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BACKGROUND OPYTRERSBIMVENTI ON Acrylic acid is manufactured Behb¥edi3d |y by
t he vapor-phase oxidation of propylene or acrolein with an
oxygen-cont ai ning gas. The oxi dation of prlopyl ene is generally carried out
at a 10. tenperature of from about 300 to about 450C in the presence of

wat er vapor or steamegidpadoRAR NATUEATRIREDF YL FEBRMIA Rl YMe ZipW
oxi des. A second stage oxidation is then carried out at |ower tenperature

with a M-V catalyst to con rylic acid. These
oxi dations are generally ca*ﬁ‘éa{@&ﬁgﬁa‘%@i‘pﬁg&I@Aﬁ@gure. The reaction
m xture i s quenchedhis mppnednem isanchtibdagsh-ibHet &Ny Iphtent aglicktibSseri g aaxief ed

t herefrom by ddg 5§45aﬁ1ec9£' il ?ﬁﬁver al "new generation"” nmethods for the
oxi dati on have "béen pro 31 € nost promsing is to carry out the .

oxidation in liquid phase utilizing a palladiumcatalyst. The nethods for

the manufacture of acrylic acipddueroutNEopaidpEiveNigekal yzed oxidation of
propyl ene usi ng an oxygen-cont ai ni gas . in water or an aqueous nedi um have
been previously di‘s‘gré?lb§glds F‘?F”faﬁtlére‘?? i}y BY ey e RYasy PEdatom ol PERRRlRe hods
to activate tI"BErod?ea{xﬂﬂtl‘y&toxﬁaﬁlc&&u‘ﬁ}@-gswh\beﬂidmoh@f prﬂjmeeme ginlalan)s@hubbdumtay of
the conponents_in the ti iterature re erence

speci fi cal W dF RTS8 E O HE 8‘“ 3?0105%0 tl‘{ég.t a1 S e AT y3F 3R °ﬁ§°&m% 2t he
catalyst to omadlyzteoqupmmglped@mbnel)aldpw -Weoxades. & seqvndigjege oxidationds theh caniddreed ude

the foll ow ng:s davbdoade bal L A0NGbhe tfa%?w%?ltﬂre%nag%r sctifbl 1o e %L.g&gﬁ Lhe

oxidation in water using various fofms o m met a
unsuppor t ed -pe*idadHng A quﬁ@lléﬁpﬁéP‘tfébP‘praPhﬂa@IPlWF dhe pgtigh @tz‘P@s‘éﬁiw&%w@m ng

supported on S#Atdrﬁl@d@ﬁ‘ithe ﬁbhxbmxa}ew%mma%nc@rmnauo%e oxi dation was
carried out at ssure. Variqus forns o aIIach,g!tm cat al yst

useful for'the r eaﬁet"f”‘éﬁ gy e“&?%"&g‘g%‘(ﬂ“% SYARPAE dech geposedciie ot j ¢
Oxi dati on of (ﬂx@ﬁ:smas ovearry & tha biidgiora llipad phasa xﬁUﬁmEshmnma\A@mer J

Catal yst, 173 'E%)meﬂ]lggss#dptﬂg{a%n%gctﬁ)g ) ?SB@CFY]SGI by nm thc pa[\lg nfafx(u: Ea"é O)g.cd ox¥da£1

reducti on and actlvatlon (0} Ium or| e expaos
pal | adi um on @ép@mﬁem@mpﬁ@wfﬁewmiawna g@xygéprormeaau@vm@pmaee beior to its

use as an oxi gadvicRfly GieliLdis the (ifeRfurd BRI LA oak RV e RE chysBmbY! | C

acid in mater conta|n|ng
co-solvents to improve the solubility of the components in the aqnccms solution.

Literature references which specifically disclose methods to activate the catalyst and use
of the catalyst to oxidize propylene to acrylic acid in aqueous solution include the following:
David and Estienne, U. S, Patent 3,624,147, discloses the oxidation in water using
various forms of palladium metal including unsupported palladium. The supperted palladium is
25  disclosed as being supported on silica gel, silica-alumina and carbon. The oxidation was carred
out at 50-60 bar pressure.
Various forms of palladium catalyst useful for the reaction are discussed by Seiyama et.
al., Cﬁta]ﬂic Oxidation of Olefins over Metallic Palladinm Suspended jn Water, J Catalyst, 173
(1972). Unsupported Pd catalyst is manufactured by the reduction and activation of palladium
30 - chloride, -
The exposure of palladinm on carbon to propylene in a oxygen free atrnosphere prior o
its use as an oxidation catalyst (for the oxidation of propylene to acrylic acid in water containing

the free radical inhibitor BHT) was disclosed by Lyons, Dependence of Reaction Pathways and



* Pal | adi um G an

the free radical 'inhibitor BHT) was disclosed by Lyons, Dependence of
Reacti on Pat hways and 2 5 JAN ?005 WD 02/ 083299 PCT/ US02/ 11386 2 R?ﬁ)dﬂ&t?ﬂ%
Di stributionvomoddaesdXxi dati on State of Palladi um Catal ysts for the
Reactions of Oefinic and Aromatic Substrates with Ml ecult,@lcm%é%/gen, in
Oxygen Conpl exes and Oxygen Activation by _Transition Metals, T8 1 and
Sawyer, ed., PlLrgcn]ut,Pr,es_s, (1988) Lyons and Suld, EP 145 467 B1,

di scl oses nectTvat; o & cieloR b0 Br 18 d;];1ur(<3n or 5 alum na support to
an oxygen-fr eendinpsphg IEQJS\;J%EL ne a t—6¢ g ; :

: eman O oxl dati on

m nutes at 1- .atnospher €s priof—to-dsichit Geve
of propyl ene éljo%a%‘%ﬂiig%il\@“ﬂhaﬂﬁawgﬂ n& PPl ?g S atySeeat 1-10
at nospher esand 25-18bnsGhd smh,épz]qglélégqup | ene I'nan L ﬁﬁ)eous solution. Suld
and Lyons, 5EP31%§3§$80I¥, di scl oses 't Séloﬁféécwﬁﬁrﬂtghala&b@mta@@,}@a%%t (EP 145
467 Bl) 10 to manufact GFEU’éYéPryﬁe@maijhd»eb{br@}@hggﬁgtgus sol uti'on Cofft ai ning a
surfactant and ' ct8dupd atoghtres pilhig ,SUr f act ant was Yot GEseyiosd f at e
and the co- SuLfoafhifite o, 3 G OF al KA e e dz;dam,ofge,g;mgg 4615}81’
di scl oses the use of the cué‘P’élT§‘§Fa‘6Yst@Mer[&tzﬁd‘ggw%gla%gbggvg g P 145487 B1) in
the oxidati on” B 2%spslwne to acrylic acid in an aqueous SBi%zed Bapylene
containing a freesudadi Lhhibitor, i. e., BHTI. 15 Pasichnyk et. al.,
Oxi dat i onyof . Pr %?\%ene ??}ASA’%‘?%F?ES%plepicandhmsgfﬁscta%se CQ%%%I ed b

- NEHA @fakaac@ommuueolsk 99 cofch)y . 1 2 [ CA e avein No.
120: 2458313hdiesohases sBchﬁanchyﬂu%fon of propyrehdagimepdgicentiacay st al s of
pal | adi um Hi nne@(lg%qrhgp U_ S, ~Patent 4435 c598facainsel 06e8, hie, use of Pd/C
catal yst in aqueots oﬁﬁt“?%@l@ﬂmﬂhys&r&%kﬂﬁ £120 Zohr a Ferhat - Hani da
et, al. Appll? @7@lﬁalw®ﬁda&ﬂyjaﬁﬁ&g%gt al 2,9(_2858‘:1) YYsLdYud sboyi BB| oses t he
reduction ofrapah hagiym o ’?ﬁ wi th pr opyP&ifeidar andspaves bbBloGordslish g, Is€ Of
the resulting ?aggjﬁg(?f’g diumto oxidize alhkenes tg co2 anﬂ \(/jvater. Xi bin
Yu, M nghui Wang; | @X Oriatloh of Pr, n_t.he nitrobenzene hydrogenation
over a Pd- BPUSHER-GiaDiaRous Sat al ygy#?%&%ﬁy}"egm@td&sﬁsﬁxsC#aly:ﬁeapr al 202 25
di scl oses t@?ss%'ﬁ%,—so‘c a Pd- B/ Iwuf'é](?@@)ﬂbgﬂﬂz.é%sDocumentNo. 120:

closes idati
the oxidation of Propylene using giant crystals of palladinm

Hinnenkamp, U. s. Patent 4,4
solution vsing hydroquinone,

20 Zohra Ferhat

" A

o

P
35,598, discloses the use of Pd/C catalyst jn aqueous

-Hamida et, a1, Applied Catalysis B

discloses the reduction of palladium oxide with Propylen
resulting

-Environmental 29¢2001) 195-205,

€ at above 150°C and 1
form of palladium to oxidize alkenes to CO, and water e

Xibin Y, Minghui Wap
over a Pd-

8, and flexing 1i, “Sryg
B (510, amorphous catalyst”
25 discloses the use of a Pd

Y on the nitrobenzene hydrogenation
» Applied Catalysis A- General 202 (2000) pp 17-22
-B/Si0; amorphous ajjg . |
¥ catalyst, but stat
catalysts (per se) have been reported. I e

