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di spersant bei ng capabl e of stab|I|S|ng a col | oi dal suspension of particles

of said netgj hin the liguid carrier. The presence of
the pol ymeric¢ ﬁf?gg’??%ﬁ%%ggg SHPRIEPSHRY ﬂf’é?f'-&ﬁff@@tséfe@mﬂ@l\mmeon to
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P Iror?hum cor[F da system in cataiytic hydrocarbon conversion processes to react with

and trap metal contaminants, thereby resuiting in a fower coke make and hydrogen

production together with increased activity maintenance of said catalysts.  The

strontium colloid system is stabilised with a surfactant system comprising one or more

of phenates, carboxylates, sulphonates, phosphates and the like.

Metal cotloids are used for various reactions, inciuding the preparation of metal
catalyst systems. For example, EP-A-715889 describes a sheii catalyst containing
one or more metals of Group. Vi and/or IB on a powder or formed support, these
rneta@s being in finely divided form within a shell and a process for their production, by



4 FEB 2604 WO 01/ 1055 PCT/ GB00/ 02981 1 | mprovenents rel atliig to

met al - conpound cat al ysed processes The present invention rel ates tor ﬂﬂ"l
chemi cal processes which rely on the presence of a catal yst conprits E’% %\
nmet al corrpqyaguiog lenabl e a reaction to be carried out in an economc

fashi on. In par 2Ll ar the invention pro %des i nprovenent s WETRBAYI28RE t he
recovery of netals lost fromsuch catalys t hrough cat al yst
degradation, to be facilitated or increased and for contam nation of the
reaction system b%ssuch netals to be reduced. One netal - conpound cat al ysed

reaction i s Q8% NESHPRIT W aaverys salulipneaf arefemsse ganop pobiapetallioreotivids
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period of sput sy witthghddP>3eshutidns oFf tHeesideet hod for suppressing the

harnful effects of one or nore netal contam nants (especially vanadium on
catal ysts used in processes that convert higher boiling hydrocarbons to
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production together with increased activity naintenance of said catal ysts.
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strongly hy@®BRiceiRYsisystept ants. DE-A- 4443705 descrl bes the use of
surfactant-stabili sed metal lic colloids as watersol uble precursors for
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metal part |dﬁp§§aahbejns@anabtee@f S!ﬁh"lsmefscomuaﬂ euapee‘o‘!oalof pdricles af saiti mhéthiecul ar
Catal ysi s Asrnfdt Ebfpburdeidithird #2Yquiddaret0) describe the use of alkali netal

salt and protective colloid agents to nmaintain catalyst activity and

i nprove the thernmal stability of a palladium catal ysed hydroxycarbonyl ation .-

reaction. Vinehiguid rearwoﬁ enedilh hﬁy bbfhesdhﬁé?\t Qifr tﬁé Péychd:ﬁblnﬂsa? CoRPHE B Br @
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cat al yst s\oMPAURLSIUCh 8B ngmatexmea?@en’ra lig=tindb ete. Tihe tcatalysd sstisttedid

optionally further conpounds such as |igands or conpl exi ng agents;
characterised in that the reaction mediumfurther conprises a polyneric
di spersant dissolved in said liquid carrier, said polyneric dispersant
bei ng capabl e of stabilising a colloidal suspension of particles of said
metal or netal compound within the liquid carrier



The liquid reaction medium nmay fje a solvent for the reaction or may:
conprise one or nore of the reagtants or reaction products thenselves ﬂi*he
reactants and reaction productsitn liquid formmay be niscible v t 2“

. dissolved in a solvent or liquid diluent. The catal yst system conprises a
netal or met@148¥hound and optional Iy further conpounds sucPCIT4GBIOMRESEXi ng
agents, ligands etc. The catal yst is sel ec"t ed to 4 FEB 2004 WD 01/ 10551 -
PCT/ GB00/ 02981 facilitate the reaction to be carried out and the reaction
conditions such as tenperature, pressure, reactant concentration etc are

normal |y opfdciitate herreactiondo berqarmiad eut anddbe resstionsenditonsmich astémparture,
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di mrensions) e.g. in the range 5 -100 nm average particle size although
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pol yners. Preattionahédiumiang in Gy way itk ﬁkﬁ&@é@&i&ai'&éﬁic@éféréﬁia%f]fsbd agsiingki c or
basi c functg&mﬁé{)ﬁ%et o ut%ﬁ:taaant |c%l I é st abj | hse t he col |.oi dal suspension of -
said metal Of C ?r%och > reactor pHR TSaeier degd $PRces 589 apeinstdgoningzos1 4 By
subst ant i al #gglemersiesiof metal padicles which malygrow byicpllisiah iob partitiet had mweatLalfyr om
the solutio 3 fwal | al] | Aan I [
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car boxyl i c %‘Btf’é'g dispsrsgRbbriwvhen the dispsrsapttypa @nd sraeantration isceptimisedibey | at es
orI het er ocysich agginierat qahaa:hbmdrﬂetalstgaé@mubay%v@wlel #nd tﬁe:fbitom&rﬁ@h fsl?@éywa.igmyl
pol yners su i_n VLI ne or_cqpol yners of. e aforesai d.
Beanpl eo. of o BReaEp i theviiar B¢ bisRPE uRapaihe dfiEies setippestid by agition.

pol yvi nyl pyrrolidone, polyacrylam de, polyacrylonitrile, polyethylenim ne,
pol ygl ycin VERET id i i i . .

pol y( 3- hyd‘ra-i(;?(é%%ﬁlljt yr i%’déié‘eﬁ tg’%‘?‘@ﬁ@%h@'?‘ﬁé%ﬁb}ﬁ'gfs;&@%?’meésn?‘ﬁ‘gﬁ'"9 polymers

«pol y- L-pral ?%\é,asﬁﬁfiﬁqpﬂmﬁfﬁéﬂd §tArpolymeys.osi ne, pol y(vi nyl benzenesul phoni ¢
acid) and pol y(vinyl sul phonic acid). Preferably, the polyneric dispersant

i ncorporates acidi ¢ or basi.c noieties either pendant or wthin the polyner
backbone. - FETRERlL e boNBEHE ARPE AN s SRRV 2ok SRl aionaiise ant

