| MPROVED METHOD FOR THE MANUFACTURE OF ACRYLIC ACID Abstract A process for
t he manufacture of acrylic acid conprising reacting propyl end 3idZBxygen
(preferabmodxosetye formof air) in a reaction zone havi ngeGI/CSuLAb6pe t
characterized by the follow ng fornula:
A(err)B(err)C(err)Ca(err)Fe(err)Bi(err)M(err)=Q(err), where A = one or
nore of Li, Na, K, Ro and Cs; B = one or nore of Mj, Sr, Mi, N, Co and
Zn; C = one or nore of Ce, Cr, A, Shb, P, G, Sn, Cu, V and Wand; a =0.01
to 1.0; band e = 1.0 - 10; ¢ = 0to 5.0, preferably 0.05 to 5.0,
especially preferred being 0.05 to 4.0, and x is a nunber determ ned by
the val ence requirenents of the other elenents present; at an el evated
tenperature to produce acrylic acid and acrolein. 2 0 JUL 2005 WO
02/ 062741 PCT/US01/03606 5 if 10 SPECI FI CATION 15 | MVPROVED METHOD FOR THE
MANUFACTURE OF ACRYLIC ACI D 20 BACKGROUND OF THE | NVENTI ON The present
invention is directed to an inproved process for the 25 manufacture of
-—acrylic acid. Presently, acrylic acid is produced by a two-step process.
Propylene is first oxidized to acrolein over a_m xed netal oxide catalyst
conp‘?sing iron, bisnmuth and nol é&l Nd with suitable el enents,
and the acrolein is further oxidized to acrylic acid over a second catal yst
in a separate reactor. Typically, catal ysts containing oxides of iron,
bi smut h and

15 IMPROVED METHOD FOR THE MANUFACTURE
OF ACRYLIC ACID

20
BACKGROUND OF THE INVENTION

The present invention is directed to an improved process for the

25 manufacture of acrylic acid. Presently, acrylic acid is produced by a two-step
process. Propylene is first oxidized to acrolein over a mixed metal oxide catalyst
comprising iron, bismuth and molybdenum promoted with suitable elements,
and the acrolein is further oxidized to acrylic acid over a second catalyst in a
separate reactor. Typically, catalysts containing oxides of iron, bismuth and

30 molybdenum promoted with suitable elements are readily available for the
selective oxidation of the propylene to acrolein (i.e. this first step in the two-step

process in the manufacture of acrylic acid). Examples of suitable types of



30 nol ybdenum pronoted with suitable elements are readily available for the
sel ective oxidation of the propylene to acrolein (i.e. this?fidt?®ep in

t he two- sVepo2/geBldess in the manufacture of acrylic acid).PE 6086 of
suitable types of 1 2 0 JUL 2005 WD 02/062741 PCT/US01/ 03606 i catalysts
for this first step can be found in U S. Patent 4,162,234 and 4, 280, 929
assigned to the assignee of the present application. In the second step of
t he tvvo-steg process acrolein is oxidized over the second catalyst to

acrylic st doy Ghig igs) stepeanche oundbin Une Redeasd 162,936 rnd 280,928 ei n

to acrylic acid is bel ow 100% However, the acrylic acid that is fornmed in

t he firsassgeal o thhestignes vétheprazent appieaidon.hr ough the second reactor
with no deconposition. Therefore, it is advantageous to use catal ysts that

produce  subst 3ith8ldelod RERT of iR HoSetB) pR6LML! dorafeif! iCbilDAIRRy fhedal | On

of the propylene to acrolein in the reactor, thereby getting higher

yields of acrylic acid in.the.,10 twg-ste rocess., |],n rel ated pat.ent
Aopl i car reshaReatalaBf 16 poRdic Rhid o duisliap e bR cass phatia solehgly bPHR

assigned to_the assignee_ of the present invention, there is a disclosure
of a hovatrolaindpyacrylhe atid isihelawd Offh uHaweven ke anxylit enid thatds formed

hydr ogen cyani de. The catal yst was specifically disclosed as containing a

m xed i sineafiradsidp ofthe two.stepbydrdenyasspacthRoashthe Beedd fshepdrt Ritkehd OuS
metals and wuseful in the manufacture of acrylonitrile wth substantially