Thus the prior an i
o Tecogmizes the use of a Pd (alloy) catalyst, but no Pd catalyst per se ;
antially amorphous form has been forthcomjng o

All of the Prior art including any literatyre
herein by reference in thejr Entirety,

refe; 1 1
. Tences set forth herein are meorporated




z anor phous alloy catalyst, but states that no Pd-based anorphous

catal ysts (per se) have been reported. Thus the prior art recogni zes?ﬁl]FN NAE
use of a Pd (alloy) catalyst, but no Pd catalyst per se in substantially
anor phous f ot tasszbeen forthcomng All of the prior art jnchyding any
literature references set forth herein are incorporated 30 herein by
reference in their entirety. 25 JAN 200~ B0 (12/ 083299 PCT/ US02/ 083299
SUMMARY OF THE DI SCLOSURE One f.acet of the present invention relates to a
new Pd catal yst which is substgﬁgﬁg’f‘]wwamﬂfﬁmﬁmﬁchar acter, supported

or unsupported, an@nfBcprisparech byetiottind 3 Pdq Salil Qﬂidﬁisg%mq@ﬁf’a! in the
is

presence of an, QUS gani.c solvent with a reducing agen

capabl e of 5 renderi ngcrﬁﬁe%g%]%%%ﬁde?liuﬁf“p%‘lﬁtﬁ‘éta%ﬂ"l‘fP‘éll’alffvfbamp%M,SM@%er

facet of the pPe¥énte el onrqreetat@sic kdvehNAHTBAMERSE Sk, i?c%%%leio? aci d
ort

and net hacsy yl b@ead & mnthdhe.8885s L her eof from the unsupp
pal | adi um cat al yzlzq‘(\?I oxi dat i onuo?(\mapl)lﬁgnﬁcﬁ}é’ﬁ% or isobutylene respectively in

an aqueous sol ut i ot 12r% Phibe mssers sy reion conE i 0 HguGAS of ZBS .pPLY; Of the
invention al son@REORIAESKShi Q- Qat i f acrolein to acrylic acid and
esters 10 and the oxidation of et hg%ééngpé?rﬁulfpg)’ter?@taha;m?af%ﬁadcﬂixula@@mérs
according to the& §4me® eresPeqtvely infigaeoanduionvelding s onFeh 0huidfy bdi S

i nvention dif flbis pht ofetineniiniaRE erRbhpRE NOGSHL 4l Scl.osed above [ n that the
pal | adi um gat gl yst .ji8:8, Subst ant. al Ty anor p.ﬁgﬁjlsd?d%:?]ﬁ%?%/‘w ?’\C/FC Fpo esters
unsupported netal manufactured i °PTHIBY il esretaetingte termmanthaat i on of a
Pd salt such as pRFPrigicund aestatetens @ 1pahiRn B Ak N.ANG, S, The

reduction is gafnkd@eho@Ul M L ceducing 15 agent which is capa e of

form ng a subst antial | y émr%gﬂdré._&bﬁ%ﬁ he %E“%Pﬂ’ﬁﬂ“éﬁﬂémi&rfmafmdbri@y@en- free
aqueous or gani"E BRSRAHA! B@FREAs i gsia bCRe GBuctiar DOX M vkienath B soh &lch 2@l cohol s
or CrC6 ket onpgsladitg a@QeeS@h V@R Sy mbfi 1 BE Lre roduct is acrylic acid or
met hacryl i,¢ agtjmtljt,wb%osp%ilF Epe acr ol e n, ‘Slgg'?gﬁfcglfc@ﬁneﬁs “Bredrdt Wt sfes and an
oxygen- cont ai M ng §aL A8 ChER P ht RbwREEY ainppkous Resui x4 uidp@iend i adoxG@AL | NUOUS
manner and t heeragsrgbstornagic aguandsuagk 6 cl-8, SERLLOMOUSLY moved-. The acid is
20 separated hydisstil ka4 n 2 manner wel thknO\i\‘%!rtt_%Eot%ﬁléoracgf:“%fhod“

di scussed in the EI’I or art Teferencedic sper methsolis b iadyenti sroldien

conti nuousl y FELEHEHed Rehaphisinredst opet-Contintedi fe Ben HRMSLAM . VS i n the
reactor. If tiheceshehisSmahs hig. 85k, roduct, the reduction s carried
out with OoroFﬁél e%% in an Sxyg%n-g?{%gg“éq“ﬁ OUE “YOPHTS FFragst Bhaficdds t he
appropri afe arCGHBPY SRR ¢ Banier prldpyyende saeralieissd ih sRBEs W ene,

met hacr ol ei n refeeindan TR GRs 16Q¢He & nRGLIAR 1 e Srf I BN, AL F oduced

€ reactor ¢ maintain a
co i g 1
nstant level in the reactor. If the esters are the desired product, the reduction is carried out with
propylene in an oxygen-free aqueous solution containing the appropriate alcohol. Thereafter

propylene, acrolein, isobutylene, methacrolein and an oxXygen-containing gas are then introduced

25 i ixture i i i
Into the mixture in a continuous manner and the product is recovered by methods well known in

the art with the solvent mixture being returned to the reactor

DESCRIPTION OF THE DRAWINGS

Figure 1 sets forth the carbon efficiency and the STY of tile reaction of Example 1.

30 Figure 2 shows the solvent recyele rate for Example 1.
Figure 3 identifies the STY and a Constant Volume STY for Example 2.
Figure 4 sets forth a plot of the selectivity to a mixture containing methacrolein

methacrylic acid, and esters as determined by vapor phase chromatography during the continuity



25 into the mxture in a continuous manner and the product is recovaigg ga/
nmet hods well known in the art with the solvent m xture being retur N 5
the reactor. DESCRIPTION OF THE DRAWNGS Figure | sets forth the carbon
ef fici ency ahd#é»8TY of the reaction of Exanple J. 3D, Figure 2 shows the
solvent recycle rate for Exanple 1. Figure 3 identifies {hé %’W’”ﬁ?id a
Const ant Vol une STY for Exanple 2, Figure*4 sets forth a plot of the
selectivity t@uaa % HEAL G ONt ai ni ng nmet hacrolein, nethacrylic acid, and
esters as determ ned by vapor phase chromat ography during the continuity 2
5 JAN 2005 WO 02/ 8@29%8%1@@@%%386@ @fud B8 LHROf . EXanpl e 2. Figure 5
sets forth thevapressure drop versus time of propyfjgngy%ﬁioéggtioﬁrf“i"ﬁl'lﬂﬁari ous
solvents. Figure 1@ contains X-ray diffraction patterns for commercially
avai | abl e (cryst al'Fi"hé)°opans XrayvdifiRdiof patks a@tcioﬁhqlzr}fialwgiﬁ)a@f)%s% t@gﬂgduced by
t he r eductsi omndfd (autl?dm&ﬂigﬁmgréﬁjoggjl S Jcedsbeyttacf rth the X-ray di T i bh
pattern for Pd (crystall i{1e or?rr% ?_romt g VapYrol 2 Bhsaie reduction of a Pd
salt at 220 C. Figtre’ 8Hi°StPodesy diffmctonrrayerdic bs agthan. RALLELNS of a Pd
sal t reducedPhsist lvdudtibf er@dkalt £ £@AUEi Ng agents. 10 Figure 9 se’fs PR t he

ef fect of oxygen g p:sg@%gbversus tinme using different pd catalysts. Figure
10 sets forth the X-ray drif FEctTamiiFatice prermof ofa Fsaeatakystpugduced from
an aqueous Eoicingiaseis. i . e. without an organi ¢ co-solvent. Figure | % sets
forth thee X-ray gidfer acti paitterns_of a Pd catal yst produced froman 15
aqueous sol utjon with anTk g%aﬁ% (?%%%I"{/é)ﬁi’%c” DETRNER - DESCRI Rk it Gk THE

| NVENTI ON | *8r8"f acet of the present invention, it has been found that

pal | adi um (Pd) whigxeneeHaceeh oy. cing agent forms either a crystalline
or a substangi %I_‘J %lufglrmr.ﬁhous Pdr%g_%ﬁg%i ‘é’fpa\%ﬁi’ H 428 ¥serpémne fam @ cat al yst .
The substantial |y andrphoiEobE sigasiches@rof or unknown. The crystalline ~Pd
(unreduced) was Gewmet BictsyorthaRdi-iR girhe,; ssap,alloy, i.e. wth other
metal s ofs mabiabgo G Ral.ladl Em cata ys“?‘nas 0538? @&%VF%HOCIWM@ ®xi dat i on

reactor priof to the oxidaticon Y&&8tion. The

DETAILED DESCRIPTION OF THE INVENTION

In one facet of the present nvention, it has been found that palladium (Pd) when reduced

b . . .
Y a reducing agent forms either a crystaliine or a substantially amorphous Pd material which

20 functions as a catalyst. The substantially amorphous Pd was heretofor unknown. The crystalline
P4a (unreduced) was generally used in the past as an alloy, i.e. with other metals or materials
The paliadinm catalyst is prepared in the oxidation reactor prior to the oxidation reaclio;i. T.he
preparation of the catalyst invaolves dissolving a palladium salt such as paliadium acetate in the
single or two-phase solvent, discussed below, flushing the soluticn and vessel with a gas inert 1o
25

the res ctio aCtH i . j
al n, and COnlaCLlI]g the solution with a TE.dUC]Ilg agent such as pIOp}’IBllﬂ ina vigorous
&

manner, : Stiri i 1tat]
; as for example by sturing, rapid agitation, or by a similar method. The inert gas may be

nitrogen, helium, argon, krypton, or the like inert gases. Typically the reaction is complete in

about 3-2 hours at 60-90° C at a pressure of from about 1 to about 50 bars. One skilled m the

art, howev ] i be
t, er, would recognize that the temperature could be increased or decreased as needed