(pKa) of | esubstantisllyGidbiliseuhe colioidat sadiensioned saidietabortnetAD&dmpuupier abl y

| ess than 4.5. Preferably, the basic noieties have a base dissociation
constant (pl Ce) being of |less than 6.0, nore preferably |l ess than 5.0 and
nost preferably less than 4.5, plCa and pi Cd being neasured in dilute
aqueous solution at 25C. Suitable polyneric dispersants, in addition to
being soluble in the reaction nediumat reaction conditions, contain at

| east one acidic or basic noiety, either within the polyner backbone or as
a pendant group. W have found that polyners incorporating acid and am de
noi eti es such as pol yvinyl pyrollidone (PVP) and pol yacryl ates such as
polyacrylic acid (PAA) are particularly suitable. The nol ecul ar wei ght of

t he polynmer which is suitable for use in the invention depends upon the
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The effective concentration of the dispersant within the reaction nedium
shoul d be deternined for each reaction/catal yst systemwhich is to be us%ﬁl.
The di spersed netal may be recovered fromthe liquid stream renov@o?ﬁ&o’lﬁ

t he react Ol w8081 59! filtration and then either di sposed of or processed for
re-use as a ca a?y t or other applicationg. In a continuous PFE808/0398E
liquid streammay be circul ated through an external heat-exchanger and in
such cases it nmay be convenient to locate filters for the palladium
particles ipg these circulation apparatus. Accordingly we provide according
to a second%@@é‘iﬁ'm@hy?ﬁbﬁiﬁ? &'@ﬁg'ﬁiﬂf‘ﬁ}éh‘? PERsiRitaiprettbe natal fromethersoliitimot ur e
of a conpouphkksedsrpubstantiglly beoigédkeps of a) formng in a chemcal reactor a

| i qui d phase chem cal reaction nediumaccording to the first aspect of the
present invention, b) renmoving fromsaid reactor a portion of said liquid
phase cheni Baticularicprefamradatisparsanty fos éhis patpiosg iroidé ddidiclbbaaitasymbani cal

ti UGS d [oui | i d-ph || oi dal
rotal  par (1 LoD cotRi G MAPhORPRENE, rhitis SoBuurdiouch of shpacataes ar o
di sper sed i PF REHEOFYCIR;iPartisHlash niitpoen belrsogyrs, isubstitsted pelgvinyl pd)ynwps sockas y
returning tpewingipyrioliiené oP Bogtlyrfiers &f BRP&¥bAIcaM. reaction mediumto the

reactor; and e) optionally processing the recovered netal particles so as
to forma further quantity of the catal yst system Preferably, the catalyst

system i s aExeomiescofsichpatyaierisidispeaants may«bte@remted,f?drhvﬁ?i h yri'cﬁidanQ{OUp
ne

VI ar ef .3 : Jnetal .
or ef er abi'y SN RiAEe ety BBl oBlyabylenuid; Blflafiing mobiarals adde
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f efly-L. I Lddrifie R ' a -
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c .
al kyl al coﬁ?ﬁfe?%brﬂﬁcw %F #%H%hgdggg%gﬂﬁﬁg%égﬁg ?‘ﬁ&# ﬁ’é?ﬁ%%f?&'@s SE'P‘%{ cat gl yst
syst em conpRSSRHPr vithin e Robmss baskaone. Preferrbiy trwagidambietieshakER 2004 WO
ProdUCt anclgr B Net. S vAent e Cac b G0y bk RERTA fecd tnar6 Pl ot
rodu Y sts I is ) :
which is d?‘{s"g‘rgfa@bgslg%ﬁ‘ggi‘gﬁl ?'aelﬂ?’ag‘ﬁh@?é’aél‘?)éﬁ?@g?s%%&g@ﬁ?ﬁ diasgrighpnsaid
pol ymer i ¢ cRospiant(alfs) hringof lesstibh 6.0 mase preferablyrigssathan Bl oariEhost ferRRien Of
parti ol es_abessRlalbe bR aRl pREbélhg RRERANAT Wi 'BuldlR dofid Digse chem cal

reaction nedium at a tenperature a pressure lefinis

al koxy-carbonylated to formthe al kyl ester product, and subsequent steps
b) - ;%_) afcor@imuemimimﬁ.rﬁ ms?dgﬁ&n fohféir]@b’ t&ﬁﬁmé irl tAY 84 iGR rr%e}gum at
particul ar . it s e_use o e process for the :
manuf act ur eréé(;#"%#:r'rgﬁh?/'ﬁ&gsr‘ ggﬁ%ﬁaﬁtéea&ha% BC'BPeCffé’faaEW&weeﬂmamt@n e Belymer
reacti on nmigickhanesmasiasrandathgroumeWenhbvedobh thabpolyinds iléctperatinfladid and

met hanol anghid®mdittied s it ﬁ;qﬂf? f eneous cat al yst
system corrpr'\'si nE geggsg%ﬁﬂg&g\#h%%)fr{ﬂgg%% a e\ao"(ra g&ag&%%s%#r% |l i gand and
pr ef er abl y PRYEGYf¢AC Yrparticylary suitable) Jhemalecyias weighi of the Holymar! | adi um
conp?End mawhidieis seittié & uke cr:mte_nmhdbrbtae?eﬂdsdTwmfﬁ?n@tof%é).tegal:a&l{ um ( d|ba21
or other c ium acetate. e.ca st system nmay incl ude
a suitabl e%g Qf'}z'g? &lﬁﬁgf%lw,y'??{éﬁ%rﬁmﬁ \@Elhay%gﬁ'fy“’g?ﬁté@ﬂﬂ?'ws@% t he

car bony!| at iayarage molecuianweigh is lese thanatfl0,000 HRrefeeatdy, itenavaragdmotatipeny| at i on
of al kenes, r Ol ﬁi@?B n i-ngl ude C, - CQ

al kenes, pr%?‘?%ﬂf}ggﬁ;hé%{)g%gﬁ?&%x@#ﬁ%s 0 Jzﬁ%@ﬁ&l g’b#ﬁ@ﬁgg‘opﬁemeﬁ bonyl ati on
of C -C6 a|P6%fﬁ@S ’ BPBPEH&&%O 0Ny is pealeraplydn tedenge H20BRNS0,00@ambiecul arly

favour ed r queftiably20,000 LEHR000WHEY FYVPTiO LS 8hd BFthe brddr BPF.080 LqpRBbaN@e the
car bonyl at |c§ne§€p%t hanol to acetic acid, the hydroxy or al koxy