hi gher y&@éoﬁfpd%ﬁtic?ﬂ.’ et‘i’-g%b%%, #YSL 0L AGUERE 86 ush tatdybidGndt $EoYGly Of the

i nstant application tha
substantially larger amounts of acrylic acid dﬁring the oxidation of the propylene
to acrolein in the first reactor, thereby getting higher yields of acrylic acid in the
10 two-step process.
In related patent application U.S. Serial No. 08/923,878 filed
September 2, 1997, and assigned to the assignee of the present invention, there
is a disclosure of a novel catalyst useful in the manufacture of acrylonitrile and
hydrogen cyanide. The catalyst was specifically disclosed as containing a mixed-
15 metal oxide of iron, molybdenum and bismuth promoted with various metals and
| useful in the manufacture of acrylonitrile with substantially higher yields of co-
product hydrogen cyanide. It is the discovery of the instant application 1';hat the
catalyst of co-pending application 08/923,878 can not only be used in the first
step of the two-step process for the manufacture of acrylic acid, but results in
20  unexpected high yield of acrylic acid during the first step of the process. This
- high yield of acrylic acid in the first step leads to a higher yield of acrylic acid

overall being achieved in the two-step process,



catal yst of co-pending application 08/ 923,878 can not only be used in the
first step of the two-step process for the manufacture of aQriylJuc 2885 d,

but results in 20 unexpected high yield of acrylic acid during the first
step of the process. This high yield of acrylic acid in the first step

| eads to a higher yield of acrylic acid overall being achieved in the
two-step process. 2 2 0 JUL 2005, SUMVARY OF THE INVENTION 5 It is a
primary object of the present invention to provide a novel process for the
production of acrylic acid and sel ected oxidation of propylene to acrolein.
Enbodi nents and advant ages SSIMMAROFTHENNVENTNet forth in part in
the description which follows and in part will be obvious fromthe
description, or may be |learned by the practice of the invention. The
enbodi nepts and 30 i ' ; ' attai ned
by means of the 1?ﬁ2ﬁ¥§ﬁenta.???£gﬂ SJQ§§ﬁ%?ﬁg?ﬁgﬁggﬁg&?ﬁ%hﬁgﬁ?ﬁa%hinted
out in the dpphagestiuctbaiofacrylic aciddindgklected dxsdaivnadpecpylefe tohergleins ent
~i-nvention to pro a proce manuf acture_of acrylic acid

j de s, for the . S
conpri si ng react ﬁ‘ﬂg’%‘@ﬁ?ﬁséﬁa aéwt@ﬁswzﬂw mgentonwil] be et fadh in paft dhne
having a fig - auls I .he f i 0 . a:

Aabb e Cadre 08 BB WEEAORGHE ahd B ol it e 8?]"{0?‘\,5\%@3 t ,deg%p“g‘hoé” Cs 20 B =
one or nor e odfnaythe 1&irmed/by thé praiicedtthmventioanTheembolingits &1 G, A, Sb,
P, G, Sn, Cy, Vand W ) ) )
10 advantages of the invention may be realized and attained by means of the
instrumentalities and combinations particularly pointed out in the appended
claims.
Accordingly,it is an aspect of the present invention to provide a process
for the manufacture of acrylic acid comprising reacting propylene and oxygen

15  ina first reaction zone having a first catalyst characterized by the following

formula:
AaBchCadFeeBime zox
where A = one or more of Li, Na, K, Rb and Cs
20 B = one or more of Mg, Sr, Mn, Ni, Co and Zn

