; e3eFwrr s$t RuvevTFwer GAD | 12/ (183299 PCT/ US02/1138C *159159* 1 PALLADI UM
CATALYST AND PROCESSES F SAVE RELATI ONSHI P TO PRI OR

APPLI CATheDig2/ 03260 appl i cgm@mmm mti nuati on-i n-part ofpcySo2pskent
application serial nunber il ed April 12, 2001. BACKGROUND OP
THE | NVENTI ON Acrylic acid is H&aufactured commercially by the vapor-phase
oxi dati on of propylene or acrolein with an oxygen-containing gas. The

oxi dation of pragWiL.EABIUM QRTALASTYANDFRGAESSES EODRUSING araes s e of from
about 300 to about 450C in the presence of water vapor or steam and a

catal yst conprising predom nately M-Bi-Woxides. A second stage oxidation
is then carried out at | ATW’P%@’MUI@A?PMDCXTE\@Q@' yst to convert
the mainly acrolrin to acrylic acid. These oxidations are generally carried
out at at nosphetticappliedpniies coftisuatiomdt-pashofri. Kt patest pplication séredinimbenat er ari d
than th [ id,is recovered therefromby distillation. 15 Several
"new ge e?@{lg%alﬁ&s%@?cﬁ%@ ]fzog&)\t{he oxi dati on have been proposed. The nopst
promsing is to carry out the oxidation in liquid phase utilizing a

pal I adi um catal yst. The net iQescdRb WOWWVENQ‘I@N acrylic acid from

t he pal | adi um cat al yzed oxi dat1on OP pr opyl €éne usi ng an oxygen-cont ai ni ng
gas in water orAapiagirensnsnniachimedctramerchdy by greempatmdihse odidatbrosfaaopytent lve
literature, l?i.scl. sures include nmet h@ds Ido.actfi \(atF t he catl | yst .and 20

co- sol vent ¥V HEF B\ EYE R8BI 52+ Yo SHOPHE LRPSIBR SR Sh‘é‘%‘f‘&&&b%}sa

sol uti am. fempernaidsffrdme hissueBIES abdiit ¢H0°S1iR elicfpresahde)of diake p®eorsdahoad of 0
activate the catal yst and use qf the catalyst to oxidize pro,p¥l ene .tg
acrylic act¥plyshcomprsirasrredamingidnMoniir Wersiqeheh F"(‘}Pll"gWH"’rg??“dE‘J‘é‘?}Pa hen qarEist PR ne,

U S. Pat emtlo@er@&ﬂpewpel@iﬁﬁh@gﬁ&tﬂmt&a&hc@{ 0 haldlly B4 (RING MR TRUE

forms of palladium netal including unsupported palladium The supported

pal | adi um ¢xddaienslirs gbrpsaly cazsicd entrigatospieric ergswre. Ihe fegetioganixtusy ik gecuchddim na
and carbon he. Qx] L OO WAS, : j 1 . r pressure. Various
forms of pg?‘%}a%fd&ir%lg%% 3%3%%3%%?%{%?%&%%fer&%é)ggfslﬁgzﬁgg're di scussed by

Sei yamas et . al .Sev&at ‘Glewtdeser@icnt atethods ok thieloafdation itwe bedubrr@lokédc TiRabstdi um
Suspended in Water,  J Cat st.,. . 173 (.19722). Unsupported Pd catalyst is
manu act rBATYE R TRt bR I AL PHs "DRABEr AR R BB or i e The
exposur e of palTidhétnodsdorchd Ramuidconrd sOqyllie acidifforathe ¥yl Bdinnd-cftyzal oRidphiear e
prior to itfs use as an oxidation.,catalyst (for the oxi d%lti on o{)@g&_opyl ene
to acryli ™Ry T USEE 87 OBBRT-STRIEE ™ PREE OF BAWHS PIATBI Rayg ) was

di scl osed Z&Mvibus@p§isc1s&a@rnﬁhem@4t&a THR6A6uteR Indrate ¥Rl améﬁvate&r}é@dt&%a/aﬁaSSZI 9
2 PCT/US02/ 1138(" Product Distribution on the Oxidation State of Palladium
Cat al y8t s dooioltents tRiapioYohS sgrbiliyy of fheicompenenisin e aecoBii9hitioclt es wit h

R A )

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 supported palladium is
25  disclosed as being supported on silica gel, silica-alumina and carbon. The oxidation was carried
out at 50-60 bar pressure.
Various forms of palladium catalyst useful for the reaction are discussed by Seiyama et.

al., Catalytic Oxidation of Olefins over Metallic Palladium Suspended in Water, J Catalyst, 173

(1972). Unsupported Pd catalyst is manufactured by the reduction and activation of palladium
30  chloride.
The exposure of palladium on carbon to propylene in a oxygen free atmosphere prior to
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

(ORI
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Lyons and Suld, EP 145 467 Bl1l, discloses activating palladiumnetal on a
carbon or alum na support to an oxygen-free atnosphere of propyl ene at
about 60wi3h/ds3ter from 10-120 minutes at 1-100 at mospher BETAS2I1380 usi ng
the catal yst for the oxidation of propylene to acrylic acid in an aqueous
solution. This catalyst (at 1-10 atmosphéres and 25-85 C) oxi di zed

propyl ene in an aqueous solution. Suld and Lyons, EP 145 468 A2 di scl oses
t he use of Prodect Ristributionton|thes@xidation Paate ofPallmiiy t : ‘ ’

acid in an,a0uenl c§9$s '
sur f act ant ~we oJe decy
al kyl al coml“ranhgmm);taﬁpl\daﬁal dlﬁmwﬁyer eﬂsldémekremewea)e of t he cat al yst of

. L d S Id b 54 t he d f
aoryl i e actd | R St e Bl dssiel g e el Bl P o 1
e., BHTs lBiuRaRisahpidyttoah oxplen-fre@XindaftHe@bf topFlead 3t H6& G001 50CC YdrifEonf\Cd h@nd

its Esters Catal yzed by Pall adium G ant, Ni endel eev Commun. (1994), (I),
| -2 [ CAPLUSISE#kbriP0 Rignospleges prigsio3aipe Hiesalalysider the exidaticrat pewylshe ©9rR6wiF ene

using gi ang%&flya?ttaﬁléfoup ?lg@(%: Y glis%thlyﬂ(ﬁqelmsphges §1d Padsepd )oﬁﬂ%g‘cﬁ%‘%ﬁ ene

di scl oses e use atal yst "1 n aqueous “sol uti1 on using 1 none.
20 Zohr a Ferdnafjudédmpsaatiet, al ., Applied Catal ysis B-Environnent al 29(2001 )

150 C and the oudd ate S ks BRe R M St R PR g T

CO? andowatoahanuKichirdacYuic dvldriganaquébusgoludiogl cdntdxingg sﬂ.rfa,ctanﬁtddd)boﬁmfabﬂa@t

ni trobenzepne hydrogenati gn ov i Oz anpor phous t Applled
Cht o1 el 2 R RS oS b agsey i lits Basbihe o s ST IR LR Cob bR elgpha]

Pd- B/ Si 02 anor pihyss, B 143)460B1 alistEkes thilise 5F fik esalyhtalf LihsRed bag asbvanepphous
catal ysts er seg/ have been reported Thus the prior art recognizes the

use of a PIIUET Bdyir thawxdasion of pigpylens toacrylig aid iapan pateouBsaliion auiameiadIery

anor phous Ia‘&f?hﬁﬁt%zt&‘e{a@ gt hcoming. All of the prior art including any
literature references sét forth herein are incorporated 30 herein by

referenge in thidsicheykdtrabt QXIdatlcm@f é’n@ﬂm&@%@yl@tmw 1(SFESTEHEC®MS@I£1(DS}URE

PCT/ US112/ et of t Ay at es onew Pd

cat al yst \Aﬁ?:llgaﬁ %?ﬂ{)%fgn‘tl?eéll Omm f%ﬁ{‘;) g)i nsﬁ(r&é?g[é oct et?ppor ed or
unsupportemssan]oﬁlscssosesrmpaktedldnwfpmﬂyemmglr@ gﬁ?.dttS@lsttalsefpailaatdmrret al in the
presence of an us o c SO h a redu nt. which is
capabl e of rendlg‘?‘ Wﬁeﬁgﬁ ﬁ?t“e"f’%%%glﬁgg‘ﬁ(ﬁﬁ?‘%ﬂ‘?e}f’ ?Bf&ﬁ%’iﬁ%m B her facet
of the premgonu@mem@a@qmﬁ&{eat es to the nmanufacture of acryl ic acid and

met hacrylic acid and the esters thereof fromthe unsupporte

pal | adi?bim cat al {berFahatdianidnetotl. HpolisdiCatbysisB- ﬁgwywneh@(?%bb%ﬁ(tﬁa y in
an aqueous ﬁabé& HiRRedtctibd &Eﬂﬁﬁaecﬁ‘tg?( MO with ﬁgb?&ﬂhyét%goﬁat%o" d Qﬁaﬁtfx&&sre ofife The

i nvention al so enconpasses 't i dation acrolein to acrylic acid and
esters lo wadtingieonoxf daltadinm tofoxidigelatienssite CR: ard wasthacxyl i c acid esters

according to t %ib]shag& I\Hﬁ%ﬁg %Vang, and flexing Li, “Study on the nitrobenzene hydrogenation

over a Pd-B (Si0; amorphous catalyst”, Applied Catalysis A: General 202 (2000) pp 17-22,

25  discloses the use of a Pd-B/Si0; amorphous alloy catalyst, but states that no Pd-based amorphous
catalysts (per se) have been reported.
Thus the prior art recognizes the use of a Pd (alloy) catalyst, but no Pd catalyst per se in
substantially amorphous form has been forthcoming.
All of the prior art including any literature references set forth herein are incorporated

30  herein by reference in their entirety.



