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Typically, the catalysts used are fransition metals, particularly cobalt or rhodium. The catalyst
can be supplied to the reaction as a simple metal salt e.g. as a carboxylate salt dissolved in

15 some of the feed olefin. For rhodium, the active catalyst species is not known although it is
probably a carbonyl complex of the metal. Each of the two catalyst metals has particular
advantages over the other and the choice in any pariicular case will be based on a
combination of the desired catalyst properties, including the activity of the catalyst , the cost of
providing the metal to the system and the selectivity to the required products. Rﬁodium has

20  the advantage of being a more act}ve catalyst than cobalt and it is more selective, giving a
cleaner product. In particular, rhodium is a much less active hydrogenation catalyst for the
intermediate aldehyde so the aldehyde can be recovered from the initial reaction in a
relatively pure form. The alcohol can be formed by hydrogenation of the aldehyde in a
second reaction. When cobalt is used as the catalyst, part of the aldehyde is typicailly

25  hydrogenated to the alcohol. However, this hydrogenation is not complete so a separate
hydrogenation step is still required. A disadvantage of using a rhodium catalyst is that it is
much more expensive than cobalt and this makes it important to the economics of the
process to recover the metal from the product. This remains true even though the high
activity of the rhodium catalyst means that the level of catalyst in the product is typically only a

30  few ppm wiw (parts per million by weight). The use of rhodium has been inhibited by the
absence of practical means of recovering substantially all the rhodium values from such a
dilute product stream.

GB-A-1321275 describes a recovery process from such a reaction product stream in which
35  rhodium is separated by absorption of a particular metal carbonyl hydride on a basic ion
- ¢+ exchange resin, The separation method requires that the pressure be kept,well above

i < s#4) ambient pressure in order i;o'eh*suréthat—‘th_e""rhodi'um carbonyl hydride complexis present: S
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industri@ély by the catal ysed hydroformnylation of ol efins with carbon
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20  GB-A-1578514 describes a process in which a distillation residue from the product stream of
a rhodium-catalysed hydroformylation process is treated with an oxygen-containing mineral
acid and a peroxide and the resulting rhodium salt is then treated with an ion exchanger.
The ion exchange resin is then further treated with hydrochloric acid to desorb the rhodium
lons which are then reacted with e.g. carbon monexide in the presence of an alkyl phosphine

25  and a water-soluble organic solvent to reform the rhodium catalyst for the hydroformylation
reaction,.

DE 2045415 describes a process for recavering cobalt which is in the form of a cobalt
carbonyi on a basic ion exchange resin by treating the cobalt carbonylate loaded ion

30 exchange resin with a mixture of a fower alkanol and an aqueous alkali.

US-A-4388279 describes removing trace amounts of catalysts which are present in products
resulting from organic reactions, such as rhodium which is present in the aleohol products
resulting from a hydroformylation reaction, by treating the aforesaid products with a solid
35  adsorbent such as a metal compound of Groups |A or lIA of the Periodic Table, molecular
4 E sieves or jon-éxchange resins at a tempetature in the range .of from about ambient to about

s #7100 °C:and a préssure in the range of from about atmospheric toabout 100 atmospheres.
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~ exchange resin are necessary.
lon exchange resin to which a metal species is bound comprising incinerating said resin to

30  produce an ash containing the metal and / or the meta! oxides and separating said metal
and/or oxides from the remainder of the ash.

The method of the invention is particutarly useful for recovering rhodium or cobalt values from

a hydroformylation reaction product stream Therefore preferred metals include rhodium and
35 cobalt.
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of recovering %ppgqge\;%ﬁ rh é‘us.frf. er processing of the liquid product stream which
necessitates vapourisation, for example to effect a vapour-phase hydrogenation or separation

256  process, would tend to leave some of the metal deposited on the process equipment and

therefore would tend to reduce the amount of metal which could be readily recovered from the
product stream. The invention, can of course be applied to treat a product stream which has
undergone further process steps between steps (a) and (b) above and therefore such
processes are not excluded from the scope of the invention.
30
- The lon exchange resin to which a rhodium or cobalt species is bound may be derived from
‘any of the processes of the prior art in which a rhodium or cobalt containing stream is treated
with an jon exchange resin. The prior art processes require that a product stream from a
hydroformylation reaction is pre-treated before contacting it with the ion exchange resin or
35  that the treatment of such a stream with the ion exchange resrn is carrred out at greatly
}": ' ;‘elevated pressures 50 that the metal épecres is present as a metai carbonyl hydride. We
' * have found that contrary fo the teaching of GB 1321275 rhodrum can be extracted from
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reaction product stream conprising the steps of: a) contacting the reaction
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basic ion exchange resin containing the netal species to produce an ash 25
containing the netal and / or the netal oxi des and C) separating said netal
andl or oxides fromthe renmai nder of the ash. In a second aspect of the
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t he process uf%%'i‘ﬁﬁ%mﬁ’m Rehgt @9d138Swoul d tend to reduce the amount of