3¢ Temperature ranges of from 50-150° ¢ can be used. Reaction times of 0.5-5 hours might be

needed to complete the reaction at such other temperatares. According to the Law of Mass

Acti . . .
cuon, the higher temperatures will allow the Teaction to be completed in a shortened amount of

time, b i i
» but will Jead to a greater amount of undesired products. It has been found that there is no



preparation of the catalyst involves dissolving a palladiumsalt sugh @ag s
pal | adium acetate in the single. or two-phase sol vent, discussed bel ow
flushing the solution and vessel with a gas inert to 25 the reaction, and
contacti ng whexzsobwti on with a reduci ng agent such as prepysengssksn a
vigorous manner, as for exanple by stirring, rapid agitation, or by a
simlar nethod. The inert gas may be nr%rogen hel i um argon, krypton, or
the Iike ine S [ reaction i.s conplete in about 1-2
hours at 60- g‘%a%%e% g %@é%ﬁd%aé%&a %“r'&t RBeuE P“T‘B‘%?t‘i&iﬁﬂ“%@“ﬁ‘&feé arene
skilled in theecaart, however woul d recognr ze that the terrperature coul d be

i ncreased or decr ; erature es of from 50-150 C
can be used. ReaT?'{El ?eg%tt&? &%Q§9r & % %%}é§§annqcCfﬂlccﬁoeugmﬁ%t’érd@dcaft&f’“@’d‘ﬁpI ete

the reacti onoaexamglehoxsrendice prepprar. dfttirrelctioAdranidi my it :ontnhcriawpatesMAS S

Action, the Qbﬂmgﬁndta?ﬁpﬁor@hﬁlEé?@prm&t}on {okégyvc!{rpgu&g%e WechDurP a% Gomieted in
a shortened ahpunt ead to a greater ano fj of° “tindesi r ed

products. |t o8B reseed coteihdatiprhily ftrapaests ad prore theSaralgsAdway, ﬁooexm 02h083299

PCT/ US02/ 1138ui5npdiaiphad ®st & sy xyduQédtcatﬁl?s@:srt@@eCc{ehQE] sifide c%L]?sYﬁIJr@gfopr essures.
ressures are YpI cal The reduction” process to

One to ten bar g g
prepare the TH ‘T%}P BO% HROYR g P ‘Biﬂ‘a’i“ﬁc%réﬁéﬁhaf‘?éﬁﬁd@a@tﬂ?‘ ayst h, for
exanpl e, oxygemnretiede pidpyhanennglefuifott me die titht fuﬁhe@ﬁfaﬁrjm@&o@mm kN a

fact t t 1 id duct
orocess, Teare et ned R RPl BB RACRM AR BVORE BRI it cc

catal yst, pequmtmrwnbwmwaeeparmersm searel, it Beechy a;brycsmdamger fulh2m oxygen
or an oxl d'lﬂ El'Qn%iI) tr@atcd %mgxteatr dJ éscrx &4%? r&%tn bnb 5.0 be

desired since catalyst s ore or  exten tends: Io§e activity
to the manufPREDTECeEn Prethyagl Pedaphodih if S%{aa‘ﬂll}gﬁeqfﬂd fprcerﬁaqherdv isn the acid

manuf act uri r’sgpaﬁﬂidl RAIBRIers8msl Mﬁ@ﬂmﬂn&ﬂ@l‘%soﬁlb‘ BzItljﬂﬁﬂior a2:121Y Qﬂésaﬁré &&l)'ststcr;cig be 70
preferred, alth htheueo stored cataly is not outside the

i nventi oi R FOBR AT bR RO BRIy i @0F W\Fé?ff‘ FRPog Bt aduarsRe | when

pr epar ed sepam\attvely, is generally stored under water, which has been

appropriately treat g aseo xygen as for | e by
bubbling purified Eﬁ?‘fttrog%enﬁg%a%tgjpgér ursocﬁm%m lejtﬁeclaflyi%s%cmpvrﬁe 15hSg rTIé)epar ately

stored, tendssis Ol e, separ at ed and di spersed by inmmersion in an
ul trasoni c bath pEiQk c&n@m&ﬁ@rav I@h&on&:ﬁ@m‘g?&ﬁlﬂﬂl w£19ﬂg§urgiése\t}\gaiﬁhlldgp and nust

be strrred or ag gitated rapidly in order to avoid reduces the
activity?® THERPREFIS: S‘?fc?ﬁ‘rlé‘liﬁh?f‘tff"ﬁ‘rf‘ {rdp<s e ‘%‘@tﬂ)’@tsfa@hlab 192449 educi ng

agent per sew Weis sduasiam inddtal ﬁbdjbﬂ’d&@ reluctidn Rbrébyled i@ UEl@lC@C}QQ@J&ﬁdoR@mX' ray
diffraction ngrtntu Lrlorrrlrspaﬁa%um acctate l?‘ge pal adrulr]n Acgtatggrognhggtggs ua‘bllel 1a Llélarpznc
acid/water soiution before the reduction with propylene at 80 degrees C and 80 psig.
Figure 7 contains the X-ray diffraction pattern for palladivm produced by vapor phase
25 reduction of pallacium acetate at 220° C. The palladiumn acetate was packed in a tube and
gaseous propylene in nitrogen was passed Sough the acetats and the tube was heated to 220° C.
Figure 8 contains X-ray diffraction patterns for $1624-105 (same as Figure 6) and a
separate batch of Pd produced by liquid phase reduction of palladium acetate in valeric
acid/water labeled as 51624-107. The X-ray diffraction pattern labeled 51573-71-1 is palladium
30 metal produced by liquid phase reduction of palladivm acetate in valeric acid/water using
hydrogen as the reducing agent at 80° C and 80 psig. .
It is noted in Figure 8 that the palladium catalyst reduced in propyilcne is less dense than

Pd reduced in hydrogen. This is demonstrated by the d-spacing shift observed in X-ray



20 metal with particle size of < | mcron fromA fa Inc. The ot her ‘QWQJANQ[][]S
scans labeled 5 1 624-1 05 WVis palladiummetal produced by reduction with
propyl ene in valeric acid/ water solvent starting from pall adium acetate.
The pal | adiveimagebate is conpletely soluble in the val ercgus@gids wat er

sol ution before the reduction with propylene at 80 degrees C and 80 psig.
Figure 7 contains the X-ray diffraction pattern for palladi um produced by
vapor phase 25 reduction_ of palladiumacetate at 220C. The pal | adi um
acetate was PackeydirhlaEringds ‘gﬁﬁs‘a’@%ﬁé\?ﬁ‘iﬁ%Paﬁ‘?@d%@ﬁ@“fsﬁnﬁF‘tY?‘%]g‘@ﬁ“%é%"' passed
Sough t he acgisad eraiieh s mtuaqaamsmhaat@dnetamnRZ@lOUﬁaer Fhgldb colai@eit ai ns

X-ray diffragctio tterns f 51624-1 ure separate
bat ch of | Pd- LPBIICER B9 (YT HACRETeaUs el - ar buiesartr Sbbkare | n

valeric aci mm@tatetn xhxaheh@dpas«asdéz E?A-Wh&ﬁaroﬂllae;@@sacayhedadfcﬁmlmfdnoﬁ pattern
| abel ed 51573-71- S | ol r qui d phase reduction
of pall adl}unill aceta a ep F%Q\\x/a erie °§r ﬂg)aén it &7 4. 399%35&t~%%§® w] Pmp 1]t@he reduci ng
agent at 80 @vemtich mapbstgha\’btumlgWmemnhatﬁwwst@%hqmv dtfﬂmenqgaid adi um

catalyst reduced uhgh B ARKbENRal: b5 adERIGad BABIRARAHE S L Biglh 0gen.

