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-1- TITLE 5 -
CATALYTI ¥ MAA ON OF n- BUTANE TO MALEI C Aﬁwg

| NCORPORATI NG I N SI TU CATALYST

CALCI NATI ON/ ACTI VATI ON BACKGROUND OF THE | NVENTI ON
10 1. Field of the Invention: -1- This invention relates to an
i nproved process for the selective vapor phase oxidation of n-butane
to mal ei ¢ anhydride over 'a catalyst conprising. m xed oxi des of

vanadi um and- phosphorus, (V/P/O. Mre specifically, the 15 invent ion
relates to a process involving in sitUTEELEI natl on and activation of the
VI P/ O cat al yst precursor.
5 VAP_OR PHASE CATALYTIC OXIDATION OF n-BUTANE TO MALEIC |
' ANHYDRIDE INCORPORATING IN SITU CATALYST
 CALCINATION/ACTIVATION

BACKGROUND OF THE INVENTION
10 |
1. Field of the Invention:

' This invention relates to an improved process for the selective vapor
phase oxidation of n-butane to maleic anhydride over a catalyst comprising
‘mixed oxides of vanadium and phosphorus, (V /P/O). More specifically, the

15 invention relates to a process involving in sztu calcmahon and activation of the
V/P/O catalyst precursor.

2. Description of the Related Art:
The vapor phase oxidation of n-butane to maleic anhydride over a V/P/O
20 catalyst is a well established commercial process. A review of the prior art
_describing this process is given in U.S. Pat. No. 4,668,802. In improved processes
described in U.S. Pat. No. 4,668,802'.and U.S. Pat. No. 5,021,588 the reaction is
conducted in a recirculating solids reactor having two fluidized reaction zones.
" The conversion of n-butane to maleic anhydride takes place primarily in one
’ 25 reaction zone and the catalyst, essentially stripped of gaseous species, is
transported to the other reaction zone where.it is re-oxidized; i.e., regenerated
_prior to being returned to the reaction zone.
The mixed oxide V/P/O éompbsitions used as catalysts in these processes
are known to the art. A review of the art describing V/P/O compositions and
30 their preparation is given in US. Pat No. 4,371,702. The catalyst precursor
composition is usually made by a process wherein a conventional vanadium
compound in which the vanadium is in the +5 oxidation state, such as in V,O5 or
NH,4VO;, is partially reduced to the +4 oxidation state by reaction in either an
aqueous or organic liquid medium. The catalyst precursor is then formed by the '
35 addition of any appropriate phosphorus compound, for example H3PO,,
refluxing to bring about reaction and recovering the catalyst precursor, usually as
a hydrated vanadium phosphate, by filtration and drying or spray drying. The
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phosphat ehosphate, expressend %gd(\%ﬁﬂ?’ze)r ’ Séeof%s I rxl'ﬂole of water at 370 to.
394°C, while maintaining the Vox.in the range of 4 1 to 4 5. The balance of the
water, an additional mole of water per mole of precursor, is removed by heating
15 at 395° t_o 600°C in a,_ca_me_r. gas conslsttn_g_gf__ air or an inert gas together with
controlled amounts of oxygen and hydrocatbon to prévide an _e_ffluent stream
containing at least one volume percent of oxygen or one volume percent each of
oxygen and hydrocarbon, again while mamtalmng the Vox in the range of 4.1 to
45.

20 .- ' R
SUMMARY OF THE .INVENnON
It has now been dlscovered that the contmuous operatlon of a
recirculating solids reactor sub]ects the catalyst to lughly abrasxve conditions and
25  even the most attrition resistant catalyst is gradually. reduced to very fine
"matenal whtch is lost from the reactor. Thus, the catalyst inventory diminishes
and needs to be replenished to maintain maleic anhydride productlv1ty An
' object of this invention is to prov1de a method of accomphshmg this on a
contmuous bas1s, thus mamtalmng a very h1gh operatmg capacity for the reactor
30 overan extended period of time. In a further aspect this invention prov1des a
- means of increasing the catalyst inventory in an operatmg rec1rculat1ng solids
reactor and thereby enhancmg its productivity. N '
. In view of the above the present invention prov1des an nnproved process
for the selective vapor phase oxidation of n-butane to maleic anhydride over an
35 attrition resistant V/P/O catalyst The improvement consists of maintaining
optimum productivity or increasing productlvxty ina rec1rculat1ng solids reactor
by the intentional addition of catalyst precursor to the fluidized bed in the

'
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However when used continuously in a recirculating solids reactor, the catalyst

inventory gradually decreases due to comminution and subsequent loss as fine

dust. Thus, the catalyst must be replemshed to maintain maleic anhydride
15 product1v1ty It has been discovered that catalyst precursor, prepared for

- example by these procedures when added to the fluidized bed in the regenerator
vessel undergoes calcination/activation and is converted in situ to effective
catalyst The unique and unexpected features of the invention are:
(a) attrition resistance sufficient to maintain prolonged catalyst life during

20 subsequent recycling through a recirculating bed solids reactor can be

~#+ . imparted in the regenerator vessel in a short period of time, usually

less than 5 minutes; '

(b) calcination and activation are accomplished in a cyclic environment
- within a reasonably short time despite the fact that the temperature is -
’ 25 - about 100°C lower than is normally used for catalyst activation.
Thus the process of this invention provides a means of generating active
V/P/O catalyst in situ in a recirculating bed solids reactor, producing maleic
anhydride by oxidizing n-butane, while maintaining its efficient operation.

30 o BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a schematic drawing of a recirculating solids reactor

configuration in which the reaction zone is comprised of two parts, a fluid bed

~ section and a riser section, and the regeneratlon zone is comprised of a fluid bed
35 section.
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The improved process for the selective vapor phase oxidation of n-butane

to malelc anhydride includes; -

(a) providing a recn'culatmg solids reactor comprising a reaction zone and
- acatalyst regeneration zone; | s

(b) contacting in a reaction zone a feed gas contalmng about 1 mole % to
100 mol %, preferably about 5 mole % to about 20 mole %, n-butane, 0
to 20 mol % oxygen, and the remainder, to 100 mole %, inert gas, with
an effective amount of attrition resistant V/P/O catalyst, in oxidized
form, comprised of particles about 20 to about 300 um in size, in the
reaction zone of a recuculatmg solids reactor, at a temperature of about
360°C to about 500°C, preferably 360°C to 450°C at a gas residence time
in the reaction zone of about 0.5 second to about 15 seconds, a catalyst

_residence time in the reaction zone of about 2 seconds to about 5
minutes, and a gas exit pressure of 0 psig to 50 psig; _

(¢) removing the effluent prodticed in step (b) from the reaction zone and
separating the resultant reduced catalyst -fi'om the effluent gases,
preferably.stripping off any effluent gases from the reduced catalyst,
transporting the reduced catalyst to the regeneration zone of the

- recirculating solids reactor, and recovermg maleic anhydnde from the
effluent gases; .

(d) adding to the catalyst in the regeneratlon zone or to the catalyst bemg
recirculated sufficient V/P/O catalyst precursor or calcined precursor,
respectively, which pfecursor- is attrition resistant or designed to be
attrition resistant after calcination, to at least replenish catalyst losses
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(f) recycling the oxidized and freshly calcined catalyst from step (e) to the
15 reaction zone and continually repeating steps (b), (c), (d) and
optionally (e) so that the added precursor gradually undergoes
calcination and actxvatron

~The improved process employs a recirculating solids reactor.

20 Recirculating solids reactofs can have many different reactor/ regenerator
_configurations. For example, the reaction zone of the reactor can be comprised of
a riser reactor, a fluidized bed reactor, a moving bed reactor, or a combination of
both a fluidized bed reactor and a riser reactor. Similarly, the regeneration zone
of the regenerator can be comprised of a riser reactor, a fluidized bed reactor, or a
’ 25 combination of both a riser reactor and a fluidized bed reactor. It is to be.
understood that the invention is not limited to the specific combinations of

reactors recited above. A riser or transport line reactor is characterized by high

gas velocities of from about 5 ft/s (about 1.5 m/s) to greater than 40 ft/s (12

m/s). Typically, the reactor line is vertically mounted with gas and solids

30 flowing upward in esserltially plug flow. The flow can also be downward and
the reactor line can be mounted other than vertically. With upward flow of gas

and solids, there can be a significant amount of local back mixing of sohds,

especially at the lower end of the velocity range. The solids concentration in the

reaction zone of the reactor can range from, typically, about 1 1b/t3 (16 kg/ m3)

35 to, typically, about 10 Ib/ft3 (160 kg/m3), depending on the gas velocity, catalyst
particle size and density, and the catalyst circulation rate. A fluidized bed

reactor is characterized by extensive solids back mixing. The gas velocity ranges
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procedures when added to the fluidized bed in the re_gen'erator vessel
under goes 20 cal cination/activation and is converted in situ to effective

cat al yswo 9@Madéni que and - unexpected features of th@®CnusIv3ee ar e:

- (a) attrition resistance sufficient to maintain prolonged catalyst life
during _ subsequent recycling through a recirculating bed
solids reactor can be inparted B -~ in the regenerator vessel -
in a shost riod of tipe, usually,J)ess than 5.mnutes:, 25 . (b)
cal o1 natieOR hemfevy o PAF BSean SR chdB) o pBbu AT bt Aamdekandy ¢ hi
a the solids concerezation pangesifoorh dbont 20dbjft? ¢o abeuf 45 1b Aftfetabolae 300

cat ol yorKear Jaii 700t/ ¥ Tor the /P/Oygalyet s n she WipOHs & HEC UG,
o ovi deinyentiandhe catalyss havings bulk density of alxut S0dby 87 fabout:B06iks/ ). o
o T M Sy GOl et A S 0 s
BRI EF DEbRekarpmeferred: mmmaﬁ heat exchangers to remove, keatjand, gaptrgl
schemat i eratie. of a recirculating solids reactor-35 confi gur ation in
uh o e T eahd SO At A ERIBI RPN RIE B bl B35 S55ther °
sect i on.oxidation of reduced catalyst by gas phase oxygen along with calcination of the
10  freshly added catalyst in precursor form are carried out in separate zones of the
- reactor, with the conditions-for each zone chosen to optimize the step being
carried out in that zone without any restrictions imposed by the demands of the .
other step. Activation of the freshly added catalyst in precursor form is carried
out continuously as the catalyst circulateé between the reaction and regeneration
15 zones. Some febxi_datibn of the catalyst may be carried out in the reaction zone in
addition to that carried out in the 'i'égeheraﬁon zone, if desired, by introducing
some gas phase oxygen into the reaction zone. |
The preferred selection of the reactor and regenerator configurations
depends on the activity of the catalyst, the attrition resistance of the catalyst, the
20 relative rate of catalytic ‘degradation of maleic- anhydride compared to the
production of maleic anhydride, the amount of gas phase oxygen used in the
reactor zone, the need for a large fluidized bed volume to accommodate heat
exchangers, and the impact of these elements on the overall economics. '
FIG. 1 is a schematic drawing of a tecifculating solids reactor in which the
25 process of the invention can be conducted. The reaction zone is composed of a
fluidized bed section 10 and a riser section 12. The feed gas enters 10 and the
" oxidation of n-butane takes place in sections 10 and 12. The separator-stripper
unit 14 separates and strips off the reaction zone effluént gases from the reduced
catalyst. The maleic anhydride product is recovered from the reactor effluent
30 gases leaving 14. The reduced catalyst is trahspo'rted to the regeneration zone
which is comprised of the fluidized bed section 16. As shown in the figure,
attrition resistant V/P/O catalyst precursor or V/P/O precursor, 'deéigned to
become attrition resistant subsequent to calcination, is introduced into the
fluidized bed of the regeneration zone 16 in an amount at least sufficient to
35 replenish catalyst losses which occur during the continuous recycling process.
Optionally, the catalyst precursor or V/P/O precursor can be calcined or
partially calcined in a separate water removal vessel (not shown) and then
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recycled to the fluidized bed section 10. The alternate/additional feed line 18 can
be used to feed additional oxygen to the riser section 12. The recirculation solids
reactor of this embodiment can also be operated with just the riser section 12 as

15 the reaction zone. In this mode of operation the feed can be introduced into the
riser section 12 through feed line 18.