car bonyl at i R kenes and al kynes and t he net hoxycar bonyl ati on of ethene .:
to form nethyl propionate. The chemi cal reaction may al so include the
oxi dation of al kenes and/or al kynes, for exanple ethene in the Wacker
process.
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Preferably, the polyngr:metal mass ratio in glg is betwsgn 1:1 and 1000: 1,
nor'e preferably, between 1:1 and 400:1, nost preferably, & between égEBm
200:1. Preferably, the polyner:nmetal nmass ratio in g/g is up to 1000; g
preferably, up to 400, nost preferably, up to 200. 4 FEB 2004 WO 01/10551
PCT/ GB00/ 0299101/208%4¢ or gani ¢ phosphine i gq%nd is preferably achigboizdss

| i gand of general fornula (R3C)2P-L1-X-L2-P-(CR3)2 , in which each Ris

i ndependently a pendant, optionally substituted, organic group through
which the group is linked to tertiary carbon atomC; L1, L2 are

i ndependent IThegfferine sapcgnimtionof trecdisperéand mithin the reantieh mediunh shodlgbed | ower
al kyl ene chag j ; %&H I to the group X and
X is a bri dg‘:e%ggﬁlg?gﬁgﬁiﬁp%??{ﬁgﬁan OE¥$%@W$§J§§F%%§§”ed aryl noiety to
~whi ch the phosphorus atons are |inked on avail abl e adj acent carbon atons.

o1 2y ThaERE 18P e @R TR NGB el cAfef el b Kherof 0
~ i ndependent 58" g’é@?@@m@ﬁ apag?ﬁrh?ithﬁbaiisB?%ﬂde?%B@F??&%ﬂ{e’% 25 2 gatalston ower
El kyl |ei g. ofier appk2tionss ulnst cantihests provess the kqui@w?ahrﬁlnmytfa'cTiﬁcqla% igxh_ﬁﬁgh
special ly : ) i ar ene. e pr |
group X is. %h%%%'ﬁa%?%%%gﬁ. L't'z;d'p Sé%ﬁ%ag%o'ﬁ?)"%y i€ V%‘?ﬂﬂ%%% #Bﬁg‘?%
subst i t ut ed theppaliadieupartieles inbesawdirgytatiop lmpparatust ons are |inked to adj acent
carbon atons, e.g. at the 1 and 2 positions on the phenyl group. Optional
substitution of the aryl iety may be by other organic groups, e.g. alkyl,
parti cul ar | {egrdingly we \éﬂ)’{& %q°¥@a9,yt°@a$e&an@a§@&ct AEING present wventianaal onet hyl
and cyano. brocebeforttiemahbfaciry bf aredrapouramsniisisinglths Sdpset ycycl i ¢ group,

e.g. naphthal en ol e [ ne. . Ex | es, of .preferred hj dentate

| i gands i ncl udee?i gd {iﬂ' ia ii‘tae'%'}%"gﬁl ﬁ"’d"g?{oas'lﬂw“ﬁ’g%sg CBE'-"'%P@ﬁ@wﬁa'H"knom as
1,2 bis (di-tertbuBgeqstiog iothediretiaspest dbdhezrrasgnt imieptigndi - t - neopent yl

phosphi no) - o -pyrYinBARg #BFh id teactr @ior Bl iLidHRRR Y ig}al ene.
The invention w I)I a.e f%rt her Ideaé‘(‘::r irbgjc?”ihﬁ'r%fﬁgwfwghdow ng%grg'}ecrar'%g%@{ﬁ
Exanpl es. Exanpl eT®4¥M:g Screening experinents to determine the

ef f ecti veness ofc)peparating saidiiqyid phasd chdndicaltrédnitibh $editith ke dis WoTddvel fFidrR S

were carried out ; i ! : i Lghts o al | adi u
acetate (0.001 g)ﬁgrll'.gﬁig\%{g %@EA%%EQ%IEDI ) '\/\%?éeip\%gﬁl . ¥‘5ﬁ°’§"ﬁ’f’§@§"?£np| e
bottles and 20 mthsfcat?é\tﬂﬁavﬁemvwglchamsmﬁs@h‘tﬂM@ﬂmid Phaserby therpolymieriat | on
was 2.22 x 10-3 ngisgssanti re and the ratio (calculated as gram gran) of Pd

to PVP was variegd. Jthe sanple bottl e re then capped and. constantly
Stirred for o4 gpROsY BiBiring'Re bR PArGRsT 370 PR AwERCia Badiamo thee
met hanol has t he redgegtandf reduci ng Pd2+ to netallic Pd as would occur in a
reaction vessel HBEShAIY Brdededing & j ' s ' iLum such
as net hanol . Theé’%Pas.s gg'ft I esmgere?e%éﬁ;eerﬁé@/r%a% ?@Etleﬁggggﬁgyrﬁgarf@gﬁadi um
particles and for‘%ﬁwtyé?fiﬂﬁfe?ﬁ,téiyﬁfsyﬁﬁﬁbr ence of palladiumto the walls of
the vessel, normally appearing as a mrror. Sanples of the particul ate

matter 4 ' 4 / RCT/ GB00/ 02981 formed i 0 of the
experi ment SF&E‘?ég&h%%%g%y%ggéggdgﬁihgg]ogﬁn%qse it S Emoﬂﬁéﬁﬁwm metgk)
The sanpl esisiegrevpMillioegroup (1B metak mote preferdbipa gioup af Witbmktal,imost was pl aced
onto a TEM gfefdtabl [ERGAL i Heod fil G e
then all oweg to d??ﬁ gﬁ%oﬂ? g%}?&?gt uréﬁ ﬁ?gét&?éh%djg%zﬁgﬁﬂﬁ i gﬁgﬁﬁ'i ps
CML2 TEM ingtrunment. The resylts, shown in Table 1, show that in the
presence of veiowRd thednyention fohe particulanly usefu)in @ Reocpss foadhamamfaduteed by
the reduct i enarhikydister 8y eBHARGREGIPONRE | diCHRAEHEH thé‘pl%@@nd@%f'%ﬁ’h?uyl ﬁegn jhere
was no precipitation of the netal or deposition on the walls of “the glass
-vi al s vi si bAecardinglyetheeenip psevidetzsicerdingtosntpirddspedh skthe présensinvéndon a

observati on : | Ut . reci itate or
mrror.21 :E%gé{g#gc eqﬁ%'l%'ﬁ%‘?g}r%§%.n\%%3?t3€v%q$%§§%gs re noted and the
- primaryslight prgcipi : i i - irror. 31
1. 97Bl ack sol ut ia’;n, ﬁ%‘ﬁg 9{] gqnéeﬁlg%izgédvt\nt rg?@fedaﬂoﬂaggrc é%r{ugraprteﬁﬁﬂc}nlra 1um
nnpr eci pi t at e orCOMPFIFIHY ; | gisehatvartolgiitianchearpen manoxigain the peessneecias -
10nm 41 : 0. 42Blcadiyst SVditin@amphti Bt Jrav r.s1 :

