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
form anhydrides. Mre particularly it relates to a process for the

catal ytic oxidation of butane or benzene to mal eic anhydride or the

oxi dation of oxylene, naphthalene or m xtures thereof to phthalic
anhydri de. Processes for the oxidation of hydrocarbons such as butane and
‘benzene to nal ei c pPROVERS PORAMEE PRODUCEAON OF ANIEYBRIDEEOr about 50 years,
the main process route to mal ei c anhydri de has been the oxidation of
benzene in the vapour phase and this remains a commercial route accounting

for around TR préerGndénaén BlABal L£ABARS ot thlex@¥an, ofyafhchehgenaneost s nean
that the process i.s becomng |less attractive from an econom c standpoint.

As the cherFeeRes obt catpyst to foom agdridese Mg particplpilit relpfantp agirogepefonl d pl ant s
i ntended t QhdldahdjtR @xRBAALADuRRe 8r BEhAhk kD PalBR Wik ddde BRME o RAGLI LI of i tted to
enabl e n-butane to be used as the starting naterial. i chever starting

mat eri al i $Ylfae@aphthadene enmiiterss theregldp phibslotdnbydride. However, as di scussed in
nore detail below, the energy released fromthe reaction in which n-butane
is the starting material exceeds that where benzene is the starting

mat eri al afdodebses farshe efilemned hydrocdrborst spalnac butpreoshdchenzdre te hadldid be

under st ood . r . e i de.feactions.. I n particular, there
are rrechaniag'%td %g't% vr%e@uh%t“@ﬁ lﬁl{géorr% | ?Ie’arrr%ﬁﬁ j5d %Wsaél&?@ngﬁchsséﬂweg%r ylic acid
bei ng f or mewhkléio asddiids bas beenahe boidatinni efetsenzella én ahe Fapbisf Yhdserand figs oxi dat i on
of butane and .benzene to.maleic anhydride a ver imlar as are the

Catal ysts GEBH A CPREerciEl APitE AccoRalEor syl 39 2P %eplisighel paRly. based on
unsuppor t edHonanadhighbplesdbetsusearthaehd poEdss isTHesRinan&s erAveRifgnal |y used
in fixed bed reactors., Pronoters such as those selected fromlithium zinc
and nol ybd @RGIGEYF $ANPPile used. Recent research has suggested t hat

magnesi um cal ci um and bariumions nay al so be effective pronoters with the
potential to generate higher conversion, yield, and selectivity than the
unnodi fi ed A\?ﬁgc ghemigtyy<f the reptiopgaee yeryrsipilsspawr Hfibke eld plaatrdaiendadita t he

catal yst dekifidheAdshelddG htihy tlater@f havb ebileablitda @%atgs BOutdn@G0 bk T €-

Cat al yst activi t1>1/ is greater at high phosphorous:vanadiumratios, but the
catal yst | ivped gsghesgarting ngiedala Whipkeversttaring paterid ieussdsthe peaction is very

phosphor oUSYARRAL Uffof&lek, CasYlischastd B HoREGLPUAGRSHE dubily POKLLIE, e opt i el

bal ance between activity ‘and catalyst pr oces € production
of mai ei c dkrtipaetiodén wich|n-bsaneds 8¢ stolingmatetal |ekgecinthE where bénzehaist hi s

process, f é%@n%&gg%ﬁ\%g?%% eb QR ihe HELE J DG aRgnzene or n-butane feed

IS vaporise conpressed alr in control |l ed manner generally
using static in-line mxers. |If a catalyst pronoter, such as trinethyl

phosphat e, j d Lt . will be added.at this stage. .The prepared feed
i s then paslts%laa@gt%?gg%?tg%d a%/ﬁ%rre &% %%u’%?ﬁr Gh P Frapiongy ?‘gﬁar?%s@fﬁace. The
oxi dati on wiré egmnismattieat aesnithiatsanlli mhovatnafrdcetl adiéahd whiviid asii Yeinge r enpved.

Careful control,.of , the reactor .is required to prevent the
hydr ocar bo%%d’éﬁddgboﬁﬁgﬁrﬁ?’bw“ ¥eachi ng combustion lints.

The chemistry 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 phosphorus oxide (VPO). These are conventionally
used in fixed bed reactors. Promoters such as those selected from lithium, zinc and
molybdenum may also be used. Recent research has suggested that magnesium,
calcium and barium ions may also be effective promoters with the potential to

generate higher conversion, yield, 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 renoved fromthe reaction off-gas and then an
aqueous or solvent based recovery systemis generally enployed to
obt ai n t h&he ratiteofph@plorathydvardeivet iretm caldlyss detetitlines theeaomivity df hea

assed to section O where product purification occurs. This is
'to ypi cal | yC%Iakym@t*@Bcedﬁsﬁaﬁm §?‘iab’ﬁt S HY AT B SRSy ¥ e ghospprous Mepadium
renoval apgickhe,gepgd aEdt@pstOflif@ healy fHted T ShECRAEAL) Ofclefses. A
general |y vacuum assi sted. Energy recovery Is a key factor 1n
achi evi ngpbespbemnemmdpmo caie{flch histeepsaghested anpofideriad eptomal balance
anhydri deb Sone or .all  of tyhﬁ&r eactor off-gases, post rnaleic
anhydr i de PFREEYBFVItYRng cptalyshiensabl es from vacuum systens, tank
vent gases, and waste hydrocarbon rich liquids may all be utilised in
energy recovery in section E. Generally these are incinerated to
recover eflbegyocess suptbe-preductidn stfenpheicTdmdiydtidam dhwstrived ysleunaticaldy ppl y

energy togthe process or tao. supply ener tojn rated processes.
Spectti caFtgre P8 B udbsst et Bhipafdio Wt o HE AR firRER ST S Bhne
conpl ex r éadtisaApbisedtin@mixke wied 8biipleSsedYat &iTh aBEFIRE Sadhdd Whaaey
atons and inserts 3 oxygen atons giving an exotherm c heat rel ease of

297 kcal | §sipBIstage imlipgmaxerdi ttha caalysapramstdesych £ tiiimathyt pispbate is to
oxi dati on : I . i . 500 .kcal | g-.nci oi,. of
et hoge aRT A QUUHES of BLERRLIN bthhRS D il s 5
+ 3. 502 CH2{«dh} oRidattordkdotbnGidEIg24c?C113 + 5.502 CO2 + 2C0 + 51120
For the oxidation of benzene to mal ei e anhydri de the heat rel eases
are 352 kcal l g-nmol and 555 kcallg-nol: C6116 + 402 - j2H2(Q0) 20

+21120+ 3’9@ daftbn Nl Zpehed O a tufdarka? VEF hedt! Y
under st ood that the rgﬁeoeogpggpg%?\ m)r?ox;e@e toecav?/l@g}g |})5<5? 8m|ms,edhot
fixed Careful control of the reactor is required to prevent the hydrocarbon/oxygen

composition breaching combustion limits.

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 system is
generally employed to obtain the crude maleic anhydride stream. This crude stream is
then passed to section D where product purification occurs. 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 is a key factor in achieving an economic process for the production
of maleic anhydride. Some or all of the reactor off-gases, post maleic anhydride
recovery, non-condensables from vacuum systems, tank vent gases, and waste
hydrocarbon rich liquids 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

processes.