metal which could be readily recovered fromthe
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25  The temperature and pressure conditions are stated above as being near ambient. The
pressure is less than 5 bar gauge, but will usually be less than 4 bar gauge, more typically
less than 2 bar gauge. The pressure may be reduced, e.g. to < 1 bar g, before it is increased
to the operating pressure to faciiitate degassing of the liquid product stream prior to contact
with the resin. An elevated pressure helps to prevent any dissolved gases from coming out of

30  solution and causing channeliing in the resin bed and also facilitates the fiow of reaction
product stream through the bed. Typically the pressure drop across a column of resin used in
the invention will be from 0.2 o 0.5 bar. The pressure drop across a fresh column is usually
less than across one that is nearly spent, probably because of settling in the column and/or
trapping of fines within the column.

35
The jon exchange resin absorbs rhodium more rap:dly at higher temperatures and thus the

absorptzon process wnll usually be carned out at temperatures above ambient. However the
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recovery, but is likely to dimnish as the remaining capacity of the ion

exc hangébr edTErsyres gf WW@%@'}T’OFREFEB? BIPRRYAR fo beprgsent i F'ﬁ@‘ﬁcaﬁé‘iP@E‘%“tféFO“ﬁhe
present i nverddtioaiowse piOFhelmt & il preednt)re ﬂEéﬂnB@i byerL \rsbm@lwm wales froma

t d t ta duct .,
Gt oam wi {n BHBLRE: TA28Re AakGaT AP Mmonn SPHatp RO LISHBHNG 5 bar
gauge and moteerqbeveandlce&esczfdaﬁmte gobvation ereemgy @i specihs folradd atthé mamt a part of
Lhe 1 hoal um WihdAMi deind Bfned? srv@mﬁerlgmﬁwéfﬁgrrﬁ@;trsxrtprargrr BRLaL ot §ahd Pasi c

ion exchange resi nt ai ‘he r I'um specl es uce an as

cont ai ni'lg r'%@icbﬁﬁwfaﬁssand | or rhodi um oxi des and separating 15 said
rhodi um and/ or oxi des fromthe remainder of the ash. The ion exchange resin
is a stronglﬁ/ or vveakll%ébasi c.resin., W have found that acidic resins are

not suit abl d' #PEET Rt HFEhqdEL BraFentdn e Produd efrepmas awries Batiheirnged/h cal | y
these resi nsexposund mitﬂna ambmegr PrepEmaksy ttyrmdmhiamtmbaompg bmrseﬁiférﬁ;s opor mal | )t/)
tertiar am ne.,.or ums se |t may oDe
pr ef errod 1 o S A FOGY eRrorBTR e o SEhrog e ARl B DR i on may

i nt er act20wi tivefetablepd avrtid exposing the ssactian prdvust wmtqth@atmnsuhﬁrmwﬂm sowggashanged
to e.g. a hy&# %%rohoﬁéfﬂ%%dﬁ?n Qfextﬁaéfeh'ﬁgw i?In H%&fc!a”the( f%ﬁéﬂ'aﬁ gf‘oeﬁétléﬁj@am

Anber | yst from Ro rature and

pressure co rFEH“@ A BVFEIO"QF‘@"%‘?‘M@@%FD&Wd%l‘§efﬂt@h’rﬁ§l°%éé F° tﬁ%ﬂﬂ@ﬁﬁherwl afigf @Y¥sur e

i's | ess thansps@pentdythidgenabist reddtich idfeHaklaaldefallpRREctt han 4 bar gauge, nore
typically less than 2 bar gauge. The pressure may be reduced, e.g. to < 1

bar g, before it is increased to the operating pressure to facr litate
degassi rgp of inttypical indpsitrtd] qrecatioe & nembarafiop exabandeaoliong &ifitbe connected together

so that the product stream can be directed to one or more of several columns so that spent

columns can be removed from use and filled with fresh resin ready for re-use. Although the

pipework and valves required to do this will inevitably be fairly complex, it is a major

advantage of the present invention over GB 1321275 that the operation is not carried out at a
30 high pressure.

