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atmosphere. There are references which relate to the use of more than one reactor in series in order
to produce maleic anhydride.. . Specifically, U.S. Patent 5,360,916 provides a two stage grocess fo
- maleic anhydride production wherein n-butane is oxidized in a first reaction zone and th eﬁﬁ&&m

from this zoNéASWHESRd together with supplemental n-butane to a second reag@fifsgiogin order
to complete production of the maleic anhydride. A feature of the process described in this patent is
that there 1 ~ 9 FEB 2004 5 10 .3 O WO 01/14359 PCT/USOO/21962 is at most only a partial removal
of maleic anhydride by condensaf : HPRLDEe reactors prior to

introduction into the second and | M ecsenes @f rehetomﬁhtgg@gre article by Bissot et al.

entitled "Oxidagipal af Butangdo MalicAnhygdride’, appearing in IEC vol. 2 No. 1 March 1963, pages
. B7-60 discloses arﬁgoc§§_, fso&?galelc an ‘¥ rlded:productlon wherein n-butane is oxidized in a series
of fluidized _bed reéactofs Using a coban or ritkef ottt CataR st Brx @ffskrp froaese fifstrof the

reactors pﬁgﬁné’fb‘ﬂ%ts’&%n@freﬁctbﬂ‘éﬂ@ﬁm@mmdah@mrrmhydf:ﬁf@@luct naleic apbydide.
There is nompachirgéemthisdiferahge refeige ojﬁ%rﬁdpgfpnfgﬂgg@nﬁptaglgebq}ane toghe ’

effluent ofdhe fiest Qfthereac rigrto ing the reaction {n a second reactor aftef maleic
anhydride, removal. Brief Des Erﬁ&?g)n %f thé:?r%gr%%% % acqélor é’ AR RA TP FredRhi Peritih

n-butane is- oxidized 88ind& Cal@Rseita AahedEiieprdonablytiadixed brdenactas£in rder to
1 Broduce mBRI@NYBRdOITHD réaaimménagﬂaﬂmutmﬁaqcﬂﬂﬁQC%WEE%newgéﬁﬁg%d%%hme

effluent frempribishitehreatton iskaqled ard either optignally d for artlal cgndensg@on of
product maleje, %r}_fydrldﬁby COO|I and/or directly scrub ed Wlt Iqu| preferabf3 F e

separate al of the remaining malerc anRydide f Pithe $7% S cieFePhé 9ases aoniten
scrubber mf’choé‘ii‘rﬁﬁr‘fs:’eoé’nreacted n-butane and unreacted oxygen, are passed together with
supplemental added n-butane to Bé@@__@trﬂa@t@fpﬁg{gapyl%gnﬂ% fixed bed reactor, wherein the

1geaction is contirygd ggg}glglpu@ %L%qddtlo roduct Orgale#% &ﬁ%@%%&% \e/‘glﬁu?f?et from

the secor}g reactor is then_{reated in accordance WI onven
product mAlGia: anhyash’de QaluESRfiBre MgreR4h thio %&éto%%@fem@edomesmubﬁérygases
are furth&@¥Ratésas apovesiscrib@d;ihatitloxidined tamalicic anhydridesafters agdiian ofqa

suppleménfalinbuNecdnd - 2-Butane in admixture with air into contact with

| an oxidation catalyst such as a VPO catalyst under conditions
20 . such that the n-butane is oxidized to maleic anhydride. In
’ conventional practices, the effluent from this reactor may be
cooled to partially condense the product maleic anhydride from

the effluent gases. The gaseous product, with or without

‘ partial maleic anhydride removal, is scrubbed using a solvent,

25 usually water, to recover all of product maleic anhydride. The

remaining gases, containing unconverted n- -butane, are commonly

incinerated in an effluent gas 1n01nerator prlor to venting to
atmosphere.

There are references which relate to the use of more than

30 one reactor in series in order to produce maleic anhydride.

Specifically, U.S. Patent 5,360,916 provides a two stage process

for maleic anhydride production wherein n-butane is oxidized in

a first reaction zone and the effluent from this zone is passed

together with supplemental n-butane to a second reactor in

'8 series in order to complete production of the maleic anhydride.