The uni que and inventive methods of this invention differ fromthe prior

art nmethods disclosed above in that the palladiumcatalyst is a

subst ant wﬁé[,y(,,@mrphous finely divided unsupported netal popghantsy ed ire

situ by the reduction and activation of a Pd salt such as palladium acetate

or a palladiumnetal in one step. The reduction is carried out with a

reducing IS agent which is capable of form ng a substantially anorphous Pd

such as propyl ene in an oxygSUWA&SﬁQE&IﬁEDﬁS@B@SUI&bI vent cont ai mi ng a

C2- C6 carboxyl i § a{:i d, glg -al cohol s or c{o | vent s.

the desired proHitteestof hepyrsent iyentiongglajes f W‘ﬁ "cat &’“CB ‘@?t%‘ﬁ@ Ly

acrol ei n, hseRubd ift BRarachir, dﬁﬁ%d}@@&?hﬂuﬁp&@é AD i PY S ARG 1Y GRS ABE

. then |ntroduced into the mxture in a continuous manner and the resulti ng

aqueous acimgtal & the BiepaRcRYfAMAGRSH QLZaNic Yoluens with areduoing 8gqnhwhich i dapable of
distillati %d&rh# IBPRG LD stda achSlpﬂ art and discussed in the prior

-art references he aqueous resi I's“then continuously returned to the

reactor to mai nAa@therafaqcmfsthapl’cselneln&dzntnon rglites to dmatamufactufre Qﬂvelyésmad andire t he

desired prod ther rrled Qu e (n.an

oxygen- fr e& Q}ﬁ‘c‘é’%%ﬂ% e esﬁers %’ﬁliegf K9 e ‘pgﬁ\éédd’ﬁ}lgcg?‘ﬁ Ey&'ﬁd ?mgﬂuon of

Thereafter prd@&l&ﬁé/d)lﬁﬁwuty&@é edspdctively FodLHqyEaRB solutitRtuidieing e bﬂyg’éﬁldorﬁﬂnmg gas.

oxygen- cont ining gas are then introduced 25 into the mxture in a

cont i nuous LAMAE P8R PVERLRAIS FHEImpasses Me R iaden Fhrcipihiorsite pid RRLSHF n t he
art w48 tbeg geloX@Mon B fletHabrolRal RndiRickiiB8eld bQerk B& of BRLHL e salEREMAT! ON OF
THE DRAW NGS Figure 1 sets forth the carbon efficiency and the STY of the
reacti on of Exahiywique aB@)HWI‘S@U’Peneﬂi@h@f/@lStlh‘@nw differ frone e dirier aromethpdsr

Exanpl e 1 r

Sxampl o 2. “Eb Bt Goche AR ik pPRablaF ety Bl A Bl ML AL ARIOLET

cont ai ni ng urm@pamdmheml manwfacthed iy kitudydbd @ductino arata:camnoa@f dé’dealmunhzds by

h hy,, d h WO 11 99 4 of th
Funof " Exabiebnr eua E gl pl il Ob e dgpon b Epu ity 1"

ver sus 151 mageat which pydapites @ﬂ)zdrﬁﬁg @mbsﬁnmnylaﬁmq;hsﬁﬁ REEUES as froppléne uﬁan:@)r}igai-ns
X-ray diffraction patterns for comrer él |y avail able (crystalline) Pd 5
and Pd ( sulfS¢ AP FEAniE oIS RGeRT! &fo@c Py tfciceiolon GCPgtass ¢ |

Figure 7 sgi&-fdNdhiR. kbR dsifcprétiukf i& ﬁ&&lﬁ@i&l&ﬁf%e%a@gﬁ@'&cﬁ)%réﬁfléﬁ@ta%Hlélﬁ‘e form
fromthe vapor phase reduction of a Pd salt at 220 C ure 8 discloses

the X-ray #obtylges comeiparrelaingad an oxygrercepining sehasedienmingiadirief fniqthe mixture

reduci ng a FFQM[ d

versus ti ngﬁﬁéﬁlﬁa&% er eﬁ?@&gg@%glt%gEiaoa%fdgggﬁﬁ'%bmsﬁ%? or tﬁ@]%w@ ray

di ff racoi oaegaaitetddxyrdsuﬂaucm ifed ntaanalvg@ltknpwmmhﬁbeatt ﬁndﬁrscassedqu&epsoxsmﬂ ution,
W t hout an or.gani c

i 111 act i oft Pareeri Mapol it Hep s dibintta R Inid et Bndst®or uti on
Wi th an or géaidiait eed] MEIhe reabiod Af thEBstdkSERMRIBLIEN prdtducil Hie rbd\MEbﬁr ik CNribdl o R€Eth

facet of the 1resent invention, it has been fo nd t hat Qa{ a(li"["f (afd) when
r educed propg ene in an oxygen-iree aqueous solution contammg e appropriate alcohol. Thereafter,

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

25  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 recycle 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



by a reducing agent forns either a crystalline or a substantially anorphous
Pd material which 20 functions as a catal yst. The substantially anorphous
Pd was hgyebhabhgpyunknown. The crystalline Pd (unreduced) was/ugeperss!|y used
in the past as an alloy, i.e. with other netals or materials. The palladium
catalyst is prepared in the oxidation redctor prior to the oxidation
reaction. The preparation of the catalyst involves dissolving a palladium
salt such etfsthpainlcﬁdﬁxampla@et ate in the single or two-phase sol vent)

di scussed bel o he solution and ve with a gas,i.nert ta 25
the reaction, %ﬁulgﬁf%ﬁ:?ﬁ’r ﬁlteh%esé'érle PR e Ei“ﬁ ?fe‘?Jﬁ@fl‘??ﬁ %@@ﬁ‘f’“s‘ﬁc‘ﬁ“ﬁ‘és
propyl ene §dveatsyi gor ous manner as for exanple by stirring, rapid

<agitation, or bﬁ(ammlar rretho The inert gas may be nitro hel i um

argon) Kkrypton, ret%@“ﬁ"‘l@ex‘i"%’e‘}l fra@ﬁ%gattewpfpbwrperfhléy a\éaalek)lpgwtélhe@rﬁﬂ ete
in aboud a2 BioghiSuatial Hou pr B FHE edeénoh oPApalgut 1 to about 50
bars. One skilled in the ar ovvever | d recogni ze that the tenperature
coul d be i ncreaEle@ledrseﬁefeﬂleﬁlséﬁradsilﬁl@emdpat@m foehp v shllgmerfamydon thef vapon
50-150 C c asepe%u ?o'ﬁ%fa?ﬁ@ﬁ{ t c,té mes of 0.5-5 hours might be needed to
conpl ete the reac Ion at “suc her tenperatures. According to the Law of
Mass Action, t hegiveghdisclbespbe a&‘t-nay eliffraction pattemw dfive Pd ealt tredweed ovithedifferent
completed in a shortened anount of time, but will lead to a greater anount
of undesi r@g PPO®EFEEs. 1t has been found that there is no WO 02/ (183299 5
PCT/ USid 2/ 1138 Irigeke o ts3@ Efofp 1A kffyct QL odyiden cOMGink®Vedlis @RV adifd dFTRSS WES.
One to ten bar gauge pressures are typical. The reduction process to
prepare the@%¥al yst can be carried Oit in separate reaction with, for
exanpl e, oxygengit88o @é@w&lm_f&ﬁﬁf&ea&rﬁ&%&k 8 Pcdbet bRt lroflarf

