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Speci fica it ent 5, 360, 916 provi des a tvvo stage process for
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atritl ed s@rh dhhRbn the n-butane is oxidized to male:.c 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 incinerator prior 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

35 series in order to complete production of the maleic anhydride.
A feature of the process described in this patent is that there



of Butane to Malic Anhydride" appearing in [EC vol. 2 No. 1 March 1963,
pages 57-60 discloses a process for maleic anhydride production wherein
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i'llustrates in schemat pr esent
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optionally treated for partial condensation of product maleic
anhydride by cooling and/or directly scrubbed with 1liquiq,
preferably water, to separate all of the remaining maleic
25 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
30 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
35 addition of supplemental n-butane.
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scrubbing zone, optionally after part of the. maleic anhydride is renoved
by partial. condensation, wherein product maleic anhydride fornmed in the
first reactor is.scrubbed fromthese effluent gases and: conprises a
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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}qdditional maleic anhyd;ide EBffluent from
25 the second reactor after removal of ail.prodnct maleic anhydride
in the second scrubbbr 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 atmpsphere _ _ : :

30 . A striking advantage of the present invention is the fact
that operating costs including raw nmterial costs and power
costs are substantially reduced. Maleic anhydride production as
a function of. the capital needed for construction of a new
maleic anhydride 1nsta11ation can be 31gn1ficant1y reduced in

35 accordance with the present invention. Thus, economies are
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line 2 to reactor 1 and is distributed to the various reactor tubes

| ocated therein. These tubes are,surrounded.by a 15 circul ati ng heat
removal medi um such as molten salt in accordance with known procedures. In
passing through reactor 1:°n-butane is reacted.wiifh the % h xygen
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Gases from

I's: recovere CI’U exit via 'l ne ; aSes

conpri si AGPYtane 15 Ferrkedwikh é@lﬁcﬁaﬁﬁne"yﬁﬁlc‘ﬁn@%’h FRPATHENPer at ed,
t oget hereﬁfébtimeetan:tpmbdnqegmheﬁcrmnhydnmm ni trogen, and vari ous

car bon oxi desrhoopldiats i m%%wﬁﬁ&te%{eéoﬂf ¥akehine 3THESS ar e
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8 pract FEeSETURBRE fr-osBRTUPHIRGRSPT 18 Paersduced into abzubber 4 by

means of line 5 and in the scrubber maleic anhydride is

effectively scrubbed from the mixture of reaction gases from

reactor 1. An agqueous Stream containing the scrubbed maleic

anhydride, now in the form of maleic acid, exits scrubber 4 via

25 line 6 and passes to refining wherein maleic anhydride is
recovered by known procedures. _

As ‘an important feature of the present invention, the

scrubbed gases from scrubber 4 exit via line 7 and pass to a

second reactor, reactor 8, which can be similar to reactor 1 and

30 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 via line 9, and this cowbination of gases is

introduced as feed into reactor 8 and therein reacted under

35 conditions effective for the oxidation of n-butane to maleic
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when conpared to conventional single reactor. procedures is that, for the
two reactors in series, for the sane nal ei c anhydride production the
air%feed rate and the vent. gas load are cut 20 alnost in half. Overall

n- but ane consunption is substantially reduced, by as much. as' .10% the
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i n n-butane ¢gonsu or -t sane nal el ¢, anh roducti aon.. 35 The
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In U S Patet |nven|on|

ractice o
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f eed stream n I ut 0.5
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expl 051 UroaliBedbilS vHY eg&e&n&spsdaﬁacg% 'Mé u% zsga&egree%ttor s
ere c centra I ons. er can
20 :-almost in half 0vera11 n-butane consumpt on 1s substantially
reduced, by as mmch 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. In addltzon, the capital cost of this vent gas
25 incinerator is reduced substantially
N-butane consumpthn is reduced largely because the n-
. butane contained 1n the gases exiting the flrst -reactor rather
then being flared or incinerated is fed to the second reactor.
The advantages oﬁffhis procedure are partially offset by a
30 somewhat lower selectivity in the second stage reactor due to a
less favorable iuiet gas composition but on balance the
advantages achleved through practice of the present invention
result in up to 10% ‘reduction in n- butane consumption for the
same maleic anhydrlde productlon -
35 The same or dlfferent catalysts of the VPO type can be used
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20 used w thout expl osive hazard. Lower concentrations of n- butane, |ess

