular these reactors will have an energy balance that
provides export of high-pressure steam as a result of operating with less than half the
air rate required for a fixed bed sysiem. In this amrangement, small catalyst panicles
are suspended in the hydrocarbon product and are agitated by the injection of reaction
gas at the bottom of the reactor. The gas becomes highly dispersed throughout the
reactor and s¢ in theory the mass transfer area from gas to catalyst is very large.
Additionally, as the catalyst diameter is low, the mass transfer and heat transfer
resistances within the catalyst particle are also low. Since the catalyst surface area 13
refatively large the heat transfer from catalyst particle to fluid is high so that the
particles can be maintained at approaching fluid temperature conditions. The high
heat evolution in the reaction can be managed with internal or external coils in which
water is vaporised. Thus in theory, carryving out the process in a bubble sturry reactor

offers various advantages.



(f) renoving product fromthe outlet. The catalyst carrier is described in
detail in PCT/GB2010/001931 filed on 19th Oct ober 2010 which is

i ncor por Weaotéedor by reference. For the avoi dance of ®OTIB20E2NF0233

di scussion of orientation, for exanple ternms such as upmardly, bel ow,

| ower, and the |ike have, for ease of. .reference beeWFdlsc %d with regard

to the or PEHEHE BIPHINT HE RAPMIOYLEE P gEan PUEPE RS B 0
acconpany ifag-.d&an: NS bk'%ﬁe{t@{md WASTL,l 118 D @Suncaneh! %&% bh%aﬁg,gﬁl yst
carrier, are used in an alternative orientation, the terns should be
construednakcapdlngly The catal yst contai ner will generally be sized such
that it i of a on_than.the i nsi on,o

Feactor ¢ A8 BATERE FRoHsH Ae Sak P Fra resared Suph e ATOR RN AL &

i nt er act s aib kRelhas cRRakiVaihidebibbe réeaed OHolvube, MBehhgsGatiahyst carrier
of the present invention is in position within the tube. The seal need not
be per f ecfropy wWictedrapfatksiandidgadyatdzesent |y effective to cause the majority
of the flowing gas to pass through the carrier. Cenerally, a plurality of
catalyst carriers will be stacked within the reactor tube. In this

arr angenmeftys ttheill eaaindatsbprbhauehsstfhowadovwnygyrdichebes weering hest okt er
surface of the skirt of first c ier d t he i hne face of the
reactor t fRBENRHt o tbﬁéxyﬂ@bﬁ@%@rf ﬁb‘gfhiﬁﬁéﬁ ol G f%@*‘a%’giyé‘é‘ aigf PBihgsT ond
carrier a@ﬂts@i&%e?é#cﬁ%tf&g sSvayardl ¥,T 'tﬁgfyoa1§d1§acht}i%lp§th@{1 ck%«tbed@&ﬁ@z@g_r%&ar rier
defined by t'he perforated I nner wg ts annul ar cont al ner

pat h descﬁhh&ds&mnﬂewuﬁnuhﬁndﬁ@pﬂau&wnﬁﬁmmwﬁuaﬁqsiwhahmdém&wawnberforned

of any SUItab|§ Ela| Such material will generally be selected to
wi t hst and tHe’ %@Pﬁi WY ORUT A1 SHEBT e reactor. Generally, the catal yst
carrier will be fabricated fromcarbon steel, alum nium stainless steel,

other alloys or any material able to mﬁthstand the reaction conditions. The
wal | of tHWecedmy arile grsaitnersidan tb@u@f’f peayded U atnab%é ferhibekmedstiongi t abl e

thi ckness é\‘i}}l ng@gfﬁf}ﬁggﬁg%e{%%g Lgﬁdm Mt 9 ab%’ula‘ti; ctaF]rQTslt L e?f erably

of the ord e'pef¥orat|ons

in the i nRefce@kiQUERf Bk i8 aQﬁbﬁlﬁl&e&ﬁﬁﬂhzﬁEngC@{hﬁi&lt aet snblifetbaicsaliRet ed such
as to allow uniformflow of reactant(s) _and product(s) through the catal yst

whi | e nai BeEENPARGed Bewestaary st e tiatnsaih Scachit EIHBEINg $n6pY FoFhEfEfor e be
under st oog| {vzﬂgthm?e%f {hefek%sn%{ %m?cel?&ﬁgm%r a8 f“ xﬁ%m@é h&t&t‘g at,@)éﬁ}w

partlcles ernative arran orations may be
si zed sucﬁuﬁh&h;ﬁh@ﬂmﬁﬁﬁhh&ﬁg&kmﬂuhmhﬁMe afilter nesh covering the
perforations to ensure cataly i maintained within the annul ar contai ner.
Thi s enabl'§”F%Fﬁ%FmB@@?%ﬁ%ﬁ?ﬁﬁ§“¥%‘be used which will facilitate the free

moverment of regqt:antis, WrkHOM Rk GRARACENE cbRRSIcOha Rl LS MG ated inner
wall defining a tube, a perforated outer wall, a top surface closing the annular
container and a bottom surface closing the annular container,;

a surface closing the bottom of said tube formed by the inner wall of the
annular container;

a skirt extending upwardly from the perforated outer wall of the annular
container from a position at or near the bottom surface of said container to a position
below the location of a seal; and

a seal located at or near the top surface and extending from the container by a
distance which extends beyond an outer surface of the skirt; said process comprising:

{a} introducing the gaseous reactants through the inlet;

(b} passing said reactants downwardly through said at least one tube to the

upper surface of the, or the first, catalyst carrier where they pass into the
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It will be understood that the perforations may be of any suitable
configuration. Indeed where a wall is described as perforated all that is
requi red Wo 2bieam4690Rere is neans to allow the reactants &AA/GB20USH2S3t 0 pass
through the walls. These may be small apertures of any confi gurati on, they

may be slots, they may formed by a wire scree means of
creating a poroué*aéﬁag?)é{‘)’%ﬁ‘é‘:glbé g’ﬁr %é?@%peiﬁ?rlaﬁguaﬁg ‘P]étbtcoﬁmg%? E(ét °H osi ng
the annul ar cont %E&Sﬁg Wil ity 96085k Ya B8 5] ©GBLEG@tnd eupREsedgRIOf the,
or each, wall of ‘the annular container,” it nay be desirable to locate the
top surf ace be(a)wiibnmmpxamnedgeu@@sﬁietmaw@&%@ﬁ?ﬁmﬁﬁi‘@% t he upper edge of
the outer wall Iq ur. MRY. cated at
the | ower edge' ‘:Idfpatq‘sﬁ%g uaifgg’%tﬁgﬁm aX%fpr? e gﬁnu ﬁse ‘é&ﬁ%ﬁ? ner'ugf ﬁ%reg be
desirable to | ocgierntda bakl @l A8 HEACG SR Hehﬁéenl the h@eabme:etcﬁehdoot tom
edge of the wall of the annul ar container such that the wail forns a |ip.
The bottom surf acéitofnd He angiulas chie aHElE GPRIAEET EPYsTRY 'Rl Ubotebm of t he
tube may be forme %tge d&ghga &f E}v&rthgh B @@Q%zﬁeﬁ A 8l 8. PhECRS

connect ed toget het . two surfaceés may be coplanar In a preferred
arrangenent, theydoafgvardlyticffen eind mﬁbzaemze&w nhthe nbirtagrndahgememuriatchef surface

closing the bottomof the tube is in a_lower plane than the bottom surface
of the annul ar cofit &AEF WDPRT S SRRy gy E%élp “®in the | ocation of one
carrier on to a.c t,¥¢ Oof contai ners
are to be used?e)ltt%%fn{tﬁ; %gg &ﬂggg:??g%%dﬁﬁ,eq‘ﬁfl@ﬁﬁ;%ﬂﬁkE!&erfihgta?&\i/e arrangenent,

t he surface cl ¢8imgicthe thaducofmeftht hetidtube nay be in a higher plane that
the bottom surface of the annular container. Wilst the bottomsurface wl]l
generally be solid, it may include one or nore drain holes. Were one or
nore drai rIh@%a@ﬁv@r@m@éreﬁeﬂéscnggﬂﬂ!n meyibe: povenedohyo@ohi | fled sesht
Simlarly a draih hole, optionally covered with a filter mesh may be