C = one or more of Ce, Cr, Al, Sb, P, Ge, Sn, Cu, Vand W



2 0JU 2005 and a = 0.01 to 1.0; band e =1.0- 10 c =0to 5.0, d and
= 0.05to 5.0, and x is a nunber determ ned by the val ence?megut rggents
f the other elenents present; 5 at an el evated tenperature to produce
acrylic acid and acrolein. In a preferred enbodi nent of the present :
invention, the oxygen is_ in the  formaqf an oxygen-containing gas such as
air. In the pref ﬁﬁged e_n%bg't?rte]ﬁtb ‘{?ﬁg 'g%ent invention, Ais selected to
be one or nore of Iithiggspeodi um potassiumand cesium especially
preferred being 4 10 cesium and potassium |n another preferred

enbodi ment, B is sel ectand frrfbﬂﬁt Ogamdu:ps acmn‘énesdﬂﬁg‘ilwfbm@nesr um
manganese, ni ckel and cob chee 2huild ?nkl %St &1 Olf o tI n strtll anot her
preferred enbodi nent, E%fi 38?5&“ Pﬁg 5?% ’61 %8%@?‘%? ng cerium

chrom unp ant aﬁrﬂﬁyated)feﬁlfij@i‘mIﬂ% PIBELEPIIUI0 aciUABSEcRslein0r 15 mi xtures

t hereof, especially p erred bei ng cerium chrom um phosphorus, and
germani um | n st il p pesferedembpdiment of thepmesal mvention thepxygenisémth & nvention,

casmay o range, lpggié § |1y preferred being above 0.1 to
0.7. In a fu(r”fnL pr elrlrce%mh%o%s S&éjtloa%Calblaand e may range fromabout 1 to
20 10. In still anfhmrpréferreqbembedlmdt cﬁ"rtheﬂreeamnventmmyt\ fs&BEeteﬂlt@baaO 05 to

4.0. In still a furt ref rred enbodi , range from
about 0. 05 OPBOW,HO gﬂgﬁ rnef BYtASSHIp an 63561“1: qsee%ﬂqlwmefgrare@ heipe

embodi Mgt , cEd¥em and potassium.

In another preferred embodiment, B is selected from the group

3
f
0

consisting of magnesium, manganese, nickel and cobalt, or mixtures thereof.
In stil] another preferred embodiment, C is selected from the group
comprising cerium, chromium, antimony, phosphorus, germanium, tungsten, or
15 mixtures thereof, especially preferred being cerium, chromium, phosphorus, and
germanium.
In still another preferred embodiment of the present invention, a may
range from about .05 to .9, especially preferred being above 0.1 to 0.7.
In a further preferred embodiment, b and e may range from about 1 to
20 10. In still a further preferred embodiment, ¢ may range from 0.05 to 4.0.
In still a further preferred embodiment, ¢, d and f may range from about 0.05
to 4, especially preferred being 0.1 to 3. In another embodiment, the
temperature may range from 200° to 600°C.



tenperature may range from 200 to 600C. 4 2 0 JUL 2005 WD 02/062741

PCT/ US01/ 03606 A further preferred enbodi nent of the presen? gi sutedslson
conpri sesw@enazatii ng the acrylic acid and acrol ei n from tleEr/@soiassoseact i on
zone, introducing at |east acrolein and oxygen into a second reaction zone
having a second catalyst to react the acrolein and oxygen at an el evated
tenperature to produce acrylic 5 acid, and recovering the acrylic acid from
t he second reaction zone. Any suitable acrolein to acrylic acid catalyst
may be used i n Alusther prafersédambbdimextanithe, prebynt ilensehosvtntisge

catal ysts (e.g., 62% Sb3Sn3V3WL2Mb120X 38% Si O2) as described in U S

Pat ent 3 18ddepRfys tHCA&Nlic! RAFPERQ REGEiPHoh PR BRRSreadtifn zgﬂé,tiﬁ'@fd&idcfﬂnéhe

practice of the present invention. 10 In another preferred enbodi nent" of

t he present_i.nventy he first, reaction fr.om propyl ene to acryl]j cid
and acr oruiot L AERteRt zpl Yiyeghintn  Sp RackBl g RArRE adcBi fntelyet
reaction fromacrolein to acrylic acid takes place in a fixed bed reactor.
‘The cat alty$eachtherperplein and xygenEton elavatsd lemppwsturmto Rindvee reylis 15
unsupported. Preferably the catalyst is supported on silica, alum na or

zi r cofi umcnml, amidxtecpesritg dhe atrylisped ifedrh thpsefmid eebdiringprsi | Ay sufdabad | ed
Description of the Invention 20 The catal ysts of the present invention may

be prepaigeblbih B Wcr9liclalfl caApRIOH Sy HRIMRESInthiC 8 @it p! TRRZhRe W Ch
are known to those of skill in :
typical second stage catalysts (e.g., 62% ShsSnsViW1.2Mo120x ¢ 38% SiOs) as
described in U.S. Patent 3,840,695, herein incorporated by reference, are
suitable in the practice of the present invention.