A feature of the process described in this patent is that there



5 -9 FED 2904 WO 01/14359 PCT/US00/21962 Brief Description of the Drawin %}E&/
accompanying Figure illustrates in schematic form a suitable practice of the pre;ﬁn ' e@%n
Detailed Description In accordance with the present invention, n-butane together with a molecular
oxygen cont; 5* 3¢ such as air or oxygen enriched air is introduced into a GTresatizmeszone and

therein thésh-batanentssaxidizellyy gonpartanal proggdyes using ﬁg\ﬁ%q (?_ataelxﬁt th% %){ ggugg%maleic
toafirst sC nNg z ,

anhydridesJheaassoysnefiyent from thi t reactqr is then passe
optionally after gart of.the maleic. an ydrlegfk'égi&sSu 0\%501% bdfalfdriengfiokh®haeaspeatuct

maleic aﬁﬁﬁﬁ e TormBE Pt PRe abRds Bapulsrepigmahdsd aeftiudnt geises fagicmprses a
product cF#RCH@EEss; some of the water of reaction is also removed in the scrubbing zone. The

sgases from the scrahlbercomprised of 5 - hytane, unreacted oxygen, carbon
Qe dregeted - bytane, ung F}ea?c%flaq’ﬁlt:’d?&ein

monoxide, £a igxide, njtragen and the like are then passed to T8¢

further re%ge?%] ?g?gn gﬁjit?gﬁg%?ﬁa@fgﬁ'm& FPRF i HRDddEtioABE thteoYas Strédm into the

second MRERR, dffifenRAgs f-Biahe 6 beldbdseshe fpedirsilaide abpEya NabiHRAS ;uiched

feed strepmcidube Senonth&ercion nlESeC0NS Lty Jhg 98S @i@é@&ig é)xggz(%ﬁ( ‘llJJS-I %%\%PO
0

catalyst 9440 Additio ic anhydride. Effluent from the second reactor afterre | of all
i s 8 doket eorrcaﬂ}ﬁ;%%g]nd?ﬂijcﬁ??%tﬁasgéa?&X%"HH felmer

‘product mal #c anrg%/dride' in the Second scrub
series reS&tor HRthervamh dhplefiaral ebutdie sretrtgasesams ingseondheacteesiay be

incinerat®& pAbePw aiffvhargeato=tmeattmispheemArariki® peviiiage Qgﬂgeig@ﬁﬂg,i@y%gqn is the
fact thatrperating sostsgnciuging, materi ts r._costs are substantially reduced.
Maleic agg)éﬁrpe drr)lrog%ctiolg as a f%ti enltl‘(?)f ?%g %éapitaa?%éggﬁ%lfo? conStraction ot afew "hgleic
anhydride instaltation can be& SignMeanfy retiiitaRead@rddifcabifl BrnSreaéntineertiors tThus,
economid$ afd's 07584919 ARE 0T0L W@ ONHUB5IrRC ERSQRR3862 neftogted. i9dbeng
-5 compresser statbbef tant alhke eleraentcof ieQuipaest-and lower operating costs are incurred in

.the production of the desiregﬂ%lgi%ryyﬁ' e, é mgixn va tage in capital cost saving comes from
a reduction in the size of the"vent gas ; twing illustrates a preferred
practice of the PPes@RTRTEIRRAC R&E NG tdithe BRASRBE redervehit toronventionakmeiltiitube fixed
‘bed react@igdcied withiup OCacaralystatitehje forihe zoxfdation efdubutape tg FaaieicAnhydyide in

aCﬂNdaﬂQ&éﬂhbed-reactor, in order to produce maleic anhydride. This

LO

0 reaction is carried out in accordance with known procedures.
The effluent from this first reactor is cooled and either
optionally treated for partial condensation of product maleic
anhydride by cooling and/or directly scrubbed with liguid,
preferably water, to separate all of the remaining maleic

5 anhydride formed in the first reactor. The gases from the
scrubber which comprise unreacted n-butane and unreacted oxygen,
are passed together with supplemental added n-butane to a second
reactor, preferably a similar fixed bed reactor, wherein the
reaction is continued converting n-butane to additional product

J maleic anhydride. The effluent from the second reactor is then
treated in accordance with conventional procedures to recover
the product maleic anhydride wvalues. Where more than two
reactors are employed, the scrubber gases are further treated as
above described; that is oxidized to maleic anhydride after

@-

o addition of supplemental n-butane.
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known procedures. A-gas mixture comprised of n-butane and molecular oxygen (illustratively
introduced as air) passes via line 2 to reactor 1 and is distributed to the varioqs%erﬁggr Hgges
located therein. These tubes are surrounded by a circulating heat removal medi {dc%‘“' molten

salt in acc8r@d0d3fth known procedures. In passing through reactor 1 n-bup@meusoeasiad with the