This is denonsirated by t d-spacing s served In X-ta 2005

WD 02/ 08329960P@3v¢1u§612=ﬁ@188€6m@dWa@t}ﬂﬁh ?-mrE):f@m?&ahbeﬂé% Héhdlws%ﬁc

bet ween par aleh&hiod lanﬁelpﬁgylahea%se¢am}atsﬁmy§\t@¢gsmﬁd=@tzemture and is a
function of the Iattl e paraneters that define a unit cgell Und rﬂgl—lamda's

condi tion¥ [Hanid& "'m‘édtpdaﬁa“‘lyﬁbiﬂf‘%@’& VERPRVRE OB ESGE

195- 205], hyﬂﬂﬁg@mgdﬁedm:@ﬁb ;i?ekelharsre:ann cofRiDoR atckise P4 watdlyst evithregron ppkak at

d=2. 245 A V\he £ne | ta has simlar
pattern wth the Whe%}F &) 133“&“? B%m%?gm bfg?é%r?&d%m%fj ?FE%?%égf)“ FPRE pr esent

i nventi on Pdis @iatralluszsit Fekdvedsing ibdracXRBspak e emsal dtigenrprd cratlet he sane
difference i .0huRaG, MG NMEDS GaL-alMRL s lh§sr£a%€'§r'§ﬁ9ac¥%ut&mﬁl¥@{ pgen vesus
propyl ene. Under the present invention conditions, cat?Fég/ reduced in
hydr ogen thasSPeaemaErliteefeaete e fevee! iaded amReHing e bfcﬁ‘é"*% PeglEs-ection in

g he pr opyheggoté a&wﬁemm&t@lﬁmﬁm HelcSneyd Ri0amifNe ke Gk—p%.rtf%&?ﬁ} c&ﬁmﬂ-ﬁgﬁyda f
ocunent e cata Sts at aVv narr ow pe o111 es egar ess O
the reduci ng’® 8‘?‘?9%‘%@8} t"S’r‘f‘i%%ar E?&’ﬁ?%f‘ AT g%‘ﬂgﬁf’f‘ ‘%”ﬁ%“Oﬁﬁ“écg%%' Pd

cat al yst wi thdmearaaalysippeakarzpirotadiitesvinhenly hgﬂda@ggmuns l4thes. Teduekng agent ,
but have br Oﬁ\d GHS prgp?f%lfﬁq%&&ﬁd chg:gr %Cr ysﬁ)é?){ry&ﬁﬁeﬁ 18 - 108 ‘?Q‘%RE{%‘ e Peak

br oadeni ng i'ndi cate ess or al''ine tice or
crystal | ¢ eslﬂmeﬂﬁ org shesteavally alnppheapnitvdus material . A crystallite is the

smal | est di ffractjngydenRkimh, by aidi u$p&&scmhas%mswrwl&eeﬁdﬁaa&mfone to
several hundred nanoneters have broadened ak iles. Note that

crystal lite SYRESHSUE Hwﬁi‘}P‘ebsékE?fﬁ%é]&d’OW‘[‘ﬁ aﬁ%?rsf“l ‘?ﬂ"é‘“’ LIPSO ar ticl e may
cont ai N mManymolecules form a perfect lattice, without strains or imperfections, [Hawley, G. G. Coudensed

Chemical Dictionary. 10" ed., . 19817, Note that a particle may be composed of several

)
LA

crystallites. Large crystallites give rise 1o sham peaks. Peak width increases as crystallite size
decreases. Small crystallites denote Jess order in the crystalline lattice.,

For a crystal to diffract, the planes of atoms (reflective planes) in the structure must meet
the incident X-ray beam at a set of specified angles such that the x-rays reflected from different
points on these planes meet the detector in phase (the path lengths differ by multiples of 1
30 wavelength). When the crystallite is large, there are thousands of paralle] planes and the resuliting
reflections of the phased X-rays are sharp. As crystallites become smaller, there are fewer
parzlle] planes. The resulung reflections are uniform]y broad (and decreased in height such that

the zrea under the peak remains constant) due to incomplete destructive interference. There are




crystallites. Peak profiles indicate that Ham da's catal ysts and thg5J 005
present invention hydrogen- reduced catal yst have |large crystallites V\AA[NI”?
highly ordered crystalline lattices. The present invention

propyl ene-r Bduceer2d cat al yst has smaller Crystallites amnd/&ilass ordered
crystalline 20 lattice, or a substantially anmorphous material. In X-ray
diffraction, peak widths in a particul ar ‘phase pattern provide indication
of «crystalli, ' A.crystallite is defined as "the portion of a crystal
whose at ons, ;lggrr?gg %fﬁhemr%‘faqeéﬁt}‘%éhf TR EPFate seghesdee peafividip Gengdivai ns or

i nper f ect i onsiyspMigenkaying Bsiz€iroCondensed huGhe Wbk Sl boRANY pe 10" ed.

1981). Note t,hgfesaapaldiiCheximBy. osed 01 s,eée_r al, 25 crystallites.
Lar ge crystalpl i tﬁé’zt Ve Ti .S,gﬁ%r@ﬁécﬁgp (%fM L B R s as
crystal lite Sfcfsw-Hak i Babass indSptil tha thy stabidl hiseislcdenoberdess e oFyeker i t he

crystalline Iaadajﬁsqgsubﬁgﬁa@ag{o%%@ to diffract, the planes of atons
(reflective planes) in the structure nust neet the incident X-ray beam at

a set of specifi €8 23T Bact elibgprespra tnvertion, thersaymovidt b gethedifof propmisi icfae ent

poi nts on t heseau raeasyhERld vithe S0k 86 Phcnddd ; ' e engths differ
by multiples of “wavel ength) . When the éﬁlg}s%ﬁ%sﬁbg a?cgyj%]%lr)}é%a?’y’f’%ere are

1 30 th). .
t housands of “Bararfeafon Birﬁ%yé“%& IOHEYIFE SHPETHY I mefiteeestorams saftdietiphased

X-rays are shasepce disedorey siladilnh t2syshesonR eﬁﬁmﬂaﬁﬁ-mzﬂ irhehspte fewer parallel
pl anes. The resulting,;ef]eetions are zni formy br oadujand decreased in
hei ght such that ~the area under THE Pa¥k M aifdl HEPEEALP dhtoyPog et

i nconpl et e d&&e pdctieyeippans.erdhas mbesorbl e the cangt. TREpbAMN 2QQ5MQ: 32153299

PCT/ US02/ 1138&Gyafer ka0 QYS:o LR EIBRL I; thods.for determning crystallite
si ze based onﬁcgeegk width, Generall ﬁﬁegg@ggéﬁsﬁ“ & g)éﬁ‘gai“%%fﬁgéﬁt% from one

to several hUHtFRE HaRBAEtarEe prigy et frta derieds (hemksencppUbwirety) dobrarof f, L.

V.; Buer ger, aditivek.to the @quPesseka oV ehe ok aafinh A¥cubH ¥ r T
MG aw Hii%l o A958] thus indi cati nggt hat the mater ﬁ%?éa%g% ﬁ%%&%{f}eof H&duced

order in the crﬂﬁts?t al lattice 5 and thus is substantially anorphous. In

anot her facet of Thvethpeeb@itbeni afve bt inydnbO R di% (Pf AMhAad: He NELRAC.f or

preparing ack¥l ik 3G thacrylic acid which can be manufactured in
hi gh conver si or{yané yilﬁg]f’%ﬂlagvﬁgg%%r“yﬁ %gcom%ﬁfs‘Sﬁ%ﬁua%“ﬂétef‘%lﬁgB’ﬂ'g"ri’r‘t')‘ﬂW‘E‘Ene and

i sobut yl ene FEEPEAR i Plesentest arpnagpetd sr soprgan el slnimthiaon sigedshein pr esence of

reduced pal laashotya:&at-abysh systt&hhidi £4 LNEL orted ar unsupported. 10
Uus. 3, 6%14, 13% Carﬂé ot}ger psgimor art. d‘i.s%:l(ggﬁe e'?%gg(&ré%a?b(ﬁ‘ﬁ?lfﬁlg’é ’?g’ugﬂ’éh as
carbon, &l uril & *'8¥0% THNFHBE Hetcrdia ppdictcd, ssdelecagingtbequesnryert onhe he

catal yst. Thector. iTo¢ cagulyist reduSthn el 36 QSES B Bu USE 2 reducing agent such as propylene.
The solvent systc:ri may or roay not be a singie-phase system. Preferably, the solvent system is a
single-phase system containing a saturation concentration of co-sclvent. For the method of this
invention, the term precursor is defined as follows: {1) for the manufacture cf acrvlic acid and
25 ester, the precursor is propylene or acrolein or mixtures thereof, and (2) for the manufacture of
methacrylic acid and esters, the precursor is isoburylene or methacrolein.

The novel oxjdation reaction of this invention is carried out continuously by passing the
precursor and an oXygen-containing gas into a reactor contaning the catalyst in an aqueocus
organic solvent containing an appropriate amount of a co-sol vent as defined hereinbelow and

30 removing the product acid by continuously separating the liquid component from the solid
catalyst, removing a portion of the catalyst-free solvent, separating the product therefrom, and

recycling the solvent. Temperatures in the reactor are preferably from about 0° C to about 150° ¢

and pressures are from about 1 bar to about 50 bars. The molar ratio of precursor to oxygen is




of water and aqueous solutions containing free radical inhibitors, as for
exanpl e BHT, as the nediumfor the oxidation. The prior art furthezﬁjAN 2005
di scl oses the presence of |ower al kyl alcohols as additives to the aqueous
sol uti on duwtrigoptre oxi dation reaction to increase the selikid ity of the
15 reactants. Thus, this enbodinent of the present invention pertains to a
nmet hod for the manuf acture of acrylic a&id and nethacrylic acid which
conpri ses: qusl y reacti gen with the precursor in the
presence of hﬁg“gﬂ}s@gﬁ‘éﬁ? eﬁ’ "o m%ghpﬁ%g'fi harrdd taabwat alGpsteosospended i n an
aqueous or gales Bolbgemt osieet @Mmiciont sioighviaSoiRr SRecSRh Y€ Mert & 1A= T5;

carboxylic agigd,,def L r C306 ket one, b) recovering the
acrylic acid formed, F ek %%Saa&raleltanélgf}ﬁa PREMGGBEUE: SGPEHEPIt evEhe  react o .