10 In another preferred embodiment of the present invention, the first
reaction from propylene to acrjr]ic acid and acrolein takes place in a fluid bed
reactor and the second reaction from acrolein to acrylic acid takes place in a fixed
bed reactor.

The catalyst of the present invention can be used either supported or

15 unsupported. Preferably the catalyst is supported on silica, alumina or

zirconium or mixtures thereof, especially preferred being silica.

Detailed Description of the Invention

20 The catalysts of the present invention may be prepared by any of the
numerous methods of catalyst preparation which are known to those of skill in
the art. For example, the catalyst may be manufactured by co-precipitating the

various ingredients. The co-precipitating mass may then be dried and ground to



the art. For exanple, the catal yst may be manufactured by co-precipitating
the various ingredients. The co-precipitating nmass nmay thepngbéuldiZéléd and
ground t oW@0Zo@74AUL 2005 WO 02/062741 PCT/ US01/ 03606 areGppsamssoat e
size. Alternatively, the co-precipitated material my be slurried and
spray dried in accordance with conventional techniques. The catal yst may

be extruded as pellets or fornmed into spears in oil as is well known in the
art. Alternatively, the catalyst conponents nay be m xed with a support in
t he for mah yfproheiasé gizey Albétmaielpytharopipigcipitathd ynaeyidienayrbeaimated! on
silica or other supports. For particular procedures for manufacturing the

cat al yst ansdagrbly 3riedPat £0o8d &R itA%dnvEnfibRaBREhaltuds. 7Bk RAIRRShaped to

t he assignee of the present invention, herein incorporated by Teference.

it alyst B RLAIBIATorToukdl R Heh Rl AR BRERR Y et T °

oxide. Preferably, salts such as nitrates_which are readily avail able and
—easily sot3PatIvEle tﬁgé’&t%lé’sii fRpRRtRisInay Redrpwaavithe swepoxt én dhedermnt o -
the catalyst. Bisnuth may be introduced into the catal yst as an oxide or as
a sal§ whihhshayon fdkiwedby idoping 61 theyehdy fhecdnoiegaatéthen wilicer orsahebl e

salts which are 15 easily dispersed but form stabl e oxides upon heat

treating sﬁpgoaﬁé.em&&%@tic&lh%@@@&nﬁﬂdsfoﬁﬁﬁrﬁff&@ﬁuﬁ%‘ﬂ?@ceiiﬁ&yé;tnEéePE'JL.E'}.i ][19

bi smuth is bisnmuth nitrate which has been dissolved in a ‘'sol-ution o

11T 285004 SO0k LD £PGRABENLIALE 16 ALRKEaBES, T2 50
with t hepresent invention, herein incorporated by reference.
Typically, the A component of the catalyst may be introduced into the
10  catalyst as an oxide or as a salt which upon calcination will yield the oxide.
Preferably, salts such as nitrates which are readily available and easily soluble
are used as the'means of incorporating the A element into the catalyst.
Bismuth may be introduced info the catalyst as an oxide or as a salt
which upon calcination will yield the oxide. The water soluble salts which are
15  easily dispersed but form stable oxides upon heat treating are preferred. An
especially preferred source for introducing bismuth is bismuth nitrate which has
been dissolved in a solution of nitric acid.
To introduce the iron component into the catalyst, one may use any
compound of iron which, upon calcination will result in the oxides. As with the
20  other elements, water soluble salts are preferred for the ease with which they
may be uniformly dispersed within the catalyst. Most preferred is ferric nitrate.