‘molecular oxygen under con@mfegggg@ﬁ%tqggu%% nﬂ%icgg%grid% The reaction mixture exits
reactor 1 via ling,3 and Easses tfo scrubber 4. Scrunbi 1] d into scrubber 4 by
means of line 5 and in the SCrUBbet Maldic AMhFdritels SEfFedREly Lerubshg ok thefaxmra of
reaction §¥Sd<aipci  RIaRedrilc \rodgUdmispstessem contamring the scrubbed maleic anhydride, now

in the form of maleic acid, exits scrubhgé@a\/ﬂgelg\q)éggggifg@_]?gito refining wherein maleic anhydride

is recovered by. edures. /As ap.important feature of the present invention, the scrubbed
> gases from scruIblfgé&r\%%e%%‘\:ﬁg fi ﬁev?gsrflld %%%sr‘%ea‘s BEoNH YERNSP Tealidr &E dott RES BRSmilar to
reactor 1" ifieBQ DRAEIATy SRYSAB IRCBERENMT carsysswichds cebtained inxggetor 1. As
a critical égatirshefdheapresehs invantedstppleneptnl rrbutaneis addgd £ e exitgasesfrom ‘
scrubber4 yiading 9+ard thisromhbjnatipp o is qintroduced as feed intg reactor 8 and therein
reacted under_conditions effective?%gr tr?egoxtﬂ%%ﬁzo%dn-ég, aneotovn%ﬁ%e.%coé’lfalgz PIGTESF RS0 5 wo
01/14358 PEHUB 00121682 HhFSErile iP2OBESn e dRA knBRAYSIEEEuUres TReastriegases from
-Oreactor &=&fdviatire foremd passsto fSorabberddatioareinsheskegases aseeontastesl Withrsarubbing
water whigrisobiaguesshwin liseckid hdifonal puedugt-majeic.aphydride; valyss, ars tepovered in
the aquepus £3m ég%nogedrfgirgfcrubggéll via line 13. Tkﬂs stream may be combined with the
stream from line 6 andtogether passed 0 & retinig: Settion WREFIR by RORtonafrbeddures
maleic &R ProdtRFBSecoRrdtRGabésstonteaabpar Msedcnulihed  fiveve fheee
- comprisiag flsrealt agwsetotunicactegnibeiane, whisthean b intinckietdagethepmithdimnreacted
5 0ygen IedBINgLapeuR: Nigen; ARd YaraURLArhan 8YdRS Eeier Wi VaRUs AMQUIS of
wi

water. Tl}?se gﬁases are dlsggsed of in accordance known procedures. An |mpgrtazncf%%i/antage
of practidé'5f tRE Brebertifentidit WhER G Tar&PIPEREMtIGHEI SR réMFG35beEdURes is that,
for the /& F@dRors Mesias tod thesugrnmalsis vinbydridenprotidetionthebideedrateided the vent
gaslgarfkﬁrem@eaimgﬁﬁinﬁﬁf- @m@llarremane_&o%awaeaow %Jb§r?é3i%%)g/fﬁ%%ﬁﬂ by much-
as 10t eqrlired.in the air. compressor_is reduced.hy.as muc o and the operating
costs o T Brosoce K pedrie e aRnAR2Re:

0 Prior to introduction of this gas stream into the second

reactor, supplemental n-butane is added to the feed in order to
obtain a n-butane enriched feed stream to the second reactor.
In the second reactor the gas mixture is oxidized using a VPO
catalyst to produce additional maleic anhydride. Effluent from

5 the second reactor after removal of all product maleic anhydridé

kkkkk in the second scrubber can, if economical, be passed to a still

- further series reactor together with supplemental n-butane or
the gases from the second reactor may be incinerated prior to
discharge to the atmosphere.

0 A striking advantage of the present invention is the fact
that operating costs including raw material costs and power
costs are substantially reduced. Maleic anhydride production as
a function of the capital needed for construction of a new
maleic anhydride installation can be significantly reduced in

5 " accordance with the present invention. Thus, economies are

3



by almost half. In addition, the capital cost of this vent gas incinerator is reduced substantially.
N-butane consumption is reduced largely because the n- butane contained in-theJgfi§8s gjyng the
first- reactor rather then being flared or incinerated is fed to the second reactor. The advantages of

this procedeQ gfélﬁé?tially offset by a somewhat lower selectivity in the secorrtiagewesstor due' to

a less faedrAbletiatet gas ceﬁgaogi@jggpélg gglb,alagggﬁg% ealdvandtggeso (miaeved hrough practice of
the prese@&wdsaggrg reglrlll&in li%&,(.')e 10% reductijop in n-butané consump.lonlforet' & n%e@\ makic
~ anhydride %ro Uction. The samé or differdnt Eatalyiis of BREFPAGBe chRBEIESSH 518 FEBLOL4 5

0.5 0 5 BE3REFE1A8388 Pebry Siseu/z edomaihane suvbpal raieors Zpmietablydbasemeecatalyst is

employedapddachlreactt. Arnedpeciabneseldestalystis iat deseribed ny.S, Patent $,8t8r§3é919
salthough psagticg0f the, dqyention js not restricted to the use of any particular catalyst. The oXxidation

of the n-butane &%maleic anhydride in each reactor is accomplished by contacting, n-butane in low

concentrations i oxy§&T RAtR Y HRSciBariagiysl e srabsel\asaiskitoyat psadrce of
oxygen f&fthéhﬁs@mtblﬁwﬁrtﬂicmixtures of oxygen and diluent gases, such as nitrogen also

may be employae fif-eakichabWMhO Y8Ry be yed. . eous feed stream fo the first
reactor ngggglhfﬂgg &og%a’ Jf;liraeg}:d about (gggo abo%?%%%me%lé{%]e%rggr;gt%ﬁﬁé}@p 4G to
about 2.5 mole percent of n-butane are RaGsfRa2iH Hor GitinTih3leid br prddadk 36 demprobess of