On- goi ng devel opnent work to inprove the nmal eic anhydride production
process centres on identifying nore active catal ysts and obtai ning an
increase in yield. However; the benefit of nore active catalysts can
be difficult to realise in, for exanple, fixed bed reactors unless
t he speci Sperifieipt thervxidation odm-hsanentoreasedanh@diide isrcceagles réagtion in

producti vi ner | ar ger .amount heat, whi ch .nust be renoyed

D ate t natoha R et Eie. S SRR BB b e oftple i Boers 3 prigen aoms
processes gy A edoth@mit Meatoiedd b929’9kc£ MbEBE butdA® hpmlt}f‘enﬁa&r side
m xtures thereof to ph.thalic anhyd ese processes are al so
wel |, knowgaction phbutang oxifhieorc bet edr oaéeﬁrqmamnggaaﬁgﬂ@r 590 ixeal&g-miol af
to those HsE |nekgg E%%ys%%% qLelnalghg &nhydrlde or may be

nodi fi cati ons T SR q V&n ahia m xture. For the
oxi dation of o-xylene there |s a S|gn|f|cant heat rel ease of 265
kealig-nol ., as well as there being heat released when naphthal ene is
oxi di sed CHeZHREHRCH +Ap102— @@gc@m B3#H20302CA1- 14(C0) 20 + 3H20 C,
OH8 4,502 C6H4(C0) 20 2H20 + 2CO2 Cenerally the reactions are carried
out in specialised reactors which include devices to provide cooling.
Gener al | y CH;KeldCHedHo# 5t3Qui & GOg+R€ar+6HsOW | | be used. However, it
is difficult to realise the benefits of nore active catal ysts unl ess
the specific reaction rate can also be increased. Currently the best
heat renoygl thte%xﬁﬁhah x%el{z@ﬁe ® &laelcaanhyas% theﬂeaﬁxakfsm- L ﬁ?'ucxﬁg i) bY
an axi al tubular reactor. his arrangenment, catalyst pellets are
| oaded i nsndl&5% kdad'g-mofl: an aX|aI reactor. Cooling nedium such as
vaporising water, is supplied around the tubes. Reactant gases are

t hen passed through the tubes where they contact the catal yst and the
oxi dat i on;gacd@N-t@kec®),6ce2H,the deat cevol ved is transferred

t hrough the tube wall to the surrounding cooling nmedium In view of
the need to control the heat within the tube, the size of the tubes
islimte 0 ow t ss readily fromthe centre of the
tubes to gﬁ@6ﬁ3¥#§*ﬁﬁgﬁébﬁégﬁ‘@%gﬁange occurs. Generally therefore

t he tubes have a dianeter of |ess than about 40 nmto ensure the
required | evel of heat transfer and to prevent the catal yst |ocated
t owar ds t AEOWSYAE ileshgpldiigaindgistood gt ﬁlé%utailﬁ §f spr8or Fnaside iq eaibriydioxide
occurring,. Ihe,sqall size of the tubes contributes to the high cost
of construc ion of these reactors since the nunber and hence wei ght
of the tubes in the reactor required to contain a specific catal yst

volune is limted, Even at the small tube size the catalyst particles
have to b&1&piagidraelopagal work, to imBIovE dhe mealfie ankydrirteaBIOSUFH AR n@ca?ﬁd

heat trangtgbes b 1§Ml%ggnmﬁ %EtWe %ﬁlﬂg&%'% Bbtaf 'aﬁllﬂa%%s%uﬁp

superficial velocity a gas our | ce velocity has to
order to rfxwdvar,ntheheenefqoif rmotehmnvetcrawiss‘tercamrhé dﬂﬂa@em healise in, for

corver s, o o k5 SBEL 20 9555200 Spfpeonsble R el Bresain
reaction ijfcbhab il audt gﬁt?sg‘eséralel 1mgteaameﬁms Sf ﬁéh@%lfeh 85t BEGHhoVd at a

catal yst pellets leadin 0 excess carbon dioxid
rate that maintains a stable operating temperature.

Similar processes are used for the oxidation of o-xylene, naphthalene or mixtures
thereof to phthalic anhydride. These processes are also well known in the art. The
catalyst used will generally be similar to 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 kcal/g-mol, as well

as there being heat released when naphthalene is oxidised (467 kcal/g-mol):
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production in the pores of the catalyst. Whilst this problemcan be
all eviated by ensuring that the active sites are only present near
the surface of the catalyst particle, this can deleteriously affect
productivity as the active sites that are avail able have to be worked
hard to deliver a reasonable overall productivity. Various approaches
have been ed_ far r i probl ens of these reactors.
One pr opogﬁ%l%g'ﬁszﬁ ?éé‘?ré&?‘i(gﬁwgéigﬁyst beds. Here the fixed bed is
packed with catal ysts of different activities. Generally the |east
active catalyst will be used at the feed point with the nost active
cat al yst Beithgt #.60atedsHu(C6DGeadthOne2€ht . Wiilst this allows for

st aged heat rel ease, packing of the catalyst into the tubes becones a
nore conpl ex, and hence nore costly, procedure. A second alternative
t hat has b}%ﬂ&aﬂymgwﬂns aretc@rr@efu@ irBspbtihisedatd Adth Q/hlic,%niﬁ@lﬁéé BBk h1es
within the same catalyst bed. In this arrangenent the sanme catal yst
bed is subjeedetpoliogdidenerbnfixee hpbontludded sgiciass willhe 9s¢ds Henwbevad
by enpl oy t r the £gngi neer. t he
reactor r Ile%%ﬂ?cgl ff orggps q%%%g%%ﬁgs&?rggr&eoa%p@@t NS LBl 3‘6 R 89eliof
al t er nat i yee appile@bdincteated. carry out the reaction in a fluid bed
reactor. This does offer sone advantages. In particul ar these
reactors will have an energy bal ance that provides export of

NI gh- pr eseRnd BRAMCAHA xre?r?oﬁla{)tog,fata%ﬂﬁtoifpga‘fliﬁg&]bécﬁ temraepéérédg
air rate require for RINT tem In thi's arrangenen
catal yst parnkiat héslareacsits jerthis dirangdnirmt, ackl gat peben agpr loddaﬁt insidd tébee

agitated bﬁ the njectign of re ctlonpgas at. the bottom of the

react or . al wacighe OHingHN I sPIER S8 HRRMISEBRGHAIER 15 PePhieaspwid thad
SO int he‘?ﬁﬁést hﬁea{@a?@ gtaEé%n&tae(he@ aéell rtﬁf@#gﬁsthé Quﬁ‘e@t\@ﬁéfétthéf céﬁ?{ﬁéf the

| arge. Additionally, as the catal yst ter is

transfer aadlyseand thansfdation gsicivancks pliatdi nTItehbeatadvalvpdtls pmfecdeé

e o PR B A LSS Pl B R B g e

particl es cganolnge MedtNkAhiAQRe albea Rl PACHH e thidiifl 1IhRIFAGH Al IR Ehe heat to
conditions. The hi %B heat evolution in the reaction can be managed
wi t h i nt epass readilyekoar Hel ce@tfﬁl@ thfn tubghite theneals wihsreviagad ek hadge Tbavss. i n

var tous aavang bl ReBLRS TPt o N BBl St B

necessary rfuitet ¢ével 6f Beat Gtandfed dndttb Previefit th eataBaCIbedted ANALs thE centre of
mai ntai ned while utilizing an econom cal amount of catalyst nake-up.

An al t er ndk§ (beapisEivating 1984 theren! renagey agcumiags pbre spall stzeanft the tubes
These rea n i tors.
ovever . tharduRETothe Bid A of SpRmEl bt ksl i SHAO B ARG
di sadvant &gﬁee widilghsof the vaHek ibthetrpatesratackdttb abntahi 4 siecifiteatadyst Oblsme
appr oaches grryi ng out the reactions for the production of
anhydri deg$ {!i‘étﬁ as mal ei ¢ anhydri de and phthalic anhydri des each

of fer sone advantages, they al so each have their own di sadvant ages.
There is therefore still a need to provide an inproved process which
addr esses Iore abthersorad! tobe sihet}praatallfsnpartitlephh‘crrtoaxetrelativei}ngmmﬂaht srder to

According to the ent i nve i on t rovid roc

Che” pr odacih ORI B HBE ST oL SARSIEh | A6 I4UAR HGRS SHERner cominime h
a particul@tiea¢ @«i@kﬂém, v&@a@ d?x'ﬂ%@%%uﬂ’? lsme%rorcit?ﬂam bd Hlaée w&'alex%
reactor having an inlet and an outlet, said outlet being |ocated

downst r earmafitaithéeirequated heali tlanséeaend maoa;gqathﬁ shmgroereobihe meactant gisesat

havi ng Iocartgsdot %rglen one orrer%‘m)re carriers for said particulate
catal yst an thd 88? r?g rr?ch TR T ®ntact with said at | east one tube;

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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wherein said catal yst carrier conprises: an annul ar cont ai ner
hol di ng catal yst, said container having a perforated inner wall
defining a tube, a perforated outer wall, a top surface closing the
annul ar contai ner and a bottom surface cl osing the annul ar contai ner;

a surfacepeldasiodint e feéd emief caaid. twhdst OiTBéblyn the bk meviawal iy of
the annular container; =~ a skirt extendi ng upwardly fromthe
per f or at eBNsyU0S thahdld achie sivs aan Aulyaresephrear ther suriaemrhthg seialysbpatteleor

near the 3 ' ' a.. i L el ow, 1
locati on OfF SECAIHEAGRR Atect BLAEAILANEL oL SuRET PRI 0.
and ext enté ngrifed tiard toeleli osttaakemenatly ogerdll picalnctevihi ch ext ends beyond
an outer surface of the skirt; said process conprising: (a)

i ntroduci ng the gaseous reactants through the inlet; (13) passing

sal d reacianbgs qgfé\%‘é‘ﬁ'geg Yavk hﬁ&ﬂgalé%)%%tfh ?g; ralgglr%gs\}\ﬁ%rq}éé t'iﬂ@olter?xs the ﬂ{é?éc)) er

surface of the, first, cat ey pass in
t he passeayes. dexd prepodal/istthesd mnkizopecatadyabeds. iddre thof fixtedded dnpakeder
bef ore passin adi al l.y. through the catal yst bed towards the
per f or at ed ‘%Lfg@iys%aqaf]l ‘i,‘%?ré‘}t aéf‘?‘&ﬁ'née?eé%\l& %Sheatsba%’é’ﬁ GRiagst ‘f’ﬂlebeg‘ér?d at
contacts fheree@bhy Shth thé nRREAING cHAlREELRE 1d8RATRBE naRdhPELAUGTIRHT
of the container though the

this allows for staged heat release, packing of the catalyst into the tubes becomes a

more complex, and hence more costly, procedure.