manuf acturing process separate and apart Tromthe acid production process,
care nust meotscohtion isewitlioat an erphictosadvenhe freshly reduced cat al yst
particularly t 3 3 an

i i 2ing. o mospRgra etk AFeuG A b SHEY BB Hhatly

si nce cat a:hq,usbussbmleniwﬁtblaneogtamaslcﬁdeqnerl ods tends to | ose acti VI ty to tine
manuf acture of the desired product. Catalyst prepared in the acid

manuf act uri ng equi prent and used wi thout further manipulation is to be 1o

preferred, although thepgFAIDEDDESERIEHUN PFITHE INVENQUOSI de t he
i nvention, nor the clained nethod of this invention. The catal yst, Wen

prepared sepa. -ngnefapet af dregaiigntameptian drhasibgen demd et pallading P) WQ@’ 5auasd
appropri at g} ¥rddh&as ﬁ‘%in@ Brih &Y &‘% talfe &%%ﬁ%u%zﬁn%?plﬁﬁs ba '}na@fﬁfmhl%h by
bubbl ing purified nitrogen therethrough. The catal yst, which if separately
st or ed20 t efvastions agp gmiysn $hesspstaniialin maﬂ@hmsﬁlewé@ etpioru wirlvegvei. obhejcpystalline
uItrasonlc I and
nmust be st }’é)ftﬁ%ed%é % 3%?3‘? theﬁjgﬁ 258 ﬁio&t 0 g’\%?@e c?]gtrar%%hﬁlat\éﬁmc r
educes t heThmpalMdmm caﬁmt 1ei)1feparbd mfthmmdamdmeztctoo priates theDxidadercieaaion. d&he t he

XCray ir{ PR it ke R atsso Bl St el radfEiT 6

met al W t hsipgle bt ﬁx&oepr&bez@mﬁt Gisdus§8d®elmy, Flogiimngthé éblﬂfmﬁ and R&s@tvhifra gavihesaans
| abel ed 51624-105 WNi s pal l‘ﬁ%?" m nmet Fah gﬁioduced i/ reduction, w th

propyl &he PR reAgHH ARd %‘E‘l"adi" oy UGRg HgRSRIYAS PEPRYIERE I HERPUS e.

The pal | adindferCR @ Rahple 69 @fmlﬁg,%pfd §ga{alﬁbﬂ1 &r bila tiflaMRbiB6d. CTIRGhEH PRWSIY be

sol ution before the reduction wth pylene at 80 degrees C and 80 psig.

Fi gure 7 cofpasmbelivng asgopdyyrior, P the 11<%ﬁ13ﬁ3@9c3ér Triohy pRIreastpRincpmplstsdad by
vapor phas?oo%?l-%%gwsta& 6’(5‘9(9’fc Ra rﬁé&.gﬁr%}%ﬁta@&ﬁ 136 atfotPsdbars NEnd dhileddh HD
acetate was pac In a tube a gaseous propylene In nitrogen was passed
Sough t he art,dtoateecramonld reognidschande theattretdretooulzlm lr@eandgm decr@setbastrgpdeg. X- r ay

A6 R RELAGLNS Lot 200301102 (SAIREP ARl oFOY HIRARERR DAL cf

of Pd odu P8R~ aceta valeric
_aci d/ wat ernéeab@ioeﬂn@&t&w&ﬁetﬂoﬁﬁt su'Ehetth fempexdtuiefsr Ae&mmng patht &aw of Masd ed
51573-71-1is |.adi um 30 et al ed h uid p gse reduction of
ool aai um AtRerhi Hehel Bgre s A RlAY B st i apaBEd 3ta HRESS e Rter
agent at 8fmg BAdiIBRaPH Deredtdr atn%uﬁt%aﬂddsﬂedibrgwce & HabBéentfbendpmde ek 1A
catal yst reduced in propylene is | ess dense than Pd reduced in hydrogen.

This is denonstrated by the d-spacing shift observed in X-ray



WO 112/118321J PCTIU SI1211138C (XRD) studies. D-spacing is the distance
between parallel lattice planes in a crystalline structure and is a

functi on wb obbss2batti ce paraneters that define a unit cel lpcTdnsbenidgam da' s
conditions [Ham da, Z. F., et.al. Applied Catalysis B:Env. 2001 29 195-205],
hydr ogen-reduced Pd has an XRD pattern with a major peak at d, 2.245 A \Wen
propylene is used, the Pd catalyst fornmed has a simlar pattern with the
maj or ref | adyantege tatcarly-out3OreActios lai dlevapd pBENYes. Thie tptee bergaugamresstreoare Pd

catal ysts Qﬁl\é? simlar XRD patterns that denonstrate the sane difference in
dpaci ng wh lhe catalyst is reduced with hydrogen versus propyl ene. Under
t he present i nvERtredueticwpbctss wq&spdik:ltheaﬁtﬂwsﬁn beehuigedcbut in shyakitO@edtionadth; he

-major reflection at d=2. 239A Lhe same reflection in the

pr opy| ene- FEETARPIS QX ggpdtee PFIDY e§e EV DIegBBIRN dgPaFs oppis R manugaciysing grocess
docunment edsdparatedhnalay st Sorh MRt achBMEdNREY procyss, QiYe RRRAL e tifen@d bdp@SitclaRO Sl Bss of
“the reduci ng agent used. The present invention conditions produce Pd
cat al yst wirelsradycsdcpalast. parifuiariydo smamteRpd ptargabe ¢asalyshaway PHGemee# | but
have broad i
br oadeni ngg’lﬂg 111%2{3&?9%&% els%%gpgg{%%aﬁb%giﬂalﬁﬂ ?Sfltgwgf S{l]‘?ggﬁ%era&s r{t‘%d for
crystallit egersled periysis tamds to Ibse aativitygh dwsnamafagturesd!. theﬁdesurqumaddct Cetalyst t he
smal l est diffr

Sever o R R A B R DB R T e Rt i TR O 86w ©

crystalibi t greferiz@, Soughdhd@de ob SrofedrRhdyads Mdt bobisida e iGveatiod, a6: théclmfehlncdﬂe)drray
contain many crystallites. Peak profiles indicate that Ham da's catal X&S
and the preSBIINYERTeh TR FRtAYH WRrBPreaizd sepaaig! mmy%ﬂe’e%%{»%tm{eael@fé@r Rates yidh t es

wi th hi ghl ¥as@ebes dﬁfabéﬁt @éa’tédr!@rdnﬁntve hi?@lsgaséd\@o ﬁflforb tb}in'lbbhn
propyl ene-reduce catal has smal | er cxyst a lites an | ess ordered

cryst al | i npurfpdnitagee @clftﬁliroeghsﬁmqaéﬂ&xsr, &hjcj laweﬁrp%mr%feeﬂs rewlumpn isX- r ay
diffractio [ [ [ on
of cryst al [ PaRRimdliihited i ARt b B arRAl: RBPHAL ARl 81 70
whose das oms) cliromandonustbk etumddex afitatevh rapifleid ender th aveiil clempitigtvrioetredtceathas or

i nperfecti ons, [Hawl ey, G G Condensed Chem cal Dictionary. 10th ed.,
1981]. Not & 'tﬁsét a particle may be conposed of several 25 crystallites.
Large crystal | i Tigseffctd nohs@lut@orslessis pdadton, die ke ratheing dgag peess ésshasn in
crystallite size decr eases. Small crystallites denote | ess order in the
crystal |i nEigst 0 ta@d&or a crystal to diffract, the planes of atom;

(reflective pl aﬁ%&)a@c@nﬁahﬁ)@iz'dlfﬁﬁddﬂbﬂ BRHs fOEEKA PARhicAE Jdm hiadidaeam at
a set of specified angles such that t e x-xays reflected fr |fferent

poi nt's 28n mewtbuvawele sigg of <tlHeicype fiom 2 Ing. Hgsther wqw@apalﬁwqdér‘#a%k%u ffer
by multi pl %\@‘% i re are
t housands g&]?}wq; a ﬁfeafnwg%'{tgﬂnﬁ g&fg%by{ res Eﬁl ﬁ%)%ig‘# ine%?flgﬁ%h/gfag? cﬂé}éﬁﬁase
X-rays ar estslhlag promypallgdipmtagéthiet By foBusivme acotatd i gpmpletsbrselubledn fhe\mllellpar al l el
pl anes. I r eased in
hei ght sucﬁmé té %ﬂg&é‘rbé%orgﬁ égﬁ? h&' ‘9“1}1[% é}gér{gaﬁg&é%?ﬁ%f aﬂ? 861gegto

i nconpl ete dest]Flgmteﬁvoemahisdrcf}éﬁ@rdiﬁracﬁﬁnqmmratf@ pall At prodB8Ra B9 vapor phase
PCT/USt | 2/ 1138G r i rous mat he J ods for detex~nining crystallite
i e baSed FRRBE PO R ARy - o JEIeRR Ksdte g itt SR8 r om one
to several ghusdeébylabaiEtessh wia\vassed Sagp ARtcaainPihetite&ms héaesmb obde.C.L.