pr esent | Octdter $01F abshal m@vr@gram%wbmbmmf@zfen@me tube. Were the carrier is
to be used in a non vertical orientation, the drain hole, where present
will be located in an alternative position i.e. one that is the | owest

poi nt i n tde teasiok ®fhcVbBefodn, iscBEo0bT IMERatEPAGRIcxaRaRs Ry siktzend
downwardly fromthe bottom surface of the annu] ar cont ai n r The each,
spacer mealy Ry, o oPHEY a8 ?%fé%?a‘?}é%vew EBmatnentE e o8 @y ‘V"ftgnned by

depr e5si o8l 15, DOLLOM, Y A exalere.iLihes musnaceny rzﬁaramﬁﬁ PEgsen!
t hey assis providing a clear or the reactants and produ
f1 ow ng b&ﬁwﬁi@st b vhotd @srhesmth‘cam&esoﬁnd hendki ths batghey {ericrand: tded ihep surface

of a second |ower carrier |n use g% spacer %%$e of the order of about 4
M to about B KPR EEG. HedeTH Haw cﬁiP‘E“é‘fuﬁgtaF St98%r addi ti onal | Yy,

spacer nmeans may be present on the top surface. The top surface closing the
annul ar container may include on its upper surface neans to | ocate the

cont ai ner EHgaimsysiacoainal ystl swwareiiebe stzad kodh Hbbves e woiicadnesnsion use.

The nmeans to |.ocate the container |table rrangenent. In

one arrarh ééi?'rgfﬁ NG SIS Ggﬁ?eufﬁé%ﬁ%gﬁbﬁém@o Ii“é%}j VS ap ti‘lfpgs or

spaces t hefigiin bR il ipwid0ks the 1HBd8ss ofll easteRls: tube when the catalyst
carrier of the present invention is in position within the tube. The seal need not be
perfect provided that it is sufficiently effective to cause the majority of the flowing

gas to pass through the carrier.

Generally, a plurality of catalyst carriers will be stacked within the reactor tube. In
this arrangement, the reactanis/products flow downwardly between the outer surface
of the skirt of a first carrier and the inner surface of the reacior tube uniil they contact

the upper surface and seal of a second carrier and are directed downwardly into the



The upwardly extending skirt nmay be snooth or it may be shaped. Any

sui tabl e shape may be used. Suitable shapes include pleats, corrugations,
and the IWRe012lH690R| eat s, corrugations and the |ike w | PCHaBR0E/1I5923Be
arranged longitudinally along the |l ength of the carrier. The shaping of the
upst andi ng skr rt |ncreases t he sur;ace are .of the skirt and assists with

t he i nsertPg#! BF sEFEd CIHY Jefnacdit} ePeﬁ?ﬁ‘t? T PR B AP EHEE it wil |
al I ow any e ughnass.an e Lanel surface of the reactor tube or
differ encgiéjrﬁ% ?gheg'%gnces |(n&tabes t%g&be accomodat ed. Where the upwardly
extending skirt is shaped it wll generally be fIattened to a snooth

configuratjon t the p t at. cted, to .th nul ar
cont ai nerﬂ“o C&‘rlﬁ’é%%tﬁi@%@%e%‘t ?iglegevg]ﬁynﬁlﬂa\?} F Fﬁﬁ&la{?atf(‘:%“nt&aﬁner The
upst andi nge akliftbNetdorcdan aigdstyd e @&@ﬂﬁ@tﬁﬂd&t@ﬁ Bﬁth@liégﬁ:hfor\/\ﬂﬁdneﬁﬁvt he

annul ar container at or near the base thereof Where the skirt is connect ed
at a poi ntheatsenies! tchwidpotitiom tﬁbwﬁed Wegk carbiie sigal, [alupinjunh estfipiges Hecl,
perforatio t he area bel e o) The upst andi ng
skirt may t@‘é“?r 3% bRy TESHEY gjl\?‘% mhMt S?anﬁtﬁ% %ﬁ‘g}%gl&%g&rm?ﬁ“w Il stop at about
0.5 cmto about 1.5 cm preferany about | cm short of the top surface of
the annul ar container. 'Wthout wishing to b und by any theor

bel i eved #hatvaineg hfpwrukacagfasky fan E%ﬁv:—t’rf\f’éé spig t *tﬁhec’wiégaléttéihgt’éﬁi)roduct s
fromthe peg %859%9%%%‘? Lol @l ttohi%o nylar gﬁ%ta@!wﬂtiﬂtéﬂflﬁtcgbfﬁﬁht them via
t he shapes towards i of tihe catalyst carrier collecting nore

react ant s()ﬁrmduotaemaanmg fromthe outer wal | of the annul ar container as
t hey nmove upwardly. As described above, reactants/products are then
directed down between the tube wail and the outside of the upstanding
skirt. By 'tatwtt@&rtttaatdteat il ARSI £ duSereIANG ALk SoMN: theauhobat | engt h
of the canier but as the heat exchange is separated fromthe catal yst,
hotter or beokiderd asutamptmqﬁtqvamerthrezatﬂuexefh@ngemﬁ} wicd reeducle Biseghvile hout
guenchi ng tion t ube at the sape urjing that
t he terrper‘“%ttt‘lﬁ'rs‘ge“"(t'itl“t‘:i tHE™E éft‘%% ?2 ”“?%Wﬁm??ﬁghtlbg CEHFESof Tt R lie1 g%fgf?)g‘r E?%3
appropri atekys@Bd Haknekize ThEdgRAl oiEYe He: bpmeErdialat pamicissibtiapledranner .
However, it will generally be sufficiently conpressible to accormpdate the
smal | est di anettemaére @m@gﬁe@m 6F petb@lioThEaK b8 SRR ISPy BRBHEY e be%@&

f1exibl € 6 ‘l gdﬁ@i%i? mcsh CQ‘V&,%% tﬁé{a%ﬁ%&f@ﬁﬁo E?SQ%EOLJE RS%XEY}Q&% S» un

conpr essi Ie Rak i'ng" Ravi ng a Ri R coe i clent of expansion
coul d be mwﬁmu-ﬁﬂ@gﬁt@ﬁﬂcr Melyis bﬁat:f}@r inmdr pzttftamorsm babied wistienilafacinavi ded
that it can withstand the reacti.gn condit.i ons1 | n._one arrangement, it may
be a def oraBFemPYEREYE cXERAISTY OUbiF BRE Rt ?”?‘5‘69? PFRE®f | ange may be si zed
to be larger than the internal dianmeter of the tube such that as the
container is inserted into the tube it is defornmed to fit inside and

i nteract it tdiiltiee utdibgrood nhat Hbe presetitni mwentd of any reitainaulcafhigepage bet ween

t he outer srfac of the catalys contarne the inner. surface of the
tube wal | Pdecdpgigre agé'ﬁgr‘a ”%Fét”’tsiepeoir%aé? ?r}?atozﬁ];%% g} $8r°aibout 10
mn Thi s NALEQW Qﬁe@u ghd %@taﬁts@t@%r&&tﬁ:&%b%&a@@@Bubjﬁh%r‘waﬂtso Ms@%b%‘éed such
that an acceptable tenperature difference of the order of about 10 to
about 40 Gnbétapeswes hagoolndiguesiot, Hasmande slees. &mrwbafe%@ Wchivéged. The
size of the a rt_an C and the skirt
and t he tLFb’éw%éff%’ SRR 1”:“5%%8?%‘{*‘%ﬁieﬁgﬂ%%t’e‘%t‘ge&f P%n%agéé%%m% ate the gas .flow
rate required while nmaintaining high heat transfer and | ow pressure dr op.

Thus the process of the fpresent invention may addition IIy i ncl ude}ct he step
of sel ect i hijheugk tapiswrcprineg ‘éﬁﬁﬁﬁélﬁoﬁmtﬂﬁ’ég‘aﬁﬁﬁ?fd@‘ L TRBEY OF Rl fter i a.