A second alternative that has been suggested 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 techniques. 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 system. In this arrangement, small catalyst particles
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 so 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 is
relatively 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, carrying out the process in a bubble slurry reactor

offers various advantages.



perforated outer wall and then upwardly between the inner surface of
the skirt and the outer wall of the annular container until they

teach the seal where they are directed over the end of the skirt and
caused to fl ow downwardly between the outer surface of the skirt and

the i nner Hewehac gradehdIgan B@eﬁ@hntetﬁaelfme&@ceb@ay phitidnsdigy dfrsﬁlibaﬁon in

pl ace; (e repeatl ng steps ( to (d?eoat any subsequent catal yst
carrier; Hifareaqtyr re@m@mbﬁgmpn thad twhiteowiilizieg e teceromiTHearpein oy satalyst
carrier ig described in detail in PCT/GB2010/001931 filed o Cctober
2010 which 1S tncorporated herein by reference. For the avoi dance of
doubt, anyndilsensise @ppmﬁc}ohﬁselﬁﬁeattb aBe aftoihsgorabil ecatter."Thedecidadsrs are
upwar dl vy, &El ow, | ower he | i ke have, for ease of reference been
di scussed? kHOWBdéPHC‘tﬂét“%g‘iﬂ“’éﬁeé'r‘i’ﬁét“‘r‘a&wr%f Hopysveratheps sactery silleyufiss

illustrated PRI 4G4 g&@g However, where the tubes,
and hence tﬁ{e cat aI yst carrl er, sed in an al ter native

orientation, the tetius should he construed accor di ngI y, The catal yst

t [ 1. I d that i )
et on Tt #Hb B rabrsiiod Ao RE e s pasbedies dobany e e n
it is plaggdtioddrs@alprbduchibs o SMGHiddauch taslrﬁmefcam@dmet Bnd B&tHaRper
wal | of the reactor tube when the catal yst carrier of e present

i nvent i onanhlrides parhj dffepsome aiivantages thepbaso Fivd mealthmecem fisadetages.

perf ect p vi de ffici ntI. ef f ive a

o or 1ty dPote tereliia e go pSAR i b i pih M aregr o
pl urali tyngfre@ﬁgﬁlpymerﬁ%fprﬁ{rsmvgdah Qﬂerﬁg acked wthint he react or
tube. in this arrangenent, the reactants/products flow downwardly

bet ween the outer surface of the skirt of a first carrier and t he

i nner surf 3:%8rd9 g {oht%e p?@s%ﬁt 1&véﬁf%% tHQrte|1L gw]v%/edgfﬁlto%gsts (]t% Bgl(l:ﬁtlon

surface an carrier an nto

the tube aaliydrites af;cemdaafmgra ghsadak | faedl shyarh heitper f)amamletré edta1gdt, wall
of s annul ar container, The flow path descri bed. above is then

repeat ed. W%‘éﬁﬂ% gartied a\atrmértuww BaclPLRFERE B indghyand @ pyBetesaid outlet
material . %hlogme@rd' gJPst L @ SRe ik Hereé {)reE&rﬁ;ﬁnstuggd%% BsLARd s

operating co ditions e reactor. nera talyst carrier
will be faavingdbended themicandon nstreehbrricsd fummdmamaﬂae rchiaBst sideedaling

ot her alloys,.or .any materi al le to thstand the reaction
condi t i ondnedfia i %ta%fwlihrﬁﬁldaﬁ Sh?ne(,IB tai ner can be of any suitable

thi ckness. 30k 3Bl RatalysC kRS oMdsede of the order of about 0.1 mn
to about 1.0 mm preférably of the order of about 0.3 mmto about 0.5

mm an annular container holding catalyst, said container having a perforated 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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The size of the perforations in the inner and outer walls of the

annul ar container will be selected such as to allow uniformflow of
reactant (s) and product(s) through the catal yst while maintaining the
catalyst within the container. It will therefore be understood that

their size will depapd defintd®ysitzeinabr podoraddalwBt o et coltgigelobifg:
used. In an alternative arrangenent the {)erfor ations may be sized,
such that they amessieggdiallythronglhe gatplyst ead tawans dhpesrioned pger wall;
perforations t i i i it hi e annul ar
cont ai ner . Thi & garﬂgg’ings‘%%@é)e{?E’%&é‘?fag?dg{gagh@%éy%%?éﬂmm ch will
facilitate the(d)rpasindveractd aéacteachdnirsdwt tonowt the sogrintt dmagh thss

of pressure. It will be understood that thg ertbrations n@(éabe ot{l
any suitabl e conficEaraed ewer VAaad thanamwadiyefwees the dufer pudpcgLf the

perforated all t rc}gﬁt bSd fﬂ%qéﬂtéte\galkﬁf talnnue s t:agxefrgﬁfi]lsthEQ r@lch QN¢ tdae

reactants and products to pass through the wa hese may be snall
apertures of any wlomé ity atei dingctecheyemtne bl sf thes skitthayd naeddo fitawed

by a wire screen or b ny ot her, neans of creati a porous_or

per neabl e surface°% “i/aﬁ‘géfé’ﬁt“fer‘?@ ﬂi‘eof)lﬁgiﬁulr 8%°€§‘8§Pﬁ‘garldhtge JRREpugface of
container will gefetrakioy nlte viReah&diadstéhakddphre; edge of the, or
each, wall of the annular container, it may be desirable to |ocate
the top surfacée)epahing lstepsifipde (Bddenwinbiequsalt catelyrd carrigr asd t he upper
edge of the oukﬁr wal | for tgr”tﬁ' S%rp’larly, t he bottom surface may
be | ocated at tHeCTGWEE P& P HE& oYY each, wall of the annul ar

container or may be desirable to | ocate the bottom surface such that
it is above the bottom edge of the wail of the annul ar container such
e

that the Wkl cataysiscari¢n p. deseabesbiin sletailuin FEA/6B20 HEOQH| filksd ooy 19

surface d?{}'t%h%rtz@Fo \Q/R{ck?mn% Bi’a%d%é‘?&@ﬁ&#%?mﬁ%r med as a single unit

or they nmay Dbe Separate pl eces connec ogether. The two surfaces
may be coplanar but in a preferred arrangenent, they are in different
pl anes. In one arrangenent, the surface ¢laosing the bottomof th
tube is i Aok thoone@idasra Abderdnanyhlisystion AT SUFHARA. &9T PREPHIFIRSFuch as
cont ai ner. I i 1 e i i At 0
o Carr o B ok AL ik e SRS R S 36 3R
used. |t wekgdrdhe thedeieshtod of had catalyancatiteanaiustreted rinathgeembpanying

surface closing the bottom of the tube be in hi gher pl ane .t hat
the bot t orfir&HEac élod‘fe"F’hé”rp%fﬁ?] H}ea?‘PESo ﬁf“éﬁé‘i’e t%WfPﬁa tf ebﬁget B?ﬁ%_ n an
surface Wil O80epALdNRE a}ﬁeQEhlﬂjs shbﬁld%ycoh&ﬁleﬁqgcd?ﬂ'i%ﬁ@f more drain

hol es. Where one or nore drain holes are present, they nay be covered
by a filter mesh. Simlarly a drain hole, optionally covered with a