t han about one percent, of course, wll: reduce the total productivity

obt ai ned at equivalent flow rates and thus“ are not normally econonically
enpl oyed. The flow rate of.the gaseous stream tfi.augh the first 25 reactor
may be vaY@MAFPhin rather wide linits but a preferred 962
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t enper at ur es ¥he hoxidatinmef dhe incdiutaaegto Mhateid ashydidd/im3Gh

PCT/ US004-¢4866r Ox48al iadkomBasbh88 | DySX odta®ting"d miue aheaClindn I,
underway, the n;r‘:_’n %rlgése of the, salt bath or, other. mf_;‘;jl a is to conduct
heat.. a%89ceRrrHRYL? | PEYGRD (WiED Lhe Fesgrineshisaha gt -|  AMdads on.
Bett er opetiarebys satdsfactekiy abt ai redindecnof hexygeaacfomn thenpiizgtur e

| oyed,| : t It =Rat ure.
TI0 P hnp e Aobor AR layneraticAibk uicl Of BRPYEn difa Hh1ueld, GaskEl Al

O ]
t 0. sone: 8%t BRETOGRM 3Re &aye beqpmplayedpe A, #nrigbed. withn RY at i on.
Under usbeal empbeyedi ng conditions in-a preferred procedure, the tenperature

LO in the cen : . h p. | t. 365
t o about 550?&%5%%%@&?%@%?8&: u;jlgeﬁéjrée?'?%’trt agﬁge Eé#p%%%%f}lﬁ%é

react or , CRBR3LR eB1Hs ARG 0 FROUE HB P dtBeaPPR AbSURCLESPREreRN RTRUERISG and
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t o about 5 | el of_ ¢S ctors
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total productivity obtained at equivalent flow rates and thus
are not normally economically employed. '
The flow rate of the gaseous stream through the first
25 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 pér.liter of catalyst
per hour.. Residence times of the gas stream will normally be

30 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
35 conducted at temperatures within a rather critical range. The
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will be at least slightly higher than the anbient pressure to 25 insure a
positive flow fromthe reaction... The pressure of the gases nust be
sufficiently. high to overconme the pressure drop through the reactor. In
accordance. with the invention, the gaseous effluent exiting the first.
reactor | WORUBhed with water optionally 30 after sepaf<k 1963 some
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to recoemployed ddiitheorabchadt pimeasnrieddas dibored Ushoudbt berfatdny abbher first
cool i ngz each%deaf,bge I seTE R Qi aBQé'E” | entdlsUesre Nopdiald 1\i/gnt he

scrubber ases_. canh be incinerated In gas ‘i'nci nerator an ted to
at mosphePeabred Bty wFemPeYaRes Erom, |aé’t°5}‘tof BQMEt &Ps FPPYE h&7F8GRd to be
Lsisef ul pesicrihedi phethabevdayat mchenmrofymmteaﬁm sresetons t @itR0

sati sf f t ubesy ct

di anet 2‘?5 S RieTRALERE Oipes WREE SC8: Mn WiGReLERT Ohe JE BELK LN

about 3 ?‘&’Q’Ba ‘b"r'e I‘ﬁf?gJer“sWelYo Qjaﬁqrtﬂqlé-&ét r’"&ﬁ"’eﬁg §h°lé§o?ﬁ@?¢n BOreaction
and, thebminrszsovel atmmé:y nd:m eaiitdonsf, the teaperatutrenprr there

shoul.d pg, héu EaQifox{;é’d %Vﬁgt%oéé‘qx%%% ghsige

reactors a a e at| cons ant errpera ure a lum to conduct
‘heat f r 69F tﬂﬁte‘t“éﬁ‘ét?ﬁggﬁ'%s neEctineybesause PEnﬁéPﬁ?ﬂﬁ%chﬁﬂﬁ‘?ﬁ a’&!@lch nedi a

possible deactlvatlon ‘of the catalyst.