The Processsal of gf%ee%@@tdt QA0 FABLES alrel ALY PLY oL A0E § aaGkOT L Ubes

to be used. I"ar ubes having dianmeters in the region of from
about 75 namzmtp apiut b436 tmfmppereﬁwsmbdm abﬁﬁarmf@h@mm@r mdéiohtnqamred to

di aneters of | ess than ab used .in con ti tens, T | ar ger
di anet er ttte%é‘mrasrqﬂar %%&W’ﬁ%%ggé “"Pﬁa*t?dﬁgbg?@’%te (%Qt/;s f 668 hignnes to

about 250, ﬁg {%ﬁe%a NERS af Allart DR 5N R 1NN (ELABLAL bithemeARndhscussed
above the highly exot ermc nature of the reactions in which anhydrides



are formed is a mgjor factor in the design of a reactor in which the
reaction can be carried out. The use of the catalyst carrier in the process
of the prweent2/i4moention, allows tubes conprising a pl @CaUGE29124i5023at al yst
carriers Ito beconme, in effect, a plurality of adiabatic reactors with
inter-cooling. Any suitable catalyst may _bhe used.in th rocess of the
present i FUESE FoH thFghwserens ﬂﬁ&é’ﬁ%ﬂ{ ed@?%é@ﬁﬁ"@bﬁ@? g @P‘"’%’*Eﬁ”ﬁ%ﬁ?‘é‘ f or s
may be U.S&(am "’dﬂ%ﬁgi‘i‘%i of the process of the present invention is that
the carrier 'gl "ows For- the depl oynment of small dianeter catalysts to be
used such as those having dianeters of fromabout 100 imto about 1 mm

Si nce these gre use the.mass tr

: in fixed bed, . ITAS nsfer resistan . b
greatly reBucEBY “ﬁ?ﬁ@?e %{?¥‘ﬂ§@f‘gﬁ&%ﬁfi?‘Eoﬁ*ﬁ&g}?ﬁ/\?ﬁ%ﬁ”ﬁ] %%ge%%g%ﬁ%’r g\?gd ©
sel ectivi B%; liohdsh8 4 8ALEReS HrAdHGES beFltphReS pie@s dohR&edSIREheaCathRd ySt
have a high surface aréa and are |ocated in t%e direct flow of the reacting

gﬁs, t hey tvar eurfaien traiynied coplazer thahpe sarefegshiretgdmeny ehgy 8fenit| &FISES! t hat  of

the .flown as. This will reduce.the tendency, to by- ct, f tion. In
one al ter ﬁ%ﬁ?%eﬁh?ffﬁa%@gﬁ@ﬁ??}@ gwr%ﬁiﬁ?"’i ‘?iﬁm%%%ﬁ @%{%‘mﬁgg%ﬁg&%&é E ali(rgi(&t‘ i's

arr a!'lgem‘f‘?Iam the: SkrHaabyr Qulte bheeCatnaly Sbn@bRE aATREr seiBy thasindhfthed. Ful |
details of a catalyst container suitable for use with a monolith catalyst

i s descri budtipnoGBREresitondp i JoarisansRs o569 § pIPedUehroRHRYS 2011 the
contents of ich are, ipeaqr i el u rgding to a
second asﬁrésct\t{%o uﬁﬁ "eétplf}'@ggﬁ% %?%%%ﬁ?%?{l %Ié?%ﬂﬁlg{i%? %%%g E@’ g}ﬁgﬁgggggf or the
product i orisfngahhyeidrgestiycontabt ing hizhgaslenuaste datomisutface eithel i th
catal yst, said process being carried out in a tubular reactor having an
inlet and agplgtrEersai d outl et being | ocated downstream of the inlet,

sai d reactor conprising one or nore tubes having |ocated therein one or
nore carriers for said nonolith catal yst and cooling nmediumin contact with
sai d t ubesyhidheheboisaist foat ally stnecdiyricelidoprisgslude one or more drain

holes. Where one or more drain holes are present; they may be covered by a filter
mesh. Similacly s drain hole, optionally covered with a filter mesh may be present in
the surface closing the bottom of the tube. Where the carrier is to be used in a non-
vertical orientation, the drain hole, where present will be located in an altermative

pasition t.e. one that is the lowest point in the carmier when in use.

One or more spacer means may extend downwardly from the botiom surface of the
annular container. The, or each, spacer means may be formed as separate components
or they may be formed by depressions in the bottom surface. Where these spacer
means are present they assist in providing a clear path for the reactants and products
flowing between the bottom surface of the first carrier and the top surface of a second
lower carrier inn use. The spacer may be of the order of about 4 mm to about 15 mm
or about 6 mm deep. Alternatively, or additionally, spacer means may be present on

the top surface.

The top surface closing the annular container may include on its upper surface means
to locate the container against a catalyst carrier stacked above the container in use

The means to locate the container may be of any suitable arrangement. In one



a container holding a nonolith catal yst, said container having a bottom
surface closing the container and a skirt extending upwardly fromthe

bott om suwbaer/whgai d container to a position bel ow t heCr&EBi2N30B3B a seal
and spaced therefrom said skirt being positioned such that there a space
bet ween an outer surface of the nonolith catalyst and the skirt; and

a seal | ovsangamalt brompaes Antunstasding sedaoha Vit RpsweTs wiraesdhysy tnd
extendi ng if ro e nold th.catalyst by a di stance whi ch extends beyond an
outer sur %%yemé%&tlﬁg%ﬁﬁ%gt%g}d process conprising: (a) introducing the
gaseous reactants through the inlet; (b) passing said reactants downwardly
t hrough sajd at | east one tube to the upper surface of the, or the first,
monol i th &4 %&rvgﬂ’ts’m@n@r&gﬁéw e Be PRoShGh TR HoReri rﬁ%ﬁfa%ﬁ%ﬁ?ﬁgtﬁ{}aaﬁc) _

al | owi ng preactiQf; t @ui%ﬁs?é’sfhég%t fheqe %a@o%zﬁﬁaﬁﬂﬁs})%}@ﬁg@ﬂi%ﬁst'I"he( ﬂkatg,lass' ng

unreacted reactant and pro out of the catal yst and then upwardly

bet ween t treniganers synfatke ofll gherdlibetarnanged egoutimiiyvslefzmibe laoftit ¢ie

monolith catalyst until they reach the seal where they are directed over
t he end oﬁf‘i‘ﬁt‘:ﬁ €§“kiTH? S%ﬁﬁ’éf‘gc%{dg‘éBpit%r“#if%%’%é’\’zﬁﬁﬁ%ﬁﬁS‘ @%ﬁ& ?flht © 8¥itter
surface Ofgt heissklki 1@aNgehite dMALLadMNET AGCrahicthe rdeRGl Qe kit iWhgr e heat
transfer takes place; (e) repeating steps (b) to (d) at any subsequent

catal yst elarr pey suded rgdghnesmovibadner sditice of tlomctdier Bhe pegdifferences in
tolerances in tubes to be accommodated.

Where the upwardly extending skirt is shaped, it will generally be flattensed to a
smooth configuration towards the point at which it i3 connected to the annular
container to allow a gas seal o be formed with the annular container. The upstanding
skirt will generally be connected o the outer wall of the annular container at or near
the base thereof. Where the skirt is connected at a point above the bottom of the wall,
the wall will be free of perforations in the area below the point of connection. The

upstanding skirt may be flexible.

Generally, the upstanding skirt will stop at about .5 cm to about 1.5 cm, preferably

about | om, short of the top surface of the annular container.

Without wishing to be bound by any theory, it is believed that the upstanding skirt
serves to gather the resctants/producis from the perforated outer wall of the annular
container and direct them via the shapes towards the top of the catalyst carrier
collecting more reactants/products exiting from the outer wall of the annular container
as they move upwardly. As described above, reactantsiproducts are then directed
down between the tube wall and the outside of the upstanding skirt. By this method
the heat transfer is enhanced down the whole length of the camrier but as the heat
exchange is separated from the catalyst, hotter or colder as appropriate heat exchange
fluid can be used without quenching the reaction af the tube wall and at the same time
ensuring that the temperature of the catalyst towards the centre of the carier s

appropriately maintained.