-Othis invefaora Iﬂ%hgﬁfﬂigﬂePEéﬁé@tr’éﬂorlrsaﬂt@#daeaerhpwyéd,eexbi@siaacb&mﬂ&énaxym
encountdedwxceptariddized bed waciaes whefesanceddtionsHf up o abaut 4.0t 5 mole
percent gaiy B ised W xplosivehazar wer.cqnecentratigns of n- butane, less than about
one percgnt, of course, %éelgugﬁﬁg total p%#tc} ivﬁnoggfé%?ec St EfiPiént RAFRRSs ¥id thus

are not normally’ ecohoniESiyBmpiofed Frie fbi FaeR3tEse gasedilestreani tusugretetist
reactor rA¥YPBE vakiegatitth rathereide limitsihdseprefetsed range ofaperaiiontig atgie rate of

.5 about 1030 gremsof RduianepRRNET Of galalysh Perbouy a%dsm%%ﬁ?"te%%rab'é’afgou?o to

about 259(:%?{11?& fJEbU?{? Q%oli,t;%r ofrcatagsﬁreger hour. Residence times of the gas streafh will
normally be 1ess than about 4 Seconds. more pret&rably FeRafigh BB obPErd R BPASERF dbwn to a
rate wheta ReEsaficidif JrRrstas sttdbihirdnrhe cohperatoreosireactinrindbeditst Teagtor may
be variesfWitiah Someckimite;diucermally ike eeasfien sheuld be - -
The reaction mixture exits reactor 1 via line 3 and passes
0 to scrubber 4. Scrubbing water is introduced into serubber 4 by
means of line 5 and in the scrubber maleic anhydride is
effeétively scrubbed from the mixture of reaction gases from
reactor 1. An aqueous stream containing the scrubbed maleic
anhydride, now in the form of maleic acid, exits scrubber 4 via
5 line 6 and passes to refining wherein maleic énhydride is

. recovered by known procedures.

- As an important feature of the present invention, the
scrubbed gases from scrubber 4 exit vié line 7 and pass to a
second reactor, reactor 8, which can be similar to reactor 1 and

0 indeed preferably contains the same VPO catalyst which is
contained in reactor 1. As a critical feature of the present
- invention, supplemental n-butane is added to the exit gases from
scrubber 4 wvia line 9, and this combination of gases 1is
introduced as feed into reactor 8 and therein reacted under
conditions effective for the oxidation of n-butane to maleic

vi
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conductéd at temperatures within a rather critical range. The -9 F ?"455 05 WO 01/14359
PCTIUSOO/21962 oxidation reaction is exothermic and once reaction is .und_pr@@ﬁmth%@ain
purpose of the-salt bath or other media is to conduct heat away from the walls Of 't & réattor and
control the W&LH#Better operations are normally obtained when the reactiB&T&#speRANG2e .
employedhistigagreater iham abawhiteRe RS esal %B&@Q?@We' The temperature in the

reactor tubes, o{.{gg ilLalso depend to some extent upon the size of the tubes and the
n-butane concentrat%ﬁsfﬂd%?%ggalggﬁglraﬁﬁ%cc %ﬁit?on%}ﬁ%ta frefertedprd R Rasemperature

in the cerfErsRRETeactor "RRESH 2 d HyaRe eGPl Reaboon t365-1ed ahdiitis58E€rEbp targe of
temperatwatgeferdbicempioyda i@ reagtok aeastirasl agﬁboveAalaq@é&%JiongM&Soc to

sabout 515G Auddhe.besidesuls a‘;gfﬁ@garg% egb Ined,at temperatyres from about 380C to about
' f salt bat '

- 1.0"in diame%Y,

10

475C. Described %an%ther way, in terms of salt b reactors With car _c?n &N TR G 0rtibEEBbout
ame frite ZPBatff TERRRS Zrurklwill huall BR cditrolledbétve &t aB6m 3BT td@bout
550C. Urkieiiponad oohiditionbethettererdtumerinitheereactandrdingadly isbeulgos be allewgd to go