Cobalt, nickel and magnesium may also be introduced into the catalyst

using nitrate salts. However, magnesium may also be introduced into the



20 other elenents, water soluble salts are preferred for the ease with

whi ch they may be unifornmly dispersed within the catal yst. 2NpgtdL 28%f erred
is ferricwoeymsilr Cobalt, nickel and magnesi um nay al so HE/USKinadEced
into the catalyst wusing nitrate salts. However, nagnesium nmay al so be
introduced into the 6 2 0 JUL 2005 WO 02/062741 PCT/ US01/ 03606 catal yst
as an insoluble carbonate or hydroxi de which upon heat treating results in
an oxi de. The nol ybdenym conponent of_ the catal yst may _be introduced from
any nol $BERIREIAORT dasalyble earbanale erhydyoxide whichyupen hieas trratingresulisde.
However, 5 it is preferred that a hydrolizable or deconposabl e nol ybdenum
salt be umianicade.as the source of the nol ybdenum The nobst preferred
starting material is anmoni um heptanol ybdate. Phosphorus nay be introduced

in the catalys oy } I : t or
t he ammoni um stgl‘lfésbut %ﬁ%?g%P%hFﬁtgt%%ﬁ%ﬁt%%g%p g@%&?‘?@%%&

Cal ci um whj i.s.an_essentyi al Jd.ngredjent..in the catalyst of.th resent
-------------- Fovent 1 ol gl aBd8 PR B o BERRL piGha bl uitl F ikmiade” Gibwgver
i npregnation or by_other _neans known in the art. (Usually added as
Ca- ni { r allels efrgedihat & hydsehzablaior decespysatie molybdenuimsalhbe onilized
directed to a process for the production of 15 acrylic acid during the
oxi dat i ons dhe powpel afrthetmolybdehainn Thapisstipreforead biargingompdsniapid
propyl ene in a reaction zone in contact with a catalyst characterized by

the fol | g9MAENRAR Hopt@hofy s a:

Phosphorus may be introduced in the catalyst as an alkaline metal salt
or alkaline earth metal salt or the ammonium salt but is preferably introduced
10 as phosphoric acid. Calcium which is an essential ingredient in the catalyst of
the present invention can be added via pre-formation of calcium molybdate or by
impregnation or by other means known in the art. (Usually added as h
Ca-nitrate, along with the other nitrates.)
The present invention is divected to a process for the production of
15 acrylic acid during the oxidation of propylene to acrolein comprising reacting
oxygen and propylene in a reaction zone in contact with a catalyst characterized

by the following empirical formula:

A:ByC:CaiFe.BiMo1:0x
? where A = one or more of Li, Na, K, Rb and Cs
B = one or more of Mg, Sr, Mn, Ni, Co and Zn
25 C = one or more of Ce, Cr, Al, Sb, P, Ge, Sp, Cu, V and W



AaBbCcCadFeeBi f Mb120x 20 where A = one or nore of Li, Na, K Rb and Cs B =
one or nore of My, Sr, M1, Ni, Co and Zn 25 C = one or nor fyuCe200:Cr, Al
Sh, P, GewW®RM6ZH! V and W 7 0 JUL 2005 WO 02/062741 P22CI/issoAs@8606

and a = 0.01to 1.0; band e =1.0- 10 c =0 to 5.0, preferably 0.05 to
5.0, especially preferred being 0.05to 4.0d and f = 0.05 to 5.0, and x
Is a nunber determ ned by the s valence requirenents of the other el enents
present; to produge acrylic acid and acrolein. Preferably, the reaction

t akes pl ace bétIMien & T efEr it 106 bornd@=tl0538C, preferably 300 to 400C.
The catal ysts of the present invention may be prepared by m xi ng an

aqueous sol ution of ammnDimiheppwiatakhy 8106 twi .0, esmicialtp psefbrreddsiing a
slurry 1o containing the conpounds of the other elenents to the agueous
solution, drying the sol ubiggye gdenitrifying and cal cining. The catal yst may
be spray-dried at a tenperature of between 110C to 350C. The

denitrification tenperaturne ra from 100C to 450C. Fi.nally,
~-cal ci nation takes pl aérgagfi 5%%&??&%@%?‘ 150%1?\%@3?1“4‘8%@%%%@’1@5 A
further preferred enbodi mnent of the, present invention conprising
recovering the acrylic acValesss ragrgerientypbthrcelder elements prasentact i on

zone,
to produce acrylic acid and acrolein. Preferably, the reaction takes place

between a temperature of 200° to 500°C, preferably 300° to 400°C.
The catalysts of the present invention may be prepared by mixing an
aqueous solution of ammonium heptamolybdate with a silica sol, adding a slurry

