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and the acrolein is further oxidized to acrylic acid over a second catal yst
in a separate reactor. Typically, catalysts containing oxi glésJidf 240k on

bi smut h amD @oepmiltybdenum pronoted with suitabl e el enment s BIRUSUeABL0E Y

avail abl e 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). Exanples of suitable types of 1 2 0 JUL 2005 WO 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 the two-step process acrolein is

oxi dized over the second catalyst to acrylic acid. It is always the case
that The selectivity of the 5 acrolein to acrylic acid is bel ow 100%
However, the acrylic acid that is formed in the first step of the two-step
process passes through the second reactor with no deconposition.

Therefore, it is advantageous to use catal ysts that produce substantially
~|-arger ~anmpunt's -of acrylic acid during the oxidation of the propylene to
acrolein in the first reactor, there tting_higher yields of acrylic
acid®n the 10 t wo- st ep processsﬁﬁﬁgﬁ@ﬁgﬁgﬁ tent application U S. Seria
No. 08/923,878 filed. Septenber 2, 1997, and assigned to the assignee of
the present invention, there is a disclosure of a novel catalyst useful in
t he manufacture of acrylonitrile 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



hydr ogen cyani de. The catal yst was specifically disclosed as containing a
m xed is metal oxide of iron, nolybdenum and bisnuth pronoted Jult @0%ari ous
nmetal s an®O ¥Rl i n t he manufacture of acrylonitrile w tICHUKO3GGI al |y

hi gher yields of co- product hydrogen cyanide. It is the discovery of the

i nstant application that 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
manuf acture_ of acrylic acid, but_results in 20 unexpected high yield of
Roryl i ¢ EplysHs v st Eiepciay ploma weUph dieient 41105 254RgH 480 26
acrylic acid in the first step leads to a higher yield of acrylic acid
overal | asdiggeditithy adsignet bétliepraseapappbesiden. 2 2 0 JUL 2005, SUMVARY COF
THE INVENTION 5 It is a primary object of the present invention to provide

a novel processy (halschdic BRIt WUroliof pibldse AFbRiR I RELRAIRM, Qb dat i on

of propyl ene to acroleln. ment s antages o

be set forth.i i descrj pt | ich fol i11 b
obvi ous. B HEREk £ PetilE AT o R e tha e thet TacsapettePEBL 1S ( ne

i nvention. The enbodiments and 10 advantages of the invention may be

r eal i zedaeralpiatie sicarkc poidnshelowl0pke Howeventhetadrylic ecidahatdofimmed i ons
particularly pointed out in the appended «clains. Accordingly,it is an
aspect ain Heefiystatepiof thy ewbistép boREOYhsR sahRbagRthe sb@ind RichRwitRChYT €

of acrylic acid conprising reacting propylene and oxygen

decomposition. Therefore, it is advantageous to use catalysts that produce
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,



15 in a first reaction zone having a first catal yst characterized by the
following formula: AaBbCcCadFeeBi f Mbl 20x where A = one or riof gubf2065., Na,
K, Rb and Cs 20 B = one or nore of My, Sr, Mh, Ni, Co and Zn C = one or
nore of Ce, Cr, A, Shb, P, G¢, Sn, Cu, Vand W 3 2 0 JUL 2005 and a =
0.01 to 1.0; band e =1.0- 10c = 0to 5.0, dand f = 0.05 to 5.0, and x
is a nunber determ ned by the valence requirenents of the other el enents
present; 5 at an elevated tenperature to produce acrylic acid and acrol ein.
In a preferred enbodi nent of the present invention, the oxygen is in the
form of an oxygen-cont ai ni 3 /MMARYOFEHX INVENTIMN pr ef erred enbodi nent
of the present invention, Ais selected to be one or nore of |ithium

sodi um potassi um and cesium especially preferred being 4 10 cesium and

potassi ug I n angf e rﬁﬁﬁmﬁﬁioﬁfﬁé bsr&f‘fnveﬁtébﬁt(ﬁﬁtlo?ﬁfeeéjnévrepgfotcgﬁ group

consi sting of nmagnesium nganese, 'ni ckel cobalt, or res thereof.
I n still andorttbe ppodiceon ef aenyliodridemt selectes axddativnes propyteddte agralein.
compri ST ng cer U el ol T SAbactage or RSP S e ST e
the description which follows and in part will be obvious from the description,
or may be learned by the practice of the invention. The embodiments and
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:

A.ByC.CagFe BigMo01,04
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



15 m xtures thereof, especially preferred being cerium chrom um
phosphorus, and germanium In still another preferred enbodi pgnyiofggshe
present invention, a may range fromabout .05 to .9, especially preferred
bei ng above 0.1 to 0.7. In a further preferred enbodinent, b and e nmay

range fromabout 1.to 2 . ln still .a further preferred enbodi nent, c
may range from 0.2 t3_48'8.}9° }hﬁé?‘?‘il?_&aqvﬁ her preferred enbodinent, c, d
and f may range from ahogi, §005 to 4, especially preferred being 0.1 to 3.
I n anot her enbodi nent, the tenperature may range from 200 to 600C. 4 2 0O
JUL 2005 WO 02/ 062741 e fAUS505 10880@d A is amumber getefuinedlly debodi ment of t he

present invention conpri recoverin e acrvlic acid and acrolein from
the first reaction zone, %?%P?eorgﬂ%lf%emsg?tttpg8@'{“glg?IS?téipﬁesﬁlﬂd oxygen into a
second ré&actt anelevared kaipen@urd tepoaict Raylal ackd and Lréleiact the acrol ein and

oxygen at an el evated tenperature to produce acrylic 5 acid, and recovering
the acrylic acid®paprsfemed erabesdimentod the prasenbinentrgry thagxyaen s intherol ein to

—acrylic acig . khathi.s. second step. For exanple, -
typi cal seco%’%@é‘?%%%@ggf?é?ﬁ%ﬁs‘@(%?5@‘31* %2"3}0 Sh3Sn3V3AWL2Mb120X  38% Si C(2) as
descri bed i n U. SinBefpeeterrd] 8ébodifent dfahe presem eorepiomtle st electediebence, are

suitable in the practice of the present inyention. 10 In anpother preferred
embodi ment 87 PREORT dBRm SomHEy BRfasste aRd pesfum, cspecially preferred being

10 cesium and potassium.
In another preferred embodiment, B is selected from the group
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 preférred 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.



reaction from propylene to acrylic acid and acrolein takes place in a fluid
bed { ' reactor and the second reaction fromacrolein to aggQylulc 2e8i d

t akes pl a®0 D2i0@741i xed bed reactor. The catal yst of the pEsBStI/0BsN6ENt | ON
can be used either supported or 15 unsupported. Preferably the catalyst is
supported on silica, alumna or zirconiumor mxtures thereof, especially
preferred being silica. Detailed Description of the Invention 20 The

catal ysts of the present invention may be prepared by any of the numerous
met hods of cat ah yatther grafeatrédembbiivhenlr af thequeséent itvestionf coskpiibes N t he
art. For exanple, the catal yst may be manufactured by co-precipitating the

various irpeivesiBntife adiBicGRiPERA arbdiaid ROBRS PR rdalEon Bend! ingthbARshGr ound
to 52 0 JUL 2005 WO 02/062741 PCT/USO1/ 03606 an appropriate size.

Al ternati t cO-prrecipitated nmaterd al be slurried and spra
i oa 1 n S0t AihBeERARH FRoh Tk P F Rncliil 20Bemihe BspeBf g5 BIG:
extruded as pellets or formed into spears in oil as is well known in the
“art - Al PRI $he| deroleir angiervgen atewmpplaeated temperaturackdnirduse acavliport in

the form5 of the slurry followed by drying or they nay be inpregnated on
silica omcsol hed recopgong the Borylpeadid drdm the secedlresctionr zonen ey tuitabie t he
catalyst, see U S. Patents 5,093,299; 4,863,891 and 4, 766, 232 assigned to
the assi gaRfe®f td & ylic acid catalyst may be used in this second step. For example,

typical second stage catalysts (e.g., 62% Sb3SnsVsW1.2M0120x ¢ 38% SiO:2) 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 acrylic 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



~ferric n

present invention, herein incorporated by reference. Typically, the A
conponent of the catalyst may be introduced into the to capal ydt 285 an
oxi de or a&¥0 ex/&af41 whi ch upon calcination will yield the ®(EBS01/03606
Preferably, salts such as nitrates which are readily avail able and easily
soluble are used as the neans of incorporating the A elenent into the
catalyst. Bismuth may be introduced into the catalyst as an oxide or as a
salt which upon calcination will yield the oxide. The water soluble salts
whi ch ar én dppreasiate sities peiteathtiiely fihermogirebiptadrd cestenpdmbap bt dweaddd ng
are preferred. An especially preferred source for introducing bisnuth is

bi smut h  pindr iy \dH«&hinhagorfgde WithshnvedtibAaPteehitidd The Biidaly& Bed. To
i ntroduce the iron conponent into the catal yst, one may use any conpound

of iron [ 0, j.natd B esult_in the oxides. As wmith.the 20

ot her el yarree%?l:s?&é\%a%eﬁasl%qsu Ifgpﬂég tlisljcoaérpéesag% %? garaésalsfvg@ gﬁgwélalélet ?J‘r"r whi ch
t hey mayrAﬁ‘? unifo mé di Sﬁgrsed within the catalyst, Mst preferred is