above abpef 433G gfor exéerdad Iqm&se%tmybewﬁ?eeiﬂ%ﬁ%qse&% édéd%'}%é)o%ﬁét?ﬂ%hic
deactivatgq{hg,fégg gat I Sc’;'d-ﬂh r%asctiggcrg%gg dconducted at atmospheric, super atmospheric or
below atmospheric preSsure. The'exit preéssurewill be at least slightly higher than the ambient
pressure to insFRSEFosftieMow FFomPhRT reddtiosXHite préssufbiokthel gaseshmest bgaa#iciently
high to ovempmisthegresssrediopatiatigh Hf reaetalc iedccerdancenwith thesiavertion, the
gaseous piflugnt exiting the ficstrgacior s serubped A/Eigggatgkg%g%n lly after separation gf some

maleic h%cgi:degﬁcool,in %nd condensation in order to separate &ssen |allym':—:,1Lﬂ1 S%dﬁaorﬁglelc

anhydridé VafUed$Bavin§Hgad FoRE coRBhRNgG sBstaam GReekhern-tiidde anarisiesular
oxygen @R Genedllyaie gas nilkese compesesiby vadsecaealt 6F] thrl.Greldpdthece

15butane, pretaialy Swa 08t ¥ elie remainder being oxygen, - 9 FEB 2004 505 0 WO 01/14359

PCT/US00/219 itrogen, .carbon oxides, and.the like. Typically the gas. mixture comprises about
0.4 vol % n-butg’r%e%%%%atn%rﬁ% & e%nt%?tﬁ% é%s HiX ﬁ%réL %%r?%u% YERerAR P SUATIETR td BPovide a
combine¥RER RRARB M GFBEPBY $8litadf G 18 B0 vervEAD RIS a8 Tssally abbat 10 to 15

vol molebutar bhygenvdeperding npod nxygan eansutvptiortia thatiest eaetos.. Ahisympdge forms

20

the feed fa-the.sacond ofthe series PLIRACINSe and the vent gas load are cut

almost in half. Overall n-butane consumption is substantially
reduced, by as much as 10%, the power required in the air
compressor is reduced by as much as 20% and the operating costs
of a vent gas incinerator associated with the process is reduced
by almost half. 1In addition, the capital cost of this vent gas
incinerator is reduced substantially. o i' '
N-butane consumption is reduced 1arge1y.because the n-
butane contained in the gases exiting the first reactor rather
then being flared or incinerated is fed to the second reactor.
The advantages of this procedure are partialiy offset by a
somewhat lower selectivity in the second stage‘reactdr dué‘to a
less favorable inlet gas composition but on balance the
advantages achieved through practice of the present invention
result in up to 10% reduction in n-butane consumption for the
same maleic anhydride production. ,,f
- The same or different catalysts of the VPO type can be used

5



~ The second reactor is similar to the first reactor, preferably containing the same VPO catalyst.

Reaction conditions are much the same in the second reactor as in the first, anﬁi F@@ﬁ jon gas
a et

-~ mixture exitirﬁq the second reactor is scrubbed with water to recover the additio anhydride
values, opt}@ é’ﬂf}‘?ﬂ?@r first cooling and condensing some maleic anhydride vEUERISeb186Ne in the

scrubberigaseishean deviagiagrated 4 o481t 9asHagiperatgrand ygnte atm re or otherwise
treated. ,g,}@_rlig o rgﬁc@é%ﬂli&ggégo%ndt zlzuseful,and}ﬁml%tii{p%e tgggﬁea%%%ﬁ%wsg%r t)}ﬁe
reactors are quite satisfactory for each reactor. ?ﬁé’ﬁﬁfe%lc}f%d&ﬁ?ﬁé’a?ct&%ttﬁéy Shkary $n eherheter

from abdtt T 1BEPouts", Entl-the RIFREF m Ay 8RSVl faskt bogh3 prid ol leagert Thae

oxidationiréeeTibh dis aniexothetmicesntivo ey, theyefenge reladivelysgosg contrnl of the reaction
5 temperatgse shodld be maintained.. Itis desirable to have the surface of the reactors at a relatively

constant temperature an%ls me medium to conduct heat from the reactors is necessary to aid

temperature control. %’6& SR Mhy HRANVBoBS FRRSI, FiolmALeiar, amdvrdayi Grolten leadand the
like, but FPRSHREEN fduihd thacampdicsaldbathy areconmplstdlypatisfagiors ne- sych salty bath is

a sodiuncaniratessecidomitritnPARFSEM RIY e eviectigeanstagt éergg}%rg\?#;g ixtu&el. rAniadditional
method g&t@gmn?turgagggtgci%t use_a metal block reactor whereby the neta 'surroupdln% the
tube acts as a te %erature re ula_loﬁ-é, bSR. Rs FRBEFecSniz@H ¥ The ERfledtiithe i e heat