We have found that a particularly convenient arrangement is to have three columns and
éssociated pipework and valves so that any two columns can be connected in flow series and
the remaining column isolated. [n this type of operation the first and second columns are

3% connected and used in series whilst the third is isolated and the spent resin removed and

A 4 _ _é.replaced W|th fresh resrn The size and capacity of each column will typlcally he chosen such

E ' that one coiumn is' capable of extractrng thodium from the reaction DFOdUCt Sfrean to give an :!




with the resin. An el evated pressure hel ps to prevent any di ssol v&d 5@%@@5
from comW0Basof 30 sol ution and causi ng channel i ng i npghesofsizey bed and
also facilitates the flow of reaction product streamthrough the bed.
"Typically the pressure drop across a coluym of resin used in the invention
will be from0.2 to 0.5 bar. The pressurg drop across a fresh colum is
usually less than across one that is nearly spent, probably because of

settling in dupet @abmtmruﬂseto zehd APMAGhAT. édpt’rﬁa%dvtfs&eh Eb&u‘f‘@ 1@%:‘:1”?8“ 35 The
ion exchange re |n ab S iymnore rapid at %1 er temnperatures and

thus the. ts?‘f:?ﬁa 3%@@9 ?r%’?qu fﬂ%fﬁglaﬂyﬂq)‘geed(ar P"rFEQP igfifergiore therpies at ur es
above anbi emnd camamsjvcﬁ each dofimnZihd Bz nBmBEIAS cOMPhRHRBEE @efe@é RAWOHA{R: ©

r hodi um spe a de r oduct ream of a_hydrof ornyl ation

reaction ar ?ﬁg?lh@tcéﬁtg]nlnggfo }élgrﬁfrg 'EJ&E@QH%?”&F 4 dfigeRaLmpErEnghove about

120C. | n3Spr &vengementofisallmnemay b weikeuek defratingarondpeadnahic sRHKIH! 60K and

stability a%éw\gﬁﬁﬁméd,% récE\?e[& ggewdlooc particularly 70 to 80C, are
[

nost suitable. Wen erent reaction product streans are treated the 5
optimum tenperature may be different fromthis and the conditions used for

the absor ptii®gn exsip @emo,eﬁlﬂe_%ggoda&gﬁggb&g ot tfe EU&UB‘I‘?‘?E& g?qﬁsfecé r&e streamto

be treated. The formin which hodium 1s extr i on exchange

resin is not™tNEsAFePrgked Ue%lrfﬁdmreagp@&rress %nfdeeb:thebeelgmfwaeeoa@zmw as
this corpl exf rreq;umrvaeesrecpbsslmggmee SERAE bcﬂumzi%tl@tr@ﬁ&wtﬁethﬁé cAlAs Roen and/ or

car bon nono rese in s nt concentrations (relative to
Che Dot A" hitfectef aBFpdbe i Bl siboRd Hiiin R e kel a1 ERORLEY & W E

Wl ker, | noeeceentof 1@8dsirdandgipe 1Rd@ss reped&nti efidife SubSERRAEcINBNRRS AoRiON

dwth t i.ndi f t
For the spectoer arg whCfinfIHe WG TR By Butiby-thebRpettic

i nfer from tAMBleterFapadthwhilghivs dpwnssernp cadearsis sillgelatinelydresh. s the t“r&b‘cah.mrm
exchangeispr o&e assortet] rmﬂﬁﬂbﬁeérm@?ulitcaf‘acftw RfdisdBnk %olgﬁ\ﬁﬁ%ns r&att\)aﬁ frBEﬁ)dUCt
stream as a sQem e%I % L ﬁ@ntg on _ exposur e

presumabl y BY° 6xPHAET U %\‘?’i?f”q Riiafly t't%fhe%warrsféeproerqtﬁtrw ﬂOMﬂgdt’Ou‘m are
‘not effici eribd fysteabimac Teeltiey ndeded io@é’m@)é@h@%fécé Ssehntresif fEMAQESatkd 1S highly