- Yo fap cat

pative SkeamppRens JAaY ba mEwd withe seppartiedhe fermnt o -
the catalyst wusing nitrate salts. However, magnesium nay al so be

intr oéiuc@ﬂthmshln’jh%ﬂbv@e@by Gy 3aos: thap 103y MelitdireRaatddsod O8G0 othatal yst
as an insol uble carbonate or hydroxi de which upon heat treating results in

ggyox | de suppertaP Ik GRRUGURATIO0EMrcR ol Afufdhatuttle BRY chRlyet! saducsd from
Patents 5,093,299; 4,863,891 and 4,766,232 assigned to the assignee of the
present 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 c.atalyst

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



nol ybdenum oxi de such as di oxi de, trioxide, pentoxide or heptaoxide.
However, 5 it is preferred that a hydrolizable or deconpogablelL Blbybdenum
salt be uwooxzmd7das t he source of the nol ybdenum The nostequesoansdad
starting material is anmoni um heptanol ybdate. Phosphorus nay be introduced
in the catal yst as an alkaline nmetal salt or alkaline earth netal salt or
the ammonium salt but is preferably introduced 10 as phosphoric acid.

Cal ciumwhich is an _essential ingredient in the catalyst of the present

i nvent i ofatalFstrs apdepluble ¢arbonabaer hpdrazide whichwpem hept sresting msults

| mpregnation or by other nmeans known in the art. (Usually added as
Ca-nitrateanalxidg with the other nitrates.) The present invention is
directed to a process for the production of 15 acrylic acid during t he

oxi dation of pﬂw&%%%déﬁxﬁ:&chJaﬁio&eﬁ%Pﬂhébs&ﬁlis%a}ﬁa* Bg ma;?ml

propylene in a reaction zone in-contact wth a cat yst c acter| zealy by

the foll ri r mul dFeeBi f. A = one or
—more of 8’%19 ﬁ%enr% &%\ﬁgﬁb\é QXI RP fm% or eptmxl %e‘éﬁgrd Zn
25 C = one, or pore S , P Ge, Sn, V and W 7 0 JUL 2005

of
VO 02§ 0678 Preserrad thati2 a;gég@hzable or decomposable molybdenum salt be utilized

as the source of the molybdenum. The most preferred starting material is
ammonium heptamolybdate.
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



and a = 0.01to 1.0; band e =1.0 - 10 c = 0to 5.0, preferably 0.05 to
5.0, especially preferred being 0.05 to 4.0 d and f = 0.0% §qub. @05 and x

I S a nunb®0 86274 ned by the s valence requirenents of tHE/GRMEs60eI enent s
present; to produce acrylic acid and acrolein. Preferably, the reaction
takes place between a tenperature of 200 to 500C, preferably 300 to 400C.
The catal ysts of the present invention may be prepared by m xi ng an
aqueous sol ution dgf anmoni_um hept apol ybdate with a silica sol, adding a
slurry 1o cont#%hi ng &FeOdbnbblifes arditie bPhdP el ements to the aqueous
solution, drying the solution, denitrifying and cal cining. The catal yst may
be spray-dried at a teehpOriatiudepoifeirdiyBd)s th1N0, éxpeRidlly pléferred being
denitrification tenperature may range from 100C to 450C. Finally,

cal cination takes place ab gk teaperature of between 400C to 700C. 15 A
further preferred enbodi nent of the present invention conprising

recovering the acryli cide.a r I n_produced i,n t first,reaction
~-zone, introducing atodl &8 tfi—goggf’%'@i%(gﬁ{dlso?%b?rp %Fé%?@/?’ygﬁ? is the
source for the oxygen) into a second reaction zone at an el evated
tenpefature containing a Valedsadegaitaments efthapiberedpments peasestisi on of
acrolein to acrylic acid to convert 20 the acrolein to acrylic acid and
recover i bgpréduacaorlic aeidi and norolehe Brexfarably,rthacthotiondakes Pliceabl e
catal ysts for use in the conversion of acrolein to acrylic acid are