Other types of recirculating solids reactors are useful in the practice of the
invention, such as those described in U.S. Pat. No. 4,668,802, the teaching of
which is incorporated by reference herein for such purpose; The reaction and

20 regeneration zones can also be within a single reactor, although better process
| control usually is achieved if the two are in separate units.

The feed gas is comprised of a mixture of n-butane, air or oxygen
(optional) and inert gas. The n-butane concentration in the feed gas can be from

-- about 1 mole % to 100 mole %, preferably about 5 to about 20 mole %. Some of
’ 25 the n-butane used in the feed may be provided by the unconverted n-butane
which is present in recycled reaction gas. In some instances, n-butane may be
available as the predominant component in a mixture of gases including other
hydrocarbons. As long as none of the other gases present significantly adversely

- affects the process, it may be more convenient to use this n-butane rich mixture

30 in the feed gas as the source of n-butane. The oxygen concentration in the feed
gas can be from 0 to about 20 mole %. Air can be used as the source of oxygen.

The remainder of the feed, to 100 mole %, can be any inert gas, such as nitrogen

or recycled reaction gas containing mostly carbon monoxide and carbon dioxide,

. and possibly unconverted n-butane. Oxidized V/P/O catalyst, along with any
35. freshly calcined precursor that has just been added to the regenerator, is
~introduced into the reaction zone, The V/P/O particles are about 20 to about 300
pm in size. The butane oxidation is carried out at a temperature of about 300°C
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20 : oxygen, and the remai nder, to 100 nole % inert gas‘ Wi th

an effective anount of attritiaon reS|stant V/P/O
cat al ysSWO9M4MEi di zed form conprised of particles PCT/US93/13696 .

about 20 to about 300 pmin size, in the reaction zone of a recirculating
solids reactor, at a tenperature of about
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-_reactor gases are mixed with the reactor effluent gases. After maleic anhydride is
15 recovered from the effluent gases of the reaction zone, the remaining gases may
be vented or recycled to the reaction zone. Any off-gases or gas from the
regeneration zone can be vented after heat recovery.
' The regeneration zone temperature is maintained at about: 300 C to about
500°C, the catalyst residence time in the regeneration zone is about 5 seconds to,
20 typically, about 5 minutes, and the oxygen-containing gas residence time is about
1 to about 30 seconds. Total gas flow rate and oxygen concentration must be-
sufficient to provide the needed o:_'cygen for catalyst reoxidation to occur within
the selected gas and catalyst-.residence.-- time. The oxidized catalyst is then

* . recycled to the reaction zone. SR : :

25 - The required amount of. catalyst and the requlred catalyst circulation rate
depend on the extent to which the catalyst oxidation reaction is carried out in the
regeneration zone (as oppoeed to the reaction zone), the'amount of n-butane to
be reacted, the amount of mobile (or reactive) oxygen contained by the catalyst,
and the reaction zone process conditions that determine the amount of catalyst

30 oxygen used per pass. When oxygen concentration in the reaction zone is low, or
zero, and substantially;_aﬂ of the catalyst oxidation reaction is carried out in the
regeneration zone, a high catalyst circulation rate is required.. This rate may be
reduced to the extent that some catalyst ox1dat10n reaction is carried. out in the
reaction zone. _ : :

35 A cn'culatmg sohds reactor can be. operated contmuously to oxldlze n-
‘butane without any gas phase oxygen in the reaction zone. Such operation
results in higher __s_'electivity _to maleic anhydride than can be attained with
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-5- ¢ not be so great that the recircul ating bed reactor

t enper at ur e be decr eased _ _ substantially bel ow the desired
oper at i nWQWfdM6at ure range;. (e) oxj.dizing t REeT/P8

catal yst and cal cining the added catal yst precursorin the

regenerati on zone using gas containing about 4 nole%to 25 nole% 5
preferably about 21 nol e% oxygen, with 49e renminder up to 100 nol e%

bei 1 | neLbn0@TidHal" reACIBRY il P SAGRARE! b ebeuladoROlaKs | 5 |

preferably

err]Cto 450[err] C a cat al resi dence
time in tmamtegaﬂé tasnpply; theanesdedpxidized catalyst 15 orde? 5 m%\%theasasan

gﬁéggnggggﬁs@@ Sn{ &hedxgaaeﬁoﬁl Ogasp hﬁseﬁwgeﬁolssmip]j&l from the -
recycl i ngo?‘FF!‘zﬁaFG?ai (i’ggfd'ef %%ﬁsgﬁ‘slr@g'%éﬂgteéf%ﬂq? Bt 19 the zepetion geme ¢ he

reactign- 'Alternatively, if @neeciroilating isolids Ireactepdatopeyatede o dxidize(n |

COhiont' 5 Blae et SdndiichBs teiberature, ovyeen and n-BAHRE PRI prEures,
i nproved @andcresidencel tigne in the: reactiont zome sishilars to dheseonsedviniconventiongl 15
sol i ds ' CREAA6S, xﬁﬂg%gh@f fJo?ﬁr@Eh?o:‘i CHChBth R S %ﬁé‘&&i Segﬂéol; ons. .

For exanple ., reactron zone of the reactor can conpri a
riser read‘F@F‘lO deare obtainedeact or, a noving bed reactor, or a

conbi ngtion of i mugh fde!écdlvi@dt@qﬂare&amwﬁm atthinedl in the récﬁ%ﬁlaﬁn%

511 311 gl oSS Akl ol s RS e SPRD B e S hoh 198 Pl High

- butane concentration. The feed can be 100% butane.

- The V/P/O catalyst precursor compos;tlons used in the process of the
invention, which are attrition resistant or designed to be attrition resistant after
15 calcination are made by procedures which are known to the art. The precursor
‘compositions may incorporate catalyst promoters, components to improve
attrition resistance or other beneficial components. The process of this invention
is not limited to precursor compositions made by any particular method but the
resultmg catalyst must possess sufﬁcxent attrition resxstance to w1thstand the

20 rigors of a circulating bed reactor. -
_~ _The catalyst precursors used in the examples of this invention were
prepared by substantially following the procedures disclosed in U.S. 4,371,702,
the teaching of which is incorporated by reference herein. The use of the
expression "substantially following the pfocedures" is not intended as an
, 25 implication that the same ingredients were employed but rather that the same

general techniques were used. ' '

The vanadium/phosphorus oxide (V /P/O) catalyst precursor can be
made by a process wherein a conventional vanadium compound wherein the
vanadium is in the +5 oxidation state, such as in VoO5 or NH4VO;, is partially

30 reduced to the +4 oxidation state by reaction in either an aqueous or organic
liquid medium. In an aqueous medium, the reductant can comprise a soluble
-inorganic compound, such as a halide acid, for example, concentrated
hydrochloric. acid; a reduced acid of phosphorus, for example, H3POs; or a
-soluble organic compound, for example, formaldehyde, ethylene glycol, ‘or

35 glycolic, oxalic, citric or tartaric acid. In an organic medium, which is the
preferred medium, the reductant can comprise an alcohol selected from such
species as n-propyl, isopropyl, n-butyl, isobutyl, and benzyl alcohols. An organic



regct 01[i adfl_uijdijzgdzbed reactor, or a conbination of both a riser reactor
and a ui di ze e O reactor. It is to be understood t venti on

i s not YVOR6{14H6t o t he specific conbinations react or s Jr})glcllﬂi[&ed

above. A riser or transport I'ine reactor is characterlzed by hi gh gas

vel ocities of fromabout 5 ft/s (about 1.5 nis) to greater than 40 ft/s (12
ni's). Typ| caIIy the reactor |intis vertically nounted with gas and -
solids f il- ‘}ﬁ‘éfiriéﬂl §inee it igivdsyhighed surface dreamnafEiial ffrom wicklaso be
downward an tor I| e can.be unaed ot her than 25 vertically.

Wt h upw&ﬁ“éfech&ﬁe "ag sﬁﬂuﬁﬁg qh%lg tan be a significant armunt of

| ocal xcﬂglyst prdcutbnr ewyealso linckadet Be prometere whish ish

.Yiéﬁféﬁyeam%senpfaﬁﬂec wg%}%%%%ﬁ? Jik ‘%P??““"“q '%@??ﬁ%’;rf)h .
to, t§pi and ghemicaltform, |k the step Rg/w‘!mh jthe priga

\c/?r gﬁ: ;%’I omp ufmf?é ?#4 ghb&?aﬁ'i@ er %ﬁe@ﬁé‘fihéd’ mﬁn(Bﬁlf&blé r@h&tﬁbrs

sol i ds ba:ompnsa sul;corrra@dgafsleaét 9@?@?%% le valen tar%ﬁ bﬁegm prstve

:DrC]:;I'/r ggggé it Iartg tlantalum In such a catalyst the Sl/ V atomic ratib is in .

- regener atthe raﬂﬁ%é-BST 59035113{15@5@% dﬁ%)e(h{ ?@W"\c?f H‘ﬁi’g?ﬁﬂ[‘é ?bé%é e@&bgr o
desi ngbl @.2:0.0, preferably 0.02-0.12:1.0. The P/V atomic ratio is in the range 0.9-1.3:1.0.

In an aqueous system for preparing the catalyst the silicon can be
mtroduced in the form of a colloidal silica sol; for example, as one of the Ludox\
colloidal silica compositions - commercially available from E. 1. duPont |

~ de Nemours and Company. In the organic system, for example in an alcoholic

15 medium, the silicon can be added as an . alkyl orthosxhcate, ‘e.g., tetraethyl
‘orthosilicate. When using an .orthos_rhcate and V505 __1t is preferable to add at
least 0,25 mole of orthosilicate per mole of V,05 following refluxing the V705 in
an organic or aqueous. medium. The compositions which are useful in the
process of the current invention have a Vox between 3.90 and 4.10.

20 Following reflux of the pentavalent vanadium compound in the organic or

- -aqueous medijum and optlonally the introduction of the requisite promoter or
promoter precursors the catalyst precursor is formed by the addition of any
commonly used appropriate phosphorus compound; e.g., phosphoric acid in

~  such amount that the P/V atomic ratio in the ultimate catalyst is in the range 0.9- .

25 131.0. The resultant mixture is heated under reflux to give the catalyst
precursor composition that can be lsolated by filtration, following cooling of the

_slurry.to room temperature. This product is subsequently dried in air, inert gas

or vacuum at 80° to 200°'C. The drying atmosphere should be such that the
tetravalent nature of the vanadium in the precursor is maintained.