filter nme may b resent ...n the,surface closing the bottomof the
tube.  Wher Bhe FAISS POPEme il sperallE By 460 ugb R & ittt telifmengin
the drain g} ene WRRHA RFREAHE oBihd reB&ol BALiAM WhicRNt & plasddat Theseal is

position i.e. one that is the |owest point in the carrier when in
use. One ofizafosushgheide intereets vithaihedrnemnualy efvigarcastyr fubsvhardhe satabysh

surface of the ul ar _cont ai.ner.. . . - e

formed as €&P%r gt?t e(?5?‘?‘5%tnlélﬁ?r§“°5‘rlst“;’]rg%l%gé/ “ggﬁ{]z)hre?rtgg&b? hgg%lr@g g?é%tg&l n
t he bott omp&ict pasvidedhisteit tih esificiepag effectbans @ue: theasgoatityt dfejie dosiist
in providing a clear path for the reactants and products fl ow ng

bet ween t hgasgepewsiyeh decapiert he first carrier and the top surface
of a second |ower carrier in use. The spacer nay be of the order of
about 4 mmto about 15 nm or about 6 mm deep. Alternatively, or

addi ti onal Ggnerahgcepluratiay sf oaylybtecqorias entl terstddied wothirs thef rmamtor fhe frop

surface clgsing the annul ar cont ai per i ncl ud n its upper
surface e HIt TRREEHERS tq_’i%reéﬁtf}f“é}m uc gfi‘i"i‘%gf)w&wéﬁﬁég?é"feeﬁ é@e{){’)‘g?r Sur_face
stacked abgygtdg: elm'l?s't R&tiel IS8 innER SuIRANT thlreh@6tuBe LRE! RONERIRET

may be of any suitable arrangenent. In one . )
the upper surface and seal of a second carrier and are directed downwardly into the



arrangenent it conprises an upstanding collar having apertures or
spaces therein to allow for the ingress of reactants. Th.e upwardly
extending skirt nmay be snooth or it may be shaped. Any suitabl e shape
may be used. Suitabl e shapes include pleats, corrugations, and the

l'i ke. Thenpe@Atise se6OHd dheiddri defifie®Bthie perfbiake 1m1ér|weﬁlledlﬂfsaﬂnhﬁlab&)ntamer
arranged longitudin.ally along the Iength of the carrier. The shaping
of the updha Wr’@t}s@ﬁsﬁltlqurﬂbpé%§ébertlﬁéeagﬂface area of the skirt and
assists with the insertion of the catalyst carrier into the reaction
tube since it will allow any surface roughness on the inner surface
of the reant aitalysbeadter dhdyf BE dogesl bh ahplseitane emtdrinlt Lhesd hatetiel will
accommodat ed. Were the upwardly extending skirt is shaped, it w]I

gener al | y gereralivabe hrsEd 9 ‘ﬁlﬂ'ssfﬁ?étthe eRFRRELTORdI RS bihsrTaacten eGWfH]tYa at
which it C t. ot @ RE AL ek el a to
be for rred W t%ﬂyﬁe&g‘ﬂeﬁu\?%ﬁ%gﬁ%g?ﬁgr 091'?'he up steaeﬁgpd%ln Stglﬂﬁelsf%lﬂ
gener al | y obier aldxrmemheyirﬂamrﬂahﬂ)lemmthsmidlthe)feabﬂnm ramduioas cont ai ner at
or near the base thereof Were the skirt is connected at a point
above the bottomof the wall, the wall will be free of perforations
in the aregge Wl%tﬁ@%ﬁr%%nﬁfnepgméfﬁ -suithle URSERB1 1GtaBlel thick ARY
be flexible. Generally, the upstanding skirt wll stop at about 0.5
cm to aboutill be of themrdgradfabetil. i mabtauaboht thmishpreferabfly ofiae ofer slintcut e
of the ann co r. Wthout wi shing to be bound by any theory,
it is belltt-r{{x%lal ﬁ‘ﬁ?attcgg "™Pst andi ng skirt serves to gather the
reactant s/ products fromthe perforated outer wall of the annul ar
contai ner and direct themvia the shapes towards the top of the
catal yst da&e rSilZGrOfdhﬁ p@réqra&r@lsnmthe mamraimwrpw@wcfttbe exiularmgnfanemvite

outer wal l__of th ont

descri bed bgbsgbegte re cg%ncf sﬁ%‘?’é‘ ucﬁg ﬂg)?vegfﬁ | r ecB\Q%O%J v6n) @3?1\1/%1

the tube wafalysandchileh@a@tiisihgahofcatahst Uﬁﬁﬁlﬁrﬂlﬁh agntsiker. t It Byl tthérsforetbBod
the heat transfer is enhanced down the whole |ength of the carri er
but as t haNARE0e e dlrryesize walk gepeat ca th?élﬁwﬁ&lecc&faé:f%ﬁrﬂ%tb@@g uged.
col der as r t

guenchi ng %g aﬁggfg?&eean%fg%%%ﬁf?{mg&?foq ldhg %ldssggnn;{aﬂ alt-t :&% aéenéalﬁ e|rng
that the tharhavea filter nodshicheerivattat p&‘lfox’atnmartdsnsdnemldmtnemfntalhﬁi within

carrier is_appr prlately i nt ned The seal be for
Sui tabl e ranRETIATEREYSr, This chALFS gessE PEF9 g igRs tg B e ‘@’H‘PFE iR

conpr essi b, ertonde b BB b Sihi i ANMBLEST REsstiae reactor
tube. The searl f‘ﬁgener aﬁ% ay be a flexi i)lg sl dllﬁgssseal I n one
arrangenment, an 0 ring may be used. A conpressible split ring or a

ring haV| oefficjen ansi on ouId be use The

rmy be 1 on ot ARGETSard Shcaches RS s R, o B s B RS
the react ijpfeaORtik PRGI kNS AT {sPHIRITREY alll thatRYrelSiral tefhar R &
fl ange extending fromthe carrier. e flange may be sized to be

latter t haneamséo |aHowrthalrea§taatﬁe4r@rpr9ﬂuctt$@ paﬁbéhrguglhtheHMHSaSThqse may be
container is gmte into et%bet'trrilab I I edtof|§o dgwa}rn
i nteract Wt %pﬁ Y66 an)(ﬁor{}gélr%xrgsgﬁy AvVent] drti WRY Bniearsd 0¥ A Al
bet ween t herddtoeby SHY f)ﬂﬁﬁm‘éﬁnstd’f&ré‘aﬁh@b}p‘éto&@Bbéﬂrﬁ@ble%ﬂﬁfaéehe i nner
surface of the tu%e wall is small, generally of the order of from
about 3 mmto about 10 nm This narrow gap allows a heat transfer

ffici , . t
G 11 r ence K SheRTnE i HEPe HERe Ulgi Py PaRERE Il e R e
cool ed exiippgasdgenst thiyereac, anill dfahdenmddri euedher, Thmag bz degfabtdte locate

annul us between the skirt_ and the cat st wal, | the skirt_ and the
tube wal | WFI‘PPﬂ’éE‘éFBFIIOWB%“BIé?@éE%EI“ 6f4 geméer@g 9 tBGOHEE e

required whhj g8l z?h?h Yidafty e BERmLAAS Blay %@%éa@é@ athﬁé P& eﬁ%@@f

Thus the process e present invention may additionally inclu
the, or each, wall of the annular container or may be desirable to locate the bottom




As di scussed above the highly exothermic nature of the reaction.s in
whi ch anhydrides are forned is a major factor in the design of a
reactor in which the reaction can be carried out. The use of the
catal yst carrier in the process of the present invention, allows

tubes compiksk @Pchathgt! i EBdHolY A b fB AR o f §RY WAIE b BtHe AnRAEOE R taihd} such
effect, a plurality of adiabatic reactors with inter-cooling. Any

sui t abl e that tdeywtl] fomys bbpused in the process of the present
i nvention. Powdered. foamed, structured, or other suitable forns may
be used. One benefit of the process of the present invention is that

the carri ghe 8bk@Msufffe dffiRe SiERIRYNB e Qrfa88BlokingitBeTBStRim 68{haltisd Bay O
be used such as those having dianmeters of from about 100 itmto about