1o



I n one arrangenent, the nonolith catalyst is a solid, in that there is
substantially no space within the body of the nonolith that is not occupied
by cat al yw0.201¥@m90the nonolith is in use in a vertical PERCIROINISIII3
downfl ow, the reactant(s) flow downwardly through the reactor tube, the
reactant (s) first contacts the upper face of the nonolith catalyst and
flows therethrough in a direction parallel to the axis of the cylinder. The
seal of thee GONALNEE RHAVCR Snl NGERAGHAREL SIHIL Q. T Qingrarayng. the
nonolith and aSSIS¥S the direction of the reactants into the catal yst.
React i on wiffibietfire noopesgibini it icrorthedatobied srhdilssadiatnyper of Theerepeiodude. wi | |

then al so.fl ow down through the olith in a direction parallel to the

axi s of "URES N PRBEFeTBRGE § HECRaTri ) S P OOttt Sach TR ot t om
surface ofe b CAtRLYSLssBR! FIRKALNEY: AR hiNingatiegh tavaEds dhapsidigd of the
carrier. To facilitate this flow, feet nay be provided within the carrier
on the uppeddhaceshf Thhesabotay dm isurdacleanyuehablh araterioh pusededtthel ¢ atml yst
monolith is,.suppgrted on the.feet, and there is.a gap.hat ot t om of
the catal S‘?étths{%g(fq EEUERGCY ite‘mg’(‘)tipg%e%U?‘L?%e%eengf“aipg%g%gg 5%"3?" 1%2?1 ?geer. The
upwar dl y extefdl B kid darifienTei fiegtSmbPecreadtiand(8)geantnphodaeimsupwar dl y
between the inner surface of the skirt and the outer surface of the

monol i t h st Gmipe sudveat Bdbn coHENEN PSR B BeEbe Bdf defPRBs are then
directed, s Sl 0f 1L seal , over the end of the skirt and they
t hen flowt(g%m&gﬁg&gﬁéﬁ%%%g} t?%g%gijt er surface of the skirt and the inner
surface of the reactor tube where heat transfer takes place. In one
alternatiye arrangenment, the nmonelith catal yst has a channel extending
| ongi t udi )ﬁgrheyprﬁ“ FBTRRGRIGH R R R LRSI T 100 on the
central axhg,Qbr {RGnIRAG} hlifice 8t AkYSle wéﬁmé%sﬁé!h?%&le;éﬁ? FORCLOL druRgy i s of
circular cross-section, the nmonolith catalyst of thi§ arrangenent will be
of annul apberdssrsiecbogn.t . t This narrwgge envs a hest irspsted weiniart tié bal

tor with downf t fl dly, th th tor tub
and.t hus. PEPE(eAc0rk S 6% ERe TRl MR A & oF o RRE HBHOREL R HALE ) o0 The -

seal bl ockpaiile “passage B c4d18 £e06daRl (18)coalouRtd RRicsEdle of the catal yst.
Since the path of flow of reactant(s) is inpeded by the catalyst, it wll

generally take the easier path and enter the channel in the nonolith. The
react ant (sy,.t.hen. .enter [ r | isth. ly.sit, dially
through t HE°CheaT'y B SeSuby SR B P IR MR P e e PEROSRLBEE 1)
During t heupassingel EBreilghbd htectat @l ysémmoiak itdgaselet ronraatud schilknr eact ed
reactant and product then flow out of thedémnol %%th cat al yst_ t hough the

out er sur FEEEAEHE gk heaf RBnEEIEIHIY BRERHATRE JRVT e PRSI Be PE ¥ act ant
and produgt. pwardl.y, 80 ihd6sd PRk UF (8680 1t NBpBkiikih BAd,i e outer
wal | of tﬁ%"engér%{gln?t}h&{gﬁ%ygtl un{tél P’Qﬁ%}; rea%hmlghe sg%lg Thesy are then

di rect ed, sbhyuluhe modehskdeteab. t he seal, over the end of the skirt and flow
downwar dl y between the outer surface of the skirt and the inner surface of
the reactor tube where heat transfer takes place. In the arrangenment in
whi ch the RNRLiLhoeabalysh: hnshidesatiberhaBRhy st bR GAlBNS heGAEL T €r MRy
include a top surface which will extend over the monolith catalyst but

| eave t he Ioharimelaruneovered diTthpisrstiophstngioacy tyer vew: (76 randasbodtndb t he
reactant (s) do not enter.the catalyst nonolith.fromt 0op._bu r.
directed ihto tHe" 8%%%23? i?igrca’rlgjgil‘éf& f“?%@\%mé %Qh%ia%llieégésu@fa%%g%? at% ug 4§peci fic
feat ures qfmtiied etk ySlonsbdykicals. abeVasbniinabof s 0! 4iey i msteagipodi ment
appl i es equal l’é in connection to the catal yst carrier for. a nonolith

cat al yst ORorHY ederdlbitibgimentc pinsoar 08 mes porevianthy saicaghar e
present. VQQ;;C(E &g{) type of carrier is used, in one arrangenent nore than 40
carriers, preferably nore than 41 carriers are located within a single
tube. More preferably, fromabout 70 to about 200 carriers may be used.
This will enable a reasgnahle tenperature rise of the .order of from about
10 C to abbuiisesse %v&@mfﬁﬁgwﬁfﬁg@aff@e@@mé%%&sﬁ%@?ﬁ@ﬁéﬂﬁﬁ’dﬂw? Bw

through thee s 8AEh meRt BNSTinCAE Hb8En W khbibdng Jube siBaAsidhhah dehe gas
flow path Iength is also very | ow when conpared with prior art

ar r angenentasticdlTotial Tioatsd ySthedepiyes cofiiet he thor geresofol dbopres@tnetangsimay be
achieved within a tube of up to 20 netres of length at catal yst hourly
space velocities of about 2400. The |low flow path neans that the overall
pressure drop achieved is an order of nagnitude |ower than that which woul d
be experienced with the sane catalyst in an axial tube not using the

process of the present invention.



One advant age of being able to achieve a | ow overall pressure drop by the
process of the present invention is that |ong tubes with high superficial
gas vel ocwOier/14g@3es cont ai ni ng high quantities of i nePCI/GROR/FHS3recycl e
may be acconmopdated wi thout the pressure drop and potential for catalyst
crushi ng di sadvant ages experienced with high flows through curre?t fixed
bed syst eFSWSTHPE REIFFIE ARUAE SRHIBRASECFBES CP BRI Nettitsh- & ROVErY |
conver si ogr at .. OWeL PET . RRSS,CQRYURL Si ons to be achieved at high catal yst
productiv?ﬂy éﬁ séﬁect?ggtyé The %atalyst may be repeatedly and reliably

| oaded into the carrier at a manufacturing facility. The containers may be
assenbl ed,in connected units which wll sinmplify the |oading of the reactor
and in pafrﬁ“f’? éﬁf@?ﬂ Wt‘ﬁi’“r?é‘ﬁnbet Yigt ' HES p6%‘§rp’%1{)@th§ %ﬁfeﬁdﬁvﬁg\‘}% ? Swg%rﬁ%’_ into
contact Wefahhelih@rneatad vsbiheTheuRloadi Ag ps@eadure is also sinplified
since. the carriers may be readily discharged before being taken for
reprocessing. In one arrangenent of the present invention, a plurality of
reactors be ysed, in parald.el. Liquid pr J ARal omt he
St eam ox oY Agreetra BB R pash bRl e L A BRESHR LT, et
i nvent i ONge i eae e dmgastiRxditd Al {dewohd bet sofh khiosohae@ebianeaactOr may be
further treated to renove heat. The renoved heat may he yreused and/ or

rej ected frorcaishE AGD 1% dupRPYriolatt SHEPARUE S PHEMithEXet PEahe R ng t he
reactor will.che recover AP EALLANGET FefIRI G SAG LS By be
| ocat ed rﬁaéggﬁgégﬁﬁ%?agggﬂﬁgﬁ?%gﬁ?%%ﬁVﬁtgﬁggﬁ?F¥%¥%Seﬁgcat§H et ween each
reactor tea 5gnowe ekativiivlehhegtirabhyrobects.eused and/ or rejected to cooling.
in one arrangenent, .unreacted feed containing steamexiting the |ast stage
of a series of interconnected reactors may be recycled to any suitable