30 It is highly preferred that for use in a fluidized bed or recirculating bed

' reactor the catalyst have good attrition resistance. This prolongs the catalyst life
requiring less replacement catalyst or catalyst precursor to be. added to the
reactor and enables the maleic anhydrxde production process to be operated at
peak efficiency for long penods of time thus improving overall performance

35 from an economic st_andpoiri_t. The :prepara_tion of catalyst precursor from which
highly attrition. resistant catalyst is produced is described in U.S. Pat. No.
4,677,084, the teaching of which is incorporated by reference herein for such
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increase the catalyst inventory in the process by addi ng additi onal

pr ecur sor thus increasing the capacity of the reactor for '
productlm%“%ﬂ ei ¢ anhydri de. 5 The anount of cat al }’&'F’U&?ilmgor fed .
to the regeneration zone depends on ' whet her the objective is to-

mai ntain or increase the catalyst |nventory An T anount of catal yst
precursor in the range of 0.10 wt%to 131wt % can be.added at any
time, the ;ﬂﬁJpY)ﬁ £SYyPg Pe&&s&g%mﬁlestmdé ab ﬂe@én@éiijééﬂié? a'i'@ ;gfer g eat

t hat e recrrcu atin reaitqr te erature cre
-substant.aaslyraéram fgueous crfeéqlrie‘m en s%fﬂeaawm 2 TR

add?d Cat1 gbacé%dt alﬂimlawdegarmdmbwamountst of ﬂ&tpd_rﬁ&%eﬁlﬁldmhdiczﬁ(i’d Iarae | ed
secti on an I _Z€E, al a . CyCl ed-
Co the 11 FH@PER O Ttk tecreight OB HIT: rterids Bbait b o e dotel weighf Y c .
be use8 t cheepartioliss andnﬁie S:QgenThe) slimryr iss thers sptayowdriedl tdherm porous

| at
oper at Edavr*’%’#?@‘%fg?he fritly é%?r"%ﬁfn%ﬁs%&%”!‘%?ﬂ%act ik oﬁgmﬁle
this node size 6pd0ata & tm@rmsecpr@émabb' Phitocthilcaiciomso This is calcinedrandr
section 1?ach|%€é€DBé9tﬁé rbté8 ofthe current invention @h@e‘d’atélgﬂle?r&hrsor phase,

recircul at S reac re us act |

i nventi on a‘@eﬁﬁ&’z node ﬁ%g’rﬁbéﬁw 05“’3%2 Bﬁcﬂma‘:tﬂ%l’h%%‘ehl ng
of t_10 21?5035 3 M%&taa éﬂcméﬁéﬁ%hdlﬁadﬁl’abﬁbﬁ stl&eMtcamﬂMg tThe
reaction ration es_can al so_be in react or,
al t hough 3&5[ gtrug %@L?%MF rmahorhggﬁﬁeoprggeﬁlgﬁﬁ,mgst%n %‘V@ P8'1%‘5 are
in separ atwayr raistte.impart attrition resistarive, éembustiresidual wrganicasiatter aontaihed e of
n- but ane, 0 | a
concent rat [ on é}%c%égﬁﬂ egageélsu(l:aa%\ gltga?'?@kﬁe‘ﬂ% aﬂaailgﬂf% hlrﬁ@ﬁ% qf%tkjl% Tg%

nmol e % preelestiveioptalpstut 5 to about 20 nole % Some of 25 the n-butane
.used ijg the feed may be provided by the unconverted n-butane : '

Catalyst Evaluation:

' The activated catalyst is evaluated for the production of maleic anhydride
by the oxidation of n-butane in a recirculating solids reactor of the type
illustrated in FIG 1. The catalyst is charged to the reactor fluidized bed section

20 and heated to about 380°C while being fluidized in a gas stream having an
- average composition of 10% butane, 55% oxygen and 84.5% nitrogen. The
average gas/solids contact time in the riser section reaction zone is about 1.5
seconds. The regeneration zone is also maintained at about 380°C with an air
stream and an average contact time of about 7.4 minutes. Steady state conditions
' 25  are established and the average maleic anhydride production rate is determined
by quenching the product stream with water and titrating the recovered maleic
~ anhydride with 0.1 N NaOH solution. The average maleic acid production rate is
_expressed as grams of maleic acid carbon generated per hour (grams C/hr.).

The following examples are presented to more fully demonstrate and
30 further illustrate various individual aspects and features of the present invention.
As such the examples are felt to be non-limiting and are meant to illustrate the
* invention but are not meant to be unduly limiting in any way particularly with

respect to ultimate properties and advanfages of the claimed improved process.

[
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which is present in recycled reaction gas. In sone instances, n-butane.may

be avai | abl e as the predom nant conponent in a m Xxture of gases
i ncl udi WG %tAME hydrocarbons. As |ong as none of REHUBSHY% ases
present si gnlflcantly adversely affects the process it may be nore
convenient to use this n-butane rich mxture in the feed gas as the
source of n-butane. The oxygen concent}2ation in- tHe feed gas can
be fromO to about 20 m)l e % AT AR 3ed gs the source of - oxygﬁn

The renai nder _of the to 100 ap: be: an nert, gas, such as

ni trogen e ydemgnsizates; thatgautt -aemﬁgnnmﬁwn%manbe
nonoxi dea&ﬁévé&ﬁhﬁh &e%vel low tempefitufs)shiobt timeS@osard gat datalysine.

_%;Sl rz“elg V/P/O C&hil éSt: aQI?O V£t.h %@ﬁsflép gf Slzedybedajm ned @recu:nsgr

t he r&actresml zone. - The V/ P/ O particles are about : 20 to about .300

pmin size. Tp RULRBg %) d2bdhehts Wakd b % stnbRIP RSN ﬁegn; bout

300[err]C
i nt r oductithe andshont residence timne; ez@eMceti;bytca@Aystcpremmaeadded chmtlycto or

coss b & vgenerstor SRl Soly ekl Biebulddt (VO pjOf ORI, Was b
prepared by essentially the procedure of Example 1 of U.S. Pat.-No. 4,677,084,
10 omitting the addition of the catalyst promoter componertts Si(OEt)4 and In metal.
A thin bed of the. spray dried catalyst precursor, contamed in a gold foil boat,
was introduced into a fumace pre-heated to the desned temperature. - After
- inserting the sample and closing the furnace door, the set point temperature was
‘typically r--established within 15 seconds. Upon reachihg the desired duration
15  of exposure, timed from the re-equilibration of the set point temperature, the
sample was quenched by rapidly withdrawing it from the furnace and
immediately placing it into a desiccator at ambient temperature
_ A standardized attrition test, described in U.S. Pat. No. 4,677,084, was then
.performed on each sample The principle of operation of this. test, which allows
20 comparison of the attrition resistance among different samples, is transfer of
energy from a high velocity air jet from a precisely sized orifice to catalyst
particles which in turn collide with other particles,. Fines (particles with
diameters less than about 16 microns) produced from these impacts are entrained
=" in the upper gas flow and collected in a weighed-: ﬂask ﬁtted with a filter. The
25 flask and filter are removed, dried and weighed at dxf_ferent elapsed times. The
hourly rate of solid carry over between 6 and 24 hou_rs is-then calculated and
represents the attrition rate. - The orifice through which the air jet passes should
be drilled to close tolerances because the attrition. 'depends markedly on the
diameter; i.e., on gas velocity. Some erosion of the hole occurs during use, and
30 the plate must be replaced when the pressure drop through the plate deviates
significantly from that obtained with a newly prepared plate under the same
flow conditions. The apparatus. described here and in U.S. Pat. No. 4,677,084 is
substantially geometrically equivalent to that descnbed by W. L. Forsythe, Jr. and
W. R. Hertwig, Ind. and Eng. Chem. 41, 1200 (1949). :
3% The following is a summary of flash calcination experiments conducted on
| spray dried catalyst precursor (VO),HP,Og - 10% SiO,. An attrition rate of less
than about 0.10% is.considered acceptable for use in the process of the invention.




I nventory in the mj“a‘ddltlonal precursor, thus increasing
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whet her the Obj ectiv mﬂﬂmu
I nventory. An anount

-

n or increase“the catalyst
ecursor in the range of 0.10 wt%to 15

wt % can be added at any tine, th'é3t_)nly restriction being that the
rate of addition not be so great that - the recircul ati ng bed reactor
t enmper ature be decreased substanti gl _behg_ the desired operating
tenperature range. The added cat al I ned and reduced catal yst is

10 injdi zedhi n sect i@lﬂcxhauanccaﬂtguoﬁsdi zed%@@na} aljéSt S ]then
recycled to the f section 10. al ternat e/ addi ti ona
feed line 18 can be used" lﬁ%ﬁﬂg’a&? addi ti onal”"0oxygen.to the riser

secti & 12. . The reci rc@ﬁﬁbhhsﬁan(ﬂdJ)eactor of 0,08 s - enbodi ment can
al so be operated-with |j dt: ctlon 12 he reaction zone. In

this node of operation t can |ntroduce Into the riser section 12
through feed 15 line 18 - Octf’e?otypes of recirculating
solids reactors are usefgqtrq;m /Qﬁ-actlce of the i nvention, such as

t hose described in U S 668, 802, the te ching of which is
i ncor porat ed by ref erené&sﬂﬁgﬁnﬁﬂr such pur pos@ flThe reaction and
reger@y ati on zones 35020/ 2htin/Aie Wi thin a simgWde reactor, although
better process control hieved if 20 e two are in separate
units. ' %%Had}*]gnf‘%égﬁgas I s conpr |0$ d of a m xture of
n- butane, air or oxygen - (optional) and inert gas The n- but ane
concentration aéifﬁgﬁ” f %@ %-l 0 taﬂl:ﬁﬁ rml e
% preferably QES&*]EO%{ t oqs%ou Qﬂf {t/ﬁg %B q‘edt ﬁléa - 83{% 8n
in the fewasisencecanbe impartedywithin avery buief salcinatioraperiof &ﬂiowsvgméb@ nt | n
recycjsed ?eildérﬁéCtthﬁ@ Bﬁsspzla'} diféd ! fﬁt&@@?eﬁrecﬁﬁ&t 6{%)3?%1’5@93‘19%%? as
the predom na (éo onent

intro uce to a regenerator vessel, where initial calcination in the presently

disclosed process is conducted, should be greater than about 1 minute and most

preferably greater than about 2 minutes. It should be recognized that this test is

a worst case situation; in an operating recirculating solids reactor, the catalyst

20 will not be subjected to the stress of thermal quenching, and instead will remain
at elevated temperature and undergo additional calcination as it moves through

the standpipe between vessels

i EXAMPLE 2
' 25 This example shows that maleic anhydride production in a recirculating
solids reactor is maintained when a portion of the catalyst inventory is removed
and an-equivalent amount of catalyst precursor is added to the regenerator
vessel. It also demonstrates that the attrition resistance of the catalyst remains
high. : : _
30 . A spray dried, calcined/activated catalyst (VO),PyO7-10%SiOy was
prepared by essentially the procedure of Example 1 of commonly assigned U.S.
Pat. Application No. (case CH-2309). This catalyst was evaluated for butane
oxidationina recirculating solids reactor system for the purpose of establishing a
baseline catalytic performance. The conditions of this test were as follows:
35 temperature of reaction, 380°C; average feed composition to the riser reactor, 10%
butane/ 5% oxygen/ balance nitrogen; average gas/solids contact time in riser,
1.6 seconds; feed to fluidized bed regenerator, air; and avefage gas/solids contact



in-a mxture of gases including other hydrocarbons. As |ong as none of thé

ot her gase _present significantly adversely affects .
may be r?ﬁ?é"&ﬂﬁ@eni ent to use thi.s n- butane rich m %ﬂgg’?’ﬁ%ﬁe feed

gas as the source of n-butane. The oxygen concentir ailon I n the feed
gas can be fromO to about 20 nole % Air can: be‘usged as the source of
oxygen. 30 - The renai nder of the feeds 14-o 100 nole % can be any inert

gas, suchyase t6s: Y Afed éstablishing fOrMante sdbott
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300[ er5 | Cin Example 1 to the regenerator vessel.- After 8 hours of steady state operatlonga

to 500[ er ghfianP kel el %fai?.[%hto%g%a an&)dauahoufr el g;sfag ibaC ch

exit gas pressure 1s taPSI ence tl me |n
Lhe roact PraFuzemwas Restumas), bringing dhe & achawft Satalydpregursorhe
cat al yst 5&&@@5\530&12@6@%5 seconds to about 5 nminutes. The

upper limt of .c nc ime will, of course, depend on t
agf ivity of th cﬁimg spray aneg tai yst precursor to an operatmgptransport }P)ed