0. 21Bl ack sol uti oﬁfy blggcka nur?‘ggrﬂglg?ﬁ%ah si zed ggptgiéch gé@\%\g}]g&ﬁn@‘?ed and
aprecipitate and mrror.nunber of agglonerates of between 100 nm - 500nmin
si ze were observed. However, these werefound to consist of primary
particles of -20 nminsize.61 : OWak yell ow browncl unps up to 1 nm of
particles about 500 nm(conp)sol ution, blackdianeterprecipitate and mrror,
Exanples 7 -11 The experinmental technique described for Exanples 1 - 6 was
repeated using PVP together with an L2Pd(dba) catal yst. L2Pd(dba) is a
catal yst system prepared by m xi ng a bidentate phosphi ne |igand

. o -

i



tri S(dl benryl i deneacet one) di pal | adi um known as dba. The resul ts are- shown

in Table 2. Table 2 Exanpl ePd : PVPCbsel’vatlons 71 : 522Bl ack solutio

bl ack precipitate state, no mrror.61 : 104Pal e yel | ow sol uti onbl ackh nFEB ?.BM
preci pi tateysfat lg no mrror.91 : 10.4Pale yellow sol ution, black -
precipitate an et ght mrror101 : 1.04Pal.e yell ow sol uti on, PET&&R00/02981
precipitate state and mrrorl1lll : DPal e ygl | ow sol ution bl ack precipitate
state gand m rror Exanpl es 12 -16 The experinental technique described for
Exanples 1 - s repeated usin ol yacrylic acid (PAA) having a nol ecul ar
wei ght of 2, ooo %ﬂ%a@f@ ?Eéﬁ?ﬁ"g%gf fP%éUW{%stamogu@mdm ofminlseiventsTbe

results show {hastatyees aamal Olﬁﬁmtml@eﬁéarﬁ’%ldb%%ébfv%%ﬁﬁd'hgulg'pﬂggés' ng

the metal parti the reduction. o
that at the hi gﬁde’% %ﬁ'éeg‘s ffj?’b%f'FS‘HE‘ §f9P REY é‘?ﬁ%@g benggapable of ﬁ@bmsmg
reduction of paldcelibidal suspsnsian u@aﬁdlescaﬂwld Aita) 6 fothl ROMpBGHY vithif thdat no

nmet al was vi si b'llﬁu g%hE$F%%}| Qctlo-ll;qpé é@ggnﬁ d‘UFﬁ) %gg&r\ég}ﬂ |dgrns TEM

observati ons121 ow so ui1on,
6. 9Yel | ow sol ut M¥Eh theelesin l%@lgm-carbonwate@mmme allkgDBliergrodwdt ldridon, no

preci pi tate, col Isabéb@heﬁitéi@ﬁl?—é)rhce&rdﬂr@ tB8ihe S%‘S’ A, POEPb Wm%rggéétHfSMnm' ch

were identical to thoseforne t a 0271 PAAI
tendency to coalesce to forntar er a loneratesl151 : 0.28Bl ack solution, no

preci pi t at ePhpantitularinteisst and OeA=fDi the Y16k lod BieSrobédsTor thelmidrpi &G eFBf \\as

of ' srmal 1 { 10P1obion 3G SoT Rt b Bl dhe8t readilR et sopprser piyipns and
01/ 10551 10635eqn @andmgsqol ] re¢thmqi asg megthygiromonate irathe \préserice dfat ur e
Exanpl e 17 fiogecols RbiyJish/s@AS tothaHoi LEBbaN gﬁ%ﬂf?&%lﬁiggﬁ%ééa&h%eaof he

pal | adi um acet at.e/ met h re i n I 9SS, excess
tetraal kyl RISPhigglay R’ q{%@\éalsf’t‘{c of PH@&'&E’W%PPI&@BWWE[&%Le

stability. Large palladiumparticles were forned and.a mrror was observed

pr opyl ene. o et RgRunt e Sgecth o Rk iRsh et Rrediny
103 nol es/ I(%BF Mﬂpemomm@d@ &epalladiur agetat.e bl ack col oured sol uti on was
eventual 'y forned. There was no evidence of any mirror formation on the,

wal | s of t and no nificant precipitate was observed in the
base of the so#ﬁfsct) 9@? tatf 011‘%@1’%{‘0? ferablys ty icaleveal ed

the pr esendgwwmmhhmota sd:lﬂrat@.ngte@-ablyptﬁb%ad‘!i&h'léﬁﬁ nmin
di aneter. lati r
F@M@a ok BESIReRA! Elk%é’ssad%r% %h%!é : ghkenes includa

formed int r%
spheres whi TFFEHRISIEERPlY. Sropane §6ﬁE’P'e§qu ﬁlﬁ?@ﬁ'spwcl%ﬂhé@ﬁmwﬁﬂon of Cy- Cs
sub- st r uct watechols, preferably C,-C,, most preferably methanol. Particularly favoured reactions

include the hydroformylation of propene to butanal, the carbonylation of methanol to
acetic acid, the hydroxy or alkoxy carbonylation of alkenes and alkkynes and the
methoxycarbonylation of ethene to form methyl propionate.

The chemical reaction may aiso include the oxidation of alkenes and/or alkynes, for
example ethene in the Wacker process.

Preferably, the polymer:metal mass ratio in g/g is between 1:1 and 1000:1, more
preferably, between 1:1 and 400:1, most preferably, between 1:1 and 200:1.

Preferably, the polymer:metal mass ratio in g/g is up to 1000, more preferably, up to
400, most preferabiy, up to 200.