The cat al yst “‘r‘ré%fﬂc‘t“-%‘fﬁ helgmp ofigen-epdnl and galikd 1ﬁﬁtu£but with a reduci ng agent

such as prsopyl eneynen 1H6i-SQIaeRL t be_a singl e- phase.
system Preferably, “the sol ventthity‘%% %ﬁlg&yd“md eﬂé?‘@ haSEse Petehiitont ai ni ng

a sat ur at i onPASTRRITET HEqIs OB Ent isatikzsh wising co-sBbyEnt tdreprivet b Qo CofartbhNIS acig,

i nvention, tha. —liu&lhﬂn @r@@Lﬁé}fes g debivaed .25 fa&la QWie scgh}glht Mihe f he
manuf act ure of acry !F?.'a(;l d and 25 ester, Pne precur sor 1Popyl ene or

acrolein or m3 OncPéén PGP Teare (1"2‘)Df'ff?ﬂedtﬂ¢1féﬁ ippdirvia heed enﬂfepmlbmmm(hacryl ic
acid and estequc atif\ealpreeisl &@hed dfoit SADMENS \BAG 18 FBLIAGEP L;@Ef‘f'eci]]_he novel

oxi dationyreggti hi nventi i s carried out continuous by passing
the precur s%rrJ éﬁgmgﬁm%im%g!nm%%ﬁf gl?fn hﬁ’Sa’é“s’mf’i‘?fndh%dﬂf’%é’t%?“@d?ﬁfaﬁcmmg t he

cat al yst i n BiMEgrsdesly Cglrlgiaﬁﬂll@ ﬂ&obmmn of 0 hAd firidg s@hra@PREPRIBLE, amount  of

a co-sol ventyiage gaf !icncﬁqlehﬁ{r%}eﬂg%)g: e tmn aan)ro%m\é %‘F%gkkg% roduct acid by

continuously separating t i qui d conponent go-sobErarY st |
renovi ng a pOFETEH Bt mipEcrm o mpdecrlic ewd. Sbd verted ks:erpralixatungetbxhemptﬁ@duct

therefrom ey kcfo@@)t‘l&]tﬂvngobm}ﬁ\e%ﬁé »é@mc hklema%ﬁtp r&2a L BNE gactor are
preferably fr 0 about pressures 2% %% om about 1

bar to aboutmdgg?d%%i? gltme‘f[?féry}’rbi“’éfirls Pé‘f’li’]éff"i’?ﬂ’l preedibs grosttoefasey géveni fer iBe 5 JAN
2005 WO 02/ mmlrpmdcwseemasﬂm&xmmm@am VooRBOY Bechorl are BUL 25 A0St

preferably f.LQm aR04L,. el en-containing gases nay be
pure oyygen or Etﬂlgergjegijapos i macggrt‘ﬁé'd]f P’%&&%&& af’ﬁa’tm%igaéfﬂl%@rdtmto t he

reaction. EXERPrEEe tfer %hﬁfhdlgeeecsma:}a@nanf the saamdm@xygem@m&nad RhiBgwBiIXt ur es,

as for examdecea%wcfd@gnteapfg@daan%w@&ng L o Qx¥IR R AL gon, and the Tike
m Xt ures rh:ﬁcryllc acid or nethacrylic acl fie*Yesired end
%a si ngl

product, phakessr asipbe fﬁﬁ’&@@“&@]ﬁé@lﬁ&ﬂ@ﬁg@p\uc@ lgqhinemtlchiml ot i | i zed

with a co- sGlkvenioncanpict Slaﬂgpp@op@aE@Gs FafheXk £ RCH - nol , or
C3-C6 ketong&me&m%sq oI vent a%/aont attgeous to f ém%n?%ltbr |91te§} of the

cohols or kctones Ce primary alcohols are miethanol, ethanel,

propancl, n-butanc], iscbutanol, n- penianol, 2-methyl-l-butanol, 3-methyl-1-butanol, n-hexanol,
2-ethyl-1-butanec!, and the like.

Separation of the product from the catalyst is accomplished by methods well known in
the art, as for example, by filiration, decantation, centrifugation, distillation, and the like. In the

continuous mode of operztion of the oxidation reaction of this invention, separation is ideally

accomplished by vse of a filter. The filter may be internal to the reaction vessel, as for example a

candle filter, or external 1o the reactor. Separation of the product acid or ester from the solvent is

carried out by distillation or decantation and distillation. The solvent is then recycled to the

réactor.

Preferred separation of acrylic acid from valeric acid is by fractional distiliation. The

water forms an azeotrope with several of the low-boiling byproducts and is removed first. The




conmponents in the oxidation reaction. The preferred acids include acetic
acid, propionic acid, butryic acid, valeric acid, and hexanoic acidi JA§iZt5
with a lower boiling point are effective in 10 pronoting the reaction but
are mare di PPigoisesst o separate fromthe desired product schdshgsgact i on

m xture, needl essly conplicating the separation of the acid during
separation and purification. Hi gher fatf’y acids are detrinental to the
reaction and voi ded. .Ketone soIvents arc preferred in the
manuf act ur e Séblnegicﬂéﬁérglslrfcgveécg ¢ ﬁ‘ ”hf)rrbéi B 1REC R B FraEndne hatrectercide one,

met hyl et hyRdkieamelveer WBﬂdW’ ith QIQ brapcd sikethengrodan atkiN@ the kdaor id Lk ADST
preferred co,8Ql ¥eRhediOlafte 35 manufacture of nethacrylic acid is nethyl

i sobutyl ketone. The nost preferred solvent for the mnufacture of acrylic
acid is valeric a?é?fﬁflwls‘r??fﬁ‘aqﬂwf andiacsdic endaeny methy Ghiok g kase it echeiaeebgded as

co-sol vents UQaRERM8ithe G RRISLOkSLER acr ic acid or
methacrylic acid to ranut ac{t%tre test gj%dugﬁ}nﬁ%ghc gcga(ré]) ané%(l%fét“%/ A3f the

secondary al & ‘H%‘f%"“’?E?Wééff'ﬁﬁésp*gdweﬁdlmelwu reetfercddedivathyhegkaiclef sottesi r ed

product and moul GeoanphieadinkhenaeRdakif ragmeﬁmﬂa%@détrrm&@ﬁ G h esters
are to be, Cosye %the desired product rimary alcoho 617 of the
olvents

reaction sequence an - app FEPTFRAE B @défﬁﬂ?\?’@ﬁfe TP ShiS th§tprorylerreyptch e
augnent ed byprpweura,brometure defoi g-ie;n:hdamd dssup;ioercrpai};ra&lﬂmaﬁrystgrgpk,ea Qg],eg 75 Jhe Cl-C6

rimar co T o SLA but obut anol ,
P pontanal - pear Ry e dr bt Panar SRy BRI e Hestar 10073 Far

- et hyl - 1- but %L‘F’R’ila"c %H’@Pﬁtdﬁeth lpisaes. 125 a@@ar atsifloshedfwidelveth prapglaatdufirOmidhe

catal yst is @6€QMRIHeSPEdc N ed RN W8] as for exanple,
by filtratiop decérﬁt ation, centrifu at%s(t)}}épg\é\’mmfﬂi”ﬂb‘imp&%“ SATTHE Fike. In

the conti nuolsehBHET UGS SYEPAI R ema finingwis deet iomuse dacbitons whdy s

i nventi on S@ﬁﬁdﬁ'ﬂrﬁrb m‘morrSatlvdl&ﬂlprt 250RLHRL Lebed ppe)ﬁsulrlescﬁoﬁj\tvas%oteiil ter. The
filter cgm to tile reaction vessel, as for exanple a candle

filter or ex ernal "t an b %mcr'%’a‘c’ﬁs6‘?’mm§é‘b‘é'rcﬁtﬂl3c3r?5‘6’fe dmeedreuddihe gettdr or  est er
fromthe sol“rﬁerqﬁnﬂlbstcm@@cci arabped.5ootrs. e diest jrbshad dhoNaihedSmartidh baR and

di stillationoalbeeaManthiatNen fesycled to the reactor. Preferred
separation gfo acr; lic acid é?@%eteaf eglAccoxé]Barﬁomfnﬁ;?mFeré PSR VRPst i | | ati on.

The water FoPHs AmiisdsPrepeefixidatoedpanmptiontiae oopatsor I Fignbypraduct s
and i s renovegiolh s Eeactﬂf@ﬁss%ﬁ @%egQQérs\éQst%é:%%?l %m&&%g gjétg‘rlw 9 acr yl i c

acid thep is reI(l:overed ﬁgg t he hi gher-boil eric acid 18" returned to
the reactor “IN8" PARHP RGP % tatears ‘ruérﬂa%rbaﬂ‘?vwrpw Fréeric agg 0% agpeqese t he
byproduct wateeneiand (iteaquenctehyiiisbauftbil ent to act as the aqueous
solvent. Preferred separation of nethacrylic acid from nethyl isobutyl

ket one i s acconplished by
Examnle ]

The foll owing example of the manufacture of acrylic acid, which is not to be considered
25 limiting to the scope of the invention, describes a continuous run of over 200 hours. In a
continuous reactor with a total volume of 300 m] were placed 10 g of palladium zcetate, 132 mi.
of valeric acid, and 18 m)l of water. The reactor was swepl with propylene several times to
remove any air and then pressured with propylene tc an internal pressure of 7.8 bar. The reactor
was heated to 80° C and the contents were stirred for one hour. At that time & continuous stream
30 of propylene and air (equimolar amouns of propylene and oxygen) was admitted and the
pressure was raised to 32 bar. The temperature was held at 90° C until near the end of the run
where the temperature was increased to 100° C. Filter plugging was noted about halfway through

the run, which required a reduced solvent flow and reduced the STY for the system. The