- The reaction may ‘be conducted at atmospherlc, super
atmospheric or below atmospherlc pressure. . The exit pressure
will be at least sllghtly higher than the ambient pressure to

25 insure a positive flow from the reaction. The pressure of the
gases must be sufﬁibiently.high.to overcome the pressure drop
through the reactox-fa-- | :

-In accordancefﬁith_the invention, the gaseous effluent
exiting the first reactor is scrubbed with water optiomally

30 after separation - 6f' -some maleic hydride' by cooling and
condensation in order to separate essentlally all product maleic
anhydride wvalues 1eav1ng a gas mixture contalnlng substantial
unreacted n-butane. §nd molecular oxygen values. Generally this
gas mixture comprisgs by volume about 0.1 to 1.0 vol %, the n-

35 butane, preferably:OQZ to 0.6 vol %, the remainder being oxygen,

7




may be Wods netal, rmlten sulfur rrercury, rmlten | ead, and the |ike, but

eutectic gRIn - tenperat ur'e m xture. An add|t|onal ﬁ,sgu‘m;@rrper ature
control is to}lﬁjs%% a netal block reactor whereby the net a?)b?surroundl ng the
tube actiitepgen.enperbonr oxidgsl atand) bbey like.35 Wyvpicedlyecthmi ged by one

skil | ed mhixtdie Q{oﬁnprtlggshagbugxgh@n@@l $ ﬂAQlﬁJa/n 359 PGT/ USCQ 21962 rmedi um
be kept Qper.:E¥E atyre b exchan And t he ke. The
fenctor of 1 drtans dBcaddel o' ehs ok, waeFes 18 daotnt  donetaniy

react or
ni ckel amfﬁmp@m&el Pmltlﬁar?g combihpfegamduxtiie conptiseddy volumbe

react i onsg d@%ﬁrﬁ@eﬂ d"'@\fcﬁ Ny - lahd Uﬂﬁ‘xa‘l& EﬁbﬁtC%t gbnid %that zone
of an mer#i“g%ter al such as_1/4" A undum Q‘EF et i pert, ¢ ramc ball s,

ni ckel TCPPEeEn ePﬁ%dH‘%e“P‘?i‘r SSRE °ﬁBB‘ﬂ¥t-‘1?% i &1xBhe
vol une ofeadtoxact i Thisamdbstsireprioamm . theafieéd toldhe tsecast ief thact or

system @sridd & haketokg the attached Figure, is provided for the
oxi dation of n-butane to maleic gnhydride. Wth reference to the Figure,

n- but ane t ogetifer SRCPRAaj Feactox o358 gipiipr o by FBEctHITat : F/EEREYr ei n
reeact ed prefexrablynl edantalimiaghy dhiede . sameacMPO 1 datadystnvent Reagkionl ti

tubereﬁﬁfg_{ t tsSU a ed.i Ie1
[ Pat ent %@88®%§g%%d§$‘¥%v% gﬂe Eﬁwﬁ& 9?&8%6%’ Qs Qn\l?{ ﬁr eaction
heat. ThEl¥%ed and rrééﬂtéPnlgaﬁdm{‘HEF%l??q%Htﬂ ¢they ﬁ%"rﬂdnﬁ'leéFE% | 20
anhydri des tetm:dm:tedspmithn witet Uhes irecowelnt athed addithiptald2talefe, the

f 0 i
Pine 5 aapydffad valied] Bptfond 6y 'y BRHL CObELES diin (RRRE g @
K xt ur e S¢me  Fakein Aanhydn :&esévfa}m 4 Npkhuteper din thenssaubleri gRses
scrubbi ngamaber itltiiteratedntirdaICOEnti gas Nindinekr oaquamisvefitédato

cont ai ni r de values is renpoved via line 6 and
S LR RLTBLELE BRDNELL

sent to conv I'ona €i ¢~ anhyd recovery. The reaction gas m xture
f rom whi ch nEﬁeVéréﬂHleqfdeﬂFmtmtﬁ) with der ubpwmf | sor depvesefrbnrdEr ubber