1 nm Si nbe foresseasay singleaunit or they meaycbepeeparatenpiepriseonnecigisfogether. The

resi stances can be greatly r ver I QI rr ts. S
will | ead?‘f’% 3 Qreﬁ)\flga&' geel%%lf“i? a\%i%t%gq?o q%ﬁfgpr:e%%ﬁﬁar%één%rt’o g:gt% FSEEH'l geir%gr,
as these pmakd. GRb@ Medngehame tid Jnkfbe slasihacie: Botean af cheatube isoiniad Raver
the direct flow of the reacting gas, they are maintained at a

t enper at uPEngthamthe dofiarmy sustage 04 fhe nuiicopRinehe TIIGIYR tgL8S1tTR; &e
wll redu . denc - pE I: . Lve
A r angemei i ar ahS PR e coict e BB ke fpRRfFLE Sy
the structiy ® &f udelie Icatldlbgsindesmbditierin mayaltematiod afrargdmeRylthe sefae! s

of a catalyst container suitable ftir yse with nqlith catal is
descri bedc%"@hﬁé?té‘?w.(’fg&ﬁf‘ cEay ﬁ“hS%ZL EBgie %‘afnﬁle HERSURAFS gfst%ﬁll
t he conteg}]ﬁulglfco\mgilg% are incorporated herein by reference. Thus

n

according to a second aspect of the present invention there is
provi ded a process for th.e production. of anhydrides by contacting a

ot in o OHBEER belufe SRnfee, vl s sy taRe O fieR e e B an e
bei ng | ocalyed. denestdRaP Abrel ii8ini KY1&Y are 5aésdnt] @RSt ARy 6O¥BVdrsd BY aOfierOr

more tubes having located therein one or nore carriers for sard
monol i t h amtshl yémilanhda deson ihnlg, epsihinally coveseshwik @ filier mesiaimay thgtpsesent 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 alternative

position i.e. one that is the lowest point in the carrier when in use.

One or more spacer means may extend downwardly from the bottom 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 in 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



wherein said catalyst carrier conprises: a container holding a
nmonol ith catal yst, said container having a bottom surface closing the
container and a skirt extending upwardly fromthe bottom surface of
said container to a position below the |ocation of a seal and spaced

ther ef r om2@kdeskit chmpR&isNS RR®AnlIEN&Has H%n% Badrtd-BehesficsP@ERIN to

bet ween an outer surface Sf the nmonolith catalyst and the skirt; and
a seal | odutvetbralie ngreneafireactardp surface of the nonolith catal yst and
extending fromthe nonolith catal yst by a di stance whi ch extends
beyond an outer surface of the skirt; said process conprising: (a)

i ntroduci Mge 4f@ardl idgekat AAY HekMbOMAR it My bosiRbed. (Rhy Pa&SidBasai d
reactants downwardly through said at |east one tube to t},\e upper
surface omaylyeuset. Bhigatl¢ phapes inshokeipldnts goapgasionsirad dhe Hisg: pae pleats,
t hrough the _nonpol i al : i b r e
gas. cont abtEHELAAFELR: Wapendhuri AHS IGRRhARMY BoRE B R bEL
out of thgecatrddry IthedhshitidreNthy pipetaddiyg bieittiReBadel ehel Jupfate sridh bade skfrt
the skirt and the outer surface of the nonolith catalyst until t hei;

d

reach thearsbassisiineith thenggeriprobihesatabyt earer kethe feacHPn e sdngert Wi
caused to r t : t hey: ki d
t he inner aliéuv??[%ggwg trﬁ!é%rnggsc%@@tlu gsgﬁéﬁoﬁg‘%&? t?)zriﬁjsbfe ei}%tlgéggéesqp
pl ace; (e)ol¢repeatn nipestodpacCdmmibdatédl) at any subsequent cat al yst
carrier; and (0 renoving product fromthe outlet.
Where the upwardly extending skirt is shaped, it will generally be flattened to a
smooth configuration towards the point at which it is connected to the annular
container to allow a gas seal to be formed with the annular container. The upstanding
skirt will generally be connected to 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 0.5 cm to about 1.5 cm, preferably

about 1 cm, 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 reactants/products 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, reactants/products 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 carrier 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 at the tube wall and at the same time
ensuring that the temperature of the catalyst towards the centre of the carrier is

appropriately maintained.

10



In on.e arrangenent, the nonolith catalyst is a solid, in that there
is substantially no space within the body of the nonolith that is not
occupi ed by catalyst. Wien the nonolith is in use in a vertical
reactor with cit-iwnflow, the reactant(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 parallel to
the axis dhetshd wyyibsdrmedhe apgauitalle thanneontBewesrer,pit evidngenerdily be

t ant f fl ow dth [it . [ th
i roct onsWRCAD B ATPE BbsrbnBelRIS Yo ARBuRRe T e o
occur Wit lthe séhevimpgariltyhbEatiativRy slidifiesdl.OtHe aManberh & NardOSthgl
down through the monolith in a direction parallel to the axis of the
cyl i nder, bgused. t Acompaesser fit rEROTpF BERBAVIRBactieh seciBeiEniorh Sipantier

of the ca ri j .skirt..o

o e, Cohal S AL By L 5 s SRR b0
carrier owithbrndifieaeadtidaeonditivie ant amasgyni g bt fldg e hlidtormiableUk@ge
t he catal yst rmnolit]t&_lis supported on the feet and there is a

.gap
bet ween t FECBEDE dipnbthe earacic af B HanesByyIetHzednig ko brassthasnibs ineaad
of the cayglys i i LT 2 -di
t he react an![n{ s%r ogﬁ%g %rggaﬂ%?ﬁﬁg%@gS{D/th@tél\t/\ggﬂée?%cﬁ#th r%ltéer fug g?t f lgg é{%g'%lg% he
ski rt andtd heineidt end suerbacatiohe tdbe. nonol i th catal yst until they reach
t he underside of the seal. They are then directed, by the underside
of the seal, over the end of the skirt and they then fl ow downwardly

bet ween t e y1QUbEend WeAGSn, the hidulskiphte BAG et e SING sustES BE Bhellatdifie
reactor tube ere heat transfer takes place. In one alternative

ar r angenerentainheandghefrinehswiacaby the titswall shamble perextloriditimgorder of from

| ongi tudi nal Iy, t her et hr ough. nerally the.channel wll be _lLocated on
t hecent r APoune ERCp SRUCHERe: | THE plrar pbr S1SHEE R aPhster S udERof be
tube is ofaclgyedWueh tit A8 Sc&Pedbl @fRmpehfurdRNBtide dFah@bist oPibdubilg © to
arrangenent will be of annular cross-section. In this arrangenment, in
use, in aab@it40Ck] barwessttbe coplehexibgastang e ookt knbg achievedw downwar dl y
t hrough the reactor tube and thus first contacts the upper surface of
the nonolith catal yst. The seal bl ocks the passage of the reactant(s)
around t h@hsisiie «ffthé Aenuiad bétywsen thai Ikire ahdehepait iy afwdll M @ skirt and the
reactant (s) is inpeded Eii:ythe catalyst, it wl] generally take the

easi er patfPeandl! Bl genarplly bhamierésd foraccprBmedais|the Bas foye rate sequisd ¢dle
then enters,: : i i gh
tho. cat al yot P enuargh B THARE) M o0 Skl S ARASHS sheteson e e
Duri ng t henyasisagenyt idditugtally Heclodd dleysep nbrdkdtiny the appropriatecsize sf the
Unreacted reactant and praoduct then flow out of the nonolith catalyst
t hough t héBut&[o @E?tg]é"éﬁcm?é‘f‘eof. The upwardly extending skirt then
directs reactant and product upwardly between the inner surface of
the skirt and the outer wall of the nonolith catalyst until they
reach t he Beairoceshef/tharmeesehemveiticmctnablles batativety largbenesdtoietubés tolte wedl |

th d of the skirt. flowd d| t h t
ourf ace: ofPRE elebriEs An R PRRE P BeTY e el S gRy B eBowHaPe
heat transh@lortc¥kesbdltase. mitahhR Red anEpiRNto HRAMMYLEBf hethAR APt

catal yst includes the channel, the catalyst carrier may include a top
surface whin@ahisgd i camyertimhabsysiemsh e hedergbi diametgr tubgs wilbaliow emnsreabrein

" eact ant ( SFPa0re oot 35 O8RSk B FufeRERRPD Rarfr o e B U enet

di rect ed imigottaee.channel for radial flow. The discussion of the
specific features of the catalyst carrier above in relation to the
first enbodi ment applies equally in connection to the catalyst
carrier fogg élfsggg&i Aoty e Gt lﬂgﬂlg/tex(é;{he{‘rﬂﬁ n%ﬁﬁggfjth%qpé%QBHﬁgtwﬂia? Qr(kgfdnﬁ‘és
the rel evant features are present.