5 decantation of the organic layer, fractional distillation of the N ;
recovered organic |aver, and return of the ketone to the reactor. ;&gai"w H]Q)
addi ti onal water need be added with the recycled solvent. Several batch
experi ment SYREFE3IPAN utilizing propyl ene in order to detrermiig;ishe ef ficacy
of the co-solvents and the appropriate tinme and tenperature reginmes. In the
propyl ene batch procedure, a m xture 0fi?30 g liquid, and unsupported
pal | adi um catagly ¥ from0.75 10 Pd(OQAc)2 as descri bed
her ei nbel owa%n@y%&mﬁgﬁést%é‘%‘%‘"errmb"ﬁ é“ﬁsaﬁ%&%tﬁdr?%%se Peberenuaion 00 nl . Parr
aut ocl ave eqUPPFednibe Yneas fThe eetion chhretedttaot awo\é@fﬁrafsibﬁl&h@e%x&%%, i th

oc

propyl ene dugdungd MLkl FBANE Shilrrer ctivated. The altoclave was
then pressured with propyl ene t_ge%EEnrcég]sdusr 051?}3“‘?"."“%' frahoniiielsnasts rring at
1200 rpm ExVEVhEIPHeEsbrpdninyeiay ettatbon pauseattdie te aniRntis id@eddl @ a
tenper at us € PipyBaCcaaler8licGlyROALs #8038 B L 088 added. A pressure drop was
noted 15 i medi a#g}l% and t he recac%i_orll Wasb%?tcrélro\fl,:‘lgtrcf%ﬁaig“aD a\ﬂﬁ&ﬂf“ﬁ)ﬁ‘épﬁ’fﬂ%sure dr op
had ceased. THe T ¥5%t POV He WEh gFamereminiratedat tatcomipoats n2. 5 hours. The
rate of pressure drop and the conposition of the product were then

det erm ned qg;tg_x%lggorded. A conparison of the pressure drop is shown in
Figure 5 identi d as Propylene Oxidation: 07 Consunption Rate Conparison.
In Figure 5, thekHe follcvingrommpld deemaadiaic Amagsthe M9, wilidnTEnd I JJour s curves
for propy eng,QxjedahiQ0d e WALEF 0%.20 .aqyeous propi oni ¢ acid, 757c,
aqueous butyric aci d,t. b%las\g%eou%c%én%é?ﬁ’ LG ey corsyoRare i hoysekdive, and
75 % aqueoustiAet &y fesirdetibeyA) mibu isobvey kExampte0% wEkeloadugl w0 Wengs gxanpl e of

t he manuf ackuvt Afxndg ¥ lpteGeddalwi L G, 4 t to . be consjdered 25 limting
to the scopg,of the invention, ‘ags%érrigggg%aalﬂglglﬁ]tl?aﬁﬁbﬁ“gs{?%}ﬁ ‘BresreT ¥00
hours. In a  colfPRiBs"4 dataofinget Hirefueedtiad-5 vé lliterniofte 3@Gsohtylwere pl aced
1ﬁ g of pal bawdd umsﬁmiﬁm;miﬁzﬁﬁalwﬁne@fat20%ﬁ)lm. ﬁig@g%%cntﬁ’ﬁgthg‘%n of wat el’.d
The reackor ,was; ' 8 several tunes to renove any air an

t hen pr essufed _ v_l\né%oﬁrg%? %%%ﬂs%mﬁe\g F %‘ﬂgﬁgi e hiap Pl ddksuplesiohy Fagitae . The
reactor WaSrHEWEHE OB, Cothmglit i1l eORLEn kSt SdSy bigoeghafOr One hour. At

that time accamkighie ri%éﬁa@%ﬂiﬁl%gfﬂworgpyl ene and air (equinolar amounts of
propyl ene and oxygen) was admtte and 't he pressure was raised to 32 bar.

The tenperature was held at 90 C until near the end of the run where the

t enper at ur eExsasiciancr eased to 100 C_ Filter pluggi ng was noted about hal fway
through,,the rugn,, whi Chaéﬁﬁ#%%d a reduced solvent flow and reduced the STY
for the system ' The % SXigyop 2 pethigiorEng  PCT/ US02/ 11386 10

propyl ene parti &l10presguresi-atishboy @AtkRre WASHARAWIN 334 hays: pased on the

concentr at | Sduc&f paltadium metal particles (typical reduction} with an average particle size of about 0.6

microns, 2.18 grams of redistilled methacrolein {to remove inhibitors), 26.8 grams of valeric
acld and 3.7 grams of pure water. The mixture was hcatéd to 90° C with mixing (about §15 rpm)

25 and about 30 bars of air were introduced. The Oxygen was consumed in about 40 minutes. The
Teactor was vented to 9 bars and then refilled with air to 30 bars. The additiona) OXYEENn was
consumed in about 47 minutes and the reactor was 2gain depressured to 9 bars and then
repressured with air to 30 bars. After the oxygen was mostly consumed in the third air charge,
the reactor was cooled and the liquid anatyzed by gas chromatography. The methacrolein

30 concentration remaining was 0.034 wt. % or less than 1 % of the original concentration of
methacrolein, The concentration of methaceylic acid in the liguid was 5.084 wt.% or 63% of

theoretical. Some methacrolein was lost with each depressurization to vent the nitrogen. Trace

amounts of acetic acid, acrylic acid, and propicnic acid (6.8 mole % of total methacrelein




propylene in the vent gas. The reaction operated at about a 39 % copvejiQn
of the oxygen. 11l the, figures, Figure 1 shows the carbon efficiency and
STY of the reaction. Carbon efficiency is shown in percent based upon

wei ght of cAPBEM*Hcorporated in the acrylic acid fornedaadodha:d

propyl ene converted to acrylic acid as determ ned by chromat ographi c,

anal ysis of the product. Figure 2 shows! !t he sol vent recycle rate in grans

per mnute fgf,bhe. continy run,. Exanple The follow ng exanple of the
manuf act ure ofmg%r%teﬁagrchf@cggiﬁr(ﬁm%i ch is not to be 10 considered limting

to the scope of the invention, describes a continuous run of 100 hours, In
the reactorg{masidescribed above) nethyl isobutyl ketone with 20% wat er

| oadi ng was used _as tile solvent mxture, the pre-reduced (wth propyl ene)
pal | adi um | oadi ng"WERYoUing oxpefresriarminstrae tiasepa@ain € eantwih @R SRIIRINASs 32
bays. AT swasiebaflthe gisd@be of a priflflaicdnbyl 7S/ M nute and isobutyl ene as
liquid at 0.86 g/.mn. ;he m xture was étirred at 2000 rpm Figure 3
identifies the M%YWYISHHTHRLT FREE PRbaspiivig Crstmvt pllodiunmet SEpremegur € 4
is a plot ofbipeysed editis, bY0 FemeorMbad-ul €2 GANLALMNY MBLhaer Am%gr},
met hacrylic aglQyends; qlide?ﬁe_rasct as d%{eerm ned by vapor phase 0 ?ogr aphy
during the contr nul ?Cﬂ/ of " HE™F U SECA AP hsated 19 80T mgh morierge prsssaretytpé cal
bat ch oxi datFasr ots Hetsizass sideion 408 pHP6f G0y BUENREES TS E Bl 1Yo, C

aut ocl avey Waga&hasged M 1 0.3 rans. of pre- reduced Pal | adi um net al
particles (t Toj caleqfeélucti onj” %\?ﬁ%ﬁﬁlmé%/de RG & EE Vi cPuaty Begressisdut 0. 6

mcrons, 2. 1% GCERETEMEF et pliter edmineteshBgrrelcei nas(cb@ed BEBMEtHE pRiabd t Or S)
26.8 grans Qiquidal @ leberoraethn@Ndy B, de Rad@ L.pure water 'The mxture was
heated to 90, uCg(Y)};rt};thm Xi ngn ghgogyt 815%&?'ﬂfggfﬁﬁegb%ﬁ‘fs}ﬁﬁe‘%ﬁ?ts of air
ver e i nt r oddeBd HREMORY FERAWERED CoFaREHmE frc aeivh. T8 ligiidhurtless inkbeed r eact or
was vented tlg r@sbay s it tohedie, frihbckd)@d mhlihn by, 0 RAL Sy INE;,2ddi tional

oxygen was .gousugRd. dn.about 47 minutes and thé reactor was again
depressured to g gg]rée and “Then “repressured with air to 30 bars- After the

oxygen was nostly consuned in the third air charge, the reactor was cool ed
and the |iqékdnmnal yzed by gas chromatography. The nethacrol ein 30

concentration refgj $-0.034 wt.%or |less than 1% of the original
concentration of gy Crr@gftﬁg’éF STEPhYe Thieed iR bint sraps Smalbfivpseelnapieydadc aci d

in the |i quPdPriedens reg@gion20 deems 63%utadol, sheatset nedinoSelre. 03elhaes ol ei n was
| ost wi th eaehadgpressurization to vent the~nitrogen. Trace anounts of
acetic acid, acrylic acid, and propionic acid (6.8 nole % of total

met hacrol ein 2 Y KRFI 7S sealed znd heated to 80° C with mixing. The pressure in the reactor was

8 psig. An additional 444 psig of air was then added to the reactor and the reactor sealed. The
pressure 1n the reactor was monitored as the oxygen was consumed. The pressure in the reactor
remained constant after about 25 minules. The reactor was cooled and the gas and liquid

25 removed and analyzed by GC ang GC-MS. The gas phase analysis showed that about 75% of the
oxygen had been consumed during this time period. The liquid analysis indicated the presence of

methy] formate, methyl methacrylate, and methacrylic acid in additien to the remaining

reactants.