20 f bl ag uct streamto the
At mospher o, e gty FRAPSIORG dind HARKH skt GPRE ndise BB aTAMIBe ext r act ed

fromit. |n sgbdritiplyeontirtious epatptioron ngrdétutit stream from a hydrofornyl ation
reacti omgi s not deliberately exposed to the atnosphere until after any
subsequent hydro enatl on reaction to generate al cohol product. 25 In

typi cal i ndudfr§sH) bugisesesityiann ités nRefpmrsito eantplghe ipsineratien eush anway asitb|  be

connected t Cmem&ﬁe urOntfdNéd refeB€s d1HHN M esHonPRO RSP efhgre'td?gﬁtg qesgnois one or

nore of sever a ol,u @ gent columms can be renove romuse and
filled with pﬁpér?ﬁy f"eesrgrnHS”F dﬂ@""f“&ﬁ Ir30d gk temepralr e rRece WOpERBr& dme val ves
required to didngdroessehokidibeeiond with oardie ofdar 16 ayoid oM ENhicH Woulldresu It TRIoQE of '
advant agg ofyd r@ﬁg pfh%?&glf)m%ﬁ%%%é gmteg\éptlromGBDo t3 %6%07 g(JCJt % andttlpe% ti?ep :ﬁ&ﬁérét%?a s

not carried out ssure
of the metal-containing resrn is carrled out at temperatures from about 600 to about 850 °C,

for example up to about 800°C. The resin is normally loaded in shallow trays to give
maximum exposure to the air and promote combustion. When the incineration is complete

the equipment is allowed to cool and the ash is collected in preparation for separation of the

30  desired metals and subsequent reconversion to the catalytic farm, if desired.

As typical basic ion exchange resins ere based on aromatic ring containing polymers such as
polystyrene, a suitable commercizal scale incinerator preferably includes a secondary
combustion stage to ensure combustion of the smoke from the initial incineration. A suitable
35 incinerator therefore includes a primary combustion chamber in which the resin is burned. Air
y is blown through this chamber and an oil or gas fired heater is usgd fo initiate the combustron 7

57 :.,:" and raise the temperature fo the combustien temperature The off-gas from the pnmary




W have found that a particularly conveni ent arrangenent is to have1tAateelld
col unms sspci at ed pi pework and val ves so that any t o umms can be
connect e?pﬁﬂyiq%ﬁ/ series and the remaining col um isol at & V%T G088 type

of operation the first and second colums are 35 connected and used in
series whilst the third is isolated and tghe spent resin renoved and
,replaced with fresh resin. The size and capacity of each colum will

typl cally.:be chosen such that one-colum is capable of extracting rhodi um
fromthe re&EMPEHODSIAIAEE M3Y em prss drelahe@ serorRizryembulios chanbeORAIRRIREA at

PCT/ GB01/ 03 &86ut Baoﬁﬁy%to:l%@%%d ikt NAFLRRB I P sGEHR eﬁmprﬂentli a}a han 0.5
ppm and usu%l\égﬁ EE‘F for a period of several days and preferably
nmore than t g ax'V‘ﬁStﬁrr &8 -herefore the size and capacity of each
colum and the nunber of colums sel ected depends upon the anDunt of

r hodi um cont.ai ni n eam 0 be treated. A different
ber mgq ot MR S e FER A Glal B0 S ol & SRl E EB et he
econonmi ¢ evahageniconaterfal itk as prtdie spedasdomivthe mlactomm lgaifior owerEsidues fre@si r ed.

I n an exanpl i t nvent i
first and scat@eo fie %r%r]rjngﬁhgﬁ%%‘éép%é Q‘? st% ec' J]'F%P %efe“éé?ég ¢ ﬁhtﬂ?ﬁheﬁ l'E&g]pent
such that a SEg Ptideant messHicdia matllrwnmmfbotfhd&hﬂumés‘wfiisame@tlm@th@a&ssven@ to
the second GRAHIBmpdindS Rér iHRsRbre \&é\‘i’(ncgvm tﬁglo%QEHﬁEa it fe aﬁ%’f‘@@tﬁfsgﬂio st ream

of the second colum and the first isolated for renoval an ace nt of
the resiy arftfdiilieegensoires “’teé‘&@aet edne petalpas the forbis thiehiitds fleyw@émfp‘huous

rhodi um extre@fére@n. Using two columms in series neans that the upstream
colum can be used to near conplete capacity whilst the downstream colum -
is still relatively fresh. As the first colum 15 has absorbed rhodiumto

near its fulTheossbacd.g. yhodiuheorselaipdeseot iuthe asie nmay bsplﬂrﬁb@blhd/t&inyerlfeﬂesék toand is