V. ; Buerger M ~J.” The Powder Method in X-ray Crgstallo ra~hy, McGawHill,
1958] thus i ndi Ei@PIeiFonkEns %-F d#ﬁlffl%\op@li“%ﬁsfml?l@? ap% @aueeuﬂawaé} a4 t he
crystal |atdihte g afwiaraa%cedﬂgexqmtﬂhaée r¥d1ﬁﬁafcm]ﬁﬂ§dmrh aceaﬁ%wen& acet of
the present “invention, there is provided a nethod aring acrylic
acid and nEQlWa@FﬁyllﬂbéleééN{lﬁ%ﬂ@ﬁ ﬁ(-tﬂédrfﬁmlpa@mﬂﬂehlbﬂ ﬁi ﬁ*ﬁ:ﬂﬁ%é@@ﬁ’dﬁl and
Y enacth o f Rlotaf Rkt B AL AL ORr0lr R AR ERE ARl BORUY Ve i
respectTul an aguéous ‘organi c SO Gtion 1n t e presence o0 reduced
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prior art Bhwudédsmlhg)&eged nrelsmn@hsmfaa‘dery titHlspating Shift oselrwimoxsayaont ai ni ng
free radical inhibitors, as for exanple BHT, as the nmediumfor the

oxi dation. The prior art further discloses the presence of Lower alkyl

al cohols as additives to the aqueous solution during the oxidation reaction
to increase the solubility of the 15 reactants. Thus, this enbodi nent of
the present invention pertains to a nethod for the manufacture of acrylic
acid and nethacrylic acid which conprises: a) continuously reacting oxygen
with the precursor in the presence of an unsupported or supported palladi um
catalyst suspended |n an aqueous organlc solvent systen1conta|n|ng as a

o - o ~ ~ Y . ~ N o r— = o



reactor. The catalyst reduction is efficiently carried out Wth a reduci ng
agent such as propylene. The solvent system nmay or may not be a

si ngl e- pRag@2/bB8s36Lem Preferably, the solvent systemis a sichrglsepidgse
system contai ning a saturation concentration of co-solvent. For the nethod
of this invention, the termprecursor is&efined as follows: (1) for the
manuf acture of acrylic acid and 25 ester, the precursor is propylene or
acrol ein o(XRDXStudw}s Dtdpaciepis theadxsiar(cﬂ);eﬂmm pandlehianict plabesrie a(afysmnilnlaamcydrbc

acid and es 1S he sor IS 1sQ ene or ol ein. The novel
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the precur sRimRd. BNetQK W§BReCORAIGHOBIFGvIRAD 1 RO 95-203) Q%Edgén-&?&lﬂée@%' HAgat he
-catal yst in_an aqueous organi ¢ solvent containing an Wgt ri ate amount of

a co- sol veARIygatger vietmpier psakigbieiBnt Yenmeerylens i us tystiormedyy
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-renoving a portion-of the catalyst-free solvent, separating the produc
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1:1 to about en-containin S ygen or m xtures of
oxygen wi tFFﬂGFtI‘fE‘rm%ﬁ Y eﬂ&'tredgi:eec‘i“ﬁ%q?ah ’?%bﬁn@iﬁ%etﬁgt‘?g?&( Exanpl es of such
gases aghe air, ARdidANYEREnEaPihialyd@ ik KivdVEs nadsw E&nc PRSRABPIeBardless of the

oxygennltrogen oxygen-helium oxygen-argon, and the |'i ke m xtures. \Wen
acrylic acradueing sseat ¥saé riie pecsensiipyention qeaditiensipresceRdicaslisd wath namoe pell e

phase or t n . t
Comr i oi gl afin BGEHS, BERALGe AL BOL 1ok Puidkienb Bl bl B RRRMEE
co- sol vent isthe mdmam d@ebmadmirtghedlmswﬂass iotdgredferyistaling qummmmsll toystalhies
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difficult arat fromt desire uct .in the reaction m xture,
need| essl yi\@fﬁfgﬁ beé'ia fsipgshon &a?%&%ﬂl %wg}};@rg&q Y s ?%@f)‘é?"&f‘i“b’l’?a%}'nd
purificati efsalridedak bafiled iRfiéASthad Iansi@d § bairﬁmsadndm pré@nt i8AGtibPRyd@snshoul d
be avoi ded. Ketone co-solvents are preferred in the manufacture of

met hacr yI i eedaeqdwatatwn@lam argsrorsinllicet wiekighly erdasd casellivp datticest g preseiy |

ket one, N

co- sl vent TPdRAEHL L ENR colf MISplccipalieE T lesPORLRE FARallpe,

| cet oneod TivetmoertaSpbﬁeEImamedn@@hmmmatdrm t he manuf act ure of acr yI ic acid is
val eri c aci d. eco |.coho

co-solvents to {)nr evéndtlﬁllagtl()% g ag%dt%seg]c agk}lch\%r ?‘Lagef‘ %&eplop rS‘\Y,gé acr yaol%cO acid or
net hacryl i erysilie diz. Hmmfaﬂtté isrdefinat &1 tlhpepmmdﬂa:msstaiwdmoee(atdmt iia of the

o oduct i RBHRH R AR EA T B A B AP SR, Badieh; b f caBitdy

esters arechemkel mimmﬂa:@pu@h £d. SIO8EE Nokah4 aphitield nidy ®d d6thposehef gudramr y al cohol
of the reaction sequence i s an appropriate_co-solvent, although it nay be

augment?éd ssys&ahléesdb%sfecrwliﬂﬁwva%‘g sh%Peak%l#’e%wd@ mifPaSE%i‘sdﬁ%Ea“‘tTﬁ‘éc G - Cs
primary al eeé}e;lsés Shafl B@Etﬁlﬁ%'den&éE@sr&hernpfhg%&ﬁlhme DRt anol , i sobutanol ,

n- pent anol , 2-rmnet hyl - 1- but anol ut anol , n- hexanol

2-ethyl -1- but anB¢raCz§:f$éﬁ1 tardiffyack éhe p;k@es@téémm(r@qct@fe ptlafméS)pm Hguiructure st mest
catal yst | L r | e,
by 11111 at PSAROQARSAEpeontt oTE, 6 A0 bl AU b 250 SkinecB AP P
the conti npoims dmubtee plnapeeeathe dateabr intpease Xihel path lmglrheétffer bymokiptehiof1

{11 tor oy “BeCFHD: Waph (s cORRIFiade poneyuee brooties  Bpdlo B e el

filter, or lﬁmsﬂn@@fthte@hish@m;ayg:atr@gharpsﬂ@afmllm beéontermanwdmxarafemr or ester
fromthe solvent is 30 carried Olt |s'£ntl aﬁgo gr decant atj on .a
Eymipbrpgkiapd,

d
di stil | at i SaralleplengpTherrsulfiae felflléﬁloln%rﬁé‘f‘ Eregred 1p %‘5@??‘5&1&&“
separ at i on yQf sr@Ginbd the Pefak Gerh HRTBORRhRY e t&Glcbinplste RYstiub@ed ihRFBdenddl ‘Thdré hrdt | ON.
The water forms an azeotrope with several of the |owboiling byproducts and
is renoved first. The WO 02/1183299 9 PCT/ US112/1138C acrylic acid then
is recovered, and the higher-boiling valeric acid is returned to the
reactor. No additional water is added with the recycle since the byproduct
water in the reactoz is sufficient to act as the aqueous solvent. Preferred
separation of nethacrylic acid fromnethyl isobutyl ketone is acconplished

by




decantation of the organic layer, fractional distillation of the recovered
organic |layer, and return of the ketone to the reactor. Again no additional
wat er neqg Pasa@dded with the recycl ed solvent. Several bapchuswepasserent s
were run utilizing propylene in order to determine the efficacy of the
co-solvents and the appropriate tine and7tenperature regines. In the
propyl ene batch procedure, a mxture of 30 g liquid, and unsupported

pal | adi um rigk@ls ysdthepwasipa methokds ﬂjirﬂ&etiﬁn@g t@sﬂé’ﬂi(t@@)base@ls;nq:estcwidhed}enerally,

her ei nbel ow a kept, npi st after pre n, was ed in Par r

hut oc ave S BB tEREm Stedfim P SSireh Bl Hambias Hrre el it n

propyl ene Iﬁuﬁtb@stAbeftLtv MBuck € ML ThEPoWRS I\/ﬁftiﬂdd\léiket‘dv cEBaua#t&@l ave was