" Exanpl e+19 The effect of polyneric dispersantsion catal yst performance was

denonstr at ed in the Pd catal ysed net hoxycar bonyl ation of ethyl en%r%ctzhﬁlp
described in WO 96119434, L2Pd(dba) catalyst (¥here L2 is 1, 2bis(ti
butyIphosphlnonethyl)benzene (5.03x105npl es, 37 ng) and net hanesui fonic

aci d (68NL, MO8 3npl es) were charged to a two- litre Hast elcrypdizesa
aut ocl ave without exposure to air. The reduired wei ght of polyneric

di spersant was added to the reaction flask coincident with the addition of
t he cat al yst‘_ A reaction solution generally consisting of 30% w w net hyl
propi onat e i eﬁaaﬁmhosamehwdﬂep@f@rablwa hidentate ugranamﬁgeﬂaeu(asﬂannmaqh oet hyl
pr opi onat e gmp-2 ra. h e he
vessel was hel)g?t eg-%t!f) E%C %eﬂb%?ggn?eﬁggﬁggbgn*t&mgaﬁ%&f%gC\R/ﬁ WWened up
‘to a reser v8ihstigias, arganioraur thtoughwhicle thef groap Isdinked e %Bﬁbcﬁlt Atgnese

| $
art nese con oo Tidepeaterfl 2 i@ prolBhehcial Ry oto Eﬁ b v e
the pressur glkyipre chain ﬁ%"%ﬁt‘@ﬂ:ﬂ@\fésmﬂvﬂﬁmwpbgﬂ@taiﬂm toghd gmﬁpﬂgamx,:s as
required bybiiding dg:rbep ebmpRNS h@apu&n&mﬁﬁlﬁnft&?gnﬂi féq}/?d &,Pﬁﬁiﬁ%p]aggp&hgfgl

gas behavi oyr an 0% sel e i Vi reactl on
formati on, #‘ﬁ ﬁﬁ' able adj\égentca roofsterns. fseferably, @?E@l@ﬂ@groups

PG ~' / GBOO/ 6’29@!0@#5 SHP@ﬁ%taﬁ lowar alkyletch G tdh @ngamay bs brarwhed at limased Thee

or ot onat e/ @89@ 016 2148 icEpgh ﬂfi s Gy GrudeehLmybeiied. Thi <
measur e of IB‘P"BS'Q Wi léﬁ 03 tijyted, loweralndensa) etg. & torey wedight

gai n of theg ially Brefark tf S s_are
dhonn i n Tapr oo Bk e“'“’“@ﬁ&‘?*s*?t%.‘%‘-’ge Pl e TRl drB3RK pf oo

m nsTON @ 2% 'Pr?ﬁ'yt 98nd PBS’MS Uge¥his eppalhyssulstituped, provided that the
MrA=25k46. 9: in2@hoShdRsatofiB2are Rkd4d Edﬁﬁ@MFbarbon atoms e.g. atthe 1 and 2

M?Eﬁ%?ﬁ*ﬂ'°"§%"%§%§%@ﬁéz%§ " Stiion.of therary oietymey ety ober oopc

(comp) 1.6 vo /g $1818): Bk @Ky Grarhaliexy: balphaitroesul t s

h t hat ttkiRal V| t
ol ecul ar qgﬂg‘“”m?h@f"“ﬁf”ﬂeﬁfé TR ey B RSBt dofl VT
of the cat \éﬁa@ @a{%@SSﬁPé@y el 5t| mpigs of prefered bidentate ligands
presence ofinfhgiehis [idtenrhutybphasphioahd ¢ Ryleaey @isd kridwn 497D 2dis m@éré .cat al yst
Branpl 6 10 orPreRBhiRamethy 7 Loz g Ao o RRInb S 0 Xpirhe B70 i s

Exanpl e 19 S, I Ive I nes suc essi
bal ance of % feHLl’["'rw phasphing) "éﬁ'&‘h?'@%ver ed fromthe reactor. The dispersant
used was PVP (average nol ecul ar weight = 25,000) added to each run at a

PVP/ Pd rati ZPd( dba ubl ed conpared to
the reacti oﬁsq{wnejn @ré\r'rvp{& @Bn &%’é@}eﬁc’opé @h@?" &R E)'ﬂet‘té‘gg?‘%m@lespal | adi um
for the subsequent chem cal analysis procedures and as a consequence, in
order to rcBiafplgd £@ rate of reaction, a low reaction tenperature (60C)
and a high {70 w net hx{s gr i-onate concentration was used. Before the
start of tH T%EQHEEPSF"@ dnd ing the.eBeqlivenass of pelyaericidisnersants tout ocl ave
were cl ean@hﬁdlae phiidiere padieids were tiveiet Rt 36 destribed BEIoW) ETIRE ARG @d’ﬁl&ﬁﬁ% not
a

cl eaned. surabl e | evel's of di um
deposi tion tBQLaEEL{Emder{D'}tﬁﬁ )lhé?‘@erna& @ya %%QW“&W&@@H@%W‘&Q’@F&%

stai nl ess $ABPle Wﬁ?@ﬂ%ﬂ whof\asthanal pasdddedita each aree Theqlad dopdErtratio 4
FEB 2004 PGyHsER% ey s_of runs
the internal ® %agé?%mégmﬁ@%g@g?mmg?{ebuw %é’gta%? %ﬁ?\{ﬁwﬁl e and
the anount “gF€ ‘E Péam??ﬁ Bites werg W@d@ﬂéﬂaﬂﬁféﬁﬂwymkf@&ﬁhnw #y ashing
't he sanpl esambibrs tesvhperawrd fed heh leltd setirl Yﬁe Rigtihol kil e 2ffelhSr rlabﬁéi{)hf d and

ed an

product fr ) VI dual. runs from each, series S CO
then ev apoﬁze?t}'egg'cn%ia%ggh HPoEY In pteaction Vesse a}é‘ﬁlﬁ'gtth% P&uglaﬁﬂ?dxﬂ ¥ a
-pal | adi um wgdusing remt@nnaemmmaUCN\asmttmodé'herglass&xd:ttle’s’h@eré&ﬁéﬂ Visuaiye shown

in Table 5. wer e ted in a
cl eaned reér(lzét gcr:t ut noét‘ﬁgyj‘lil Vas a ﬁéﬂaﬁ 'éérn\égé)? g@'ﬁefﬁ{“ﬁ% a‘f@'aaw fodhey
pal | adi um iwalls pEthe yessal malixtmeamgaas ameironsSAMPIBS Bf the partiouste Redtied t hat
the liquid product fromthe reaction with PVP was a rather bl ack/yell ow

|l iquid conpared with the reaction product fromthe Exanple 21 runs which
were clear yellow in colour with sone black precipitate as expected from
this reaction. This indicates that the physical formof the palladi um netal
is probably different in the presence of PVP, presumably because the PVP
keeps the palladium particles suspended in solution and avoids the

formati on of | arge aggl onerates which precipitate out of solution. The
results show that the add|t| on of PVP to the reactl on system has