capapl e Of Ry o WAh Aok Bbdvkd My I SCAGREYT Bdill? s OFHE T el o 0 e

flow ng from Irst columm renove an
resin from theeesed Betbed. ragiumer cpkaltraxideeart convettedhtosttbediem ot mﬂlt @cmpound

practical | |WlﬁchQ§. afadiob bﬁﬁlydt FbrHﬁ@xy&r@foﬁﬁfla’%ﬁgbﬂtﬂeﬂﬁUpé'te%%blél\All')én@r%%é Yous
operation is t dl‘LL'ch %O The resin burns easily a preterred

to control rﬁ% i B bis Zpquiert fopreaise in 3 REormylation reggtie étrP?“ Pﬁ éeﬂﬁf%?ﬂff%l | ed
rel ease of piasashcayl t&'e’mg the ﬁnmmﬂnaqnéane eissand DhREiRd, Qb&nﬁh@fﬂéﬁé tedudt®n step to

f bly d t th
000 " 500" ¢ S reiB{iRin g ) Dol 5o GRS wBR ey bR BEcmient o o avo o
spi tti ng2Ouhi @hvamdrrdb ale@eﬂnt-SOIUhlelerbsxsdﬁte & et dh ehadieigi sieardthdoyrrestion withya t hen be
ignited at féa?d&ﬁ&@‘rﬂetaﬁ‘gg éo‘aiuﬁloga:!tcﬁggrehgﬁeﬂe& Bail GLRE #ﬁatté% ihdfpel NE

net al - cont ai ni ng resin i eratures trom about 600 to
about 850 C,dissp¥ed Beiaip fesdyipriiier ratss e calgget. Uﬂﬁ@tmwpwewge%rqhwwe;havmded in

shal | ow t r aysicte@sRiMeturn®d Xid b ¥R Sth&Hb@uhed Bite MBLRMIERINSaGaRESt | on.
When the inci azyaatl on is conplete the equipnent is allowed to cool and the

ash is col | €& in preparation for separation of the 30 desired netals and
subseque2ft reconversion to the catalytic form if desired. As typical basic

on exehangeei, 4 RR AN RIS, LG SANLA Bl BALUTRER R4Eh o

pol ystyrene, ul e CONMeEr Cl a nci ner es a
secondary a specialist metals processing operator using techniques specific to the precious metais

industry.
As an example, the rhodium oxide recovered from the incineration of the ion exchange resin
30  may be converted by known methods to a rhodium “sponge” i.e. a highly porous form of

rhodium before further processing to the desired rhodium compaound or metal,

The following Examples illustrate the invention. All parts and percentages are by weight
uniess otherwise stated.
35

Example 1'




conbustion stage to ensure conbustion of the snoke fromthe initiaf@1FEB 2005
i nci ner aMY@P22MSkui t abl e 35 incinerator therefore incl udesce/gHol ARy
conbusti on chanber in which the resin is burned. Air is blow through this
chanber and an. oil or gas fired heater is used to initiate the conbustion
and raise the tenperature to the combust i Bn tenperature. The off gas from
the, prin' 2 .1 F E B 2005 WD 02/20451 PCT/ GBOLl/ 03780 8 combusti on

chanmber may ﬁtl‘hedlurp&sfsadtlbrramgdih\%s%ﬁﬁg{mwow%o@ggﬂohggbhglﬁb%q&o mai nt ai ned at

about 800C or_gas.fired heater. An exa sul Uabl e equi prent
is an Evans%ﬁﬂ\//sgﬁszgl wa e ﬁbﬁw MEfANG] e eEoNe B’?ter adried Irlesmmerabf ash

cont ai ns t héitiogern a2l meadry xeaih oyt @g)ovasigtRed I8 RFica AR idss caﬁmWﬁe
"Loel t of ot hor Fost ShieBerkbeRA O SheinbeRhely b v et

itself or other resi dues rom
speci es Ps ABIMHMyiageisoht mrfhamdwleala@measndeha dryefittdgen &fodithe bt @%kEEre OF

nost I|kelyoa2mbb{ésuﬁ£erf§@n§@{1ﬁmu@gnﬁ,gf . Methods of separating the recovered
nmetal compounds from the are we known to those skilled in the art of

netals processing 10 and will depend upon the nature of the nmetal and the

formin whi éhaidehyde remum pedud, @r@aree?gwy@gfor@gﬁt{?gﬁ %’3"‘8 %m? r hod| um or