10 reactor caused temporarily reduced performance that substantially recovered
' with time. The amount of maleic anhydride made debréased by 16% when the
27% substitution of catalyst precursor was first compqued. After a further 30 |
hours of steady state operatidn at the standard operatingi conditions given above,
the amount of maleic made recovered to within 3 to 5% of the initial baseline
15 level. The calcination/activation proéess= is known to c)cc‘ﬁr at a significantly
slower rate at the lower temperature of these operaﬁng'é.-'gnditions relative to the
conventional calcination/activation process, (380°C: vs 460°C). Thus, it is
anticipated that complete activation (as judged by the maleic production
achieving approximately 100% of the initial baseline leve]) would be achieved in
20 asomewhat longer time period than the 30 hours over which this test was run.
_ _ Attrition resistance was also imparted to. the catalyst while in the
operatmg recirculating solids reactor as the following data, obtained on samples
withdrawn from the reactor at the indicated times show:

25 ' Attrition Rate L B
_ Sample . . % weight loss/hour
. After initial baseline = . 004

8 hrs after substitution of |
30 ° '15% of inventory by un-calcined =

and un-activated catalyst | - 003

30 hrs after substitution of .-

o 27% of inventory by un-calcined -
35 and un-activated catalyst S 0.04
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5 cat al yst | f~sTiTT active the catal yst can be retained in the reaction
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t he reactor e ?uen fromthe ef fl uent gases and t he

mal ei ¢ anhydri de pr ered fromthe ef fluent gases with both

separations nt i- on t echni ques, ‘and equi pment. The

separ ated cat al yst |s referred to 10 re| n as t'hé reduced catal yst
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out T 15 5, HoRCHE e Rt i, SBRRES Sl fe, ianes i weeBeraL berlv )
oxygelb coheight anidigasy/ belids¢artast times ih tiecregeneratenct i on zone process
condition_s that determne the amount of catalyst oxygen used per

Regen. Bed Ht. Regen. Res. Time Maleic Anhydride

an. min. - Product Rate

: o ' grams C/hr
20 - ©13.00 3.81 g 3.54
22075 564 . 384
- . 30.00 -8.30 - 398
- 3150 - 816 - 417
3346 9.25 ' 443

. 25 The data in the above table illustrate that increases in the production rate

of maleic anhydride for a giveﬁ catalyst circulation rate are achieved by
increasing the catalyst inventory.

EXAMPLE 4

30 This example shows that catalyst precursor (V0)2H4P209-10% SiO7 can be
charged to a transport bed reactor and converted to active catalyst by circulating
it through the reactor for an extended period of time while maintaining typical

conditions for the oxidation of n-butane to maleic anhydride.
Spray dried catalyst precursor, (VO);H;P50g-10% SiOp prepared as in
35 Example 1, was loaded to a recirculating solids 'reactor, 'preheated to 390°C. The
charge was circulated for an extended period of time in the reactor under the
following conditions: reactor temperature, 390°C; average feed composition to
the riser reactor, 10% butane/ 5% oxygen/ balance nitrogen; average gas/solids



pass. When oxygen concentration in the reaction zone is |low, or zero,.and
substantially all of the catal yst oxidation reaction out i

t he regM’ ¥ zone, a hi gh catal yst 30 circulation rE@U%g'#g%ﬁl red. ..
This rate nmay be reduced to the extent that sone catal yst oxi dati on

reaction is carried out in the reaction zone. A
circulating solids reactor can be oper‘éﬁed cont i nuousl y to oxidize n-

but ane W ddppnt aﬁ*: E@&xdé?ai% Qeasaaa féédt t@mﬁa&baoaedqeg enctatdl, RRLT Ahd ON

r esul ts in . [ sel ect | Wi t ‘mal ei ¢ arlﬂby hin can. be :#lt ai ned
with averagq)ggg? 1n regenerator, minutes. sample of

PCT/ US95/ dhizle6 was removed fromthereactorafter approximately 40 hours of @irculationredi um

is prefer dS|nc i vas hi 'S, re ?erla from whic
nore act i &€ AP t ?é’ ?fh? g‘gﬁ’fl %ﬁﬁéﬁr ‘butihe” oxida n@c%zﬁ’
preéurSsorarﬂ'qsdradeonlmcemmﬂ caohdsrreamrforstha purposecofb establishingf

| ect ed nd
cheersol! EARH Dol Phhy fn%%w%@ﬂwﬁﬁg@femnég&#ﬁm& o
conpound ﬂest Wereuas ollnnm aﬂegegﬁ ctempeaemm mtm» BE Criaverage feedr s

]‘f?ﬁpr | se Prhp6sifioA¥d fHe HE@Stedetst, 0% Bﬁtéh'ér/' 55%0&%&9} lﬁl&[&”ﬁ& gcted
average gas/ solids contact. time in -riser, 1.6 sec; feed to -fluidized bed
10 regenerator, air; average gas/ solids contact time in regenerator, about 8 min.
~ The average maleic anhydride production rate given by the sample was 3.4
grams C/hr after 40 hours of circulation. This corrésponds to a maleic anhydride
production rate of about 83% of that obtained using an appropriate benchmark
catalyst, such as spray dried calcined/activated catalyst, (VO),P,0--10% SiO»,
15 prepared essentxally by the. proceduré of Example 1 of commonly éwsigned U.s.
Pat. Application No. (case CF-2309).
_Although the activation process is known to occur more slowly at the
lower temperature conditions under which this catalyst was activated relative to
a conventional activation process (390°C vs. 460°C), the catalyst activity after 40 -
20 hours recirculation under the conditions described above was sufficient to result
in a very desirable maleic anhydride production rate. | _

Having thus described and exemplified the invention with a certain
degree of particu_lafity, it should be appreciated that the following claims are not
to be so limited but are to be afforded a scope commensurate with the wordiilg of
25 each element of the claim and equivalents thereof.
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i ndi unj antinony, and tantalum In such a catalyst the Si/V atomc ratio is
in - the range 0.02-3.0:1.0, andthe(|n+Sb+Ta)/V 1 c ratio is in
t he rand%oeﬁlw&g 10 0.2:1.0, preferably 0.02-0.12:1.0. TWM&%C _
ratio is in the range 0.9-13:1.0. _ - I n an aqueous system for
preparing the catal yst the silicon can.be " iI'ntzrgduced 1 n the. ’rormCTr_a
colloidal silica sol; for exarrple as oh& of the Ludox

silica conpositions comercially available from E.. HIIIIHHI '“" !’II
Nenour s and Oorrpany In the orgam C system for exa Ie * ncanta 1
medi um the silicon can be added as an alkyl orth05| licate; e.g.

t et r aet hyhwe Clainf t hosi | i cate. Wen using an orthosilicate and VZCIer-r] It
is preferable to add at - least 0.25 nole of orthosilicate per nole of

V205 fol l owing refluxing the V2 err] in ~an organi c or aqueous medi um
~The coBpoditi oila aiprobessr forussléetive wapowe phase oxidaticrs off n-butame to amaleic

t \Y 0
the pent afARgrits SvTHIE e Jneky d o?”g Aééf%}ﬂ@é%gc sglids reatigr %ﬁ‘%ﬁs%ééum and
opt i onal | yeactiori pomedndia catraTE'st reynemm:s zone w n—hutane is comegriec to
precursor §phiag SAH%N e Péa%‘h%s né of the 'i‘@&r ﬁﬂg sﬁﬁﬂhéﬁggﬁtor?rbéﬁam dof a

commonl y useg appro rrate 1osp rus conpoun
such anouyanagdimy phosphorousnpxide, catalyst tlﬂeomdfl??ﬁhtfé’r%t%ﬂ sthe; yedycede

range10. 9va%§duirn;»' thphJﬂaﬁsfcﬁé&é catalyshix &ég&emeaew e6ntAREIitH Gféy%én 0
gi ve the

filtrati o%ﬁef 6%5%%8"98&%%%5‘8{; &ﬁ ‘%%ljrtql"'@ h;aﬁtotl@%n o fiosm edt ﬁP%Flﬁ%hl s

product i dmprovementicomn ddimgr to ﬂteecatayss in the regeneratmm zune86t td o
200 =11 oSS %’?ﬁee%?gcu%“o?v. {/RApoRps onide” B
hi ghl y pr gireeursor on sufficient cadcinad azanadmniphom}mrous oxide catalyst rpgemor

' 15  to atleast partially replenish catalysts losses associated with the catalyst recycling
process at a rate of addition that effectuates in situ calcination and activation of
the ' vanadium/phosphorous oxide catalyst precursor while maintaining the
desired operating temperature of the n-butane to maleic anhydride conversion
reaction.

;-

20 : _

2. _A process of Claim 1 wherein vanadium/phosphorous oxide precursor is

being added to the regeneration zone in the range of about 0.10 wt% to 15 wt% of

the catalyst and the rate of addition not being so great that the recirculating bed

o " reactor temperature be decreased substantially below the desired operating.
) 25  temperature range of about 360°C to.about 500°C.

3. A process of Claim 2 wherein said calcination of the
vanadium/phosphorous oxide catalyst precursor and regeneration of the
reduced vanadium/phosphorous oxide catalyst is performed using gas in the

30 regeneration zone containing about 4mole% to 25 mole% oxygen with the
remainder up to 100 mole% being inert gas, at a catalyst residence time in the
regeneration zone of up to 5 minutes and at an oxygen-containing gas residence
time of up to about 30 seconds and a gas exit pressure of 0 psig to 50 psig.