-0 exchangES§ C5RT 28 sSTFHetE SviatMasso i PAISE022862 dhtdrmt nameke keptiahthe

proper t@mpafdturegieynhedtsexchapgbes anplibedie. The reagien eheactiar Hkes Bmay he-ipon,
stainless,stegl steel or nickel and have excellent long life under the conditions for the
reactions desc%e herein. Normally, the reactors contain a preheat zone of an inert material such

as 1/41 Alunduri pef&E SRER ceTaMiCHERE™itRe s ok EhtpF&aE remiiee Praseht awabdut 1/5 to
1/20 th€oBkRiciofthe astide chalyst PreSetio Exaopte B Adwacsiesiep seariar systemt as dlustrated

S inthe attasbed Figurecisspsouieles! for i exisiation,of nsputaDe e maleic, anbydride. With jeference
to the FiﬂHf:e'Jiipﬂﬁ‘unﬁ t?g%t{lgr glji_thﬁa}:i{) [ uI: d \éig Iinelg to reactor 1 and therein reacted to form
maleic aphydride. Reactor 1 is a conventional mutti fiib2 RERETS5a e d Wity VIRY 8RE#E such as
that desthibER P ExaMpEPEDr \FXFRRERES BBBD 11 pRridemBivrssbolartp Yomboe

reaction@zariise flmay ebtersanactonticarstithetederactsdo Ernimaleie apayridesibedial spot in
thetUbQ§H§f@mBEﬂﬂﬁgdgng&Eégobf up to about 4 or 5 mole percent‘can be
0 used without explosive hazard. Lower concentrations of n-
butane, less than about one percent, of course, will reduce the
total productivity obtained at equivalent flow rates and thus
are not normally économically employed.
The flow rate of the gaseous stream through the first
5 reactor may be varied within rather wide limits but a preferred
range of operations is at the rate of about 10 to 300 grams of
n-butane per liter of catalyst per hour and more preferably
about 50 to about 250 grams of n-butane per liter of catalyst
per hour. Residence times of the gas stream will normally be
0 ‘less than about 4 seconds, more preferably less than about one
second, and down to a rate where less efficient operations\are
~obtained.
' The temperature of reaction in the first reactor may be
varied within some limits, but normally the reaction should be

ot

conducted at temperatures within a rather critical range. The
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460C, the gas feed is fed at 40-50 psia. The reaction mixture exits reactor 1 via line 3 ar[Id is cooled
in stages to about 60C (not shown) The cooled mixture is introduced into scrubber % h8 thétkin
contacted with scrubbing water which is introduced via.line 5. The aqueous stream containing the
scrubbed rﬁ?'a%ﬂ'}’éﬁﬁ?dride. values is removed via line 6 and sent to conventi8farvsadatIanhydride

recoverycimaaeamh@nzgﬁdﬁMﬁf@%yﬂyﬁaﬂ%@cﬁ@wyﬁﬂg% F@%a%ggggc&ygdbgg grrg%,gpzv_ei fgotm
scrubber, 4 via i . lemental n-butane is via line 9 and the resulting - admixture’is fed to
reactor'SF%gezré%%g, ﬁ%g%g%% orL, i%%oﬁ%%ﬁti%%ﬁﬁ (P FEa G AP ACcKER With #RISHAE VPO
catalyst B&&Fin A%e¥Hr £TABt shBetertigdbeurei. réicor BeeaR06GRANatet BAD LR 24

WO 01/14S50tRICHUSO2LI6H prassutet hoalpUb3@-488taa The reastion gas mixue is ggmoved,

f EXI I t d; dt bber 11 wherein maleic_anhydride
® Valies ats soriboed B e ool ea i T 5 The SorUBBbr RAREEom AR maleic

values are scrubbed with.water which is intr via ruboe
anhydri(]‘%e‘%ﬁ‘(())xrfrﬁegﬁr‘ue 28t ke FIMRATAHER rubF&eL £ SmnREatazad Berit ke corwentional

maleic akHp@fde REovOYrReactdd Yasdsardegranded frosvarrubkeeht igline thangdisentto a

vent gasdficineatortries 0 \anting-tedhey, atmegphere. Jhefoliwing Table Lgives the amounts and
compositians..af . vari rocess streams. Table 2 gives the various conversions ano]’1
positigng. of .| 8?{%35) g

selectivitiés. 10 WO 01/ MOerrm\ W RRAT o RIS BIIESHO MSMERERREAN UFOOriomo
O triLnHWIhHBR ARIBAISCOMIMIE . AFAAOsHNIR BRe NN D1OMONeNpae coD{n4BaMCN\D
0\0MOO3HSIOOLY MISNIOSED QUOHHOMArGALZENIdE  temperature preferably

employed in the reactor, measured as above, should be from about
380°C to about 515°C and the best results are ordinarily
obtained at temperatures from about 380°C to about 475°C.
5 Described another way, in terms of salt bath reactors with
carbon steel reactor tubes about 1.0" in diameter, the salt bath
temperature will usually be controlled between about 350°C to
about 550°C. Under normal conditions, the temperature in the
reactor ordinarily should not be allowed to go above about 475°C
0 for extended lengths of time because of decreased yields and
- possible deactivation of the catalyst.