10 containing the compounds of the other elements to the aqueous solution, drying
‘the solution, denitrifying and calcining. The catalyst may be spray-dried at a
temperature of between 110°C to 350°C. The denitrification temperature may
range from 100°C to 450°C. Finally, calcination takes place at a temperature of
between 400°C to 700°C.

15 A further preferred embodiment of the present invention comprising
recovering the acrylic acid and acrolein produced in the first reaction zone,
introducing at least the acrolein and oxygen (preferably, air is the source for the
oxygen) into a second reaction zone atf an elevated temperature containing a
second catalyst suitable for the conversion of acrolein to acrylic acid to convert

20  the acrolein to acrylic acid and recovering the acrylic acid from the second
reaction zone. Suitable catalysts for use in the conversion of acrolein to acrylic
acid are descz;ibed in previously cited U.S. Patent 3,840,595, herein incorporated

by reference. Specific examples of catalysts useful in the second reaction zone



I ntroduci ng at .l east the acrol ein and oxygen (preferably, air is the source
for the oxygen) into a second reaction zone at an el evat ed?2tgeopler?28bur e
cont ai ni n¥@o2/eRHInd cat al yst suitable for the conversi on BfT/ESM@B&@EN t o
acrylic acid to convert 20 the acrolein to acrylic acid and recovering the
acrylic acid fromthe second reaction zone. Suitable catalysts for use in
the conversion of acrolein to acrylic acid are described in previously

cxanpl s P10 HNPYG8sPan < NPaVCYAORE e oMo RN S50 io Bz005 D
02/ 062741 PCT/USOL/ 03606 include Mo9V2W CulSno. 40a; Md1loWaVsSb2CulNb20, ;;

Mb12V3WL . MaMW 0 &8 REQ My eV VESLowpd®.qQ): anib byl ¥ 80050 tasd
Sb3SnSV3W . 2Mb120.. These catalysts are supported on an inert support such

as al um rRatalFtLar cupporiid o an inBFES @Rt ¥udi hé aPumTYRi Adddnia of RBica
supported catal yst conprises 70 to 75 W% active 5 phase and 25 to 30 w %

Yorth peraaraply sifif PRl e KATRuRA RN ERs T0ISTETRe G
exanpl es, .t he process vvas(yaerforrred in a 40 cc fluid bed reactor at
0. 05-5. 1HARR AN 75 B PEBHUHTBAEBIBPTY C3 | 1. 702/ 9. 3N2/ 10 3FDO at a

tenperature of 360C and 15 psig. Table | Ex. % s Acrl+ No. Catal yst
Conposi ti on CoriThédsdiowis@axatples of the present invention are set forth below for

iJlustrative purposes only.
In each of the following examples, the process was performed in a 40 cc
fluid bed reactor at 0.05-0.10 wwh with a feed mixture of 1Cs™/ 1.705/79.8Nz/

10  3H20 at a temperature of 360°C and 15 psig.

Table I
Ex, %Cg~ Acrl+
No. | Catalyst Composition Conv | %Acrl | %AA | AA
Comparative Example:
1 | Cso.1Ko.1NisaMge.sFesBiosCeo.sMo1450x 93.4 67.6 14.4 |82.0
Examples;
2 | Cs0.1Ko,1NiseMgzsFesBiosCeo.sCaorsMo1550« 97.1 67.8 17.6 | 84.9
3 | Cso.1Ko.1Cos2MgesFesBiosCeosCanssMo1550x 97.3 74.4 14.1 | 88.5
4 | Cs0.1Ko.1Co21Mgz25Nis 1FesBiosCensCaroMowssOx | 98.0 67.7 18.6 | 86.3
5 | Cs0.1Ko.1Nis2MgasFez0BiosCaossMo12.80x 98.1 65.3 20.8 |86.1