are formed is a major 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 present invention,
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Wi chever 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 my
be used. This will enable a reasonable tenperature rise of the order
of from abitibs thBes dotnpigta @0raGty dfcabiysiaifieaitd®ecvE in efeh, Silagdty
The radial flow through the, or each, catalyst carrier within the

t ube mean$fadighatic FackEsWith glepeaoingengt h i s al so very | ow when
conpared with prior art arrangenments. Total catalyst depths of the
order of about 2 nmetres may be achieved within a tube of up to 20

nmet res of Ahgnugitdblatatalgitahassbe twedrih yhespacss vethegiréseasinoéntmho Powdéfdd,
The I ow flow path nmeaps that the overall pressure drop achieved is an
order of t thenstyr Foihﬁéwliaﬁlétfom BAY {BHIY- be experienced with
the sane catalyst in an axial tube not using the process of the
present invention. One advantage of being able to achieve a | ow
overal | pPasdaneitdrfape pyocespeofpthe pesssniomvedtmnpis elsa rthe carvientliovs for she
that long,tybes w th high superficial gas velociti.es ases.

cont ai i e gReRn el MR e o e fsaloudl b bESe nARRE Biameters of
accomodatgeh Mduhqud |heo BhARSIUEh dSaReaneke PRt Q8 Al a FiQEd 6, ahy $ass
crushi ng di sadvant ages experienced with high flows through current

fi xed bedtreysieransistamies sambe Eicetly rolugekovarpdar et paaygsiments [Thiswablead
overall c Oni\/errs‘i/e%ne(ﬁ‘letcti\llig/\@rt er ga S.gqqyer sions to be achi eved at

hi gh cata y§?p Broasu Tl V|5f)9 gnﬁqu FeloEVS f‘y. The catal yst ma.y be
repeatedly and reliably |l oaded into the carrier at a manufacturing
facility. The containers may be assenbled in connected units which

wi 'l si npFrsther: prethpssammallgcailyith Bayeenligh suepes 4rep gk are denatd inithe dirgsan

t hat the e, i j ¢ h .

catal yst. RaARY Sabharels, 184G AsGOd BhdabBRhar wilch i liF it o
carriers rmayobterfradng yasdiBihailDedudraheo teadbsiyng by akatuct fsrmation.
reprocessing. In one arrangenent of the present invention, a
plurality of reactors may be used in Liquid product stream separate
from the g4 bEammeHendnbdfed SARbAGLMichlal REmE LEOURCTn thifladifement,
process of the present invention, unreact gas exiting the outlet "of
t he, or edchstrusbaetadrthemytahest Conthiner ntaydat sddifedr eFdl detadabf aTdagalyst

renoved heat, may be reused. and{or rejected to cooling. Liqui

o ouct o ERUPHEL FOR P Dhaiser P RPITIG THIY Sacioriogd frs patent
recover edaphiica8B8 nd 1M8SGRNE Rled 4 WAPAT 200 BelBRCHRIT WM A ih&ﬁ-ﬁ&rﬁ@d' n
series flurd comunication with facilities |ocated between eac

react or t dereanbyeeférente. . The heat may be reused and/or rejected to
cooling. In one arrangenent, unreacted feed containing steamexiting
the | ast stage of a series of interconnected reactors nay be recycled
to any suithabhécop@hfto 4 Bedoh@ affeREESBe ptede@NBvartibARGLOR HrotilledM ploche

recycled to the inlet of the first reactor. In one alternative ‘
ar r angemen®r thenprogpctingr of grlyidpdeoby pantictieg argasequsrsirepmywite 4 Boaeldl

in series. j r . f react or.s. j
sort oo corsalafyeh Naft HeCBNORIEE borridl PRy 8 0. B4 S lablor HEBE MR, ol
remove heautlefl bgidedet heyg heated dseastotant of getialdt, tsaidoeadtdM@mpridirgnee

arrangenent, |iquid product m be renopved between_each sta?,e wth
car bon oxi¥dROTE SRS VG 18cdethilsE IR GNP Q8 St CHTISTSSIOR Said aenolitegatalysin

stage in the c%@lriﬁgeﬁ?diﬁﬁ{iﬁ%n@&\Qﬁl?(sjé}&’mb%k;”i ng steamexiting the | ast

stage of a series of 1 nterconnected reactors nmay be recycled to any
sui t abl e pehertinisadtdatalyst omressconiprisesie arrangenent it will be recycled
to the inlet of the.firsi.reactor. . ) .
a confainer holding a 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
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Where the process includes a plurality of reaction stages, additional
feed may be d to the second and/or one or nore of any subsequent
stages. The process of the present invention may bc used for the
production of anhydrides. In one arrangenent it relates to the

product i opeiff paBitiehdd arhy@at Gerel £ @pAR HebPebnSid BatY 6@iAVE! ¥ the monolith
1-i-butane or benzene. In an alternative arrangenment, it relates to

product i ofataystined Hed skirtiandydri de from a feed stream conpri sing
vy | I ( . .
o-x! vi ene, naphtha lg%ggd%t LML 5 E&gargﬁg the xﬁﬁ%olﬁﬁicé@ﬁ{s?aﬁf@)&%ﬂﬁgg

conditions may be u I'n one arran nt, enperatur

may be i nfrofiethé @@nolithafatadxo by a LD G Ccahihidh aritdrlds Gk yendadh dixdrisurface of the
t enperature of about 420C.. The reaction pressure may be from about 02
bara to aPglisad Brogess $OmpHENEy esent i nvention will now be descri bed,

by way of exa”ﬁ)%trl?dﬁcﬁg;gé g&%ﬁustx%aétﬁﬁs ﬁﬁ&%ﬁﬁ?%{lﬂg draw ngs in

whi ch: Figure S a sc C representati 0 e overall process
for the producth)gnsshg andydadtaes downgariéy Hirsugh ped sipéesi vee wibevio fthom

above of the catal yst carri of th resent, i nyenti.on; .Figure 3is a
Sorpect i ve vi o BIPet HELEEP Ee<r thaFrbaRom hs BEp T iers they Fass hrough

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 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, in that there is substantially no
space within the body of the monolith that is not occupied by catalyst. When the
monolith is in use in a vertical reactor with downflow, the reactant(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 parallel to the axis of the
cylinder. The seal of the container prevents the reactant(s) from flowing around the
monolith and assists 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

monolith in a direction parallel to the axis of the cylinder.

Once the reactant(s) and product reach the bottom surface of the catalyst carrier they
are directed towards the skirt of the carrier. To facilitate this flow, feet 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 is a gap between the bottom of
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Figure 4is a partial cross section viewed fromthe side; Figure 5is a
sinplified diagram of the catalyst catTier of the presentinvention;
Figure 6is a schematic illustration of a carrier of the present

i nvention from bel ow when | ocated within a tube: Figure 7 Figure 8

Figure 9 g citAgdiendtolith eRPSE SRGhl Rt JIrtBe cealydl YatieC aThé @pHardly
| ocated wthin a tube; is an enlarged cross-section of Section A of
Fi gure?; extending skirt then directs the reactant(s) and product upwardly between the inner
surface of the skirt and the outer surface of the monolith catalyst until 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 outer surface of the skirt

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

In one alternative arrangement, the monolith catalyst has a channel extending
longitudinally 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 a 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 passage of the reactant(s) around the side of the catalyst.
Since the path of flow of reactant(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 monolith
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 directed, 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 channel, the catalyst
carrier may include a top surface which will extend over the monolith catalyst but
leave the channel uncovered. This top surface serves to ensure that the reactant(s) do

not enter the catalyst monolith from the top but are directed into the channel for radial

flow.
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is a schematic representation of an alternative enbodi nent of the
present invention, illustrating the flow path; Figure 10is a
schematic representation of a third. enbodi nent of the present
invention; illustrating the flow path; and Figure 1lis a schenmatic

repr esent akd @Rc@kioh thd ep¥ciRt fRataedsFane tavelyst @ekatbeas i efaioafto tine
kind illustrated in Figure 10. A catalyst carrier 1 of the present
i nvent i onfiiss embpdistent epnlies sarallyuineeonpedtiondo the gatalypty agrerdfgrpmaditan

por 1 or at UG h e M Ediiy BRBRER FR Rl i eadees HGALOPRG

annul ar container at the top. It is |located at a point towards the
top of the walls 3,4 of the annul ar .container 2 such that a lip 6 is
formed. AVIBEReyE $vrer Q€ carries| i§sBEdt A2 W6t ?‘B?Hg(?f“ef’%é‘“(ﬁﬁrfﬁf‘%r4008 &sner