cobalt pres ur
cat al yst fr gér%%& ht{he pr%e?gc%%f RAdlE 357 RamaAgeRecys caiplyss errheontzining abnmt@()%not her
f orm of 1®he Cﬁ@id@hydemth&Eenmlrmeeﬁmfgrpﬁéhoﬁmtahﬂgdunréeﬂ%@'o!éﬂh d pid pyoxi des are

converted t ound whjch is an active gat al yst for
“the hydr of o?@?%@%%g%@ SI]%%H% the %ﬁ?ﬂgl&@ R, ThGAlehydedeqpiionprodust wasrei um

and it is rB%ed BEOFG At theinlette thawxirattipd colfin. nwlheaﬁemﬁéraﬂu%&ﬁtﬁe(éﬂlumh wagan be
ted f d chl
separate rRMtaiidast 864 @)baﬁéxr%a&été}%t 561’% t% %%QW %&Jﬁ(ﬁ(ggs]io W%RE? gl orine,

optional Iy aft er .a reduction step conver to
gi ve RnCl 3 HvERhegegclion pgdyct th?&f"ﬁ Wﬁ-fed P threesisweupfiow ampdne tiﬁbeﬁ(w\éﬁomed

into antdol eﬁ@%-bsodalurlnben@myémmg@l Extl%cﬁbn “;ag%hu%g &@ {M’S'b‘”h 8ir)'ﬁ$ncu on
ate

with a car preci
car boxyl at ep‘%)aftl IEL gﬁﬂ%{é‘% 08]“@8 8?‘?}’8%“? e 8‘? tB? r%%mftfé@a@taodke feein ivairodedis
catal yst. UstheiiionnTie fonetear the takietytiegaeiucidefia Was aSORELRTATE doyr " et ur ned

than 9 aydraformyl at
Catal yst. 25 bt o Rt PR Falt e oreer R atoviey o ond et a

fromthe asfqyt B*e‘iff@a?‘?rr@a't%%ﬁatwewos sihegesilts s seriuah Tape 06615%1 Ng oper at or
using t2rhni ques specific to the prem%ge{ret als industry. As an exanple,

t he rhodi um oxi de recovgred fromthe i on exchange resin
30 may be converted by known nethods L Shedividéingmippepgwge” i.e. a highly

porous formof rhodi um efedraing Wabd)er FREOGRSR Nyl Srdale (desired rhodi um
conpound or netal. The folTow g EXanpt e>5|3| oSt atgothe i nvention. All

parts and percentages afe by wei ght negg otherwgs stdted. 35 Exanple |

10 5 0.4
15 5.3 0.4
20 4.8 0.9
25 4.8 1.2
27 4.8 1.2

The data in Table 1 show that efficient extraction of rhodium was maintained for a period of at
least 15 days. The rhodium content of the resin removed from the column after the 27 day

operation period was 1012 mg, equivalent to 4.5 g rhodium per 100 ml of dry resin (about

25 160 g per kg of resin). The relatively long life of the resin enabies mulfi-column, particularly
three column, operation as generally described above, to be implemented relatively simply.
Example 2
Rhodium values were extracted from an a[dehyde reaction stream irom the hydroformylatlon

30

. ;_:'V of C12 fo C14 olefins carried out using rhodlum as homogeneous catalyst. The extraot:on




. with dry met

VIO 02/ 20451 2:1 FEB 2005 PCT/ BOL/ 03780 9 A rhodi um extraction caLERBVAY
set up a )MWs. Basic ion exchange resin, Arnberlyst shed
W PR Bt Bogl

anol to renove water and dried in a current 22.5
m of the dry resin (about 6 g) was placed in a vertical dry glass colum,
fitted with an outer water jacket suppli®d froma thernostatically
controlled water bath and having 5 an internal dianeter of 6 mm and

mai nt ai ned un rg nitraggen at nrosphere at a pressure of 2 inches water

er a . e .
gauge (aboutcog""]ﬁ)‘!?F WasBEnETRIE AR RS CTINES &t RIS ol et terapr s albisnahdiameter
hydr 01;] or ny| atdrom, &rfd WBingiaxeth délﬁ@te@:ﬂ&'sml EpREss OC Fhé el RAnPERSERAoRMNT hgdi um
as a honoge n t ai_.ni ng about 80% 10 C8 al de es, the .
r emai nder b}%ﬁ%ﬁ‘ﬁgg ortn)g%%r(l%" aﬁd(r%ﬁ’éae&()@d”g %ﬁ"@?’f’ﬁs HAGePRYEFS hg%g%g‘-’va%roduct s,
was used as 'Eeurgd taaritient pressuse hiaciegassing nesselEne parhkeliy the exieantion aitungr withuct