3/ 4 A process of Claim 3 wherein said ‘calcination and regeneration is
performed at a temperature of 360°C to 450°C using gas in the regeneration zone
containing about 21 mole% oxygen.
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reactor the catal yst have good attrition resistance. This prolongs the -

cataly | i f requiring |l ess replacenent catalyst or catal _ .
_ precur:?&? J@: added to the react or and enabl es thé’qéli's&s’xsﬁgﬁhydri de |
production process to be operated at peak efficiency for |ong periods

of tinme thus per f or mance 35 froman econom c standpoint.
The preparati JMﬂn\mmluNmm'! cur sor=¥-om whi ch highly attrition -
resistant catal’yst i§ p*foduced is described in U S. Pat. No. _
4,677, h h f ,whi f e h in f
3577088, thg RS akeBtatty &' Cufichd YU RORSIEY dala'ShEGE Sredgnet b
~medi um lealameﬂecfatd stpreversor glded ieqitinualy éinatatsdcbetwéerr thd rdactionwhi ch

a nore active a b ue

VI PO caf S sy s%taf»%% Rherfudt 20 G%*L\%'ﬁ%n&rﬁfﬁ% acfivpgiog under
conb@atrmculatu@s:ﬂidscbpm‘ahngabndltmmf erably .introduced in both a specific
order and 5 chemical form following the step in V\/m ch the pentaval ent -
vanadi um conpound is refluxed - in'an organi c or.aqueous nedium

Sui tabl e pronoters conprise si.licon and at | east one of. the vari abl e
val ent elenents selected fromindium antinony, and tantalum In such a



CataIySt the Si/V atomic ratio is in the range 0.02-3.0:1.0, and the (In +

Sh + Ta) 1 ‘ratio is in the range 0.005-0.2:1.0 referably
.0.02-0.1 q%ﬂﬁmﬁ‘rﬁe P/V atomic ratio is'in the 10 range O.BQR@W.K&“

I n an aqueous system for preparing the catalyst the silicon can be
introduced in the formof a colloidal silica sol; for exanple, as one of

t he Ludox\ col | oi dal silica.conﬂdgitions comercially avail able from
E. I. du Pont de Nenmours and Conpany. In the organic system for
exanpl e in an al coholic nmedium pR*,gt#icon can be added as an 15 al kyl
orthosilicate; e.g., tetraethyl ortRoSilicate. Wen using an orthosilicate
and V2 err] it is preferabl o0 add at least 0.25 nole of
orthosilicate per nole of V2 err] fol | ow ng refluxing the V2 err]
in an organi c or aqueous nedi um ' posi tions which are useful in
the process of the current inve Vox between 3.90 and 4. 10.
Fol | ow ng refl ux of=the S : conpound in the organic or 20
aqueous nedi um and foptionally tHe introfluction of the requisite pronoter or
pronot er predqursors the c precursor is formed by the addition
of any commonly fised appropX i at ¢/phosphorus conpound; g.g9., "
phosphoric acid {n sugh anount tha e PIV atomc rat#o in the
ultimate catalysy is §n the range 0Y9-1.3:1.0. The resultant] m xture is
heated under reflux t¢ give the cat @l yst precursor conpositipn that can be
i sol ated by 25 iltrftion, follow gpg cooling of thg slurry to room
tenperature. Thfs preduct is subsequently drijed in air, inertjgas or
vacuum at 80 to POO[efr]C. The dryihg at nosphere shoul d be such that
the tetraval ent paturg of the vanadijumin the precursor is maintained.

It is highly preferrefl that for uselin a fluidi4gd-ded or recircul atifng bed
reactor the catalyst have good attrijtion resistance.\This_prolongs t he
catalyst life requirifpg 30 |ess replacenent catal yqt or catal yst precursor
to be added to the redcfé)r and enablies theCATALYST

T PRECURSOR
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(54) Title: VAPOR PHASE CATALYTIC OXIDATION OF n-BUTANE TO MALEIC ANHYDRIDE INCORPORATING IN SITU

- CATALYST CALCINATION/ACTIVATION
(S7) Abstract | /

An improved process for selective vapor phase oxidation of
n-butane to maleic anhydride involving the use of a recirculating
solids reactor having a reaction zone and a catalyst regeneration
zone wherein n-butane is converied to maleic acid in the reaction
zone by use of a vanadium/phosphorous oxide (V/P/O) catalyst in
oxidized form and the reduced vanadium/phosphorous oxide catalyst
is regenerated by contact with oxygen in the regeneration zone.
Replenishment of the inherent catalyst losses associated with the
catalyst recycling process is accomplished by adding to the catalyst
in the regeneration-zone vanadium/phosphorous oxide catalyst
precursor at a rate of addition that effectuates in situ calcination
and activation of the vanadium/phosphorous oxide catalyst precursor
while simuitaneously maintaining the desired operating temperature
of the n-butane to maleic anhydride conversion reaction. Such a
process is useful in maintaining the high operating capacity of the
reactor over an extended period of time.
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*10 this structural transformation, these procedures nust be carried out in

~such a way as to inpart attrition:resistance;- conbus{, r esidual
,organic matter contained in a precursor; "2 prepar edd i plan ,our.gga?mnc medi um
* and yield a highly active and selective’ catal yst's»?-: "e>” Cafal kst °es”

Eval uation: 15 ' ~ The actiyated cat al yst is evaluated for the
production of naleic anhydride by ¥he oxidation of n-butane in a

r etCI Ir Cult at prier aoldedmbeeﬂietdzﬁxrihie tdnge toff prontit Iratidsr oft phdsphors € vanadiumlandrhe

about 380] %ﬁ% Hebrpbghf or GARAEbromiarbit, 368 #?ﬁab&eﬁﬁé DO GRGE 1h

average co atttition refsistanee partigularly Svhsoit is used dix pfbrdizedibalion secircelatingn .

The averagg %gg?e%t'i)?' i t A teldvaliPtd Bfitin fdsﬁﬁhf Eﬁﬁf%gﬂhdzﬂs gﬁ!ﬁi‘ﬁﬁb ig zONE
i ntaln

-i's about 1. secaqnd generatlon zone 1S at about

380C wid h kavieaved IEtU §a34tah76 1§72:08¢-adde pspduction of YEPA) catplysts useful for thR es.
St eady. st apRp arauon &Dﬂﬁleid Qnlydeide @&haﬂlbuﬁhe%qai?est B&mﬂeﬂawcﬂmoﬁl snd

hydrid t det h d
e Wet%?@”c of g Bl prersai, dti aqeomaslished B heaiite i praguSor Vndeg;
0.1 N NaOIZ-%mbprﬁate rt?miéntuoe;detimgegwwtmsphatu ebndiﬁuilsﬁbl sucomplish dehydrationssed
as rans of . nal.ei acCl calr po ene er a
The f ol I ovihile Bieinining the' Everpdscane HE?KVO’@“%&?%%%?%%?MS

furthetQil Fusexmlpie . quBatx MNabi G;QiﬁaﬂQZa@phande a:fdxyﬂmeddemﬁn phespbates ent

| |
nvent o fifedif by (YO)HASOBRBES o be Wk al 30! Ts0A%Y itk o e
limting i maintaining fheoYex incthegange afi4. hto éépe’she baiarmetqfrm wavr,oqmeaddﬂ nd 30

advant agesmgfe ¢fQate? ﬁérriﬁéie OFBreei@6r, iY RARYVEd by heating at 395 to 600°C in a carrier ___
~ gas consisting of air or an inert gas together with controlled amounts of*oxygen and
15 hydrocarbon to provide an effluent stream containing at least one volume percent of
oxygen or one volume percent each of oxygen and hydrocarbon, agam while maintainifig
the Vox in the range of 4.1 to 4.5.
U.S. Pat. No. 4,518,523 discloses a method for adding make-up fluid bed
V/P/O _cafalyst to a fluid bed reactor. However, when the unactivated precursor V/P/O
20 is added repeatedly to a fluid bed reactor as make-up the activity of the mixed charge
drops with each introduction. Thus according to this -f:rior process a mixed charge
within the fluid bed reactor is subjected to a high temperature treatment during which
time the hydrocarbon feed is converted predominantly to carbon monoxide and carbon
dioxide while the catalyst becomes activated.

SUMMARY OF THE INVENTION

It has now been discovered that the continuous operation of a recirculating

solids reactor subjects the catalyst to highly abrasive conditions and even the most attrition -
30 resistant catalyst is gradually reduced to very fine material which is lost from the reactor.
Thus, the catalyst inventory diminishes and needs to be replenished to maintain maleic.
anhydride productivity. An object of this invention is to provide a method of
accomplishing this on a continuous basis, thus maintaining a very high operating capacity
~ for the reactor over an extended period of time. In a further aspect this invention provides
35 ameans of increasing the catalyst inventory in an operating recirculating solids reactor and

- thereby enhancing its productivity. REPLACEMENT SHEE—T _
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“WO 96/ 14146 PCT/ US95/ 13696

-13- ' Attrition: Rate P e
;Cal cination Conditions % wei ght | oss/ hour S c e 26a2777 N0
cal cination 0.18 5 390 Gl hedaie” (std.)
0.08 390[err]C/1 ty/alr (std.) 004
370[err]C 2 mn/air ee‘{ ]¢2 mn/
Cair 0.04 .Inview of the above the presgntoipuention; providey s pmprov process

0.21 10 - for the selective vapor: phgé_eocﬁ:&ditﬂoﬁféf bitase fo malelc anhydrid® oG& an attrition
350[err]C 1 mn 0,13 onthe.se ex rll:rents

e o b FenRSt VB(O catelyst. i T ingaroyemeng gonsists of BRHIEHE CRRRNT BIOGHEADL
W thin a ver\indiédsitig prodastivityiinm tbetrctﬂatmy-lmm! geactoby e intensionsl nuditionnef of

i - 0

T Egener it oo ReCimectult e e ffainec bEY i ik earmeroiSt K arn, b phetafte Ll © 2
intentional addition of calcined or partially calcmed catalyst precursor to the recirculating
solids stream whereby catalyst precursor (optionally calcined) is converted in situ to
attrition resistant, calcined/activated catalyst. The catalyst and precursor are subjected to
alternating environments of.catalyst reduction, in a hydrocarbon containing atmosphere

10  and catalyst regeneration in an oxygen containing atmosphere, in successive reaction zones |
within a recirculating solids reactor.

V/P/O catalyst. having very good attrition resistance can be initially
prepared, for example by the procedures of U.S. Pat. No. 4,677,084 and by the procedure
described in a commonly assigned PCT International Publication Number* WO 96/1330

15 filed concurrently herewith. However when used continuously in a recirculating solids
reactor, the catalyst inventory. gradually decreases due to comminution and subsequent

" loss as fine dust. Thus, the catalyst must be replenished to maintain maleic anhydride
productivity. It has been discovered that catalyst precursor, prepared for example by these
procedures when added to the fluidized bed in the regenerator vessel undergoes

20 calcination/activation and is converted in situ to eﬁ'ectxve catalyst. The unique and

unexpected features of the invention are:
(a) attrition resistance sufficient to maintain prolonged catalyst life during
. subsequent recycling through a recirculating bed solids reactor can be imparted
_ in the regenerator vessel in a short period of time, usually less than S minutes;

25 (b) calcination and activation are accomplished ina cyclic environment withina
reasonably short time despite the fact that the temperature is about 100C lower
- than is normally used for catalyst activation. _

Thus the process of this invention provides a means of generating active
V/P/O catalyst in situ in a recirculating bed solids reactor, producing maleic anhydride by

30  oxidizing n-butane, while maintaining its efficient operation.

BRIEF DESCRIPTION OF THE DRAWING

| ~ FIG: 1 shows a schematic. drawing of a recirculating solids reactor
35 configuration in which the reaction zone is comprised of two parts, a fluid bed section and
a riser section, and the regeneration zone is comprised of a fluid bed section.