2 and a s efg&?lg GnGARGS 4] RERAL érg%?aftedt WRRinOa sihPR UL f 8fGe Drdférably,

| ocated i r plane that that of the bottonTsurface 7. Spacer
means i n fibm flooun 76f toaatmiuti 280 i dayriep$ nbepheessidon$hd wilk ehabbat adaspnadent

on the bottom surface 7 of the nul ar cant ai ne ~xain holes 10
11 are | olCHRSES 15 THbE Pé‘iﬁrsoéraf?oé’&é’g‘?’“ta@g @ﬁ% aé?}%fzé)ceélg? b MApingd
extends fpofpeathgagpper surface 6 and an upstanding collar 13 is
provi ded coaxial with the tube 5. A corrugated upstanding skirt 14
surrounds the container 2. The corrugations are flattened in the
region L tf?x\évararuggl ftlc?vg t %%1 fe, top Qac ?rcatlaﬁlrst %arrier within the tube means that the
gas flow path length is also very low when compared with prior art arrangements.
Total catalyst depths of the order of about 2 metres may be achieved within a tube of
up to 20 metres 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 inerts or a gas recycle 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 lower per pass conversions to be achieved at high

catalyst productivity and selectivity.

The catalyst may be repeatedly and reliably loaded into the carrier at a manufacturing
facility. The containers may be assembled in connected units which will simplify the
loading of the reactor and in particular will mean that the operators do not have to
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 catalyst carrier | of the present invention |ocated in a reactor
tube 15. The flow of gas is illustrated, 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

i |1 ustratkedonenarfingemest of thegrdentTingerdfohee tphomnlityhe rehaovs padhbe sised in

illustrated L, t he enl arged section shown in Figure 8. ....i... A
es-... y &@&els” 01 rienbodiment is illustrated in Figure 9. A

bottomue 1 2 cl se rie bottomof t1 S RCol 91 e container 101. Feet
103 extend upwardly frome O p th b ttomsu facesu poit a nonolith
cat al yst hignid pradughstreamdisergraii fnom the$tream exiting the reactor will be recovered.

In the process of the present invention, unreacted gas exiting the outlet of the, or each,
reactor may be further treated to remove heat. The removed heat may be reused

and/or rejected to cooling. Liquid product separated from the stream exiting the

reactor will be recovered.

In one arrangement, two or more reactors may be located in series fluid
communication with facilities located between each reactor to remove heat. The heat
may be reused and/or rejected to cooling. In one arrangement, unreacted feed
containing 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 recycled to

the inlet of the first reactor.

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 to cooling. In one arrangement, liquid product may be
removed between each stage with carbon oxides containing steam being passed to a
subsequent reaction stage in the series. Carbon oxides containing 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 recycled to the inlet of the first reactor.

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

to the second and/or one or more of any subsequent 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 benzene. In an alternative arrangement, it relates to
production of phthalic anhydride from a feed stream comprising o-xylene,

naphthalene or mixtures thereof.
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e te ds ftt ho o x nomtie tt msurface 102. The skirt may be
corrugated and may be flattened as in a region towards the bottom
surface 103. A seal 106 is provided to extend fromthe nonolith
catal yst 104 and interact with the wall of the reactor tube 107.

Baffl es 108 extend upwardly for the seal. These serve to direct flow
and to separate the carrier fromthe bottomsurface of a carrier

| ocat ed abBoyesuithlelecegeetiaar corhigorfs| gwyobe gued.i sln lopesarraagemgent, the inlet
schemati cal | t he .arrows. An alter ioWe ' t _of . ent
i nventi onf%l |rlg%/rﬁé?aryatfeela%llenreﬁlloéluo?é&%ﬁﬁ%n&t‘ﬁﬁgp g’(riillr1 ngearr%ee%fttt?rﬁ%&g&?e
monol i th epdbaly$10°C04hBasactioh preghireifiandk fohastvet 0.70Rrd hebeltd. Hbgh. | n
this arrangenent, the feet of the first enbodi nent may be omtted.
This carrier is simlar in arrangenent to the first enbodi nent.
However, L : r i i
uppor - sur f A2 Bes RSt WP R GeRortel, bR B AR L PGS the
ar r angenmeatcoafpakyigg denwlifigs ia whithist r at ed schematically by the MOWS.
When a plurality of Laialyiit, earners of the present inve Li on ar

| ocat ed i t hi nFlEuRehct or { ubelSToFPERBUEFIREEENGHOR b femraﬁ pocess for
illustrated in the enlarged sgetjQiicBHOY adyafia@ure 11. 1t will be
under stood that whilst the catal'yst carriers havée been described wth
particul ar refEiganc? to a useisinpaspashee viewciromidbare of tessatadyst icamiet he
tube may be of non-circul ar crf) s-secti.on f.or exanple, it may he a
plate reactor. Were the tube® EIGBFGSF\‘EH[“&‘?“P{?E’I ar cross-section, the
carrier will be of the appropriate shape. In this arrangenent, in the
enbodi nent described in which an annular nonolith is used it will be
under st ood t haFigure3 nonol i t h wid perspoetiveviaw oif thadatalyst cargeafigmibielosy;
term shoul d be constnod accordingly. 1.A process for the production
of anhydri des by contacting a gaseous feed

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 carriers

located within a tube;

Figure 8 is an enlarged cross-section of Section A of Figure 7;

Figure 9 is a schematic representation of an altemative
embodiment of the present invention, illustrating the

flow path;

Figure 10 is a schematic representation of a third embodiment of

the present invention, illustrating the flow path; and
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streamwi th a particul ate catal yst, said process being carried out in
a tubul ar reactor having an inlet and an outlet, said outlet being

| ocat ed downstream of the inlet, said reactor conprising one or nore
tubes having |located therein one or nore carriers for said

particul ate catal yst and cooling mediumin contact with said tubes;
wherein said catalyst carrier_ conprises: an annul ar caont ai ner
for hol ding caf¥Wstlin use, B4 scheBRtiairsmseseAiatiPngt sgolew grath Bewesther
wal | defining a tube, a perforad GeQHGH AR e Rink Myciitchial Righlod.ng

a

t he annul ar contai ner and a bottom surface closing the annu
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 from

a position @kal(dt cReRF ltolﬁﬁxet{ﬁ&steﬁfli'n%ﬂtfoﬁ%ilﬁxfstrﬁé&% E@MHe8bNEY. eRarrier
position below the |ocation of a seal; and a seal located at or

near the toppssesfaceanswdr emttemdi g whidhmhash gedomntedi wells By 4 dllst amee

whi ch ext ends 0 n.out er, surface of. t skirt: said process
corpr i o1 ngrrigaRant s g Tingt s 4088 st it ohe s BG RBRRERT R e
(6) passi ig. SRisdotfaritpdnttowntied dp o FRUIRIsSRI4GfAhe ARRASH: cORBinkbibe
to the upper surface of the, or the first catalyst carrier where they

pass i nt ostdethshadiye igldeimedd Hybattean pyface helobes hedwtiaal pf e annelar
t ai f i ' | bed d
Coe o RagE BRY S A LA RS RURDELE oL MRhe DR LU B

contact s ldweergddrl th&tthat(cd XhPB&Sinn gurbite Fadpacerimea@at anthedndn pf @ @ligdlitput
of the container though the perforated outer wall _and then upwardly
bet ween t K& dppiRwions i #radecaind RrawnsRY fhe ket futasat/ert thappnwir qop@iner

annul ar centi i &p&.pt t di rected
over the Zh(gﬂ%@q{%%m?k:“r%Eg%%f&causgg%tggaﬁ?g{/v gfvﬁ%vc\i/atpg%{%/ Cgtg\'/veen t he
outer surface of the skirt and the i nner surface of the reactor tube

where heat, tr fer takes place; (e) repeating steps (h) (d) at
any subseq”ué?i’?qgaet"&l"% rOgh ej Uper étnﬁﬂcef)arﬁe% %@3 £ 15 ooy e

outlet.  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 carrier 1.

A catalyst carrier 1 of the present invention located in a reactor tube 15. The flow of

gas is illustrated 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 illustrated in the enlarged section shown in Figure 8.