poi Nt i N ERELPT ACESS: srddl QRS HARGERBALuwiceMrdd a6k ee¥GHed tlosthe 1 nl et
of the first reactor. I'n one alternative arrangenent, two or nore groups of
paral | el fewctichs raratynghesl bepbadniinasurliads emperethiswhich angewemilar gt oups of

paral l el reactors, are in series, comupication with facilities |ocated
bet ween egl?l’i@éi?% R ?@nﬁg‘ 3 ‘ﬁgiarteg"%g& %33?“‘”%’5&’%"@“? é’ﬁ’!sflgﬂm%t “Yejected to
cooling. In one arrangenent, |iquid product may be renoved between each

stage with carbon oxides containing steam being passed to a subsequent
reaction éteagesigmative ayengasent.Ganpetitosidlest BEnbaRKn g SHeAMIERIEIng t he
| ast st age, .of ri of .. ect r S #mY s0e.s geycl.ed Lo any
sui tabl e gﬁi%F%F%gﬁﬁﬁﬁ%ﬁﬁ%égéS&ﬁ%g%ngmgﬁﬁhﬁggﬁggt gﬁ mﬁﬁﬁ“ge recycl ed to
the inl et -pfiatbe Hitsigt Heagtowith Whenendite qardpess dockudes: Giplpmakity of
reaction stages, additional feed muy be fed to the _second and/or one or
more of aRprlisBSREOERE Gt gyt Tharpl GHidd8e GPRERS 0% EEHPEREH may be
used for %Qgﬁpﬁgﬁg&%&%n of anhydrides. In one arrangenent it relates to the
production of el ¢ anhydride froma feed stream conprising n-butane or
benzene. In an alternative arrangenent, it relates to production of
ht hal i hydr i froma f ream risin - Xyl ene,. ht hal en r
% ;t 3r Ieg %ﬁ@%%&%@g&ng t@oa s&ong 'gsdpe%g oieige ngege%z. nlwselntign ' eéy as%roe\hde{ Z prtoae%se €0
for the production of anhvydrides by contacting a paseous stream with a monolith
catalyst, sald process being carried out in a tubular reactor having an inlet and an
putlet, said outlet being located downstream of the inlet, said reactor comprising one
or more tubes having located therein one or more carviers for sald monelith catalyst
and cocling medium in contact with said tubes;
wherein said catalyst carrier comprises:
a container holding & monolith catalyst, said container having a bottom surface
closing the container and a skirt extending upwardly from the bottom surface of said

container to a position below the location of a seal and spaced therefrom, said skirt



Any suitable reaction conditions may be used. In one arrangenent, the inlet
tenperature may be in the region of about 100 C which will give an exit

t enper at We 2012/t 420' C. The reaction pressure nmay b@CT/GB2OEISMm3303 bar a
to about 15 bara The present invention will now be described, by way of
exanpl e, by reference t he acconpanyi ng drawi ngs in which: Figure 1
Flgure 2 PHBMSSEORTGEHE UAFIG & B re AvSEhehBETE Sebtdbeht TNt ¢ he
overal |l prLQcesS:fi0ke Ll production of anhydrides; is a perspective view
from above of the catalyst carrier of the present invention; is a

perspective vi ewedflotdiel garaleyst sl of tionmubedlovcaiabysaaphettvmlingr oss
(S:g(r:';: gp g:ﬁ%ﬁ e%{@%@%ﬁ{%{aﬁ{/ﬁgﬁ% iabﬂﬁsjte?ﬁc% IW 1(':1“1! gxltf:en%s%le? 1%%@11 e)?.i]:tei'tsgr ac?eacgfatilé/ st
skirt; sald process comprising:

{a} introducing the paseous reactants through the inley;

{b} passing said reactants downwardly through said at least one tube to the
upper surface of the, or the first, monolith catalyst where they pass through
the monolith catalyst;

{c} allowing reaction o occur as the gas contacts the catalyst;

{d} passing unreacted reactant and product out of the catalyst and then
upwardly between the inner surface of the skirt and the ouler surface of the
monolith catalyst until they reach the seal where they are directed over the
end of the skirt and caused to flow downwardly between the outer surface
of the skirt and the inner surface of the reactor tube where heat transfer
takes place;

{e} repeating steps {b) to {d} at any subsequent catalyst carrier; and

{f) removing product from the outlet.

In one arrangement, the monolith catalyst is a solid, ju that there 18 substantially no
space within the body of the monelith that is not occupied by catalyst. When the
monolith i5 in use in a vertical reactor with downflow, the reaciani(s) flow
downwardly through the reactor tube, the reactant{s) first contacts the upper face of
the monolith catalyst and flows therethrough in a direction paraliel to the axis of the
cylinder. The seal of the container prevents the reactani(s} from flowing around the
monolith and assisis the direction of the reactants into the catalyst, Reaction will then
occur within the monolith catalyst. The product will then also flow down through the

maonolith in a direction paraliel to the axis of the evlinder,

Once the reactant(s) and product reach the bottom surface of the catalyst carmier they
are directed towards the skirt of the carmrier. To facilitate this flow, fest may be
provided within the carrier on the upper face of the bottom surface such that, in use,

the catalyst monolith is supported on the feet and there ts a gap between the bottom of

i3



Figure 6is a schematic illustration of a carrier of the present invention
from bel ow when | ocated within a tube: Figure 7is a schematic cross section

of three watalytoearriers |ocated within a tube; Fi gur@C8iGB2are/esmsar ged
cross-section of Section A of Figure 7; Fi gure 9is a schematic

representation_of an alterpative enbo |rrer1t the prese I nvent,i
i |l ustrati % AGARE! £ iglaf“ﬁpehﬁltéﬁ‘fgél fotage & &*hé‘ yPic ‘P"f’é‘ﬁre S PBY R of a

third embodifmt -0 HReREES 8N rhAYRNS 188 prbddcShialingelien tlomnpat h; and
surface of the skirt and the outer surface of the monolith catalyst uniil they reach the
underside of the seal. They are then directed, by the underside of the seal, over the
end of the skirt and they then flow downwardly between the owler surface of the skirt

and the inner surface of the reactor tube where heat transfer {akes place.

In one alternative arrangement, the monolith catalyst has a channel extending
tongitudinally therethrough, Generally the channel will be located on the central axis
of the monolith catalyst. Thus where the reactor tube is of circular cross-section, the
monolith catalyst of this arrangement will be of annular cross-section.  In this
arrangement, in use, in 2 vertical reactor with downflow, reactant{s} flow downwardly
through the reactor tube and thus first contacts the upper surface of the monolith
catalyst. The seal blocks the passape of the reactant(s) sround the side of the catalyst.
Rince the path of flow of reactani(s) is impeded by the catalyst, it will generally take
the easier path and enter the channel in the monolith. The reactant(s) then enters the
annular monolith catalyst and passes radially through the catalyst towards the outer
surface of the catalyst monolith. During the passage through the catalyst monolith
reaction occurs. Unreacted reactant and product then flow out of the meonslith
catalyst though the outer surface thereof The upwardly extending skirt then directs
reactant and product upwardly between the inner surface of the skirt and the outer
wall of the monolith catalyst until they reach the seal. They are then divected, by the
underside of the seal, over the end of the skirt and flow downwardly between the
outer surface of the skirt and the inner surface of the reactor tube where heat transfer

takes place.