. then pressured Wlt11 Hg?;ﬁ]t ylene to a pressure of 2.75 bar wth stirring, at
[

1200 rpm MeE@wnHi g ncicating bat thematsrialdas Hilegeyeadrderipthg crystaplagiice

t enper at ur Nt 29 bar air was added. A pressure drop

- was notasfad Qﬂusquﬁ y ang pﬂﬁ% reacti on was term nated when the pressure
drop had ceasedn affd’therrf&at:tbﬁ thapresst ingandibh,ythéreisprevadedah medthcalfouprearing Iacnyhcs
The rate of d.the. conpasition.of the

deter m neceibtie e bond d iH AT PERRER bRy Pen et B gt Bh e

Fi gure 5 ig¢leeel dxidadomss ﬁolgﬂbﬁbaﬁwls@ﬂtyjaielrssjbcctﬁlly@MSaqﬂﬁiuls o:gaiaatsauﬂo;mam son.
In Figure 5, there |sgﬁpom the{ actog@p ssure vs. tine in_hours curves
for pr opylléﬁsé“‘ffx?fdéﬂ"ic gdipmcatalysis i %%Hé&ﬁ%"%?@b?’tﬁﬁﬁ’%“ﬁ%u d, 75%
aqueougy but yri qyacs ga4, BH%nasecsiior YA REILSe BE 1 of SRHLANHBR HScarsuRt ANMinaand
75% aqueous net hyl |sobutyl ketone. Exanple 1 The follow ng exarrpl e of the
manuf act ur¥Opfndaether|sppposis, stich asHiralbersosd, festthe entadyst. dba srietearieadsodisclosed the Bep t o
the scope gof ours
in o cont i Butd Sn 2ROk BiphESRlrfaid A0 WA, b8 HarBlHIE 0010

pal | adi umaedtmtfer thé 3ddation. ‘Tfe pnatatﬁmthaodls:b,loseﬁrwe pi®samte afflowertabyl alwlo)lsr@act or
was swept ene s nes t essured
wth pr opyt ettt Ol S e S W e Bl BLR R P e
to 80 G andadidigs.contents were stirred for one hour. At that tine a
conti nuous stream 30 of propylene and air (equinplar anmpunts of pr

and oxygen) was u&ﬁhlﬁF@aoawalﬂt%@e@r%%mveenwaratnéwlptthfadzf%étﬁ m@ﬁ@cé{l
tenper at ur & M@sic hah ‘Hn@-ﬁlet%ch}@chh@fd' WhiSe&mprR&: &Nn@uchlIPrdabiihgMiGEen wilifihe
tenperature Was increased to 100 C. Filter plugging was noted about halfway
t hr ough t hiwequiger innhi presenee;off anawsupppeies suppooed pRiaditmotalosuspeideseid abhe STY
for the sy rtial
pressur e | EEiRs ofie solef el Soutantly KTt st o 40 il RRE G ARREL
propyl Bne arriCsChketoent) lgasrcnﬂgtbe acezalatacoirfoop@r atdeq) la:vclalbdtﬂaqae@@ s8lveromyesi on
of the oxy . ar.bon effici enc and STY
of the rearg |t%anr 'té,a eit/)sﬁreg?(fuog lseer#églem{-J Cé‘ﬁleg OWCSWﬁh aelre Ié(“rltrtg %gsltesadhaps i ght of
carbon i ncTiepohveheystem nidyer ARy }td)tlbé a&ﬁigtt-ﬁlmber@@temnEtefeholyptmpyllvameys:oﬂvsar ted
to acryli id as determ ned by chromat ographi ¢ anal ysi e pr.oduct .
Figure 2 ssr‘l‘tﬁi‘fs t%&sum@?tmm%@%’t‘éatwafen? tr Foar?g C‘bé‘tlv%‘f AGt £ OFIH’é this
contin UOUSm{'féﬁ'ﬁon Ena{sah %re@ur?tt}@s dBinbOW 1800w AL OO MmahiTRIBBERA LR Al
net hacrylic acid is not to be |0 considered limting to the scope of
t he i n¥ent¥Bh, thub\%w%e%prepyéomor prueleia oF gxtates hopoheud @) far theppefasee of  (as
descri bed xﬂ?cﬂélc@%hc%&mﬁ b SR ¥ chd&&tr %ﬂ&b‘&}}ﬁéﬁe%ﬁ’@&(@&a&n‘ oadi ng was used as
propy

t he sol vent m xture pre-reduced (Wt ene) pall adi um | oadi ng was
4. 4% tenper at Ulhe naugl osmla@nan@tlpm efstbumo/ewaoi i3 2arkied gut coantinuowsdy bynassogided at

2.5 std ut but vl e ' A e mxture
was sti rrepdEC%{Ssoﬁg%cgan &ﬁ&lﬁoél%%ery as aetaftg{s&t alnl@gcgqyg “glt‘ga U)I Pt er/ hr
and a Consdrgaic 3ddVventeonBiiing i ag)pro@ndte nmoantmlf ato-eflvénines deihathdraintiejow and

‘m xture containi t hacrol ei n, et hacr |l.ic acid, and esters as t ermi ned
by vapdh RO Ak A A B PRY SRetn b P R G OBPorERGT P SeiSrpl 6 3
20 Fol | owi daghtys r@nd i £adrtistpdrai: adidaktosnivh, @ﬁiahﬁﬁ%% SldductAndr&os GanBi gh
pressure Hastell oy C autoclave was charged w rans_of pre reduced

Pal | adi umesichne ﬁtlaﬁﬁtveme&n(nesﬁﬁtr@san theaepstatiapsrprefpiabhy fiom aetwroa&em@a?tt. 16PeCsi ze
of about ﬁ %sgﬁrgpﬁe firm! agmg rl%@ﬁo%o&t%g 'b%xts' i} e'%ﬂolai%th@&fr ;Qéc%l Br ol éé?ﬂ?ve

i nhibitors 26 8 grans of valeric aci 7 granms of pure mag

m xture was heated to 90 C with m Xi ng (about 85 rpm 25 and about 30 bars
of air were introduced. The oxygen was consumed in about 40 mi nutes. The
reactor was vented to 9 bars and then refilled with air to 30 bars. The
addi ti onal oxygen was consuned in about 47 m nutes and the reactor was
again depressured to 9 bars and then repressured with air to 30 bars. After
t he oxygen was nostly consuned in the third air charge, the reactor was
cooled and the liquid anal yzed by gas chromat ography. The nethacrol ein

| ene




30 concentration renmaining was 0.034 wt.%or less than 1 % of the original
concentration of nethacrolein. The concentration of nethacrylic acid in the
i qui d wagg h2/34o0Mt . % or 63% of theoretical. Some Lnet hacipolraiso2/ass | ost

wi th each depressurization to vent the nitrogen. Trace anobunts of acetic
acid, acrylic acid, and propionic acid (& 8 nole % of total nethacrolein
WO U2/ 1183299 11 charge) were produced as byproducts. Exanple 4

PCT/ USf | 2/ pieB84bly ativere i Al banis mgst@xqﬁﬁaﬁlyrﬁnmsabd&mmtabalte 3, my@n&pﬁnamﬁdgon of
esters when the o%< dation was arrl(g out qE}the re ence, of Enrg' mar

al cohol . ABYGDPEEOHRNP BXYESY CLMPEYERS Yo ees VRAE 845 ﬁt B 5"8“&?29 cagor.

pal I adi um Eailﬂlbwgsaf SRELE; %t@ése‘ﬁe By, apd Gﬂbghﬁ&ﬁxtaﬁﬁﬂyﬁﬁﬂtﬁ@s aZ@)erﬂﬁ E6xy2bn-
-t-butanol, 3.3 granms of_ nethanol, and 3 (f:]ram; i sobutyl'ene |iquid.

The react of“"ﬂﬁ@l’ gpvgeadleliyE %&ﬁ”e‘ﬂgql’@a@dh@ﬂ%ﬁ‘f‘ﬁ UE§SX i ng The pressure in the
reactor ;was 28 {fbgacrfit wéslhamtyhé%d RSth&d&iredldd PRt heR gﬁﬁlﬂ&‘s@ of Bvd-he

- reactor and the reactor |10 seal ed he pressure 1 n reac
moni t or ed akase h@eomgammvmﬂmmhm Wwilhiecopplssieomprising h@zﬂaa@b@whc agidi ned

constant allebudRangl UL oIl int ERGAA UAR,SABLEY AL, AR, hR0% and

liquidint anal se anal ysi s
showed t hatomjumutts 90%-, okidhtien reacyige rThla gd:fdmé acidoinsiutie ccetel amm,gu dpliumcr &aktion.