A catalyst carrier 101 of a second embodiment is illustrated in Figure 9. A bottom
surface 102 closes the bottom of the container 101. Feet 103 extend upwardly from
the bottom surface to support a monolith catalyst 104. An upstanding skirt 105
extends from the bottom surface 102. The skirt may be corrugated and may be

flattened as in a region towards the bottom surface 103.
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A process according to Caiml wherein ihe catalyst has a. dianeter
of from about 100 uni to about 1 mm 3. A process thr the production of
anhydri des by contacting a gaseous feed streamw th a nonolith

catal yst, said process being carried out in a tubular reactor having
an inlet and an outlet, said outlet being | ocated downstream of the

inlet, said reactor conprising one or nore tubes having | ocated

t herei n oAescel | Gfois@revdded wraxtdndriramihe merdith cafalyst Hl4yand iateerce vothi the
di . O v e _ . . .

oo oo AUl 820 BRS: 0P SE A TRl BB TREE e

cont ai ner dhreusti figv and @6 separsblthacariet @simnthetivgtoaonirfico@f aaskrier Biated
extending upwardly fromthe bottom surface of said container to a

posi ti on BeI&he paTipioclie i of gas isBlistraipd sdisaaberliviur tas ARV S sai d

skirt being positioned such that there a space between an outer
surface of the nonolith catal yst and the skin; and a seal

| ocat ed atAncdltenestive amboginsut 6 fuhe pefsetithevenbinols fllusteaedinyBpu@nd. In this
extending fromthe nonolith catal b di.st ance whi ch extends
beyond an2BER&MSY HeBand A ek oY hag aﬁww@& %haeaﬁpﬁ%'ihﬁ@?“?%gh-_

| nt roduci RgflEraASRRAR RERE! 8PS Al AMBRIRAR td)l Rl om{iRl RARSLAGeSS! d
reactants downwardly through said at |east one tube to the upper
surface ofintitez,in @rrangeenent tethe firshohbadimentt digweventrsiddionhldy a pers surface

through t B? 9; q?ﬁr%'v'@%? éﬁ(): 3&}%%}%&% ﬁpp(e(r: )su allcleoov%‘tﬂgmro%gﬁtthi c%pal}gs(t). ‘fﬁg !fllrowaosf gtage

gas conta
in the arrangement of Figure 10 is illustrated schematically by the arrows.

When a plurality of catalyst carriers of the present invention are located within a
reactor tube 107 the effect on the flow path is illustrated 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 tube 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 annular monolith is used it
will be understood that the monolith will not be a circular ring and this term should be

construed accordingly.
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(d) passing uneacted reactant and product out of the catalyst and

t hen upwardly between the inner surface of the skirt and the outer
surface of the nonolith catalyst until they reach the seal where they
are directed over the end of the skirt and caused to fl ow downwardly
bet ween t (gaigist er 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 carrier; and (f) renoving product
fromthe dutl et pwcess frdbepsodistion dif mghydridasyblosentadting ajgegeous tfged

wher ei n ag cl. d %Ivlltéty g\a?réicﬁ%%%a%? st gsrgiéllr%rgéé?% AL &Scjaﬁ%!ﬁe tgq tamlglul%pﬁgctﬁr

reactor tube€. rocess acc any one o al s

wher ei n t heviaganlidet sPlogeoltt wakhoitlee beidg escasddr d@nastredmtdiehe aila) yusd
container and the inner surface of the tube wall is selected to

accomodaf@COREOHAESINE GE PRIETS BYET PRNBIRICHIE AP ANAIOR IF GHTIRELPT
transfer gﬂﬁi QL%WUQ{&E& s‘?aﬁic[ Qﬁliggﬁnedﬁuﬁgrg&ﬁﬁa%t AFEQLAN 0Gst © any one of

Clains | to erein the ann space between the outef surface of

t he cat al yéeretostidcangystasadiedr kemprisssr surface of the tube wall is of

the order of f Elr? n;ngelca)llrj tcogtamr tfgr %% dlilrtxg %atglyrstmm use, said container having a
perforated 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
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 tube where heat transfer takes place;

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

(f) removing product from the outlet.
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7. A process according to any one of Clains 1 to 6 wherein the tubes
have a dianeter in the region of fromabout 75 mmto about 130 mm

8. A process according to any one of Clains | to 7 wherein nore than
41 carriers are located within a single tube. A process

accordi ng2t 0 apyprofRs @bcdelliap 16 Claitro] Sviwhen @hdicAt#loe ek audiambtet of aailt
200 carriers are located within a single tube. 10. A process

according to aﬁﬁp%h@bmtah@% Mt o 9 wherein a plurality of reactors
are used in parallel. 11. A process according to any one of Clains 1
to 10 wherein unreacted gas exiting the outlet of the each or each

reactor i3. treatesctsnn foenbyeréiation of ZanhAdpdescies soaactorgda rgsdoms Gead m
11 wherei Qtréarr}levvrit%n;)\r/rl%gollijt%rc%?a ;s%,dsa%ia IS)rcicgssr l?elfrslge (gérried out in a tubular reactor
having an inlet and an outlet, said outlet being located downstream of the inlet, said
reactor comprising one or more tubes having located therein one or more carriers for
said monolith catalyst and cooling medium in contact with said tubes;
wherein said catalyst carrier comprises:

a container holding a 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
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:

(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, 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 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.

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

carriers are stacked within the reactor tube.
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13. A process according to any one of Clains 1 to 9 wherein two or
nore reactors are located in series. 14. A process according to
Claim 13 wherein the reactors located in series are in fluid

comuni cation with facilities | ocated between each reactor to renove
heat, 15. A process according to Claim13 or 14 wherein unreacted

f eed contai ni ng steam exi t he | ast. stage f t he serjes of
i nt er connéct ed @88?58@5“?‘@‘“5 8\ARY el c;ﬁﬂ?%sh éb‘i"léerf)‘& h? apnilgrspace

process. philebn HOGRESsAEEO b ARy HcBhAnEP a¥ BfeSinRerUit BBE bE thef t8Be
containing tea exiting the | ast stage of the series of interconnected

react ors wallriecyletted to acedmemadate theegast fbow ratﬂeqwedpwbrd,femlrammgdngig
to Cdaim rallel reactors are in series

f
comuni cag?%ﬁraw?%ar%%}”rhsrﬁ%é@%?%at ed between each group to renove

heat. 18. A process according to Claim13 or 17 wherein the heat is

reused ang/or mne,Ret&hct&dfRabl HY- onelo% CHRIY 966SSwR&GER! i Rendigr gk m
17, wherein liquid product I's refmoved between each group of parallel

reactors hetween meeatdmedlrfaee@f toncadlpstrgnivinea and dhagunpagstade 06 the tube
subsequent eac ea gro i he ries. 20. A process
accor di ng " 5‘{5’ \%ﬁé H%#E%goaatb@&agﬁ@ght ai ni ng steam exi ting
the last stage pf a series of i nterconnected reactors is recycled to
any suitabl e poj Bfockft 4d6rdRPRLESy one of Claims 1 to 6 wherein the tubes have a

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

8. A process according to any one of Claims 1 to 7 wherein more than 41 carriers

are located within a single tube.

9. A process according to any one of Claims 1 to 8 wherein from about 70 to

about 200 carriers are located within a single tube.

10. A process according to any one of Claims 1 to 9 wherein a plurality of reactors

are used in parallel.

11. 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 located in series.

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

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

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

suitable point in the process.
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21. A process according to Claim20 wherein the streamis recycled to
the inlet of the first reactor. 22. A process according to any one of
Clains to 21 wherein the process is for the production of nmaleic
anhydride froma feed stream conprising nbutane or benzene or is for
the production of plithalic anhydride froma feed stream conprising

o- xyl ene, 1paphiahgiRB& Acofind W €%aifnN €S @ferein JnreActell FEQB Som&iaMpditeGn t O
any one of Clains 1 to 22 wherein the inlet tenperature is about 100

' C. 24. Acpitingdbs last etegdlioh ghet wrighpf orercetneciedi ragctarstis reeyclgf de dhanfirshe
reaction pressure is fromabout 0.7 bara to about 3.5 bara.

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, wherein liquid product is removed between
each group of parallel reactors with unreacted feed containing steam being passed to a

subsequent reaction reaction group in the series.

20. A process according to Claim 20 wherein unreacted 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 stream comprising n-butane or
benzene or is for the production of phthalic anhydride from a feed stream 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.
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