- ., o S B Y - Y b1 T T



Facarrpl e 20 with PVPF~canpl e 21 No PVPPd on Surfaces6.13.7Pd in ¥ ui-d
Phase74.558./6Total % of added’Pd ~ recovered80.6 ~62.3 Exam natlon o{ W 2004
st ai nl ess steel coupons by scanni ng el ectron m croscopy on r enoval

reactor shewsol/fosg¢ aggl onerates of pal | adi um were present EW@RJ ace

of t he coupon taken fromthe reaction in gonparative Exanpl {! here
.. f ~e~. 4 FEB 2004 WO 01/10551 PCT/ GB00/ 02981 13 not seen on the coupon
renoved fromthe reaction in Exanple 20. Energy dispersive X-ray analysis
(EDX) of t rates re visjble showed
| oner | ever‘g 015’E ﬁs&ﬂee %@ﬁ?%& na{ ] ct)%\@%[rvlg?ﬁé]ycouﬁﬁﬁa FPTR DERSERRYt hat
from ExarrpI@'E . Exanples 22 - 25 The experi nent descrl bed I n Exanple 20
was repeat epEﬁqor a series of four consecutive runs using either no

di sper sant PVP éat 18 IPd) PAA (at 33.8 g/g Pd) or PC (at 3.2

vol ume % Fél %‘(VPEﬁw' Wﬂhmﬁmféﬁww@ﬁhmmmwa@plamdmma when

at tenper atTEM griti recompbratica eattion sOpSSE k. Sk éﬁécﬁné?@rwé?é tﬁﬁmio%% iakere
the 1:1 dto fill h t
r egct ant mgas Hl#'TE?EI"';'(t ur %&%}u g% @fﬂ’/‘% oﬁé@?%’@wgﬁ&i&éﬂw '"ﬂqy"ﬁ?ia?a\égl ?adl um

in the systemover the four runs was 0.0426 g. The pal |l adi um was recovered

f th t hered f
four ruﬁssﬁs""@ﬁ@tﬁgﬁ?‘?ﬁ T 3, srinat e BReebhld b AR U R R S i o
23Exanpl e ZPBY¥@ipl 87 2Bpaliadnm Arosiyred by thenieruction cboaliadiues Bedtate was 56. 7Pd in
|.i uid Phamase%ﬁﬂ tl@élﬁseﬂﬁhoﬁﬂ'ﬁ Rbrevad né‘é?&@bnt@ﬂé’goﬁﬁ? ol?’ﬁgPS’élﬁtﬁP&‘?r ed

The resultsg,.¢c eferred polyneric spersant for
use in thi 3“%%%? %‘P qséé'éqq?ﬁ'ﬁ'\é%'f'ih? Blrgﬁal yst used because the

performance of the catalyst is unaffected whilst the recovery of Pd netal
fromthe liquid reaction mediumis enhggggd, However, when different netal
conpound cat al yst systens are used the rnative polyneric dispersants
may perform better Ex I‘Yh| es 26-30 1n.these F‘XHI’TT)I es the effici ency as a

di sper sant Eﬁ?mlﬂcl Tyl i c,o%ﬁ?f"ﬁ't'(’!'%A) havi ng a mJEMHsarvatiensght of 2, 000 was

tested in ﬁode}l (GIPLEM consi sting ¢f nethanol, nmethyl =~ WO 01/ 10551 |14
1 1: 84.9 |Black solution, no Not analysed
precipitale or mimor,
2 1:10.5 B{ack sotugiqn. v. very few agglomerates were noted and the primary
slight precipitate or | particle s:ze had fallen to ~ 5 nm
mirror.

3 1:1.97 |Black sclution, no no agglomerates with size of greater than 100 nm
precipitate or mirror.  |were observed and the primary particle size was ~ 10
nm.

4 1:042 |Black solution, black | Not analysed

precipitate. Mirror.
5 1:0.21 |Black solution, black {a number of mm sized particies were noted and a
precipitate and mirror. | number of agglomerates of between 100 nm ~ 500
nm in size were observed. However, these were
found to consist of primary particles of ~20 nm in

size.
. B 1:0 {Weak yellow/brown |clumps up to 1 mm of particles about 560 nm
{comp) solution, black diameter

precipitaie and mirror.

Examples 7 - 11

The experimental technique described for Examples 1 - 6 was repeated using PVP
together with an LoPd(dba) catalyst. LoPd(dba) is a catalyst system prepared by

mixing a bidentate phosphine ligand (1,2bis(di-t-butylphosphinomethyl)benzene) with



nz4 FED-2004 PC f/ GBOD/ 01981 propi onate,

et

LZPd(dba) catal yst described in Exan’pfi’e 19.

LzPd(dba) catalyst and the required ‘wass of PAA were wei ghed out
and 20mL of a 50/50 w w mixture of nethanol
pr opi onat e WHX0IA48dd to t he vial.

gl ass vi al

hanesul phoni ¢ aci d and the

" x5

In these tests 33ny of, Ff@ 21]\]1}

and net hyl

into a-

The pal | adi um concentrati orpdﬁbﬁd"gﬁﬁ@gll.r

sol utions was 2.22 x 10' ~nol es/L. 60NL of et hanesul phonic acid was then:

added to t

he vi al .