The liquid, ailalysis indigat t he, presence of t hyl. .fonnat e,

T o] apRkvibield ) RieHf g et aloio B ARt it o TPt B POt S ta B ¢ o
the rengi nbftﬁiﬁhﬁg%@éﬁcﬁon BxtaRhBre Aot 00 sefrdiesés ihebsited BakOh NASactidar ged
with 0.35 grams of grgal | adi um cat al yst prepared bc}/ propyl ene r_ educti on,

20. U gr amsrigpre; nagdiesshoompicating tamaspasationest eriid duging spapyoryndrpyrifeatizg.
met hacr ol eiy hﬁir gy Eaéscér%etm%né%'u%%@cﬂgn 68d b0 3@9@9 K’ettoﬁ &85 gles airé‘e
pressure in % reactor was An addi t1 onal si g alr was
added to t helaeddt he nandfatfoee qfwdtaguyhsm diie piEfrareg rke‘ssunacluch: at¢tens, mtﬁybr

was nonitor ygen con [es: in th ctor
remai ned cgtﬁd’t ncine’aIF?tgﬁ ‘%3’8%(&%%“%%“?&‘”%01@ ﬁhe LR %‘ © \Rﬁéowﬁn F%glaand t he
gas andsl i qtamefaaﬁreroemathadryaadclanaﬂleylz;edohyy@aoaé\d“h%dbﬁ;refshed ghenploade

anal ysi s showed that about 75%of th en had gage consuned during this
time peri offanygiuteiof ATrlic,apld 5 ypleris o (?5{ 4 geagpdary AP IRV O@Gﬂ?f‘at e,

met hyl  net Bagivdnad 18 prévehith poRLiNB edaltidnGrigCthélforMe AR IId L1 6r%étﬁh@ryf1@ﬁ@dl B ng
reactants. 30 Exanple 6 Four separate batches of palladiumcatal ysts ai-e

produced a8eByactng ctredProdecisand exidpinm af therseeopdpry|ateohols tHeetanps, sthichayradd  of
oo LUl N s Bl R Bl e v o
Suld (BP 145 I the C;-Cs esters are to be manufactured as the desired product, the primary alcohol of
the reaction sequence is an appropriate co-solvent, although it may be augmented by the above
defined acids, ter.-alcohols, or ketones. The C;-Cg primary alcohols are methanol, ethanol,
propanol, n-butanol, isobutanol, n-pentanol, 2-methyl-1-butanol, 3-methyl-1-butanol, n-hexanol,
2-ethyl-1-butanol, and the like.

25 Separation of the product from the catalyst is accomplished by methods well known in
the art, as for example, by filtration, decantation, centrifugation, distillation, and the like. In the
continuous mode of operation of the oxidation reaction of this invention, separation is ideally
accomplished by use of a filter. The filter may be internal to the reaction vessel, as for example a
candle filter, or external to the reactor. Separation of the product acid or ester from the solvent is

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

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

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



WO (12/U83299 12 PCT/U S(12/1 138! 46781) which only uses water; the
results are shown in Figure 10 and which di scl oses sharp peaks indicative
of a hi gWgogogssdeal | i ne material. The second, third and f eartusoz/epeat s of
Exanple 1 did use valeric acid as the co-solvent; the results of these
repeats are set forth in Figure 11 and wfi ch di scl oses the broadened peak
profiles which are indicative of a substantially anorphonis material. The
pal | adi um saylicsacigsthen is recpyrsedy prdibn highervizoptingoalerin g¢id dharemmed dathis osegtoatNo whi ch
can functi & I . j end._r . . C X . i.ncl ude,
w thout 11 iRk Sl 5 AT HEMERL LRI NERF 8t R sicldior e
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! gand’ counl o Bistered keonBon b motbergR oo by SRR bR e e e by
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Pol y( 4- vi n9i thy ketemerte thegeaqtar; Mgaip e nadifiensh@atepeged hepdded Bithdbeasrisied selyent. \w O
112/ 11 R3299 13 \ ~d . it .
%a?@t&%%%%rﬁ%ﬂt@@%%Jﬂ%ﬁllg?ﬁ@gﬁgéﬁgx'r&ﬂé?rt]o 8t hE e flcactyhe

consi sting essentially adi um an acteri ze er eby

pal | adi um clbip omresiventssandire patoptiate timgyangd teshperiatvge yeaimeadntim prapsiene drtch
pal | adi um pet in._a us. or.gani ent . \W. educi ng .age t

o 11c1 ent Dozt AfRaR 80 EiaBltRl g Rt Beb SRR RE O Ror us
pal | adiam P2OAN s desyibsi Heradnbehsy sett kepanoib aftar rhmkavioh wak elaeecintal@0 pal Baadi um

x-ray diffraction pattern has a val ue of out. 2,30 A and broadened peak
Srort 1 es. | aitoume abapuCrh b DeotogRrnvesiibafict Niler et daopaY e um
salt is palihadhdiiaceisHtclvardht. THOBatEQER Uk tHel Predsurctitbict ﬂﬁﬁﬁ?ﬂeﬂoﬁgﬁésmrelof

wherein the aqueous organic solvent contains a nmenrzber selected fromthe
group conspgf bagwid stigrigpat ¢80 b Extpriabheatingwas used jogayseribg eanéints teaitala ket one

and m xtur i -3 L1 t I i i wher ei n
the reduot FRrePERES) s0r&as YN TERER0 LY YA TRE A bR il Shid T Mo
as set 1§ or tnmediately andrthk reabtgorewss tednenatebulni tonpresue dngpuet edased. The osactédout O
Cto about 90 C. . 7. Th osistd.on _as,set forth in clajmabout.l rein
Cher educt et sriSe Ea PR P S Tup Bl Bt Sigf afl e EORipsicop e
conposi ti oprodsctaete that dderininedland focdrded @r @impatison of tHegndade dap i$ shoas iR
catalyst. 9. A canpgsition of tter consisting essential| f_pal |l _adi um
and T ur ¢ heFieaiias BETOER SUEOB) RO BEIom i A CORB NG e o PHEE R S 6
reduci ng palshadh o @k pleSsuldvsafims dRRHScusved & ipfopFRhy 80 latntiN wRlepBYRene at
a tenperature of about C to about I50C and a pressure of about | to about

50 bar 80 t oagieavrRrerianie atd /A 3FUy bEEE pHSri0% garquadplans shd.CRTaeteds x-r ay
diffracti Ochﬁ@Etﬁ'aWS%{lgduQr&enﬁd Hodiddiugohs about 2.30 A and there are
pea es.

br oadened profiles

Example ]
The following 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 ml were placed 10 g of palladium acetate, 132 ml.
of valeric acid, and 18 ml of water. The reactor was swept with propylene several times to
remove any air and then pressured with propylene to 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 a continuous stream
30  of propylene and air (equimolar amounts 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 reduceél solvent flow and reduced the STY for the system. The



10. The conposition as set forth in claim9 wherein the aqueous organic

sol vent contains as a co-solvent selected fromthe group consisting of a
CZ- C~ canh@wybdssovaci d, tertiary-butanol, C3 C6, ketone. ardTiOSHI/LIZEE
thereof. 11. The conposition as set forth in claim10 wherein the
co-solvent is selected fromthe group cof&isting of acetic acid, propionic
acid, butyric acid, valeric acid, hexanoic acid and m xtures thereof. WO
1) 2/ ( 18329%opledGht tidbpikduiclid 8He rdatior Wae abamiPQbiatsibasedas tisedondeptrattoniof cl ai m 10
wherein the cq-salvent is selected fromthe oy consi sting of acetone,
met hyl et hBFPPREASIRIS Yrat &1 fiesfs%ﬂ?wekaéﬁd&ﬁébfgm o savasion A pryEendn e

pal | adi um gaptaFRuRgl SRWaMearboh efieRycy 4@ STad dragk 1‘éﬁ@tfé@.rm96&rbtffic(iér}:}f$s
manuf act ured by reducing palladiumsalts in an agueous organic solvent wth
propyl ene $RHN(IR peiceis based Aponyeight o€ £arbon ipeprperptad Hulbe eeryicpgid farmed agd et 2. 30
A and bro Ll as. . : i i he