In the arrangement in which the monolith catalyst includes the chamnel, the catalyst
carrier may inclade a top surface which will extend over the monolith catalyst but
leave the channel uncovered. This top surface serves to enswre that the reactant{s) do
not enter the catalyst monolith from the top but are directed into the channel for radial

flow.

id



WO 2012/ 146902PCT/ (B2012/ 050233 Figure 11lis a schematic representation of
the flow path between two stacked carriers of the kind illustrated in

Fi gure 10WoAoratiedogst carrier | of the present inventioRCIGHE2DI2S023at ed in
Figures 2 to 4. The carrier conprises an annul ar contai ner 2 which has

per forated I[1s 3, 4. ner er ate ef i nes 5 Atop
surface 67 E¥g§@§5Wﬁéﬁéﬁhﬁﬁﬁ? %ﬁ?g? %f“%ﬁg‘ﬁgﬁﬂ PV§§1¥%€§928 a poi nt

towards t ?f‘st ORo O dh gpiak leguadly A Qafnn&(hi%nacﬂ @h’é BdralcANtakfat: 2 nfi4shat hat a
lip 6 is formed. A D ot%on1surface 7 closes the bottom of the annul ar

cont ai ner c@algrdh theswerdracenigdchosdssofias Bot by ifetuse 26 prawet. sur f ace 8 i s
| ocated in a |ower plane that that of the bottom surface 7. Spacer neans in
the formof a plurality of depressions 9 are | ocated present on the bottom

surface 7yaficiher appULArCEQAt RI BRE, 2: JFeabRadteles: ke laare b:ﬁrﬁagtsﬁd on the
bottom surface 7 and the surface 8. A seal 12 extends fromthe up

surface 6pﬁﬁﬁﬂ§hf@y@ﬁbﬁdﬁhﬁm@@ﬁﬂﬁﬁquﬁ$%wﬁhﬁwiﬂéakéé%&|éﬁﬁﬁmﬁﬁﬁﬁﬂﬁ tube 5 A
corrugat egrﬁnp §Lg06w}1n d"On% %u t“()ﬁd&a%g ?ﬁ E%ﬁ% cont, a&k MeLoadie d Q@as%%bi\éjgat 1 ons

are flatténed“in the rég T owal of the Carr| at al yst
carrier lze@fﬁpetrzlmrem@sﬁnhe iRl Rl | fammn |§B@ﬁt1@dcﬁ o abhedOt W it bbeatBaindhe f1 ow
of gas is illustrated schematically in Figure 5 by the arrows. Wen a

pl uralityo>s$ <@gl 8Eg&t carriers of the present invention are |ocated within
a reactor tube 15 they interlock as illustrated in Figures 7 and 8. The
effect on the flow path is illustrated in the enlarged section shown in

Fi gure 8. Thscaﬁﬁlﬁmmthmagiém 0 2addf catalyeicomderenwiodi the atbei wedns|tustthat ed i n

Figure 9. A tto urface 102 clpses.the bottom.of the container 101 Feet
103 ext end®y %ﬁ‘%‘/ FlE8T He® BEvt 5 SUFT SREPST SURDBRY 4' RBRORT tH bat al yst

104. An upstAnRG, it of100 0t engdsf b omrdehen ol RMes4d haeR, AlQBe oThe skirt
may be corrugate n may be flattened as in a region towards the bottom
surface 1@8.to 20 meires of length at catalyst hourly space velocities of about 2400. The low

flow path means that the overall pressure drop achieved is an order of magnitude
lower than that which would be experienced with the same catalyst in an axial tube

not using the process of the present invention.

One advantage of being able to achieve a low overall pressure drop by the process of
the present invention is that long tubes with high superficial gas velocities, gases
containing high quantities of ineris or a gas recyele may be accommodated without
the pressure drop and potential for catalyst crushing disadvantages experienced with
high flows through current fixed bed systems. This ability to accommodate recycle
will enable overall conversion at fower per pass conversions 0 be achieved at high

catalyst productivity and selectivity,

The catalyst may be repeatedly and reliably loaded into the carrier at 4 manufacturing
facility. The containers may be assernbled in connected units which will simplify the
ivading of the reactor and in particular will mean that the operators do not have 1o
come into contact with the catalyst. The unloading procedure is also simplified since

the carriers may be readily discharged before being taken for reprocessing.
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A seal 106 is provided to extend fromthe nonolith catal yst 104 and
interact with the wall of the reactor tube 107. Baffles 108 extend upwardly
for the sw@l212ile®e serve to direct flow and to separat @CTHEB20E¥050238 from
the bottom surface of a carrier |ocated above the carrier. The flow of gas

is illustrated schematically by the arrows n alternative enbodi.nent of

the preseft “InYEREFERY %f%PF Ipﬁg?taff%‘aﬁﬁ“ﬁ* ﬁ%ﬁi@é‘fffl‘tﬁmf‘ﬁ“ﬁ A’ g‘? F%i%‘g‘é‘ment t he
monol i th gatialyst 104 has a |ongitudinal channel 109 therethrough. In this
arrangenment, the feet of the first enbodi nent may be omtted. This carrier
is simlar in arrangenent to the first enbodi nent. However, additionally a

top surface 110 is.provided to.cover t r.surface nelith
cat al yst .E}Tiﬁgli?rf}%%tSimaérége;faﬁat? ﬁrgmat?i?a asgﬁg%ﬁégﬁgﬁftgﬁ%ﬁ%ew%b% E&f}%g%t rat ed

schemat i calthy phtedsh€ tad fromwss inberupkunal pdayex0ingaht alks bf @l 6d @es, of the
present invention are located within a reactor tube 107 the effect on the
f1 ow pat hrsp&iof Playshe ardar iaiehdo spmaryberiscbls BRERBWSY MakiGuicss1, |1t
WL De UNGeLSERRe Dalootil! SLighle plaLa! ¥Rk GAT FLE o A¥EL DERRERCT | Ded
with particular’reference to a ‘use’in a tube of circular cross-section the
tube may feciof wibb: Goseuddr cross-section for exanple, it may be a plate
reactor. \Were the tube is of non-circular cross-section, the carrier wll
be of the appropriate shape. In this arrangenent, in the enbodi nent

descri bedyd n,whi,ch, an.annular .mnoki thel:ss used id midds he yondersheod that
the nonolith will not be a circular ring and this termshould be construed

accor di ngtymmuGkatiomswith feopitos destdddreiwéns prioductor onreofovaikgidritgdsaby

contacting a gaseous feed streamw th a particul ate catalyst i d, process
bei ng car %"%dg@oﬂ?ﬂb?‘i &ng’&ﬁﬁ}le r}‘:g?@a%ot“@?g'ha‘ Ng* a%rdf‘%a‘fr%?m’aHﬁméﬁ&iﬁ%ﬁdet , said
outl et beingsihpgatad. Sauns tHLam Bfsatdra iolebf ifaiEnleRat0i::GoNRLi 18 Ng one
or nore tubes having |located therein one or nore carriers for said

parti cul atasyelat & ystsutptle covk inge medEtmi Ane ofewsmen  Wishe FoydBY, wherein
sai d catalyst, et 8, COTRL! ses:

In one alternative arrangement, two or more groups of parallel reactors may be
located in series. In this arrangement, groups of parallel reactors are in series
communication with facilities located between each group to remove heat. The heat
may be reused or rejected 1o cooling.  In one armangement, liquid product may be
removed between each stage with carbon oxides containing steam being passed {o a
subseguent reaction stage in the series. Carbon oxides conlaining steam exiting the
last stage of a series of interconnected reactors may be recycled to any suitable point

in the process. In one arrangement it will be recyeled to the inlet of the first reactor,

Where the process includes a plurality of reaction stages, additional {eed may be fed

to the second and/or one or more of any subseguent stages.