Al

of nitrogen and the vial

After this ttistdibermyliderieacétons) dipaliadiins kaduiy as dbpeTherbsling a%i HoSnAh Table
The quantity of PAA added to sanples was such that

pal | adi um

deposi t

i on.

of these additions were carried out under

a bl anket

was then sealed and slinmed for a period of 7 days.

the ratio (g/g) of PAAJPd in the solutions was varied between 0 and 200.
.The results of these experinents are shi@ePn Table 7. Table 7 Esam|e_ ~AA
pdObservati ons26No PAAYel | ow sol ution wth bl ackpr eci p| tate and mrror on

-vessel wal | s2~1Yel | &g
wal | s2810
vessel wal | s291 O0Li
vessel-wal | s. 30200L
vesselwal | s These L?
sol uti on when LZPd

PAA/Pd ratio of gr

" onvessel

(EXanipt

Yel | ow

[F*dG'PW
S of

II UI d.(..KpTE
with bl ac(I?[l)’lréem pI ate and nmirrgr on

rror

L
(J.IIU allyllt' ."

ght zyel

|Q“52@|

No{m rror

gh Ve

{Hidck Bolidn!1biBdid iate] 7B mior-
| 1 Qw04 OfPalel vellow\sdilitioh, Ctﬁg %mi Ittt Sro 1

ata s
dba) d

at al ystimimorused as

gyesd.4 i |rale yelowdEdk@ion tlﬁhaombféﬂfpﬁétg aﬁ@

or.,. .
Faium i n
t he pal | adi um sourc

E*

cat®r t

h&n1.880

effect

expl ai n why no benefjti al

with the efficiency of PAA in preventing pall adi um deposition.-when

pal | adi um acetate is used as the netal

source (Exanples 12-16) where a

PAA/Pd ratio of only 6.9 was required to inhibit palladium deposi ti on.
i WD 01/10551 >i CT/ GB00/ 02981
£§ocagried out in an identical nanner to those descri bed