REPLACEMENT :3HEET
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% di sckosed process is conducted, should be greater than about 1 minute and

nost preferably greater than about u2 m nutes. .4t shoulg be .fecogni zed
~that this test is a worst case Sthuatgon I °arb operdsd’n 3%es
“recirculating solids reactor, the catal S/st"ZO w,lgtzmnovo.,beo,,s’u Je,@taed to the

stress of thermal quenching, and instead will remain at el evat ed
tenperature and undergo additional cal cifation as it noves through t he
. standpi pe between VMS’CRIPHM[IWPI@_FERREDEI\@OBMSG shows that

mal ei ¢ anhydride prodguctron:in a recircu 0 Solrds reactor is

mai nt ai ned when a portion of the catalyst |nventory s renoved and an

equi val ent amount of mmetﬁfonﬂélmumaﬁ improRedi process fohﬁlerselbeﬁﬁ%p@r hase
vessel . It aJs& rattes at ttrltlon L.esi st anc of t at al yst
omains bkt 5 mbtait st Gridh by’ arp B, B S
(VO) 2P287 m:xﬁ)/&ld& ofi vanadium jand phosphohus. cThe Mpaivbmenﬂmvdnves: mimtamng or

Elegglog) : %l%{)yst%s eg%fyﬁg?e ohdggéﬂctm é&@; 83???8%‘23'%?? the

reci rcul at redition of gatalyst-preanrsesytor thefip gvéalust regenepatorsvessel oz by

basel i ne C%B&h&!ﬁ'df i BP'ibﬁﬁx *b%lcﬁﬁﬂdéaftdlfsﬂspr@éurﬁé}' o Ttl%'S I‘ecﬂ%l@tnfgs solids
foll ows: 35 g@! ture reac ion, 380 : avergg%e conposi tion

to the ri sé?‘eﬂ y ti‘!ﬁ’/ﬁ s&r?é?"“?ﬂfd%f@@\"ﬂﬁeéa’?’ et°n?'@%’eFFs‘s%rage
gas/ soliQds caleinbdyaétivatede catalykl. S€The catalystl afd slﬁeaﬁsksr afecgabjécted Ity slictratinged

regenerat of nvuaénrrnen% gf ca\{aelys{il & d\ﬂ:%%{x,siglal ﬁiydr ca%on containing atmosphere and catalyst
regeneration in an oxygen containing atmosphere in successive reaction zones within a
recirculating solids reactor. : -
The improved process for the selectxve vapor phase omdat:on of n-butane.
15  to maleic anhydride includes;
' - (a) providing a recirculating solids reactor comprising a reaction zone anda
catalyst regeneration zone; .

(b) contacting in a reaction zone a feed gas contammg about 1 mole % to 100 mol

%, preferably about 5 mole % to about 20 mole %, n-butane, 0 to 20 mol %

.20 oxygen, and the remainder, to 100 mole %, inert gas, with an effective amount
of attrition resistant V/P/O catalyst, in oxxdxzed form, compnsed of particles
about 20 to about 300 um in size, in the reaction zone of & reclrculatmg solids
reactor, at a temperature of about 360°C to about 500°C, preferably 360°C to
450°C at a gas residence time in the reaction zone of about 0.5 second to about

25 15 seconds, a catalyst residence time in the reaction zone of about 2 seconds to
~ about 5 minutes, and a gas exit pressure of 0 psig to 50 psig;

(c) removing the effluent produced in step (b) from the reaction zone and
separating the resultant reduced catalyst from the effluent gases, preferably
stripping off any effluent gases from the reduced catalyst, transporting the

30 ' reduced catalyst to the regeneration zone of the recirculating solids reactor,
' and recovering maleic anhydride from the effluent gases;
(d) adding to the catalyst in the regeneration zone or to the catalyst being
recirculated sufficient V/P/O catalyst precursor or calcined precursor,
_ respectively, which precursor is attrition resistant or designed to be attrition
35 resistant after calcination, to at least replenish catalyst losses in the recycling
REPLACEWENT § dEET process; an amount pf camt.alyst precursor in the range.z of 0.10 wt% to 15 wt% |
can be added at any one time, the only restriction being that the rate of addition
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0. 09

Attrition Rate

Bés ed on these ex ﬁgP?thﬁpg%%w@L g&%’é@&@&%@%&?‘“&“ﬂ‘f Rt ét t0 r |1? I on
resi stance can (® oxidizing the reduded catalystand daloinifig thel addedicatalystpreduosdr intheever

the residence 15 tidiibn3Bhevsifl fRohalhy Mo ehIEAD 26 WidigRIP20 err] -

10%8i @2 i ntroduce

rator- vessel, where initi al

cal cination in thergferblyaboyt 21 mel seayawowbéhqm 19100 mole%,

10

15

20

30

being inert gas at a temperature of about 360°C to about 500°C, preferably
360°C to 450°C at a catalyst residence time in the regeneration zone of up to §
minutes, at an oxygen-containing gas residence time of up to about 30 seconds
and a gas exit pressure of 0 psig to 50 psig; and
(f) recycling the oxidized and freshly calcined catalyst from step (e) to the reaction
- zone and continually repeating steps (b), (c), (d) and optionally (e) so that the
added precursor gradually undergoes calcination and activation.

The improved prdc'ess employs a recirculating solids react'or;’fRecirculaﬁng

Cal ci nation Conditions % wei ght L oss/ hour- ‘ no
.cal ci nati on 0, _,18' g2 S 39’0{ e t’] GI 1
hr/air (std.) 0.08 = i : RESIE »390-[ er’z] C/,l’ hrl,al’J;,o(st d.)
0. 04 370[err]C/2 mn/alr- : 0.
370[err] G2 mn/air 0. 04~ : 370[err]C/1
mn/air not-be so @reafithadthe recirculating bed reactoﬁwinpmtthﬁ b2 decreasedr

solids reactors can have many different reactor/regenerator configurations. For example,

‘the reaction zone of the reactor can be comprised of a riser reactor, a fluidized bed

reactor, a moving bed reactor, or a combination of both a fluidized bed reactor and a nser
reactor. Similarly, the regeneration zone of the regenerator can be comprised of a riser
reactor, a fluidized bed reactor, or.a combination of both a riser reactor and a fluidized bed
reactor. It is to be understood that the invention is not limited to the specific combinations
of reactors recited above. A riser or transport line reactor is characterized by high gas
velocities of from about 5 fi/s (about 1.5 m/s) to greater than 40 ft/s (12 m/s). Typically,
the reactor line is vertically mounted with gas and solids flowing upward in essentially plug
flow. The flow can also be downward and the reactor line can be mounted other than

- vertically. With upward flow of gas and solids, there can be a significant amount of local

back mixing of solids, especially at the lower end of the velocity range. The solids
concentration in the reaction zone of the reactor can range from, typically, about 1 Ib/ft3
(16 kg/m3) to, typi'cally, about 10 Ib/R3 (160 kg/m3), depending on the gas velocity,

catalyst particle size and density, and the catalyst circulation rate. A fluidized bed reactor :

is charactenzed by extensive solids back mixing. The gas velocity ranges
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“shoul d be greater than about 1 minute and nost preferably greater than
about 2 m nutes. : I't shoul d be recognized that-+his.-fest |soa.worst
.case situation; in an operating recirculatihg £Qszs q“’ga,c-t,or;w]; he
“cat al yst will not be subjected to the stress of thermal’guénéhi ng® and 20
instead will remain at el evated tenperat uge and -under go addi ti onal
calcination as it noves t hr ough t he st andpi pe bet ween vessel s.
EXAVPLE 2 introduced into the recxrculming eodzﬂapstmanhoﬁsexmhatthembmtm' an hygsnetmcr

product i on ch&dmgcqorﬁu'ﬁegeaauﬁénmnsﬁ'mﬁi 66 dedraBR @ BLRak o tﬁ’Gnunt

portlon of the ca | nvent or IS re Ul va
of catal yst INNeReTH & p@caw&dﬂwstqdéttwegafmm tl%masms $apacity o

Gemonst T at efesbion o fredatdon i sl Sahgdciths Ty “v‘*é“‘éﬁzo?a‘ o}é*m’*“&d%g““"

Spr re | V - i Q2 S

 ennr ol8 by tegeterhionpgns defeids, Graherfel'Be Siieativh ik fa mpat e B caratypt

#J. S. bP;':at 3E1ventégpl Aaamount bbcatﬂyﬂqﬂeﬁrboi‘iiﬁ {e rallige i)f oamwmttowaswm hn bbﬁd
or ut ane r e

bor poseor Slel N B0 s, ooy dsFfRbE Sl B8 ket B AARRE RoCKE L6 BdePinde

condi tions tie rekireulatingt bedereactos températuse beedauesased) :sebstdntlaﬂsacbelnmthe desired

380 C t o) /

[err] %%‘fra"@e/ Wm i tﬁf‘eeijangg PPRd BHALY E%’%%tgx rb glﬁec{ rRluced M&Et%e

5% oxygen/ oge aver-age contact time 1IN r| ser
1.6 secHhdsoxigized in sestion mm tbe@nde@én@pmmtecam s is theny repyeled de th

gas/ sol i ds figjdiz8@tbed section 10. The alternate/additional feed. line 18 can be used to feed
additional oxygen to the riser section 12. The recirculation solids reactor of this
embodiment can also be operated with just the riser section 12 as the reaction zone.. In _
this mode of operation the feed can be introduced info the riser section 1’2 through feed
15 line 18. :

Other types of recxrculatmg solids reactors are useful in the practice ofthe
mventlon, such as those described in U.S. Pat. No. 4, 668 802, the teaching of which is
incorporated by reference herein for such purpose. The reaction and regeneration zones
‘can also be within a single reactor, although better process control usually is achieved if

20 the two are in separate units.

The feed gas is compnsed of a xmxture of n-butane, air or oxygen
(optional) and inert gas. The n-butane concentration in the feed gas can be from about
1 mole % to 100 mole %, preferably about 5 to about 20 mole %. Some of the n-butane
used in the feed may be provided by the unconverted n-butane which is present in recycled

25 reaction gas. In some instances, n-butane may be available as the predominant component
ina mixture of gases including other hydrocarbons. As long as none of the other gases
present significantly adversely affects the process, it may be more convenient to use thisn-
butane rich mixture in the feed gas as the source of n-butane. The oxygen concentration in
the feed gas can be from 0 to about 20 mole %. Air can-be used as the source of oxygen.