- pal | adi Slrjma]gg g?eg"%gg rﬁggﬁg %JJI %cagéhgts g&&%ﬁﬁé{% yéa?ggé hg:l ag]fl liléi%ﬁ%gro g?‘% t he
cat al yst i Eigsig@mbowe the seient Térgcle stteainygsamafer olimiteifoi Srewhwmapms uhe catal yst i s
unsupported. 17. The catalyst of claim 1 wherein the palladi um conponent is
prepared froma palladiumnetal. 18. The catalyst of claim 1l wherein the
pal | adi um Bogmoagnt is prepared froma palladiumnetal |igand conplex. 19.
A conti nuous nethod for the nuf acture of acrylic acid or nethacrylic acid
whi ch conpri sesthedpliewing & & piyhe mapfaqiye Pﬁ@e%?cé}ﬁllfraﬁ’éir which B 70kPdEn in a
cont i NYEUScJL8RAELA inlifhd BehdEFVIAR iffenfon AbdcABEsUHBoRRHRLYSH of USPIRAEEH iHB an
aqueous sol vent containing as a co-solvent a maxi mum concentration of a

C2- C6 car bisrsH (@s gespidbediabete) msthyhbisetutyl setorsswitls 20% tgtre loaging wag vsgd as g t he
acrylic acj ] i AL I | 0
ther eact o " IbmIEHIEE Hel aEd Gyib QB ne A BEIG BT A TRk BN b
21. The ne2ldtctamifpredsaiemak 92 iverdsr was ingogrced atr2siostd. ilisers/motntet ankd ésvbutyRfie asThe
nmet hod of ¢l aim erein the precursor . js acrgalein. 23. The t.hod of
Cralm 16 Pafo 6 ERG Ao mifreRls Mkt bR Psi i et WE TSN i m 1 0
wher ei s t hgrapk/ABiems Ofd 4 Codgeauina STY. Figufer4aim glao ot thd selectigitya @uhixthid 25.
The. nethod of Caim19 wherein the reaction is carried out at fiom about
50 C to abtfpfainingmethasigleiny methaprylitoasid pndgsigrigstisteipinpd by vaPAEP&act i on i s

carried outpghatbhb@phPlRemE tRQoktidufty 8P@Etu0 C. 27. The nmethod of Caiml!9
wherein the reaction is carried out at fromabout | to about 50 bar. 28.

The nmethod of Claim 19 wherein the co-solvent is propionic acid. WO
02/ ( 183299EEQ§19§U2111381~ 15
20 Following is a typical batch oxidation of methacrolein.

A 100 cc high pressure Hastelloy C autoclave was charged with 0.35 grams of pre-

reduced Palladium 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
acid and 3.7 grams of pure water. The mixture was heated to 90° C with mixing (about 815 rpm)

25  and about 30 bars of air were introduced. The oxygen was consumed in about 40 minutes. The
reactor was vented to 9 bars and then refilled with air to 30 bars. The additional oxygen was
consumed in about 47 minutes and the reactor was again 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 analyzed 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 methacrylic acid in the liquid 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 propionic acid (6.8 mole % of total methacrolein



29. The nethod of Caim 19 wherein the co-solvent is valeric acid. 30. The
nmet hod of Caim 19 wherein the co-solvent is butyric acid. 31. The nethod
of O ai M8 opiseel N the co-sol vent is acetone. 32. The netroad;sot/1Gsai m 19
wherein the co-solvent is nethyl isobutyl ketone. 33. The nethod as set
forth in Claim19 wherein the palladium thtal yst consists essentially of
pal l adium and is further characteri zed whereby the pall adi um conponent is
manuf act ur dougey weedueduced @ hyatddeats.um salt or a palladiumnetal in an
aqueous solution with a reducing agent at sufficient tenperature and
pressure to produce a substantially anmorphorus or crystalline palladium
dependi ng Bpaiplé he starting material and the reducing agent. 34) The

- conmposition as set forth in Caim33 wherein the palladium x-ray

di ffraction pattherfRlloises SRETiPEPY AeBenstpS e menstrtian gher'sy Bheherifasion was
profiles. %rledTﬁlﬁﬁngé%éﬁcbeﬁaﬁ%na?r%lc&ﬁﬂt h in Gaim33 wherein the
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d ai m 33 wher ei h 10Gec Hegidlou € rsesttortvias phasgast withn@® 3 agrams ebpaledivercataly stpresesd
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Foduct ) on TRtk ARtE. A0 g PR o Heg O SR be e
conposiyhi OfeaRE. Bitpréseilir fin ihd réab@dk WhsdonMoeddals the di§gen wALEhnMR. The paRSE Ied at
about 1 to about 50 bar pressure. 40. The nethod as set forth in Caim19
wher ei n t hi® FRFICREATARCE £PRIIARS Bltcr 3n S1imNes. Ehaspiorarasyodied yl hottheigasand i s
further ch ehl 284 ehMviR% A m# red by
reduci ng pgﬁlﬁggl t}%nzeacgktﬂgtg% ?%yan }é@?ec}ggj Smfsﬁtq‘lﬂggﬂ%lﬂ%sﬁ i eﬁg& glta{sa
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iffraction ern rern u |s ou

br oadened pkitlonps eHeirksining teacthhte. rret hod of Caim33 for the manuf acture of
acrylic acid which conprises: a) reducing palladiumacetate or palladi um
netal to palladiumw th propylene in an oxygen-free single WO 02/1183211
| 6 PCT/ US1E2ampi®@8C or two- phase aqueous sol vent containing as a co-sol vent
a maxi num conce | 0 cid ert .- butanol . or
&G ketone, by P9 By Ty S URA AP E50s of Elhan B e
manner, c)bygopu&ie radictibe mmryimmfmwdndl;ﬁ BrgﬁllmSaalﬁ chethindl ey QlA3peanid e agqueous
sol vent to the reactor. 42. The method of C aim4l wherein the propylene to
oxygen 2P at PEPLO%om about 1:1 to about 1:5. 43. The method of C ai m 42
wher ei n steps a])heafe&t&i)wa@fseaudaeanﬂﬁ@d@ddlt@eom @it Akikin@ ArHR Wkes@fre fnltRdReakiOthasS0 C
to about 150 C. 44. The nmethod of Cl aim 4l wherein steps a) and _b) of the
reaction af BT Hdifiogak 444 msiech A HBMIEN BISEia B EBEIaY Snggheeacks seafeib Thet hod
of O ai m 4. whRrigup rézic%‘d?%va@)noﬂﬁ&e@is tQé o;b%@n (EPCInk BRked. PhERESESh @ kealor f rOM
about 1 to about 50 bar. . The nethod 'of C aim4l wherein the co-sol vent
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acid, tertyahiaitganol, or C3-C6 ketone, b) thereafter adding oxygen and
acrolein in a continuous manner, c) recovering the acrylic acid formed, and
~d) recycling the agueous solvent to the reactor. 50. The nethod of C aim 33
for theocoBtami®6s nanufacture of methacrylic acid which conprises: a)

d |1 di I i th I
[ an oxygen-  rir g o o AR TR Bl bR ar SRR P AR

co-sol vent 1@mldmmxeﬁmmpéit@tEmnmé 1 md%tmv@anb@cx&hs the &&bdlvent, i.e. there
tert.-butanol, or C3-C~ ketone, t her elafter addi n %&ﬂ“ﬁ and(ﬁg %utyl ene
in a conti HAvRRRMEIdYent fythe @’é‘iﬁ’\?e'ih?‘?lﬁmt‘ ﬁretoﬁléetm&%?ﬁil‘? SplrREd* and d)
recycling the solvent to the reactor. 51. The nethod of C aim50 wherein
the isobutylene to oxygen ratio is fromabout 1:1 to about 1:5 52. The

met hod of Claim50 wherein the reaction is carried out at from about 50 C
to V1'O (121(1R3299 17



about 150 C. PCT/US112/113RC 53. The nethod of C aim 52 wherein the
reaction is carried out at fromabout 60 C to about 90 C. 54. The nethod of
C ai m 50 whas/edsnod he reaction is carried out at from aboutpci/usoz/aizest 50
bar. 55. The nmethod of C aim50 wherein the co-solvent is acetone. 56. The
met hod of Cl aim50 wherein the co-solvent2is nethyl isobutyl ketone. S7.
The nmethod of C airm 33 for the continuous manufacture of nethacrylic acid
whi ch conpué78éswhia) ofilgdisesl wegerpak kadalisiie shoeh ai Bigare 10ahd adict iso@ted|shirp

pal | adium w t h_propyl ene.in an oxygen-fr singl.e or two- hasea eous

sol vent coPﬁ“Séi? WBW@P%;%‘%&%E%PI%E)‘W@E{ Al gﬁ]ﬁﬁ?‘@ﬂ thisd pog fownh peass X%‘Ple
carboxyl i c1afide vhiBlid acidh BOEd-solnt; G rbenltk B AR refhts bRk ERfth ﬁfFl?ﬂ@ 1PEnd
- oxygen and nethacrolein in a continuous reactor, b) recovering

met hacr yl | ¥highdisclosesifabroadenedineak profiles witightaprandisntiveof 2 sepstapéally amorphorussg. A
met hod for  the manufacture of the Cl-C- esters of acrylic acid or