The reaction may be conducted at atmospheric, super
atmospheric or below atmospheric pressure; The exit pressure
will be at least slightly higher than the ambient pressure to

5 - insure a positive flow from the reaction. The pressure of the
gases must be sufficiently high to overcome the pressure drop
through the reactor.: |

In accordance with the invéntion, the gaseous effluent
exiting the first reactor is scrubbed with water optionally

) after separation of some maleic hydride by cooling and
condensation in order to separate essentially all product maleic
anhydride values leaving a gas mixture containing substantial
unreacted n-butane and molecular oxygen values. Generally this
gas mixture comprises by volume about 0.1 to 1.0 vol %, the n-

) butane, preferably 0.2 to 0.6 vol %, the remainder’being oxygen,-
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nitrogen, .carbon oxides, and the like. Typically the gas
mixture comprises about 0.4 vol % n-butane. '

N-butane is added to the gas mixture in amount generally
sufficient to provide a combined gas mixture comprised by volume
of 0.5 to 3.0 vol % n-butane and usually about 10 to 15 wvol %
molecular oxygen depending upon oxygen consumptlon in the fivrst
reactor. This mixture forms the feed to the second of the
series of reactors. | _

The second reactor is similar to the first reactor,
preferably containing the same VPO catalyst. Reaction
conditions are much the same in the second reactor as in the
first, and the reaction gas mixture exiting the second reactor
is scrubbed with water to recover the additional maleic
anhydride values, optionally after first coolingvand condensing
some maleic anhydride values. N-butane in the scrubber gases.
can be incinerated in a vent gas incinerator and vented to
atmosphere or otherwise treated. ‘

A variety of reactors will be - found to be ‘useful and
multiple tube heat exchanger type <reactors are Aqulte
satisfactory for each reactor. The tubes of such reactors may
vary in diameter from about 1/4" to about 3", and the length may
be varied from about 3 to 18' or longer. The oxidation reaction
is an exothermic reaction and, therefore, relatively close
control of the reaction temperature should be maintained. It is
desirable to have the surface of the reactors at a relatively
constant temperéture and some medium to conduct heat from the
reactors is necessary to aid temperature control. Such media
may be Woods metal, molten sulfur, mercury, molten lead, and the
like, but it has been found that eutectic salt baths are

completely satisfactory. One- such salt bath 1is a sodium
nitrate-sodium nitrite-potassium nitrite eutectic constant
-temperature mixture. An additional method of temperature

control is to use a metal block reactor whereby the metal
surrounding the tube acts as a temperature regulating body. A&as
will be recognized by one skilled in the art, the heat exchange

8
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01/14359nedium may be kept at the proper temperature by heat exchangers
and the like. ' The reactor or reaction tubes may be iron,
stainless steel, carbon steel or nickel and have excellent long
life under the conditions for the reactions described herein.
Normally, the xreactors contain a preheat zone of an inert
material such as 1/4’ Alundum pellets, inert ceramic balls,
nickel balls or chips and the'like,‘preSent at about 1/5 to 1/20
the volume of the active catalyst present. -

Example 1

A two series reactor system, as illustrated in the_attachéd
Figure, is provided for the oxidation of n-butane to maleic
anhydride. ,

With reference to the Figure, n-butane together with air is
fed via line 2 to reactor 1 and therein reacted to form maleic
anhydride. Reactor 1 is a conventional multi tube reactor
packed with VPO catalyst such as that described in Example 1 of
U.S. Patent 5,885,919 and provided with a coolant to remove
reaction heat. i

The feed enters reactor 1 and therein reacts to form maleic
anhydride, the hot spot in the tubes is maintained at about 420-
460°C, the gas feed is fed at 40—50'psia.

The reaction mixture exits reactor 1 wvia line 3 and is
cooled in stages to about 60°C (not shown). The cooled mixture
is dintroduced into scrubber 4 and therein contacted with
scrubbing water which is introduced via line 5.  The agueous
stream containing the scrubbed maleic anhydride values 1is .
removed via line 6 and sent to conventional maleic anhydride
recovery. , '

The reaction gas mixture £from which maleic anhydride has
been scrubbed is removed from scrubber 4 via line 7.
Supplemental n-butane is added via line 9 and the resulting
admixture is fed to reactor 8.

Reactor 8, like reactor 1, is a conventional multi tube
reactor packed with the same VPO catalyst used in reactor 1.
5 Hot spot temperature in reactor 8 is 420-460°C and inlet

9
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h030 ,*

pressure is about 30-40 psia.
The reaction gas mixture is removed from reactor 8 via line
10, cooled (not shown), and passed to scrubber 11 wherein maleic

anhydride values are scrubbed with water which is introduced via

line 12.