30 - The remainder of the feed, to 100 mole %, cazi_be any inert gas, such as nitrogen or
recycled reaction gas containing mostly carbon monoxide and carbon dioxide, and possibly
unconverted n-butane.  Oxidized V/P/O catalyst, along with any freshly calcined
precursor that has just been added to the regenerator, is introduced into the reaction zone.
The V/P/O particles are about 20 to about 300 um in size. The butane oxidation is carried

| 35 out at a temperature of about 300°C
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Y 14- time i'n regenerator, 5 mnutes. After establishing baseline

per f ormance, about 15% of the catalyst inventery was rem)ved whil e
,the reactor continued running at steady: stdte The .. ,"; cabgLy§t»-| nventory
was then restored to its initial |evel by adding:fresh *sgriay” dri&d,gat al yst
precursor (VO 2H4P2g err] - 10%5i O2, prepgared as in Exanple 1 to the-
regenerator vessel. 5 After 8 hours of*st eady state operation, a simlar

reduction @b SQWanqurabIUcBhoet 347G itorabofit 450°C. fFhesteactor axitdgascpressutealisy st
precursor r§-86 ﬁ% ‘?ﬁé g% fdid @k?, ﬁrﬁ& 3 e ﬁﬁ&ﬁ&i‘z&{e ik 2Bt 0.5 second to
cat al yst p u or added t ou % I nvento

Addi ng spr &poet 1% W&d%la?%tthep‘iﬁﬂlfﬁté'@ﬁ qr@eamedg@bmtl%gwpn%@pahqut Seginptesct or
caused t enPleaippe: Vhﬁﬁtdélcﬁi! ?ﬁ&éﬁdé&@%ﬁh& il dflﬂaﬁ?s%,naéﬁ&nhhxf he QEVIRF ofttie

time. The 10 i ¢ .anh i de. M ecre
O ns lysh DY L R T sS4 e el g % |ef§a1 e
further 30 piifmwes, of steady state operation at the st andard operati ng

di t b t of d d th
N0l o0 Do B0 Fhe e TR hbhor B i Pl R AR oBent gl
i s known t dhenaleic anhydridepradust nietoened frpmsthevaffluent gaseatwithh bothoseparations I
t t
cal 6i nat FL%?%‘%!*% v%f*%‘ﬁ Al ﬁ?%"%ffj* &{ﬁ?@é’ gl Calgife ‘fs"&*‘&?éd Q’”a
anti ci p8t ederaimes the t/acause it igdn plenyercoxidationdstate than the, er
achi eving catalyst aaﬂﬁé}%ht&é %e/ré&ﬁafa Qoné.NeWHRh ! dpprofiate!td rmelawdimém,ulﬂsé be

a,ﬁlhlcﬁvf ﬂl Isr}g.z&cpg \rt,gg,\gi'at Hs pr&‘a rably stnppe(i mfe aﬁ? rrlegctor ggsnestar;l% ngn hrgg)[c edoyoe Ehe |
regeneration zone. The stripped reactor gases are mixed with the reactor effluent gases. -
After maleic anhydride is recovered from the effluent gases of the reaciion zone, the
15  remaining gases may be vented or recycled to the reaction zone. Any oﬁ‘-gases or gas
from the regeneration zone can be vented after heat recovery. -
The regeneration zone temperature is maintained at about 300C to about
500C, the catalyst residence time in the regeneration zone is about 5 seconds to, typically,
about 5 minutes, and the oxygen-containing gas residence time is about 1 to about 30
20 seconds. Total gas flow rate and oxygen concentration must be sufficient to provide the
needed oxygen for catalyst reoxidation to occur thhm the selected gas and catalyst
residence time. The oxidized catalyst is then recycled to the reaction zone.
' The required amount of catalyst and the required catalyst circulation rate
depend on the extent to which the catalyst oxidation reaction is carried out in the
25 .regeneration zone (as opposed to the reaction zone), the amount of n-butane to be
reacted, the amount of mobile (or reactive) oxygen contained by the catalyst, and the
reaction zone process conditions that determine the amount of catalyst oxygen used per
pass. When oxygen concentration in the reaction zone is low, or zero, and substantially all
of the catalyst oxi_dation reaction is carried out in the regeneration zone, a high catalyst
30 circulation rate is required. This rate may be reduced to the extent that some catalyst '
ox:datlon reaction is carried out in the reaction zone.
A circulating solids reactor can be operated continuously to oxidize n-
butane without any gas phase oxygen in the reaction zone. Such operation results in
higher selectivity to maleic anhydride than can be attained with
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“Attrition resistance was al so inparted to the catalyst while in the
operating 20 recirculating solids reactor ;as the f.ol | ow ng,datg, @btained

.. ;on- sanpl es wi thdrawn fromthe reactor at the Lﬁ"lqllacatt esP {lenEs.show
“Attrition Rate . T : Sarrpl e L3 00mn  Taa® Yoa? ". °oo° %
“wei ght | oss/ hour " 25 Y After nllbl al basel i ne ' 0.04

8 hrs after substitution of 15% of inventory by un-cal cined
“and un- act imedienl is preferyed since it gives highet) Surf@e area material from which hmgorafactive

substituti sctils subs uextxtlyobtaxn&i7/° of inventory by un-cal cined
and un- actlva 0. 04
VIP/O catalyst precursor may also include a promoter wluch is a

combination of selected materials, preferably introduced in both a specific order and -
'S chemical form, following the step in which the pentavalent vanadium compound is refluxed
in an organic or aqueous medium. Suitable promoters comprise silicon and at least one of
the variable valent elements selected from indium, antimony, and tantalum. In such a
catalyst the Si/V atomic ratio is in the range 0.02-3.0:1.0, and the (In + Sb + Ta)/V atomic
ratio is in the range 0.005-0.2:1.0, preferably 0.02-0.12:1.0. The P/V atomic ratio is in the
10 range09-l 3 1.0.

In an aqueous system for preparing the catalyst the sﬂlcon can be
introduced in the form of a colloidal silica sol; for example, as one of the Ludox\ colloidal
silica compositions commercially available from E. I. du Pont de Nemours and Company.
In the organic system, for example in an alcoholic medium, the silicon can-Be added as an

15  alkyl orthosilicate; e.g., tetraethyl orthosilicate. When using an orthosilicate and V205 it
is preferable to add at least 0.25 mole of orthosilicate per mole of V05 following
refluxing the V9Os5 in an organic or aqueous medium. The compositions which are useful
in the process of the current invention have a Vox between 3.90 and 4.10.

Following reflux of the pentavalent vanadium compound in the organic or

20 aqueous medium and optionally the introduction of the requisite promoter or promoter
precursors the catalyst precursor is formed by the addition of any commonly used
appropriate phosphorus compound; e.g., phosphoric acid in such amount that the P/V
atomic ratio in the ultimate catalyst is in the range 0.9-1.3:1.0. The resultant mixture is
heated under reflux to give the catalyst precursor composition that can be isolated by

25 filtration, following cooling of the slurfy to room temperature. This product is
subsequently dried in air, inert gas or vacuum at 80 to 200°C. The drying atmosphere
should be such that the tetravalent nature of the vanadium in the precursor is maintained.

1t is highly preferred that for use in a fluidized bed or recirculating bed
reactor the catalyst have good attrition resistance. This prolongs the catalyst life requiring

30 - less replacement catalyst or catalyst precursor to be added to the reactor and enables the
maleic anhydride production process to be operated at peak efficiency for long periods of .
time thus improving overall performance from an economic standpoint. The preparatioh
of catalyst precursor from which highly attrition resistant catalyst is produced is described
in U.S. Pat. No. 4,677,084, the teaching of which is mcorporated by reference herein for |

35 such
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3 15- - This exanple illustrates the beneficial effect,
on the production rate of mel ei ¢ anhydride, of..increasing {he V/IP/ O

catalyst inventory during the operation of ‘a 5 Ttecincul ‘atl ng t:iqd reactor

for the oxidation of n-butane. ., 2Spray,dijed | IR
cal ci ned/ acti vated (VO 2P207-10% Si O2 caﬁl yst was pr epar ed by

essentially the sane process of Exanple

of commonly assigned assi gned

- PCT | nt er npuipnses. - W{B/Oi pratursor pantiddesr male cdesdibed edtlies areedlspeysed asasshirhein

oyot om - T aguepus sicUR bleiicofifllh & 4 GetBCet by B ishina BEkHGU,
feed conpodiheirelativeampnts pﬁthe pasticlesoand silivic acid arechaery s%that the wieight of the

bal ance ni tS'i@Q%hnea\i%?&ﬁ 39P% of Phe M%@tﬁ%ﬁe patitiBs ﬁﬂtﬁthE'Si@?_ Tlaefélu}@ 1.6

rator,, alr

KD

he usef Ul

seconds he fluidized
inventoPy & ¢ hsatsgr%fn%égo {’Pm RQfous micrgspy emj ' Qhitiog egsiant FtRLYSt ISPUISQfj | o
mai nt ai ni ngaanganav@tamndameafao Y& 30C infcronsp preférabln 0 to 250 micrens: EEgHs i n

Changbe. i nOHBER A vl SR oS arSoeie Op M8 e Vb (P BRATRISBRSH *°

r egener at ophase, (VO)H4P209 - 3 t&rd§®n SiGgpdmukt. be comeged . toRhe .catalytizallih hetive

Anhydri de

grans C hr
20.75 10
8. 30
15
20
25
30

phgse, (VO)2P207 - 3 to 15“/?%08 by calcination and actwaﬁéﬁ‘ 8¥e51des acgéxﬂg%ﬂn at e

this structural tragsfgemation, thege grocedures must be carried out 31 such a way as to
imp&t® attrition resistance, combust residual organic matter contained in a precursor
prepared in an organic medium and yield a highly active and selective catalyst.

Catalyst Evaluation: ' -+

The activated catalyst is evaluated for the production of maleic anhydride
by the oxidation of n-butane in a recirculating solids reactor of the type illustrafed in"FIG
1. The Catalyst is charged to the reactor fluidized bed section and heated to about 330°C
while being fluidized in a gas stream having an average composition of 10% butane, 5.5%
oxygen and 84.5% nitrbg_en. The average gas/solids contact time in the riser section
reaction zone is about 1.5 seconds. The regeneration zone is also maintained at about
380C with an air stream and an average contact time of about 7.4 minutes. Steady state
conditions are established and the average maleic anhydride production rate is determined
by quenching the product stream with water and titrating the recovered maleic anhydride
with 0.1 N NaOH solution. The average maleic acid production rate is expressed as grams
of maleic acid carbon generated per hour (grams C/hr.). _

The following examples are presented to more fully demonstrate and
further illustrate various individual aspects and features of the present invention. As such |
the examples are feit to be non-limiting and are meant to illustrate the invention but are not
meant to be unduly limiting in any way particularly with respect to ultimate properties and

- advantages of the claimed improved process.
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*31. 50 8.16 4 33. 46
9.25 : 4.43 25 - -:{@.,,,The data di n t he .above. table i[lustrate
sthat increases in the production:rate of: -7 "~ mal ei ¢ anhydrlﬁe far: .a gi ven
catalyst circulation rate are achieved by increasing. t he. cataly$ i

L

inventory. EXAMPLE 4 30 _

Thi s exanpl e shows that catal yst precursc}P (VO[err]Herr]P2g err]-10% Si 2
can be charged to a transport bed reactor and converted to active
catalyst by circulating it. ° thro wﬁem{t?act or for an extended period
of time while malntalnln_gtyplcal condit1ons t he oxi dation of

n-butane to nmaleic a onditions Lﬂﬂhﬁ@iﬂhﬂd cat al yst
precursor, (VO Z_MPZO&&QMOQZ prepared as ing3dg Exanple 1, was |oaded to

a recirculating soli cior,, eheated to 3 err]C. The charge - was
circul ated for an ext%gzl %’Zﬁ“'{@g{bf time in tﬁg}%reactor under the
fol | owi ng condi t390%€/1 hﬁﬂ(sﬂf) t enper at ure0,0890[ err] C; average feed
conposition to the ri act el 10% but aaq/ 5% oxygen/ bal ance
ni trogen; average gas OF( -
' 370°C/2 min/air 0.04
370°C/1 min/air 0.21
10 350°C/2 min/air 0.09

350°C/1 min/air 0.13-

Based on these experiments it is concluded that sufficient attrition

* resistance can be imparted within a very brief calcination périod. However;, the residence

15 time of spray dried catalyst precursor (VO)2H4P209 - 10%8i0g introduced into a

- regenerator vessel, where initial calcination in the presently disclosed process is ¢onducted,

should be greater than about 1 minute and most preferably greater than about 2 minutes.

It should be recognized that this test is a worst case situation; in an operating recirculatiné

solids reactor, the catalyst will not be subjected to the stress of thermal quenching, and

20 instead will remain at elevated temperature and undergo addltxonal calcination as it moves
through the standpipe between vessels.