descr i beHoiodt 8'bRRNtEEIADd S0 FORPENDraleilly 585 1HabBRE, | ncor por at ed

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



by reference. Specific exanples of catalysts useful in the second reaction
zone 8 2 0 JUL 2005 WD 02/062741 PCT/USCOL/ 03606 include 2¢ JuL 2005
MbOV2W Cu¥8mo2/ema¢i MoloWaVsSb2CulNb20, ;; M12V3WL. 2Cu2Ti 0. MOTS01/03606
MbOV2W Cul. 5Sno. 4Pi O1:; Mb12V3WL. 2Cu2Sno. 50x and Sbh3SnSV3W . 2Mb120.. These
catal ysts are supported on an inert support such as alumna, zirconia or
silica, preferably silica. Typically, the supported catal yst conprises 70

to 75 wt % act,iv se.and. 25 to % 1 nert. suppart. fj The foll ow ng
exanpl es 1831 e%@éﬁ&uﬂﬁ’%ﬁ?ﬁ; 0@Vé%gh%ﬁ%b@émﬁ%‘%z@h@@bm ive
purposes only. In each of the foll ow ng exanpl es, the process was perforned
in a 40 Ados¥4iWiCuixSno B2t MoalVsW106uSto:Qwiandi ShaSnf\edd: sMato(e Tifest C3
/1.702/9.3N2/ 10 3H20 at a tenperature of 360C and 15 psig. Table | Ex.

YCs Acr | tatdlgstGadeddpporfed P ahtingft rf@6éH adBhudha, GAFRAIALE LRicEXanl e:
1 Cso. 1Ko. 1IN 6. 2My2. 5Fe4Bi 0. sCeo. 5M14.s0: 93.4 67.6 14.4 82.0 Exanpl es: 2

- Gso. 1Ko 1hbRraliZsiREL 48 Bi S0 tRER ARG RafYst XordpAdes’7d fo 53R active

5 phase and 25 to 30 wt% inert support.
The following examples 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/ 1.702/9.8Nz/

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




3 Cso. 1Ko. 1Co6. 2My2. 5Fe4Bi 0. 5Ceo. 5Cao. 75Mp15.s0: 97.3 74.4 14.1 88.5 4
Cso. 1Ko. 1Cos. 1My2. 25Ni s. 1Fe4Bi 0. 5Ceo. sCal . oMb15. sOx 98.0 6%.¢ yB.£586.3 5
Cso. 1Ko. 1N@ 020P115Fe2. 0Bi 0. 5Cao. 75Mp12. sOx 98.1 65.3 20. 8@BUW1/03608 O JUL
2005 WO 02/062741 PCT/ USCOL/ 03606 What we claimas our invention is: 1., A
process for the manufacture of acrylic acid conprising reacting propylehe
and oxygen in a first reaction zone having a first catalyst 5 characteri zed
by the follow ng fornula: AaBbCcCadFeeBirM, 20« where A = one or nore of
Li, Na, K, Rb affératsve algip as gieinyieniondsof My, Sr, Mi, Ni, Co and zn C =
one or nore of Ce, &, A, Sb, P, Ge, Sn, Cu, Vand W 15 and a = 0.01 to
1.0, band e = 1.0 - 10 c=0to 5.0d and f = 0.05to 5.0, and x is a
nunber determ ned t he algnce requiremepts of the other.el enents
present; at anngl e\%{meod:eﬁ%ﬁ%e&ﬁtlﬁ‘%m?%dw% LEVHE AP ORI AT ei n.
20 2. The process of claim1 further conprising introducing at |east

acr ol ei n PEPBYEPA&NG ¢vigepdnct fisst resekionrane bagare ritst gatadpsind teact i on

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



containing a second catalyst to convert the acrolein into acrylic acid. 3.
The process of claim1 wherein Ais selected to be one or g guof2008l i t hi um
sodi um p&a&HeA™Iand cesium 25 4. The process of clai m PaHESRIBEOB | S
selected fromthe group consisting of magnesi um manganese, nickel and
cobalt, or m xtures thereof. 10 2 0 JUL 2005 WD 02/062741 PCT/ USCL/ 03606
5. The process of claim4 wherein Cis selected fromthe group consisting
of cerium chrqQmu phosphoru?,_ and germani um or mxtures thereof. 6.
The process of ¢l atRePIRARIHIFlzim 4 e dmigisslacted fromp the grapy. The
process of claim6 wherein b and e range fromabout 2 to 9. 8. The process
of cl ai ncnsasigng of cexiuch, zhdofivmn ghosplmuabond glrhandumd or Mixtures

thereof.
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