was pre- 5heaﬁ1§ g)fcﬁll.%ioﬁ%faiﬁtThEleuﬁ'uﬂ kehpet ik Hﬁs fﬁﬁg@%ﬁ %{ Pc G4 TR Fgg wa

tenperature o e,colum was mal talned a y passing wa 8t 8soC
t hrough t he $8teir] adheextragiion wea eentipgpdtierd 1 days aramwitidthdinredhe thodinmpr oduct

stream vas f@fcdrralidian Glauamsitah tOMe L RABbdDEnRaA Y AHRMENLRe S0% Dy

vol ume and renove gas bubbl es. Extraction was then carried out downfl ow,
keepi ng - t heCANFRjUiiaRen 1B i =Xt firsepavassrusiat afblepm heougmytof the resin to
maintain the resin in a flooded condition. The flow rate of the al dehyde

pr oduct 1f5u” m was about 450 ml per hour. Extraction was continued for a
period o 27—’8’§\§ﬁ%nd the concentration of rhodiumin the input and outl et
st reans noni Amaidehydé raanifopmpualust, préfeeed wyshd hysrafraylstish obaltnided hdgbies 1 bel ow.

stroam 15. 30" T ARG RsEO R ol ShdPBogffes MG MG AMLGATTT L (o
in Tabl e 1 stRRRiNIMEALCOBTI0  Paiehydes thetemeinderbeinn owidemingntly ungaciechdlefog for a
period of atand Rashniclsy-sediets, WatQisbd 8delMoGR RY R oluhii&oh&RibRqd kemoved from

the colu after the ay _operation period was 1012 ng, equivalent to
4.5 g rh iu?ﬁsﬁ%t?edi'bﬁxar?fp?eo- e PRSP MAYBYE WE5 5980 hpecRYEtN ¢fesi n) . The
relatively | swguhiviee rafucédieont &5pr teeddpes T lcbhceGteibiIST, thedeubbik wid RELded t hree
col um, oper%ljﬂqg as 0q‘%ﬁerally descri bed above, to be inpl enented
relatively sinpl yppoft P o Cl4 olefins carried out usi ng rhodi um as
honbgeneous catal yst. The extraction Exanple 2 Rhodi um val ues were
extracted frpmale #l dehyde reaction stream fromthe hydrofornylation

20
The rhodium present in spent basic ion exchange resin, produced under conditions similar to
those described in Examples 1 and 2, was recovered by incinerating the resin in a two-
chamber ol fired incinerator (Evans Universal *Maximaster II'). The resin was washed with
methanoi fo remove the residual aldehyde and then with water to remove the methanol. The

25  wetresin (10 kg) was spread out in a steel tray with the dimensions 300 mm % 850 mm x 75
mm and placed in the primary combustion chamber of the incinerator. [nitially the resin was
dried by heating it fo 500°C in a stream of air (90 m*/hour) for 35 minutes. During the drying
period, close observation showed that there was no loss of resin from the tray by ‘spitting’ or
thermal shock. The temperature was then raised to 580°C over 15 minutes and the resin

30  ignited. The temperature in the primary chamber reached 800°C after a further 15 minutes
and was maintained at 700 — 800°C for a further 45 minutes to complete the incineration.
During the incineration the temperature in the secondary combusiion chamber was
maintained at about 800 °C with an air fiow of 70 m*hour in order to burn the decomposition
products from the primary combustion. When the incineration was complete the ash was

35 allowed fo cool. The ash contained 65% Rh as metal plus metal oxide as well as traces of

‘ t,other metals (such as iron) and their oxides.