4 via | ipe1tipleSupphBeENhakitn- kichadidesr addgé Vifeadtvrsd aaglet hguiesul ting
20 satisfactory for each reactor. The tubes of such reactors way
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
25 desirable to have the surface of the reactors at a relatively
constant temperature 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
30 completely satisfactory. One such salt bath is 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. As
35 will be recognized by one skilled in the art, the heat exchange

8



adm xture is fed to.reactor S. Reactor 8, like reactor 1, is a conventional
multi tube reactor packed with the sanme VPO catal yst used in reactor 1.
35 Hot spot tenperature in reactor .8 is 420-460C and inlet 9 his WO

01/ 14359 PCT/ USOQ 21962 pressure i.s about 30-40 psia. The reaction gas

m xture i YOOUMI¥Ed fromreactor 8 via line 10, cool ed (HotUMH3  and

passed md&umuhbyrbéhcmraaﬂ rthlﬁﬁbebﬁerattmﬁlyrdiﬁn‘éa ﬁeaﬁeefé@ﬁéﬁl_:}a% with

wat er h duc [ n scruhber d containing :
mal ei cm%n | de ?’%‘rgmad%é/ ?gggféi- §r| sreraecgr}\? YyRsR s'&?gbg’& % a line
13 and %ﬁéniesswh%hﬂ’eﬁr@omweeé anhyiekele ar&mgyexmhbembri%es are

removed 1f1tfemusﬂéublme szn\ahelbhseféﬂ eaé réQcﬁf&&st-&eacifﬂmd Q?éréltfiﬁi nerat ot
e

rior t W09 nosphe g Tabl e ive

gm)unts(&a ﬂp ga%\% €°9g?f'ﬁu§ p?’é%%%% SFPBS Tg eﬁ?ré‘l ves the

various ma@émélmw aﬁﬁi tAtbchlupdims pelleve OMMBSQ:WSG&HH&GZ aD 0
C“ OYick@1%anis o2 |ch1b@1aﬁhfﬁhé311% Pelfeit Gt rabbr#& 1?% 90@/2%% co rt

- 0% to (0 V-1 H cal
NG v, 4%ﬁeOY°1B“?r?f |\Fj’F t’)‘(q\lcﬂkéiyﬁttp’?e?\g%‘b’olg 00 o o F) ep eN er . N

(0O rMcrl O0%Nt- O ONc+l OExamile@ 14 M s-1 O OOOTrt r{ 0 MeN

181 O A two series reactor system, as illustrated in the attached
Figure, is prov1ded for the oxidation of n- butane to maleic
anhydride. ' o ; '

With reference to the Figure, n-butane together with air is
fed via line 2 to reactor 1 and therein reacted to form-maleic

15 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 prov:l.ded with a coolant to remove
reaction heat. ' ' -

The feed enters reactor 1 and therein reacts to form maleic

20 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

25 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 conventional maleic anhydride

recovery. _
The reaction gas mixture from which 'maleic anhydride has
30 been scrubbed is removed from scrubber 4 via 1line 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 witn the same VPO catalyst used in reactor 1.