- met hacryl i c acrd by the oxidation of the precur sor which conprises: a) in
a conti nuous r €Hotmiladimachlitagedin twgrggnnovﬁnaommgldgaw caa)o@latﬁ:ﬁvhmhlqaary

has previ oloFPRA AR AR A R ronybie i Reaiier bdvatie B "

pal | adi um pRtadd, PéiptdpifaepPyd eiTRirdaBet@e aﬁw@eﬂtc frdatrat @l @dehlotive: Phase
aqueous sol vent containing as a co-sol vent a maxi mum concentration of a
CZ- C~ car bB¥Rdupymga;, aﬂwwvaéme# i0ngrat Reeigher § pimpleglladivgmeial opa pplippivgn
ester figr npds) REMAChmPRS ¥idhi B9nd HEnS@UEVME: SOl vent to the reactor. 59. The
nmet hod of C aim 58 wherein the precursor 1's propylene. 60. The nethod of

Cl ai m 58 vvﬁé&‘(élibﬁthhéCf]Q@@tﬁ!iIPh@Pal‘?iéluméQ)but yl ene. 61. The nethod of Cl aim 58

wherein th , thod of Claim58 wherein the
precur sor ?gﬁﬁe?ﬂ@;%‘? 2 e%‘i%@l ﬁd{"%ew?rié %Oggﬁ% Cl ai m 58 wherein the precursor
t o oxygen Pdladmni(8) lfdlymbﬁdn&lbbmid bldmmteabﬂuaptzitt-ﬁninedomﬂhe nmet hod of C aim 58
wherein th action, ri.ed at. from abqut 50 C to about 150 C. 65.
The: et hon PGt R eev i rRBi Bt RO Eamaleg o ¢ ot from about
60 C tqsabout 90 C. WO f 12/ (183299 18 PCT/ USf12/11381 G5. The nethod of
Claim 58 wherein the reaction is carried out at fromabout 1 to about 50
bar .
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10y310%&' ( ) -2. f 2" The@orapeHl@P sg) forth in claim 1 wherein the palladium x-ray diffraction
pattern has a d value of about 2.30 A and broadened peak profiles.
3. The composition as set forth in claim 1 wherein the palladium salt is palladium
acetate,
4. The composition as set forth in claim 1 wherein the aqueous organic solvent contains
a member selected from the group consisting of a C,-Cs carboxylic acid, tertiaty-butanol, Cs-Cg
ketone and mixtures thereof.

S. 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 about 1 wherein the reduction is conducted at

from to about 50 bar pressure.

8. The composition as set forth in claim 1 wherein its intended use is as a catalyst.

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 as set forth in claim 9 wherein the aqueous organic solvent contains
as a co-solvent selected from the group consisting of a Co-Cg carboxylic acid, tertiary-butanol, Cs-
Cs, ketone. and mixtures thereof.

11.  The composition as set forth in claim 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.
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. X-ray diffraction pattern has a d value of about 2.30 A and broadened peak profiles.

14.  The catalyst of claim 13 wherein the palladium salt is palladium acetate.

15. Catalyst of claim 13 wherein the catalyst is supported.

16.  The catalyst of claim 13 wherein the catalyst is unsupported.

17.  The catalyst of claim 1 wherein the palladium component is prepared from a
palladium metal.

18.  The catalyst of claim 1 wherein the palladium component is prepared from a
palladium metal ligand complex.

19. A continuous method for the manufacture of acrylic acid or methacrylic acid which
comprises: a) continuously reacting the precursor with oxygen in a continuous reactor in the
presence of a palladium catalyst suspended in an aqueous solvent containing as a co-solvent a
maximum concentration of a C,-Cg carboxylic acid, tert.-butanol, or C3-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 I to about
50 bar.

28.  The method of Claim 19 wherein the co-solvent is propionic acid.
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34.  The composition as set forth in Claim 33 wherein the palladium x-ray diffraction
pattern has a d value of about 2.30 A and broadened peak profiles.

35.  The composition as set forth in Claim 33 wherein the palladium salt is palladium
acctate.

36. The composition as set forth in Claim 33 wherein the aqueous solution contains as a
co-solvent a member selected from the group consisting of a C,-Cg carboxylic acid, tertiary-butanol,
C3-Cg ketone and mixtures thereof.

37.  The composition as set forth in Claim 33 wherein the reduction is conducted at from
about 50° C to about 150° C.

38.  The composition as set forth in Claim 33 wherein the reduction is conducted at from
from about 60° C to about 90° C.

39.  The composition as set forth in Claim 33 wherein the reduction is conducted at about
1 to about 50 bar pressure.

40.  The method as set forth in Claim 19 wherein the palladium catalyst consists
essentially of palladium and is further characterized whereby the palladium component is
manufactured by reducing palladium acetate in an aqueous solution with propylene at a temperature
of about 50° 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.

41.  The method of Claim 33 for the manufacture of acrylic acid which comprises: a)

reducing palladium acetate or palladinm metal to palladium with propylene in an oxygen-free single
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43.  The method of Claim 42 wherein steps a) and b) of the reaction are carried out at
from about 50° C to about 150° C

44,  The method of Claim 41 wherein steps a) and b) of the reaction are carried out at
from about 60° C to about 90° C.

45. The method of Claim 41 wherein steps a) and b) of the reaction is carried out at from
about 1 to about 50 bar.

46.  The method of Claim 41 wherein the co-solvent is propionic acid.

47.  The method of Claim 41 wherein the co-solvent is valeric acid.

48.  The method of Claim 41 wherein the co-solvent is butyric acid.

49.  The method of Claim 33 for the manufacture of acrylic acid which comprises: a)
reducing palladium acetate or palladium metal to palladium with propylene in an oxygen-free single
or two-phase aqueous solvent containing as a co-solvent a maximum concentration of a C>-Cs
carboxylic acid, tert.-butanol, or C3-Cg ketone, b) thereafter adding oxygen and acrolein in a
continuous manner, c) recovering the acrylic acid formed, and d) recycling the aqueous solvent to
the reactor.

50.  The method of Claim 33 for the continuous manufacture of methacrylic acid which
comprises: a) reducing palladium acetate or palladium metal to palladium with propylene in an
oxygen-free single or two-phase aqueous solvent containing as a co-solvent a maximum
concentration of a C,-Cg carboxylic acid, tert.-butanol, or C3-Cg ketone, b) thereafter adding oxygen
and isobutylene in a continuous reactor, b) recovering the methacrylic acid formed, and d) recycling
the solvent to the reactor.

51.  The method of Claim 50 wherein the isobutylene to oxygen ratio is from about 1:1 to
about 1:5.

52. The method of Claim 50 wherein the reaction is carried out at from about 50° C to
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concentration of a C,-Cg carboxylic acid, tert.-butanol, or C3-Cs ketone, b) thereafter adding oxygen
and methacrolein in a continuous reactor, b) recovering the methacrylic acid formed, and d)
recycling the solvent to the reactor.

58. A method for the manufacture of the C;-Cs esters of acrylic acid or methacrylic acid
by the oxidation of the precursor which comprises: a) in a continuous reactor reacting an oxygen-
conlaining gas, a C;-Cg primary alcohol, and the hydrocarbon in the presence of palladium catalyst
which has previously been prepared by the reduction of palladium acetate or palladium metal with
propylene in an oxygen-free single or two-phase aqueous solvent containing as a co-solvent a
maximum concentration of a C,-C; carboxylic acid, b) recovering the acrylic ester or methacrylic
ester formed, and c) recycling the aqueous solvent to the reactor.

59.  The method of Claim 58 wherein the precursor is propylene.

60.  The method of Claim 58 wherein the precursor is isobutylene.

61. The method of Claim 58 wherein the precursor is acrolein.

62.  The method of Claim 58 wherein the precursor is methacrolein.

63.  The method of Claim 58 wherein the precursor to oxygen ratio is from about 1:1 to
about 1:5.

64.  The method of Claim 58 wherein the reaction is carried out at from about 50° C to
about 150° C.

65. The method of Claim 64 wherein the reaction is carried out at from about 60° C to

about 90° C.
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