EXAMPLE 2

This example shows that maleic anhydride production in a recirculating
25  solids reactor is maintained when a portion of the catalyst inventory is removed and an
equivalent amount of catalyst precursor is added to the regenerator vessel. It also

demonstrates that the attrition resistance of the catalyst remains high.
A spray dried, calcined/activated catalyst (VO)oP207 - 10%Si0O was
prepared by essentially the procedure of Example 1 of commonly assigned U.S. Pat.
30  Application No. (case CH-2309). This catalyst was evaluated for butane oxidation in 2
' recirculating solids reactor system for the purpose of establishing a baseline catalytic
performance. The conditions of this test were as follows: temperature of reaction, 380°C;
average feed composition to the riser reactor, 10% butane/ 5% oxygen/ balance nitrogen;
average gas/solids contact time in riser, 1.6 seconds; feed to fluidized bed regenerator, air;
35 and average gas/solids contact |
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\’-16- ’ ‘"contact time inriser, 1.6 seconds; feed to fluidized bed

regenerator, air; and average gas/ sol i ds cont.act tinme.in I egenerator,
1.9 mnutes. A sarrpl e of the charge was- .r enoved fromt’ne reactor
after approximately 40 hours of circulation. The gample was * RN

subsequent |y eval uated for butane oxidation to naleic anhydrlde ‘in"a
recirculating solids 5 reactor for th 4purpose of establishing its

cat ?l yt ic n?hé i reg ai&atoi[][‘SGmhﬂfﬁdl tAffaa%stthsthgSaasehne peﬁbﬁiiﬁiﬁé cibottl15%asfahe/t i C
eval ua |On wer e as (0] r
SB0[orr] G SRyt diveptsR wad reiied ST B Fpasti Gt s S Sliefl ot The o

oxygen/ baI cimiyst inventory was ¢titparTestasedrtadts initial lsvnéllbgfaddugtfmsh sprayuiried catalyst ,
1.6 0 d
cont act 11 e eé*br?gfé?goge%ﬁ%@a» bRRERERE i Rxanild 118V AREAS RIS
product i%n Afiere8 howrs of piga dyhate opprationa similar @dumn@frmvemryrand@e-n@ﬂ@n 9
circulati 0r&esﬁ@p&f&ﬁé@éﬂﬂ?ﬁ%r&&u@oﬁ@&@b&fmd bHifgn® tIR tthll Sictiof! 6F Eésh}

about 83% hat an appropriate benchmark catalys
such as s%r‘é?aﬁtpﬁfuﬁregﬁédpég?‘?@}gfmwm catal yst, (VO 2P207-10% Si O2
prepar eg S\zsggt ially Aﬁdlh@@p!lﬁydﬂedit!ﬁt&lyﬁtfpr&tﬁmﬂteaildr?’ératmg transpwmaallmactor
assi gne t . hhe a atL.on.process is
nown t o octiiredferperfily, fdused, pesformance; e sUEslehaly FeRivetal Bl e "B

whi ch tH's ammnit vf maleisanhydiideanade decteased/y 163 avhen the Z‘Z%\sebmtut;m! of catalyst
activati on REQRESSwASHR Bhmbferet: ARGOL Rirkte B0 Holfs 67 LEANSLiar@ o o thé"

40 hours recirculation’ un tions descri L
suf fi ci ent standerdeperating eondisiops gwen abpve; ﬂlamunmfen@iexamﬂe reqpvered 46 wdthimn

rate. 20 3 to 5% of the initial baseline level. The calcination/activation process is known to occur _
~ at a significantly slower rate at the lower temperature of these operating conditions
15 relative to the conventional calcination/activation process, (380°C vs 460°C). Thus, it is
anticipated that complete activation (as judged by the maleic production” achieving
approximately 100% of the initial baseline level) would be achieved in a somewhat longer
time period than the 30 hours over which this test was run. ‘
_ Attrition resistance was also imparted to the catalyst while in the operating
20 recirculating solids reactor as the following data, obtained on samples withdrawn from the
' reactor at the indicated times show: '

Attrition Rate

_ Sample ' % weight loss'hour

25 After initial baseline 0.04

8 hrs after substitution of

15% of inventory by un-calcined

_ and un-activated catalyst 0.03

30

30 hrs after substitution of

27% of inventory by un-calcined -

and un-activated catalyst 0.04
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¥CH 2312 -17- Ve Caim 5 1
~In a process for selective vapor phase OX|dat|on of..n-butane to_paleic
jianhydrlde i nvol ving the use of a reC|rchdk|ng solfds r'eact or qpnpr|5|ng a
“reaction zone and a catal yst regererdtion.zomne. mhereln,ﬁ bULane S
converted to maleic acid in the reaction zone of the reC|rcuIat|ng
~soli.ds reactor by use of a vanadiuniphosﬁﬁ%rous oxi de catalyst in
oxi di zed form and the reduced vanadi um phosphorous oxide catalyst is
regenerated by 10 contact wth oxy : éé?i regenerati on zone of the
recirculating solids reactor; the 5 I c i nmprovement conpri sing:
addi ng to the catal ystI’hlsnexample dlyemaesathe)beueﬁnnl effectp onhthe production rate of

b ecur sor - oftefiy pitfRgdof bceing BROYPAY BuBDH R M idth 68 Fekdlon of 5
precursoy trecirculatingshedraaatonfor theraxidation ofin-butane. cat aI ysts | osses associ ated
with the catalyst reCSP}aP Bﬂoﬁﬁage&'&ct&afeﬁt Mg;?f?‘z-tlb%' S Ea(l)st was

ef fectuates in S|tu ca ation and activation vanadi sphor Qus
oxi de cat al pegpared by essenu y the same process of Example 1 of commonly ass1gn assign

- PCT International Publication Number WO 96/1330. This catalyst was then evaluated for

butane oxidation in a recirculating solids reactor system. The conditions of this test were

10 as follows: 380°C; average feed composition to the riser reactor, 10% butane/ 5.75%

oxygen/ balance nitrogen; average gas/ solids contact time in the riser, 1.5 to 1.6 seconds;

and feed to the fluidized bed regenerator, air. The useful inventory of catalyst was varied
during the course of this test, while maintaining a nearly constant catalyst circulation rate. ..

. The change in catalyst inventory is indicated in the table below by the ‘corresponding
15  changes in regenerator bed height and gas/solids contact times in the regenerator.

Regen. Bed H. Regen. Res. Time Maleic Anhydride |

cm. min. Product Rate
grams C/hr
- 20 . 13.00 3.81 3.54
20.75 564 384
30.00 330 3.98
3150 8.16 417
33.46 9.25 4.43
25 The data in the above table illustrate that increases in the production rate of
maleic anhydride for a given catalyst circulation rate are achieved by i increasing the catalyst
inventory. :
EXAMPLE 4
30 This example shows that catalyst precursor (VO)2H4P209-10% SiO5 can

" be charged to a transport bed reactor and converted to active catalyst by circulating it
through the reactor for an extended period of time whilé maintaining typical cof;ditions for
the oxidation of n-butane to maleic anhydride. -

Spray dried catalyst precursor, (VO)2H4P209- 0% SiOp prepared as in

35 Example 1, was loaded to a recirculating solids reactor, preheated to 390°C. The charge
was circulated for an extended period of time in the reactor under the following
conditions: reactor temperature, 390°C; average feed compcrsmon.to Jiser reactor,

10% butane/ 5% oxygen/ balance nitrogen; average gas/solids REPL ACEMENT SHEETI
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*precursor whil e maintaining the desired operating tenperature of the

n- butane to naleic anhydri de conversion reaction. . 2.

A process of Caim1l wherein vanadluniphosphorous oxi dé precursor . s 20

bei ng added to the regeneration zone in the range .of about O. 10 wﬂ@bto 15
wt % of the catalyst and the rate of _addition not being so great t hat

the recircul ati ng bed reactor tenpéﬁature be decreased substantially

bel ow t he doatace dinmephy fisernJ.6t sspadsatfesdeto Aogizedf bed regensrhwont aicade avdré:gd 0

Said cal ciuRepis coBfect i in regencragor, 5, miBHEE S ACule of b chioge Syep dpROVS

precursor dromrthgeneactori efterofapprozimatelycéd hours ofamirdilationhoTpeosample owasde

Cout yit o WAL GraltBdaho Biuahl o RRAGE OF REIGL BEROY  recirci g oBl
bei ng i Aer treapser, fogtthe puepose 9¥1estah1§hmsntseca¢alym p¢rfqrman¢ee93he canditions, ofthisof

UE t? gom dﬁéﬁ eilalyfié e@ﬂuﬂ?&h%&t WerRl &' 6w %f%rdg%sﬂeﬁg@&g.lré'dﬁeé&xoﬁ,p to
O el g o168 i B 7 i e

regener at i Qiftrogen; averagergss;'sasﬁds eaonﬁct afmeriat Hie, 01f63§,@{ &Eéd Got ﬂuxﬂfze&ebécl C
using gas in the regenoratlon Zane 35 e SO0 bt Al Oh.Ad ol $05 3
10  maleic anhydride production rate given by the sample was 3.4 grams C/hr after 40 hours of
' circulation. This corresponds to a maleic anhydride production rate of about 83% of that
obtained using an appropriate benchmark catalyst, such as spray dried calcined/activated
catalyst, (VO)2P207-10% SiO9, prepared essenually by the procedure of Example 1of
commonly assigned WO 96/1330. .
15 ~ Although the activation process is known to occur more slowly at the
' lower temperature conditions under which this catalyst was activated relative t0 a
conventional activation process (390°C vs. 460°C), the catalyst activity after 40 hours
recirculation under the conditions described above was sufficient to result in a very
~ desirable maleic anhydride production rate.
20
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We Claim:

L. In a process for selective vapor phase oxidation of n-butane to maleic
anhydride involving the use of a recirculating solids reactor comprising a reaction zone and

- a catalyst regeneration zone wherein n-butane is converted to maleic acid in the reaction

zone of the recirculating solids reactor by use of a vanadium/phosphorous oxide catalyst in
oxidized form and the reduced vanadium/phosphorous oxide catalyst is regenerated by
contact with oxygen in the regeneration zone of the recirculating solids reactor; the
specific improvement comprising: adding to the catalyst in the regeneration zone or to the
recirculating solids sufficient vanadium/phosphorous oxide catalyst precursor or sufficient
calcined vanadium/phosphorous oxide catalyst precursor to at least partially replenish
catalysts losses associated with the catalyst recycling process at a rate of addition that
effectuates in situ calcination and activation of the vanadium/phosphorous oxide catalyst
precursor while maintaining the desired operating temperature of the n-butane to maleic
anhydride conversion reaction. '

2. A process of Claim 1 wherein vanadium/phosphorous oxide precursor is
being added to the regeneration zone in the range of about 0.10 wit% to 15 wt% of the
catalyst and the rate of addition not being so great that the recirculating bed reactor
terhperati;re be decreased substantially below the desired operatidg temperature range of
about 360°C to about 500°C.

3. A process of Claim 2 wherein said calcination of the
vanadium/phosphorous oxide catalyst precursor and regeneration of the reduced
vanadium/phosphorous oxide catalyst is performed using gas in the regeneration zone
containing about 4 mole% to 25 mole% oxygen with the remainder up to 100 mole%
being inert gas, at a catalyst residence time in the regeneration zone of up to 5 minutes and
at an oxygen-containing gas residence time of up to about 30 seconds and a gas exit
preésure of 0 psig to 50 psig.

4. A process of Claim 3 wherein said calcination and regeneration is
performed at a temperature of 360°C to 450°C using gas in the regeneration zone
containing about 21 mole% oxygen.
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