35 Hot spot temperatnre- in reactor 8 1is 420-460°C and inlet

9
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‘'r' 0%to O N (O 10 abfh 01 O rt r-I crl MNcor-I 00 cI1 NNN OOMN
OO0OO0OOrl 0 aMd cod NO 0%OOIf) r-|_OOr-IOOInN0 ," NN
ri Nf-1 MeNOTr-1 01 0% Mcov O co C9)i10 NtoQ MO OO ri u) ao
rl NO WoW18%01 z NG y Scad rd 0 43 4] En u~ VPCGHUSHIZIRGL
SUBSTI Tl.ﬂi&ﬁﬁléTl(sRHbEuEG}sloM 30 01/ 14359 PCT/ USOO/21962 |n to ri sr r O

F r sl Oao % O, r-1

STl ks éé (5&8&“1’% 45 fetaved ’%"m FeRPLRF difia Lifeq’

rL r to ¥ ceoliedp (ngt\/anpvm ,z aRd passed to scrubber 11 wherein maleic
anhydride values are scrubbed with water which is introduced via

5 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

10 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 various

conversions and selectivities.
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1

Reaction gases are renoved- from scr'ubber 1:11 via line 14 and sent to a vent
gas incinerator prior to venting. to. the. #35:at mosphere. 14 WO 01/ 14359
PCT/ US00121962 is m%% 10. O O sr eNtON O .a04r, O~afrl ONco O

dr HCG rd OQ . O Ndr vi Oco! ammWc 01 M'fh Cpg@ﬁﬁ&kﬁ“501 41
tn Or-1 WO rp m-rl 41 & co Q%r, c~ .r- Ch1l - vr-1a
NN-rl 41 el\/Wlil:hOrbfieréicéoter the' Fighirel, @-BOuthnéi tEgetA€rGei¥nUalh r-1
e o A ops £ o bR B 6k Gk ly® L1
basis) is fed via llne to reactor 1 and therein reacted to
form maleic anhydrlde. Reactor 1 is a conventional multi tube
s 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-
10 460°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 introduced into scrubber 4 and therein contacted with
scrubbing water which is introduced via line 5. The aqueous

i5 stream containing the scrubbed maleic anhydride values is
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  1line 7.

20 Supplemental n-butane is added via line 9 and the Tesulting
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

25 préssure igs 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,

30 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 wvent gas incinerator prior to wventing to the

35 atmosphere. '
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claim 1. A process for the production ofl |eic anhydride from n-butane
whi ch conprises reacting of ‘m xture of nol ecul ar oxygen containing gas and
0.5-3 vol WRMWMane in-a first reactor at 5 conditions AFTEIPIEE or the
formati ofe 014 £l C anhydride, scrubbing the reaction gas m xture fromthe

fi rst reactor to .recover .t hydri d& values fr he, r i nin
reaction gastmi xttPEO 88%0285{@“% O, £ Slga"i‘%‘lf %E‘fg:ﬂ ’
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the firs¢® ’F‘i’a‘&‘r §9§§?Eb’ﬁ%d Rt H:IWaV\E r““’st"%e%% Heé@é'%fa‘%fyé’rrry% A€ wher ei n
t he feedscmlblbmgetbendreaétxmcgas mdrpursefxrOmS5tBev ELretn- riaamne té The
process plc&vdt Bre ‘Mlﬁ.re‘i'cnﬁﬂh?l ?.g?é chethel 9?(¥ﬁ8nreth§1ﬁ

Oxygen cont al nl n as I n react or. roce
wher ei n B®%h W cawaonm%cu@&diaﬁyg’éﬁb%@ead&ed eeléaﬂzﬁwws. ng
reacti onrgastid@d gastwmitEorponents. aiaeraaocmg tHe ctedultingheasi n t he
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I's further reac |n a subsequen reactor I on of ane and
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2. The process of claim 1 wherein the react:l.on gas m:l.xture
from the first reactor is scrubbed with water.
3. The process of claim 1 wherein the feed to the second
15 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 reactor.
5. The process of claim 1 wherein both n-butane and
molecular oxygen are added to said remaining reaction gas
20 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 subsequent reactor after addition of n-butane and
optionally molecular oxygen.
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