Cor o & o : - ot
B ‘ ; B i . A v b FEEA




21 FEB 240 WD 02/ 20451 PCT/ GBA /03780 10 col um used was general I%/'1§§8 2060

_ descri bedwomexsopl e 1, but of larger size, internal di angicgigrekdsfy and
using a resin charge of 87 m (about 24 g). The feed to the extraction

- colum contai ned about 95% C13. 15 al dehyde from a conti nuous synthesis
‘vessel. The feed was reduced to anbient Pressure in a degassi ng vessel and
punped to the extraction colum with 5 the exclusion of air. The col um
enper at ur e ¥Rs:chaal keh hesledliyy S aﬁaém&fh% td OV BLR MO R T - The
extraction was continued for over er

concent r at i orPRIficRdsplabhodyrm é’aﬁ?‘ﬂ@“@rﬁé’ F@Qﬂﬂmﬁhﬁ@ﬂw@c‘é’tﬂ@eﬁtmﬂ!m Phaand 4.7

ppm and-t he rhammﬁelébfaﬁi rédibittidd (B tRMdofutist, LR e pm

t hr oughout . % 54 gp q!%zﬁﬁ aldeh de reacti on %?%au%a%hégggﬁ%ggnﬁﬁm

hydr of or myl aFTOR "G 354 t'?ﬁ‘é‘ﬁt@ &8 a catalyiar fyeter hypretprany F‘%@ﬁ@f@“%f r hod| um
and cobal& as’ a m xed honogeneous catal yst and containing about 80% C8

al dehydes, the remai nder being predom nantly unreacted ol efine and
paraffinic by-products, was used as feed to an extraction col umm
constructed as 15 described in Exanple 1. The extraction tenperature was 80
C .. The concentration of rhodiumwas reduced from5 ppmto 0.15 ppm The
concentration of the cobalt was reduced from 15 ppmto 4 ppm 20 Exanple 4
The rhodi um present in spent basic ion exchange resin, produced under
conditions simlar to those described in Exanples 1 and 2, was recovered
by incinerating the resin in a tw- chanber oil fired incinerator (Evans
Uni versal 'Maxinmaster 11"). The resin was washed with nethanol to renove
‘the residual aldehyde and then with water to renove the nethanol. The 25
wet resin (10 kg) was spread out in a steel tray with the dinmensions 300 mm
x 850 mmx 75 mm and placed in the primary conbustion chanber of the
incinerator. Initially the resin was dried by heating it to 500Cin a
streamof air (90 nBl hour) for 35 mnutes. During the drying period, close
observation showed that there was no loss of resin fromthe tray by
“spitting' or thermal shock. The tenperature was then raised to 580C over
15 mnutes and the resin 30 ignited. The tenperature in the primary chanber
reached 800C after a further 15 minutes and was naintained at 700 - 800C
for a further 45 mnutes to conplete the incineration. During the
incineration the tenperature in the secondary conbustion chanber was

mai nt ai ned at about 800 C with an air flow of 70 nB/hour in order to burn

t he deconposition products fromthe primary conbustion. Wen the

i ncineration was conplete the ash was 35 allowed to cool. The ash contai ned
65% Rh as nmetal plus netal oxide as well as traces of other netals (such as
iron) and their oxides. 21 FEB : 2005 WO 02/20451 PCT/ GB01/ 03780




11 The ash was then treated with HO and chlorine to give aqueous EHomg®ginpgs
trichloride. Catalytically useful rhodiumwas obtained by reaction with
sodi um stearate solution. The rhodiumstearate precipitated fromthe
solution, and was separated and dissoldved in olefin feed to forma stock
solution for use as a catalyst in further hydrofornyl ation reactions. 21
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process as ¢ aim1l urt er conprising the steps of c)
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the react i PIIRTHQUTFatENE PESIRP (8 contacted with the basic ion exchange resin
at a pressure not exceeding 2 bar gauge. 5. A hydrofornylation process as
cl ai med i n3apyhy@rbiotrigation proeskisag chingidirsclainhies elaim 2, ietheecotprisng passidaithe reaction
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hydr of or nyT"a roce I'n any the preceding claims, wherein
at | east twﬁ1$ewne§%@H§H@@"colunns are connected together in such a way
that the reaction product streamcan be directed to one or nore of said
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claimed in any of clains 2 - 6, wherein the resinis dried at a
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stream is degassed before contact with the ion exchange resin.

6. A hydroformylation process as claimed in any of the preceding claims, wherein at least two ion
* exchange columns are connected together in such a way that the reaction product stream can be directed
to one or more of said columns and at least one column may be isolated from the flow of the product

stream.

7. A hydroformylation process as claimed in any of the preceding claims, wherein at least two ion

exchange columns are connected together so that they operate in series.

8. A hydroformylation process as claimed in any of claims 2 - 6, wherein the resin is dried ata

temperature between 100 and 500 °C prior to incineration.