The process of the present invention may be used for the production of anhydrides. In
one arrangement it relates to the production of maleic anhydride from a feed stream
comprising n-butane or beneene. In an alternative arvangement, it relates to
production of phthalic anhydride from a feed siream compnsing o-xylene,

naphthalene or mixiures thereof
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an annul ar container for holding catalyst in use, said container having a

perforated inner wall defining a tube, a perforated outer wall, a top
surface cwvoorgi469ee annul ar contai ner and a bottom surf €&/ GHB2085050238 he
annul ar cont ai ner; a surface closing the bottomof said tube forned
by the inner wall of the annul ar contai ner; a skirt extending

upwardly fromthe perforated outer wall of the annular container froma
posi tion ﬁ}@y%ui!ﬁ@l%r re%&?onbggﬁﬁ%i UEfRCE: Qledal h GRNtALRABEMLA, et | ON

bel ow the [ocation of a seal; and a seal located at or near the top
surface anmthpextendiayg:<finom tegencdrbaitidld “bywhicd sl ancanwhildtmpxtiends beyond

an outer surface of the ski.rt: said process co .Sl ng. (a), 4 ntroducing the
gaseous r8 ?é%ﬂéfﬁ%sa f*hbg’ﬁé?ﬁcflﬁié@feﬁ*r”é? ?I%E’ﬁf%?gggqeﬁgé'é%a?g?é}gg%taﬁn? éarabwnwar dly
t hrough said at | east one tube to the upper surface of the, or the first
catal yst carrier where they pass into the passage defined by the inner

per f or at edbovardsensfintanbioe ontl apwdre drstrdred, pasey vg cramp'al by rafHpesdh Bhe

cat al yst becd t_iog@irgﬁ &t‘&tgeﬁs%sr‘ghq[hat ed outer wall; (c) allowing reaction to
occur as f‘%@%ﬁs} Contdets et eat al yst; (d) passing unreacted reactant and
product out of Figaes cont ai ner tshosghnblie rgecskondteds dul ereralbpiocandot hen
upwardly between the inner surface of the skirt and the outer wall of the
annul ar container until they F&dficHe? SbHIYiAESe they are directed over
the end of theggkirt and caus : . do . ! f.er
surface of theygﬁj‘l&%‘f and the Sﬂﬁn %Sgséﬁ?}!’\éag%\&g%@l&g%%yggg%%fda%aghsgCﬁtgfpe heat
transfer takes place; (e) repehtiepgsstiepenfib); to (d) at any subsequent
catal yst carrier; and (f) renoving product fromthe outlet.

Figure 3 is a perspective view of the catalyst carrier from below;
Figure 4 is a partial cross section viewed from the side;
Figure 5 is a simplified diagram of the catalyst carrier of the

present invention;

Figure 6 is a schematic illustration of a carrier of the present

invention from below when located within a tube:

Figure 7 is a schematic cross section of three catalyst camrters

iocated within a fube;

Figure § is an enlarged cross-section of Section A of Figure 7;

Figure 9 is 2 schematic representation of an  alternative
embodiment of the present invention, illustrating the

flow path;

Figure 10 18 a schematic representation of a third embodiment of

the present invention, illustrating the flow path; and
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A process according to Caiml wherein the catal yst has a dianeter of from
about 100 umto about 1 mm 3. A process for the production of anhydrides by
cont act i joaopagewas feed streamwi th a nonolith catal yeCI/GR0L/(502133eSS
being carried out in a tubular reactor having an inlet and an outlet, said
outl et being | ocated downstream of the inlet, said reactor conprising one
or nore tubes having |located therein one or nore carriers for said nonolith

catal yst and cpgling medi umin ContRGlc Wotdes@iigh LHRRSIoWheneh Ry eai d
catal yst carrier conprises: a container holding a nonolith catalyst,

sai d contai ner having a bot t omostizdkas earobosif ey kinéilbentiad HeFigarwd Ya skirt
extending upwardly fromthe bottom surface of said container to a position
bel ow the | ocation of a seal and spaced therefrom said skirt being
positioned such that there a space between an outer surface of the nonolith

catal yst and the skirt; and a seal |ocated at or_near_a top surface
of the noficlalyst samar st i%@@fﬂ%@&&iéﬁﬁmﬁg if Hepr el AeEs € ko ¢at 8f g8tohy a

di stance X‘@n@ e@x& e@z Be&%%ﬁe an oy 1&:& Basr g@?&at(%ﬁ \{VE% §k|4rt ’iﬁalaﬁeﬂprocess

conpri sing CI n gaseous re ant's rough ' the’inlet; (b)
passi ng spa:rﬁbrﬁ&a@ataairﬁ Seidmmmﬂmﬂ yAtib;li au@meﬁaaicheathd @zaslar omasihibe theo t he
upper surface of the, or the first, nonglith ca %st wher e the ass

i

t hrough t F®- tbiFdPFaist %é"t%”%?“aré%jh"épﬂ’ g gY arﬂéae HEASREE BN EE he gas
contacts e Gaf &St s formed. A bottom surface 7 closes the bottom of the dnnular

container 2 and a surface 8 closes the bottom of tube 5. The surface 8 is located in a
lower plane that that of the bottom surface 7. Spacer means in the form of a plurality
of depressions 9 are located present on the bottom surface 7 of the annular container

2. Dirain holes 10, 11 are located on the bottom surface 7 and the surface 8.

A seal 12 extends from the upper surface & and an upstanding collar 13 is provided

coaxial with the tube 5.

A corrugated upstanding skirt 14 surrounds the container 2. The corrugations are

flattened in the region L towards the base of the camier 1.

A catalyst carrier 1 of the present invention located in a reactor tube 15, The How of

gas is illostrated schematically in Figure 5 by the arrows,

When a plurality of catalyst carriers of the present invention are located within a
reactor tube 15 they interlock as illustrated in Figures 7 and 8. The effect on the flow

path is illusirated in the enlarged section shown in Figure 8.

A catalyst carrier 101 of a second embodiment is illustraied in Figure 8. A bottom
surface 102 closes the bottom of the container 101, Feet 103 exitend upwardly from
the bottom surface to suppori a monolith catalyst 104, An upstanding skt 105
extends from the bottom surface 102, The skirt may be cormugated and may be

flattened as in g region towards the bottom surtace 103,

8



(d) passing unreacted reactant and product out of the catal yst and then
upwardly between the inner surface of the skirt and the outer surface of

t he nonolwohRoratedopst until they reach the seal where tREY/GB01250233t ed
over the end of the skirt and caused to 'fl ow downwardly between the outer
surface of the skirt and the inner surface of the reactor tube where heat
transfer takes place; (e) repeating steps (b) to (d) at any subsequent

catal yst @afkhj 8fs 15?@5‘./ &J&tor&%\ﬁ'fﬂgn Heodugdiidh L&H?&@J‘ﬁ%%ﬁ&i'ﬁiama,flwﬁhﬁﬁ@cess
according to any o Cainms | to 3 wherein a plural |ty of catal yst

carri ers aml oftlaclkeadontibhi @f’ t Bl flee B} ovendulyevardip@r the seal. These serve to
2012/ 1469 2P GBZO%S/ 0502

. ce cordi X Cains |
to 4 wher HEY RNAT TP 55%6 B@Pﬁ’géﬂmt %3 bg(%tf)glr Sig{}‘g? égea Cb% the Ow (%al yst
cont ai ner a&% thd BarkiBNeTheSitd aE£:aaf i1hbRatbdi B ewlitallvyaRt eebed to accommdat e
the gas flow rate required while maintaining high héat transfer and | ow

pressure drop 6. A process according to any one of Clains 1 to 5 wherein

t he annul md?wbet ﬁﬁgﬂ#ﬁggﬁ t%%ﬁésez%%}é%t%hré of i1 g@?’it&fﬁl e 3%03{‘ :a%gl and

the inner” ur ace or m abo
about 10 ﬁﬁhngeﬁwnﬁﬁw 106888h aeedidi MY hioa dnyeind@abEhaChd 19 thetktirGaghher el n

the tubes have a dianeter in the region of from bout 7 to abaut 130
ram In this arrangement, the feet of the firsl embodiment may =2 mmtteg s Carderis
similar in arrangement to the first embodiment. However, additionally a top surface
110 is provided to cover the upper surface of the monolith catalyst. The flow of gas

in the arrangement of Figure 10 is {llustrated schematically by the arrows.