30 Example 6
Four separate batches of palladinm catalysts are produced according the process set forth

m Example 1. The first repeat of Example | did not use valeric acid as the co-solvent, i.e, there

Was no organic solvent in the system, thus similar to the pracess of Lyons and Suld (EP 145




"WO 11 210 8 3 2 99 PCT/US021/11386 11 charge) were produced as by@”ﬁiﬁﬁﬁ@S
Exanpl e 4 The follow ng experinments denonstrate, the preparation o

when the oxidation was 5 carried out in the presence of a primary al cohol.
A 100 cc Ha¥P&M¥%83P?C reactor was charged with 0.35 granm®cofospalisadi um

catal yst prepared by propyl ene reductl ? 20.0 grans of t-butanol, 3.3
grans of methanol, and 3 in] (2 grams) o isobutylene quuid The reactor
was seal ed apngdshea ure in the reactor was
28 psig. An addlnt i %ﬁlgjll]fy%seg%gf \346% mglla?ré Sl?/\n%sn tH ﬁé”ﬁgg c‘fhtCB ey V4Bt or and
the reactor AGcSahraye ofThghycassiineansonia Fe scead thon awifouminepcbiobEtkamsle t he
oxygen was comguimBdiend B6: RLRSSWIG r gnstant. after
25 m nut es. T&e reactor was cooIeni&en&p@ ﬁﬁ&ﬁkg&ggﬁgﬁﬁoﬁinﬁﬁma ?ﬁm¥he
reactor wer e AHLIFFSH WbrestesherdaroNs, Whﬂ*iéfﬁg@fhcapm e Slépmtathtyéy snspiowed t hat
about 909&0fm&h&10xygen had been consuned during the reaction. The liquid
anal ysi s |nd|cat§,gE qipreﬁpncg of nmethyl formate, nethacrol ein; nethyl

net hacryl at e et AACT §1 F BSeA Bt prosent ’fSe”HﬂHP‘tli‘déﬁ“K“ébeHéa‘? whigli 990 ng
reactants. Exastph @ sBhifvel@Qieged Hasdsat. Toage @Hoeﬁﬁasqﬁclmsmﬁ;&amﬁﬁimw g 0.35
grans of pal e ene reductlon 20.0 grans of
t - but anol , £@Q£4%‘ﬁ%§$h¥%%u9hraﬁmﬁ:ﬁmg¥6§ gﬁ ted 56 chestdndhol ei n. The
react or was @Bﬁi"é’ﬁmatﬂ]dhﬂ@ataedﬂtcoofSG @o\be titherd sikhigpallddien pe@SS W p&laHiBmt he

reactor Wes md&uBgind coffle 28 iRl 444 51 9 of air was then added to the
reactor and the reactor seal ed. The pre§sure in the reactor was nonitored

as the oxyge SMBQB%WWCJq’H@dCb?@%ure in the reactor renmined constant
after about F2Badniia@) ecsTaleb&wzrtmgg@&dom@a mp0l ed and the gas and |iquid 25
renmoved and aaI“XHZ@ 5%/ g) gc 'I)he gas phase anal ysis showed t hat
about 75% of - RGP SO B BB BsIrABEY GMiF A% s time period. The

| i qui d anal yPeiyg- Ymudmﬂ:zamedo -NhénypyreseneeP0hdiunieldybief or mat e, net hyl

nmet hacrylate, and nethacrylic acid in addition to the renaining reactants.
30 Exanpl e 6 Four separate batches of palladiumcatal ysts are produced
according the process set forth in Exanple 2. The first repeat of Exanple
1 did not use valeric acid as the co-solvent, i.e. there was no organic
solvent in the system thus simlar to the process of Lyons and Suld (EP
145 : : :




2 5 JAN 2005 WD 02/ 083299 PCT/ US02/ 11386 12 46781) which only uses W?ﬁfﬁi
the results are shown in Figure 10 and which discl oses sharp peak; 065
indicative of a highly crystalline material. The second, third and fourth
repeats of Exanple | did use valeric acid as the co-solvent; the results
of these repeats are set forth in Figure 11 and which discloses the

br oadened peak profiles which are indicative of a substantially anorphorus
5 material. The palladiumsalts used in the present invention include any
car boxyl ate which can function to achigve the desired end result. These
carboxyl ates include, without limtation. Pd acetate, Pd propionate, Pd
trifluroa€dndMs and the like, Pd nitrates and Pd chlorides. The pall adium
netal, having a val ence of "0", can be either a sinple palladiumnetal or a
pal | adi um 10 nmetal |igand conpl ex such as one of the follow ng:

Tri s(di benzyl i deneadetcempysitinpaf |BaElLREDYSIPaFSHHRN il o?al@é\fﬁﬁﬂ A IR h

pol ygl yci dl, oL EhSthhd Rlbdiih QmpRakitsd haxaberdaoy Retiubing e Bbmafcand selected
mer capt an-am ne conpl ex

Pol y( 4- vi fgmphe Bapmeeneisung ofipakadii 1295 PoiidizBRrYadiimumeD) L BhUERs o885 5
JAN 2005 13v&hANG fedudng aRO&I dubfiend fenfpaiatuey argiofadsare ito greiasen titalahyallpf

pal | adi um and_further characterized whereby the pall adi um conponent is
manuf act uPBEPROSFatR#Y Mg a conpound sel ected fromthe group consisting of
pal | adi um sal t 9. and Taxicethg®diopak lsadiominreitial 5 whereianhagabdum orayahffrgction
solvent with a reducin en sufficient te rature and pressure to
produce aPafELbasRdY he&f%ﬁ.bﬁ%&gy rﬁ?cﬁ:%ﬂ)ﬁﬁ%{ prggl%sl'he conposition as set
forth in clai m3l whaheicampdsgiopab kadonhminkelziay! @hérfindle padladiupaselt éy palladisma d
val ue of aQﬁgt 2.30 A and broadened peak profiles. 3. The conposition as
set forth® % &l aim| wherein the palladiumsalt is palladiumacetate. 4.
The conpositior. as Jat chopeditidnrescieniforihl indiaimel vhetsy B LASBIRY'S GFEIAKI €VEBI vent
conprises g, y&ggbgﬁlg%r%&te&gd &8 mctgl&ﬁlpg&gﬁgnézm%zsdﬁ'Cﬁ}goﬂiic &ildertly-satdoxyl i c

acid, tertra
C;-C, ketone and mixtures thereof.

5. The composition as set forth in claim 1 wherein the reduction is conducted at about

0° C to about 150° C.

6. The composition as set forth in claim 1 wherein the reduction is conducted at from
about 0° C to about 90° C.
7. The composition as set forth in claim 1 wherein the reduction is conducted at from

1 to about 50 bar pressure.

8. The composition of claim 1 wherein the reducing agent is propylene and the
aqueous organic solvent comprises valeric acid.

9. A composition of matter consisting essentially of palladium and further
characterized by the palladium component is manufactured by reducing palladium acetate in an
aqueous organic solvent with propylene at a temperature of about 0° C to about 150° C and a
pressure of about 1 to about 50 bars to produce a substantially amorphorus palladium which has an
x-ray diffraction pattern wherein the d value is about 2.30 A and there are broadened peak profiles.

10. The composition asset forth in claim 9 wherein the aqueous organic solvent
contains as a co-solvent selected from the group consisting of a C,-C¢ carboxylic acid, tertiary-
butanol, C;-Cs, ketone and mixtures thereof.

11. The composition asset forth in ¢laim 10 wherein the co-solvent is selected from the

group consisting of acetic acid, propionic acid, butyric acid, valeric acid, hexanoic acid and

mixtures thereof.