The scrubber liquid containing maleic anhydride formed in
reactor 8 is removed from scrubber 11 via line 13 and sent to
conventional maleic anhydride recovery.

Reaction gases are removed from scrubber 11 via line 14 and
sent to a vent gas incinerator prior to venting to the

atmosphere.
The following Table 1 gives the amounts and compositions of
the various process streams. Table 2 gives ‘the wvarious

conversions and selectivities.
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With reference to the Figure, n-butane together with air
enriched with oxygen to an oxygen concentration of 28 vol % (dry
basis) is fed via line 2 to reactor 1 and therein reacted to
form maleic anhydride. Reactor 1 is a conventional multi tube
reactor packed with VPO catalyst such as that described in
Example 1 of U.S. Patent 5,885,919 and provided with a coolant
to remove reaction heat.

The feed enters reactor 1 and therein reacts to form maleic
anhydride, the hot spot in the tubes is maintained at about 420-
460°C, the gas feed is fed at 40-50 psia.

The reaction mixture exits reactor 1 via line 3 and is
cooled in stages to about 60°C (not shown). The cooled mixture

is introduced into scrubber 4 and therein contacted with

scrubbing water which is introduced via line 5. The aqueous
stream containing the scrubbed maleic anhydride values is
removed via line 6 and sent to comventional maleic anhydride
recovery. _

The reaction gas mixture from which maleic anhydride has
been scrubbed is removed from scrubber 4 via line 7.
Supplemental n-butane is added via 1line 35 and the resulting
admixture is fed to reactor 8.

Reactor 8, like reactor 1, is a conventional multi tube
reactor packed with the same VPO catalyst used in reactor 1.
Hot spot temperature in reactor 8 is 420-460°C and inlet
pressure is about 30-40 psia. '

The reaction gas mixture is removed from reactor 8 via line
10, cooled (not shown), and passed to scrubber 11 wherein maleic
anhydrlde values are scrubbed with water which is 1ntroduced via
line 12.

The scrubber liquid containing maleic anhydride formed in
reactor 8 is removed from scrubber 11 via line 13 and sent to
conventional maleic anhydride recovery.

Reaction gases are removed from scrubber 11 via line 14 and
sent to a vent gas incinerator prior to venting to the

atmosphere.
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a) 14 4J440NO0 rl4Jvrtia).ruU cdw 0a)4-1 Cl) r117-9F 2'505 0 WO 01/14359_We claim:
PCT/US00/21962 1. A process for the production of maleic anhydride from n-butaBehlBick: 4 ‘
comprises reacting of mixture of.molecular oxygen containing gas and 0.5-3 vol % n-butane in a first
reactor at %ﬂaﬂi{gﬁ?effective for the formation of maleic anhydride, scrubbirRCF@'$eerRtan gas
mixture fren diadirst reactor to recover the maleic anhydride values from the remaining reaction gas

mixture compongents, addi -hutane, to,said remaining, reactjon gas mixture components and
reacting th%ﬁ%%ggg a,? Qr%l)E?tel%rLeg in@ %%e%%ﬁd‘?ggc Bfrg%g&&#oﬂgiﬁé&i\@qBVﬁﬂélﬂﬂw@@ﬁ of

maleic afify L5 oEOER B8 Fn TR REANY tIeS radetiorrgas Mixtale didha the fissyegactor is
scrubbedaaithaiaténs. Fae paackss o chimdllwheteibiiesieed ta the secend reagior spmprises
50.5-3 volpaduanm . Baepraoess okgaimchwharsina enriched wilhpxygen. s e malecular
oxygen csocpzt:%{gggn as,| the first reactor. 5 The process of claim'1 wﬁ‘qreln both A fand
molecular oxygen are added s xaid PEm &AM g Peabibhey & AxtiRecoRideren&e 8 Ctivg pioeess of
claim 1 WgSielrthet s Pderciremhnérdseonthibaetorfatier séparation ohmeleie eabyduge, is
further rgastednire anlesequamb serciesaftenaddiign of Nebiwtane and, optignglly gé%%%qrn %xygen.
18 reaction gas mixture components and reacting the reéulting gas
mixture in a second reactor at conditiqﬁs effective for the
formation of maleic anhydride.

2. The process of claim 1 wherein the reaction gas mixture
from the first reactor is scrubbed with water. -

3. ' The process of claim 1 wherein the feed to the second
reactor comprises 0.5-3 vol % n-butane. |

4. The process of claim 1 wherein air enriched with oxygen
is the molecular oxygen containing gas in the first re‘actor.

5.7 The process of claim 1 wherein both n-butane  and
molecular oxygen are added to said remaining ‘reaction gas
mixture components.

6. The process of claim 1 wherein the gas mixture from the
second reactor, after separation of maleic anhydride, is further
reacted in a subseguent reactor after addition of n-butane and
optiocnally molecular oxygen.
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