Exanpl es 31 and 32
- These exanp

i n exanple

AR

t t

rsant)

~~~4FEB2004 . ~~4i

and exa

| e 25 (PAA addition).

However,

these exper il (R RYREMMEDIabIcEhRiglP desprines fonExarypiee th-Wavasrepedied using at a

PAA/ Pd 1 at i polghcrliRBcidTFAX) Bavihg @ hbRELEPRERNE HPS! Dbﬁ%@%%né;fé\‘?%‘él 'ﬁ'nﬁ%%sr

ich was added to the systemwas rec

46. 8% of t
solution p

stabiliser which aJlo

when it is SYsENiRfiogs o

h
et

oA TR
cont ai ned 6Th@mesults shaw tatiensnh sredll ardounts whBAARMeke eifectiveds gitpers

rati o of 1O0Particeaionined B¢ the ﬂéuaem:rdrmm(onafz HogWwdvenit aB’p?é?aré& tA afth
diumto be retained with

gamptesd 263 13 pthe redusione patindium jonlie metallip| es

SirRin B
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The effect of polymeric dispersants on catalyst performance was demonstrated in the

Pd catalysed methoxycarbonylation of ethylene reaction described in WO 96/19434.
LoPd(dba) catalyst (where Ly is 1,2bis(di-t-butylphosphinomethyli)benzene (5.03x10"

Smoles, 37 mg) and methanesulfonic acid (68pL, 1.0x10-3moles) were charged to a
two- litre Hastelloy B2 autoclave without exposure to air. The required weight of
polymeric dispersant was added to the reaction fiask coincident with the addition of the
catalyst. A reaction solution generally consisting of 30% w/w methyl propionate in
methanol made up to a totat volume of 300 mi (81 m! of methyi propionate and 219 mil
of methanol) was added {o the autoclave and the vessel was heated to 80°C. When at
temperature, the autoclave was opened up to a reservoir containing a 1:1 mixture of
carbon monoxide and ethylene until a pressure increase of 10 bar had been attained.
The reaction was run at these conditions for a further period of 240 minutes during
which time the pressure within the autoclave was held constant by feeding gas, as
required by the rate of reaction, from the feed reservoir. Assuming ideal gas behaviour
and 100% selectlivity of the reaction for methyl propionate formation, the magnitude of
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pol yvi nyl pyrol I i done (PVP) and pol yacryl ates such as pol yacrylic aad (PAA).
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élgpérsant used was PVP (average molecular weight = 25,000) added to each run at a
PVP{Pd ratio of 188. The concentration of LoPd(dba) was doubied compared to the

reactions in Example 19 in order to generate high levels of palladium for the
subsequent chemical analysis procedures and as a conseguence, in order to restrain
the rate of reaction, a low reaction temperature (60°C) and a high (70 wt%) methy!
propionate concentration was used. Before the start of the series of 5 runs the -
accessible surfaces within the autoclave were cleaned but between each of the
individual runs the autoclave was not cleaned. By this means it was hoped to allow
measurable levels of paliadium deposition io build up on the internal reactor surfaces
and on a clean stainless steel coupon which was suspended within the liquid phase of
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The results show that the addition of PVP to the reaction system has facilitated the

recovery of a larger fraction of the palladium than that recovered in the absence of
PVP, even though slightly more Pd was recovered from the reactor walis when PVP
was present, possibly because in the presence of PVP the deposits on the walls were

easier to remove.
Table 5
Example 20 Example 21
, with PVP No PVP
% Pd on Surfaces 6.1 3.7
%. Pd in Liquid Phase 74.5 £8.6
Total % of added Pd 806 62.3
recovered

Examination of the stainless steel coupons by scanning electron microscapy on
removal from the reactor showed that agglomerates of palladium were present on the
surface of the coupon taken from the reaction in comparative Example 21 which were
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The results clearly show that PVP is the preferred polymeric dispersant for use in this
particular reaction with the catalyst used because the performance of the catalyst is
unaffected whilst the recovery of Pd metal from the liquid reaction medium is enhanced.
However, when different metal compound catalyst systems are used then altemativé
polymeric dispersants may perform better.

Examples 26 — 30

in these examples the efficiency as a dispersant of polyacrylic acid (PAA) having a
molecular weight of 2,000 was tested in a model system consisting of methanol, methyl
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These data suggest that in order to maintain palladium in solution when L.Pd{dba)
catalyst is used as the palladium source then a PAA/Pd ratio of greater than 100 is
required. These data satisfactorily explain why no beneficial effect of PAA upon
palladium recovery was observed in Example 25 (where the PAA/Pd ratio was only 33.8)
and contrast with the efficiency of PAA in preventing palladium deposition when
paliadium acetate is used as the metal source (Examples 12 — 16) where a PAA/Pd ratio
of only 6.9 was required to inhibit paliadium deposition.

Examples 31 and 32
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Examples 33 - 41

The examples presented above have demonstrated that stabilisers containing acidic or
basic functional groups have the potential to restrain the extent of deposition of
palladium from the solution phase onto the walls of vessels. It has also been noted that
highly polar stabilisers which are cationic in nature (such as tetraoctylammonium
bromide) do not appear to confer these benefits. A further series of screening tests was
therefore carried out in order to determine whether stabilisers containing functional
groups which can be considered as very weak acids or bases (such as alcohols and -
esters) have the ability to retain paliadium within the solution phase.

A series of screening tests was therefore carried out in a similar manner to those
described in examples 1 - 6. That is, the required weight of palladium acetate (0.001g)
was added to 20mL of a solvent mixture consisting of a 50/50 wt/wt mixture of methanol
and methyl propionate. The required weight of the stabiliser was then added to the
system such that the stabiliser/Pd ratio (glg) in each experiment was 100. The sample
bottie was then capped and left for a period of 6 days. The glass sampte'bottles were
then visually inspected for palladium particles and for any evidence of adherence of
palladium to the walls of the vessel.

Example Stabiliser Pd : Stabiliser Observations
(&/e)
33 Hydroxyethylceilulose 1:100 Black solution and black
precipitates. No mirror.
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These examples reveal that none of the weakly acidic or weakly basic stabilisers are
wholly effective in preventing precipitation of palladium containing material from the
solution phase or in preventing the formation of mirrors on the glass walis of the sample
vessels. However, evidence has again been obtained that materials containing acid
functionat groups (even when these comprise only a fraction of the mass of a co-
polymer) are surprisingly effective in maintaining palladium within the solution phase.

The readers attention is directed to all papers and documents which are filed
concurrently with or previous to this specification in connection with this application and
which are open to public inspection with this specification, and the contents of all such
papers and documents are incorporated herein by reference.

Al of the features disclosed in this specification (including any accompanying claims,
abstract and drawings), and/or all of the steps of any method or process so disclosed,
may be combined in any combination, except combinations where at least some of such
features and/or steps are mutually exclusive.

Each feature disclosed in this specification (including any accompanying claims, abstract
and drawings), may be replaced by alternative features serving the same, equivalent or
similar purpose, unless expressly stated otherwise. Thus, uniess expressly stated

otherwise, each feature disclosed is one example only of a generic series of equivalent
or similar features.
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this specification (including any accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any method or process so
disclosed.
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opticnally in the presence of a reaction product(s) and one or more solvents,
diluents or ather form of liquid carrier, a catalyst system comprising at least a metal
or metal compound and optionally further compounds such as ligands or
complexing agents; characterised in that the reaction medium further comprises a
polymeric dispersant dissolved in said liquid carrier, said polymeric dispersant being
capable of stabilising a colloidal suspension of particles of said metal or metal

compound within the liquid carrier.

2. Aliquid phase chemical reaction according to claim 1, wherein the polymeric
dispersant has sufficiently acidic or basic functionality to substantially stabilise the
colloidal suspension of said metal or metal compound.

3. Aliquid phase chemical reaction according to any preceding claim, wherein the
dispersants comprise acidic or basic polymers.

4. Aliquid phase chemicai reaction according to any preceding claim, wherein the
acidic or basic functionality is provided by carboxylic acids, sulphonic acids, amines
and/or amides.

S. Aliquid phase chemical reaction according to any preceding claim, wherein the
polymeric dispersants may be selected from polyvinylpyrrolidone, polyacrylamide,
polyacrylonitrile, polyethylenimine, polyglycine, polyacrylic acid, polymethacrylic
acid, poly(3-hydroxybutyricacid), poly-L-leucine, poly-L-msthionine, poly-L-proline,
poly-L-serine, poly-L-tyrosine, poly(vinylbenzenesuiphonic acid) and/or
poly{vinylsulphonic acid).

6. Aliguid phase chemical reaction according to any preceding claim, wherein the
polymeric dispersant incorporates acidic or basic moieties either pendant or within
the polymer backbone.
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b) removing from said reactor a portion of said liquid phase chemical reaction
medium,

¢) separating said liquid phase chemical reaction medium s0 as to remove from
the liquid as a solid-phase colloidal metal particles formed by decomposition of
the catalyst system, which are dispersed in the liquid phase by the polymeric
dispersant;

d) optionally retumning the liquid portion of said separated reaction medium to the
reactor; and

e) optionally processing the recovered metal particles so as to form a further
guantity of the cataiyst system.

12. A process according to claim 11, wherein the catalyst system is a homogenous
catalyst system.

13. A process according to any of claims 11 or 12, wherein the metal is a group VIl or
group 18 metal.
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according to any of claims 1-8,

b) removing from said reactor a portion of said liquid phase chemical reaction
medium,

¢) separating said liquid phase chemical reaction medium so as to remove from
the liquid as a solid-phase colioidal metal particles formed by decorﬁposition of
the catalyst system, which are dispersed in the fiquid phase by the polymeric
dispersant;

d) optionally retuming the liquid portion of said separated reaction medium to the
reactor; and

e) optionally processing the recovered metal particles so as to form a further
quantity of the catalyst system.,

10. A process according to claim 9, wherein the catalyst system is a homogenous
catalyst system.

11. A process according to any of claims 9 or 10, wherein the metal is a group Vil or
group 1B metal.

12. A process according to any of claims 9-11, wherein the catalyst system incorporates
a phosphine ligand.

13. A process for the manufacture of an atkyl ester comprising the steps of:
a) forming in a chemical reactor or a liquid phase chemical reaction medium
comprising an alkyl alcohol, an olefin and carbon monoxide in the
presence of a catalyst system comprising a metal compound and a ligand
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compound, (optionally in the presence of the alkyl ester product and/for
other solvents, co-catalysts) and a polymeric dispersant which is
dissolved in said fiquid phase chemical reaction medium, said polymeric
dispersant being capable of stabilising a colicidal suspension of particles
of said metal or metal compound within the liquid phase chemical reaction
medium; at a temperature and pressure under which the olefin is alkoxy-
carbonylated to form the alkyl ester product, and subsequent steps b)-e)
according to claim 11.

14. A process as claimed in any of claims 9-13, wherein the liquid-phase reaction
meditm comprises ethylene and carbon monoxide dissolved in methanol and
methyl propionate in the presence of a homogeneous catalyst system comprising a
compound of palladium, an organic phosphine ligand and optionally a source of
anions, and said polymeric dispersant.

15. A process as hereinbefore described with reference to the examples.

16. A liquid phase chemical reaction medium as hereinbefore described with reference
to the examples.
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