C3-C6 ketone and m xtures thereof. 5. The conposition as set forthz’apJ%ZdUp
1 wherein the reduction is conducted at about O C to about 150 C. 6.
conposition as set forth in claiml wherein the reduction is conducted at
from about 0 Cto about 90 C. 7. The conposition as set forth in claim|l
wherein the reduction is conducted at from 1 to about 50 bar pressure. 8.
The conposition of claim1l wherein the reducing agent is propylene and the
aqueous organi c solvent conprises valeric acid. 9. A conposition of matter
consisting essentially of palladiumand fuyrther characterized by the

pal | adi um conponent is manufactured by reducing palladiumacetate in an
aqueous organic solvent with propylene at a tenperature of about 0 Cto
about 150 C and.,a essure. of about 1. t0.

substantial ly g%‘or pﬁr(l)’? GERAEIPAST ts.leml%%]} ¢ ﬁ?%ﬁgagﬁeéﬁl_tﬁgééﬁlfep fgggl}égﬁd 1?joaqtlt ern
wher ei n t hiee glospadoussting ofdpewbe, 20e8Q1 Ah dotchmrbylasobutyl kstrde petimponts tereof.i | es.
10. The conposi,,Li on a for i .clalm.9 ej agqu gani;

sol vent cont ailh's asA }%g%i-"tsngl%}Jgﬁ%nqhsgelcgglggetdw%{gr?%% %hﬁei’%?‘é‘gg’ g%n%i ﬁg lgf a
C2- C6 car bopuyfartgred by edutieg pallagiym syistimprodqueags onganic sadveahwitaprapyieng e @sthe
thereof. Hl, Eﬂﬁa&ﬁm%&ﬁa@edaéﬁshfe{bgﬁttzmowaﬁlmam&_@p &%, the co-sol vent
is selected from the group consisting of acetic acid, propionic acid,
butyric acid, Wl eriTdhesailyst ohdxianidi vhersd He prigdiunisyt i paldadivRpicedt. 2 5 JAN
2005 14 12. ThesCOMasii i 15 Shetk@hietalalysiGd fippark@ Wherein the co-sol vent
is selected from the group consisting of acetone, nethyl ethyl ketone,

met hyl i sobut yll6ket ohe Caimest o Y0y Bvherrdy 1Be fatalyssis UBSuBRITeEdi um cont ai ni ng
catal yst wherehy. thernpalalaggi smigieimponeiin h)palisiuniRBnpaehtus dedared riagiiei ng
pal |l adium salts in an aqueous organi c solvent with propylene and (2) the
X-ray di ffeitef gellaguMmBiY has a d val ue of about 2.30 A and broadened peak
profiles. 14. Tie cathalttysobf akigi Mwhdrenh ek gizNadidne cp@apdnacti isnpreatett froen a
pal | adi um aﬁée)at.ate. lié') Cat eh!d%/st of claim 13 wherein the catalyst is
suppor t ed. PPYEIURFEALIgAR GUPPISE ¢ i m 13 wherein the catal yst is
unsupported. 1719. TheA catiabops tetbd &ir diematiufatiee ef sxrtihecipat matizaryhceodpbivknt i s
prepared from.a. . oxjdi.ze | ad] 18. .cat |.at
wherein the | gfﬁs'agf(éo(r%}lﬁugﬂ%gﬁéeaﬁ?ﬁg E'@ re‘%%%’regg@r%%ag 73" b Rlou® healof Tt
presence of a palladium catalyst suspended in an aqueous solvent containing as a co-solvent a

maximum concentration of a C,-C4 carboxylic acid, tert.-butanol, or C;-Cg ketone, b) recovering the

acrylic acid or methacrylic acid formed, and d) recycling the solvent to the reactor.

20. The method of claim 19 wherein the precursor is propylene.
21. The method of claim 19 wherein the precursor is isobutylene.
22. The method of claim 19 wherein the precursor is acrolein.
23. The method of claim 19 wherein the precursor is methacrolein.
24, The method of claim 19 wherein the precursor to oxygen ratio is from about 1:1 to
about 1:5.
25. The method of claim 19 wherein the reaction is carried out at from about 50° C to
about 150° C.
26. The method of claim 25 wherein the reaction is carried out at from about 60° C to
about 90° C.
27. The method of claim 19 wherein the reaction is carried out at from about 1 to about
50 bar.

28. The method of claim 19 wherein the co-solvent is propionic acid.




pal | adium nmetal |igand conplex. 19. A continuous nethod for the manufacture
of acrylic acid or methacrylic acid which conprises: a) continuouglyJAN 2005
reacting the precursor with oxygen in a continuous reactor in the presence
of a palladium catal yst suspended in an aqueous sol vent containing as a
co-solvent a maxi mum concentration of a C2-C6 carboxylic acid,
tert.-butanol, or C3-C6 ketone, b) recovering the acrylic acid or

met hacrylic acid forned, and d) recycling the solvent to the reactor. 20.
The nethod of claim 19 wherein the precwysor is propylene. 21. The nethod
of claim 19 wherein the precursor is iscbutylene. 22. The nethod of claim
19 wherein the precursor is acrolein. 23. The nethod of claim 19 wherein
the precursor izs netrthage@b@bitlaid49 whireined dvadivedt ictaaininadi@. wher ei n t he

precursor to oxygen_ratio is.fromabout 1:1 t about . 1: 5. 25. The net hod
of claim19 wh 'einT%%@e@8éﬁ??%ﬂq?§385Wﬁ%€§*88?mé$m#?8§f§bout 50 Cto
about 150 C. 261. Thahaetihedobdaialigiwiein tiherselvanttthaeweacti on is carri ed out

at from about C about . 90 7.. The h . 3l erein the
reaction is caggiedHgﬁFmng??%%92%3@P€Trggmé %ﬁ@qsggh@égﬁmgégu¥ﬁe met hod of
cl ai m 19 wher ei3d. t h&he cersmisivientas ies feythoipichurh d9 adietin the HalpANTOOS diffa@@n The
met hod of ¢l aim 19 erei.n - j ic acid. 30. The nethod
of clain1f3uWhé¥§fHAT 8$%%Pégﬁ%gﬁ?éﬁéxﬁﬁ%V%?%ﬁgﬁgg. 31. The net hod of

cl ai m 19 wher ei3A. t h@he cerapisitien s 5 feathen ohren 13 MherfingherpalladgmoRlt ¢y pillpdivo
wherein the co-solvent is nmethyl isobutyl ketone. 33. The conposition as
set forth'in claim19 wherein the palladiumx-ray diffraction pattern has
a d value of aBdut Thgmehodpaticlimogddwesin herRPBIETe PoEen r3uo FHEMBRYJS! 1Pi on
as set forth.in claim19 wherein the palladiumsalt is palladiumacetate.
The method of ¢iaim 19 wherein the propylene to oxygen ratio is from about
1:1 to 35. abodf- 1: Fhe gutippef gaithdywhareip sigpsA) 384 Rh‘é‘?‘@? pradion & e Ryt 8) of
the reactim Aok BaCHs buP1H0’ 8t

37. The method of claim 19 wherein steps a) and b) of the reaction are carried out at
from about 60° C to about 90° C.
38. The method of claim 19 wherein steps a) and b} of the reaction is carried out at

from about I to about 50 bar.

35, The method of claim 27 wherein the aqueous organic solvent comprises valeric
acid.

40. The method of claim 39 wherein the precursor 1s propylene.

4]1. The method of claim 39 wherein the precursor is isobutylene.

42. The method of claim 39 wherein the precursor is acroleim.

43, The method of claim 39 wherein the precursor is methacrolein.

44, The method of claim 39 wherein the precursor is oxygen ratio is from about 1:1 to
about 1:5.

45. The method of claim 39 wherein the reaction is carried out at from about 50° C to
about 150° C.

46. The method of claim 45 wherein the reaction is carried out at from about 60° C to
about 90° C.

47. The method of claim 39 wherein the reaction is carried out at from about 1 to0
about 50 bar.

48. The composition of claim I wherein the reducing agent is propylene and the

aqueous organic solvent comprises valeric acid.




fromabout 50 C to about 150 C. 37. The nethod of claim 19 wherein steps a)
and b) of the reaction are carried out at from about 60 C to about? PN
38. The nethod of claim 19 wherein steps a) and b) of the reaction is
carried out at fromabout |I to about 50 bar. 39. The nethod of claim 27
wherei n the aqueous organi c solvent conprises valeric acid. 40. The nethod
of claim39 wherein the precursor is propylene. 41. The nethod of claim 39
wherein the precursor is isobutylene. 42. The nmethod of claim 39 wherein
the precursor is acrolein. 43. The nethgd of claim 39 wherein the precursor
is methacrolein. 44. The nethod of claim 39 wherein the precursor is oxygen
ratio is fromabout 1:1 to about 1:5. 45. The nethod of claim 39 wherein
the reaction i g9car i eehaifor Gt mhndanabelit -GEsiSstfiom apedisel¢ael fom e grompe

met hod of cla m 4 erein I j ' tenf0 C
to about “BH" ﬁéc% 2} ({ﬁgh&gﬂ g %‘lﬁ)ﬁ%’{\?g mﬁ.%{og?ﬁa?h%mr&gg%?ﬁgﬂn@%cgrr| ed
out at fr(nmz)tlnomtcommvws ramveﬁﬁ)lmoxy% compiaing g AsF tGeormmesfy dFediohand 2
wherein t ' eR] GeAccol &R HENt
conpr i sesggeaprg&%gfegg{} @&ﬁ;ﬁ Sér @JR%B ILEE%) %Qn%fa@r{g%eﬁggsagg he manufactyre of
Cl- C6 est enistufes Orereafi irathe dreserice of pallefivonaatalyst RjERSERS byc‘BﬁE‘idB‘t“i"HQf BICOHRIYL i ¢
aci d and %E{‘?szﬂ'ég) e bqog}éuﬁm pdfR] daRar@foxRizBd %Mﬂlﬁﬂrme@@srmﬁﬂ }%b;i}genb he
steps of I'n a continuous reactor reacting an _oxygen- cong gog
C1-C6 pri rmey oxizewfiet org@m@i sqlvenp psteny WBPriEag avt ey YBhT s GO B ng
of propyl engverfighid &U’&c bSO W8 Be estRtd}REd, Qh@byrecydlinh thébotdetr @'stexhhkeﬂ'xeof in
the presence of "palladi um catal yst prepared by the reduction of a conpound
sel ect ed fr'eaSit he group consisting of palladiumsalts and oxidi zed

pall adiumnmetals with propylene in an oxygen-free organic solvent system
conprising as a co-solvent a C2-C6 carboxylic acid, b) recovering the
acrylic ester or nethacrylic ester forned, and c) recycling the sol vent
systemto the reactor.