Conparative Exanple: 1 Cso. 1Ko. 1N 6.2M2. 5Fe4Bi 0. sCeo. 5I\/b14 sO: 93.4 67.6
14.4 82.0 Exanples: 2 Cso.1Ko. 1N s.2My2. SFe4Bi 0. 5Ce0. 5Ca0 57 NPl oppm0x 97. 1
67.3 17. 6 VBA0BN62B11Cso. 1Ko. 1Co6. 2My2. 5Fe4Bi 0. 5Ceo. 5Cao. 75 /HSIH/OQ@:SS 74. 4
14.1 88.5 4 Cso. 1Ko. 1Cos. 1My2. 25N s. 1Fe4Bi 0. 5Ceo. sCal . oMp15. sOx 98.0 67,7
18.6 86.3 5 Cso. 1Ko. 1Ni s. 2My2. 5Fe2. oBi 0. 5Cao. 75Mp12.s0Ox 98.1 65.3 20.8
86.1 9 2 OJUL 2005 WD 02/062741 PCT/ USOL/ 03606 What we cl ai mas our
invention is: 1, A process for the manufacture of acrylic acid conprising
reacting pr opyW&%%dm@mmm@mmms reaction zone having a first
catalyst 5 characterized by the follow ng fornula: AaBbCcCadFeeBir M, 20x

where A = one or nore of Li, Na K Rob and Cs 1OB one or nore of My,
Ge, Sn, Cu, V

Sr, M, N, nd

and W 15 and af dlg ﬁlioctess ebmér‘ﬁl&iI %c%urelo%acry% agid @01{181'@"?5 feagting -
0.05to 5.0, and x is a number. det erni ned b the val ence requirenents of
the ot hePTePERBAENIMFEeRID afirgireachorizene atfinsé catalpsbduce acrylic

—aci-d -and acrol ei n.

5  characterized by the following formula:

AByC:CaaFe.BiMo1Ox
where = one or more of Li, Na, K, Rb and Cs
10
= one or moxe of Mg, Sr, Mn, Ni, Co and Zn
= one or more of Ce, Cr, Al, Sb, P, Ge, Sn, Cu, V and W
15 and a= 0.01t01.0;b and e=1.0-10
c= 0to5.0
d and £=0.05 to 5.0, and x is a number determined by the
valence requirements of the other elements present;
at an elevated temperature to produce acrylic acid and acrolein.

20 : 2. The process of claim 1 further comprising introducing at least
acrolein from the first reaction zone and oxygen into a second reaction zone
containing a second catalyst to convert the acrolein into acrylic acid.

3. The process of claim 1 wherein A is selected to be one or more of
lithium, sodium, potassium and cesium.

25 4.  The process of claim 8 wherein B is selected from the group

consisting of magnesium, manganese, nickel and cobalt, or mixtures thereof.

10



20 2. The process of claim1l further conprising introducing at |east
acrolein fromthe first reaction zone and oxygen into a se@qndul €8st i on
zone conPPR/63744 second catal yst to convert the acrol ei rPCHUN1ABG0G] i C
acid. 3. The process of claim1l wherein Ais selected to be one or nore of
lithium sodium potassiumand cesium 25 4. The process of claim3 wherein
Bis selected fromthe group consisting of magnesi um manganese, nickel
and cobalt, or mxjures thereof.. 10 2 0. JU. 2005 WD 02/062741

PCT/ USOL/ 03606 5. peeRes é@% Hayhereingfe rigiselacted fenap dbe 04l om t he
group consisting of cerium chrom um phosphorus, and gernmani um or

m xt ur esconsisineg bf cériuih) ehpemiemns phbsghcrng ndigeraianiam; apgeistireem about
.05 to .9. 5 7. The process of claim6 wherein b and e range from about 2

to 9. 8ihddefprocess of claim7 wherein c, d and f range fromabout 0.1 to
4. 11

6. The process of claim 5 wherein a ranges from about .05 t0 .9.
5 7. The process of claim 6 wherein b and e range from about 2 to 9.

8. The process of claim 7 wherein ¢, d and f range from about 0.1 to

11