Then a plurality of catalyst carriers of the present invention are located within a
reactor tube 107 the effect on the flow path is tlusirated in the enlarged section shown

in Figure 11

It will be understood that whilst the catalyst carriers have been described with
particular reference to a use in a fube of circular cross-section the tube may be of non-
circular cross-section for example, it may be a plate reactor. Where the tube is of
non-circular cross-section, the carrier will be of the appropriate shape. In this
arrangement, in the embodiment described in which an anpular monolith is used i
will be understood that the monolith will not be a circular ring and this term should be

construed accordingly,
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8. A process according to any one of Clains 1 to 7 wherein nore than 41
carriers are located within a single tube, 9. A process according to any
one of ClWOMB1Y146928 wherein from about 70 to about 200PCAGH2012456238

| ocated within a single tube. 10. A process according to any one of C ains
1to 9 wherein a plurality of reactors are used in parallel. 11. A process
accor di ng“¥®®4ny one of Claims | to 10 wherein unreacted gas exiting the
outl et of the each or each reactor is treated to renove heat. 19. A process

according,;to agg&;;s t\gp%gé)p@(%@%ﬁ I%%\ﬁﬁ M}%WE&%& LgatRused.s 13. A

process accordln to an Wwherein two “or nore reactors
ar e | ocat ggeannwsira mgmuiaié catalhyst, ceEsmoace beidigngiriad O ai mt;n;?aﬁami@a@ﬁm t he

reactors |ocated. in serles re | icatio
| ocat ed betViREA" S48 HCPEIE! :t“&@]@ﬁlﬁ%é@ﬁegg&ﬁ% “"W‘g?%mi “b‘ ng to

Gaiml3 %a%%&\!ﬂgﬁﬁh HORLAGEEAbEER GORLALNING.i8 LARRY e bzﬂﬂeztﬂrlsr | ast
stage of the seri I nterconnected reactors is recycled to any suitable

poi nt in tdiépprrioclelsiatalyst 6nd foopngcessrasTerdichyithoaditahes 15 wherein

unreacted feed co ning steamexiting the |ast stage of the series of
i nt er conn&CEEY: ?aégﬁa?%iﬁ' %’§‘€F§@§}31§3 to the first reactor.

an annular container for holding catalyst in use, said container having a
perforated inner wall defining a tube, a perforated outer wall, a top surface closing the
annular container and a boitom surface closing the annular container;

a surface closing the bottom of said tube formed by the inner wall of the
annular container;

a skirt extending upwardly from the perforated outer wall of the annular
container from a position at or near the botiom surface of said container to a position
below the location of a seal; and

a seal located at or near the top surface and extending from the container by a
distance which extends bevond an outer surface of the skirt; said process comprising

{a) introducing the gaseous reactants through the inlet;

(b} passing said reactants downwardly through said at least one tube fo the
upper surface of the, or the first catalyst carrier where they pass into the
passage defined by the inner perforated wall of the container before
passing radially through the catalyst bed towards the perforated outer wall;

{c} allowing reaction to occur as the gas contacts the catalyst;

{d) passing unreacted reactant and product out of the container though the
perforated outer wall and then upwardly between the inner surface of the
skirt and the outer wall of the annular container until they reach the seal
where they are directed over the end of the skirt and caused to flow
downwardly between the outer surface of the skirt and the inner surface of
the reactor fube where heat trapsfer takes place;

{2} repeating steps (b) to {d) at any subsequent catalyst carrier; and

{f) removing product from the outlet.



17. A process according to Caim9 wherein groups of parallel reactors are
in series communication with facilities | ocated between each group to
renove hewi0.201218690A process according to Caim 13 or 17Peh&BorR/tSh83heat is
reused and/or rejected to cooli ng 19. A process according to Claim1l7,

wherein |jquid product is.re ach grqup_of ;.paral reactors
with unreact ed”f BBt GHTATHR go%gi”@aﬁ\vﬁ%ﬁ%%bea %%58;{%35‘ dsg%ggigbugk? reacti on
reaction groupgidy: t e, 8ebisesut 128mA. process according to Caim 20 wherein
unreacted feed containing steamexiting the |last stage of a series of

i nterconnected reactors is recycled to any suitable point in the process.

S ot P Ofre® ACERR Ty Ul BGIMAD BNSEEHIIL IR SLICAMS 2 SENE B 10, 1 he

inlet of the fir Feact ocess accordi ng oan one Clains 1
to 21 wheggdam the <DE1@»&$§€$; ¢a$al§@r xaﬁ&@za&é@d&&xﬁg omrief mheamﬁaﬂdnyﬁmdae froma

feed stream conprising n-butane or benzen for the prod ction of
pht hal i ¢ B#AYyE AR et # rroYisb dhaih PEEhTES ?‘1?%‘? w&%ﬁﬁ%ﬁf@ﬁéf fn&phit Hift ene or

MEXEURES Jas{@?oampgé%ém%%%?ém%ﬁ%%mm&@a ANeRMRe A nlh ALAIBiels b0, 22

wherein t grature is a A process according to
any one otaiChainplihlcatabysP 3ndvbredie maihen neamltdmmtprse@smte is fromabout 0.7
bara to ab%lé;exg s:.gd c,ega gfst carrier comprises:

a container holding a monolith catalyst, said container having a bottom surface
closing the container and a skirt extending upwardly from the botiom surface of said
container to a position below the location of a seal and spaced therefrom, said skirt
being positioned such that there a space between an outer surface of the monolith
catalyst and the skirt; and

a seal located at or near a top surface of the monolith catalyst and extending
from the monolith catalyst by a distance which extends beyond an outer surface of the
skirt; said process comprising:

{2} iniroducing the gaseous reactants through the inlet;

{b} passing said reactants downwardly through said at least one tube to the
apper surface of the, or the first, monolith catalyst where they pass through
the monolith catalyst;

{c) allowing reaction to occur as the gas contacts the catalyst,

{d} passing unreacted reactant and product out of the catalyst and then
upwardly between the inner surface of the skirt and the outer surface of the
monolith catalyst until they reach the seal where they are directed over the
end of the skirt and caused io flow downwardly between the outer surface
of the skirt and the inner surface of the reactor tube where heat transfer
takes place;

{¢) repeating steps (b} to (d) at any subsequent catalyst carrier; and

(f} removing product from the outlet.

4. A process according to any one of Claims 1 to 3 wherein a plurality of catalyst

carviers are stacked within the reactor tube.
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5. A process according to any one of Claims | to 4 wherein the annular space
between the cuter surface of the catalyst container and the inner surface of the tube
wall is selected to accommodate the gas flow rate reguired while maintaining high

heat transfer and low pressure drop.

6. A process according to any one of Claims 1 to § wherein the annular space
between the outer surface of the catalyst container and the inner surface of the tube

wall iz of the order of from abowt 3 mm to about 10 mum.

7. A process according to any one of Claims 1 to § wherein the tubes have a

diameter in the region of from about 75 mn to about 130 mm.

&. A process acoording to any one of Claims 1 to 7 wherein more than 41 carriers

are located within a single tube,

g, A process according to any one of Claims 1 o 8 wherein from about 70 to

about 200 carriers are located within a single tube,

10. A process according to any one of Claims | to 9 wherein a plurality of reactors

are used in parallel.

1. A process according to any one of Claims 1 to 10 wherein unreacted gas

exiting the outlet of the each or each reactor is treated to remove heat.

12. A process according to Claim 11 wherein the removed unreacted gas is reused.

13, A process according to any one of Claims 1 to 9 wherein two or more reactors

are focaled in series.

4. A process according to Claim 13 wherein the reactors located in series are in

fluid communication with facilities located between sach reactor to remove heat.

15. A process according to Claim 13 or 14 wherein unreacted feed containing
steam exiting the last stage of the serigs of interconnected reactors is recycled o any

suitable point in the process.
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16, A process according to Claim 15 wherein unreacted feed containing steam
exiting the last stage of the series of interconnected reactors is recycled to the first

reacior.

17. A process according to Claim 9 wherein groups of parallel reactors are in

series communication with facilities located between each group to remove heat.

18. A process according to Claim 13 or 17 wherein the heat is reused and/or

rejected to cooling.

19, A process according to Claim 17, whersin liguid product is removed between
each group of parailel reactors with unreacted feed containing steam being passed to a

subsequent reaction reaction group in the senes.

20. A process according to Claim 20 wherein unreacied feed containing steam
exiting the last stage of a series of interconnected reactors is recycled to any suitable

point in the process.

21, A process according to Claim 20 wherein the stream is recycled to the inlet of

the first reactor.

22. A process according to any one of Claims 1 to 21 wherein the process is for
the production of maleic anhydride from a feed siream comprising n-butane or
benzene or is for the production of phthalic anhydride from a feed siream comprising

o-xylene, naphthalene or mixtures thereof.

23, A process according to any one of Claims 1 to 22 wherein the inlet

temperature is about 100 °C.

24. A process according to any one of Claims 1 to 23 wherein the reaction

pressure is from about 0.7 bara to about 3.5 bara.



