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/20451 Al

g (57) Abstract: A method of recovering metal values from an ion exchange resin to which a metal species is bound comprising

P contactmg the reacnon product stream with a basie'i ion exchange resin such that at least a part of the metal bacomes bound to the

resin as meétal SpeCIES andi :mcmeratmg the resin to. prodnce an aéh con‘[ammg the meta] and/ot oxides of the matal and separatmg tke

3 meral and/or oxides from the remainder of the ash. The method is useful for recovering rhodium catalyst vaines from homogeneously
catalysed hydroformylation reactions of olefins with carbon monoxide.
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whi ch a neta peC|es I s _bound conprising contactin e reaction product
stream wi t h PEESBYE; dhe Eﬁﬁ‘c@ﬂt'?rféﬂﬁ'ﬁ@wtcéﬂé’?%o%td’c?ﬂ’°tsﬁﬁ?3 &gt qg%h%quamtﬂﬁ‘fi“?” Ffhe he
netal beconewfiheugice the Cihe 1) ddside fBibwaB bahydsiRA4RE of RO BladHyaé RRR&SIENE! t he
resin tq prodgqle an ash containing the netal and/or oxides of the nmetal and
separati g tRe¥"“Het al and/ or oxides fromthe remai nder of the ash. The

met hod i s usef ul()f orREke@bet iGly +r Hpdi-vm—eat aREBECHEHOes fr om honbgeneousl y
cat al ysed hydr of | ons—_of obefi ] rbon nmonoxi de. 21 F
B loe W 021 DD e b O o b 2B, T NeENERATT N
OF METAL CONVRrFaivNG: Baiglvets 1 arebansiipiometaiRasIrtiquizny eobplhgrehediugh Thelcatadist t o

the recover )baﬁfoe a@;spenéd ¥ahdiRsctBR gs & @m%rrﬁéta lélal@é 1R L BBokREONSH dissBilied HhOdi UM
or cobalt catal 3% val u specij al rom ol efi ydr of or nyl ati on

e n
react i ons. SORPEhRGIeed qRlipt Ferghogiym, t ‘%/eeﬁcg‘fei SRt %PS‘H%‘S & AkiAowt ABRWNSt s ar e
made i ndust rgréddbly dxardchg complak yrsetimetal. 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

744+  ambient pressure in order i.;o'ehysuré‘that—‘ the'rhodium carbonyl hydride comnplexis present: S




hydr of ormyl ati on of olefins with carbon nonoxi de and hydrogen at 2I1e§€é%i
tenperature and pressure. The reaction is normally carried out ifA't 05
st ages;. Woer2adhe hydrof ornyl ation of, the olefin to gi vePCh&Bo{M3780 1)

al dehyde foll owed by hydrogenati on of the al dehyde to the al cohol 10 as
follows: (1) RCH=CH2 + CO + H2 --- -> RCH2CH2CHO (ii) RCH2CH2CHO + H2 >
RCH2CH2CH2COH Typical ly, the catal ysts usedl are transition netals,
particularly cobalt or rhodium The catalyst can be supplied to the

reaction as PheSieBPlcopRRiddt sBeH HighhrébsuRS, iRcsRftRY ¥oRli& fRlekpdtinsflygd in 15
sone of the feed 04 efin, For rhodium the active catal yst species IS not

known al t houfffYeF @'Y RIPIRG ioh BEYSFiahsRle peIRitn. FEHpredindied iheappliseten of isch of t he
two cat al ystpromisal Bo hahop f tdcouriag the AsbaaRt REeHe 8368Tis bdRrigigher and t he
choice in any particular case will be based on a conbination of the
desired catal yst properties, including the activity of the catalyst , the
cost of %r oltiedialug of Hedimptnaans that drengyis bepamatan df thé erosedseetdsyitates re@véler
required pro r,ﬁngg 20 . j a _nore activ

catal yst t haﬂgg{{ggg_ t an{cqlg %&?%S'r%rb?Fégggﬁge\é%:g%/ega%g%ﬁ%pgggfglgancﬁc%né’ﬁné?a?ﬁ?%'aﬁct .
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reaction in a relatlve% pure form The alcohol can or med

hydr ogenat i off9%1er4RB PLCERSAS d&e havedounddlias i i verifisulirio repigumthe dledium valiiegsed as
t Ihe ﬁalt a“%/_; t ﬁrorﬁ&fetspﬁf_it rédri]r&zjyédimé'lmd exdhandey Wiliﬁ:aﬂjth/\‘dsrﬁr@ t0¥€ baGa b kRdhddey, Wae

al cohol . er,. rogenation i s.not ¢ t 0 a_separate

hydr ogenati o éﬁg‘fee'b[tdﬁe@%&t%\el &@Hh?preg'as.' aﬁ'"@?@ya%%gﬁ?cgﬁfgc’%‘?r%’ KSRUPRS8i um

cat al yst i s ihhttis convieded intodife inaiublecsppaersiueequéra b ine batdctiamnWhibis theakes it
inmportant to ] : e . tal fromthe
product . i o5y BETRHefriod BecRleEqte et Rol Y Bhet 6 f-Pom oot um
cat al yst neavsedderaecoveny fip@aslioneikchaagarepisarg necessarypr oduct is typically only

a 30 fewyppmw w (parts per mllion by weight). The use of rhodi um has been
i nhi bited by the absence of practical neans of recovering substantially

al | the rhodPEf13APARLIFFETH SiRSH 4 Fordpaorrd Frogliitoms#t iebprchee Assinn 275
describes a treginy teyhqiocrRased reomwig war AIRA6I Wadr, Bhattuebiusd sippaiciamivdi ch
35 rhodium i gndsoe)gar ated by absorption of a particular netal carbonyl

hydri de on a basi = on exchange resin. The separation nmethod requires that

the pressure be kept, well above anbient pressure in. order to en"sure

that th hogi : ' Yelpe! ' at
02/ 20451 pCT EeLT 83700 5 Fhe Pheeet { B ona bt aRe o nE BRadddteert®

necessi t at i ng "ogivpl-@Rlrd hedipfenyialien eepseisdreateq #ithy ar oxyaen-pngiining mioeral

industrial se@hendPe&rdkiddBnd ﬂﬁEYesmefrhbéiimfsﬁﬁsH%ﬁ t3RBd WREd BR ehakdars
process. No gﬁégo recoverl t rh e resin is described.

d for e odi yum from t hg ]
5 The val ue 4F° PRESTER9SHESRS herderes Brried WhdREPSRPs oo frerihe pedim
necessi t at es ionewhick age thén 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 #  sieves or jon-exchange resins at a temperature 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.




the rhodiumfromthe spent resin. There is therefore a requi rerren?:‘_‘f%EBa@pPS
econom c@lo gdglpgd of recovering a metal such as rhodi um J
exchange resin onto which a conpound of the netal has be%éﬁ%gﬂ?%g@. Thi s
is not as straightforward as in nost ion exchange resin regeneration
processes. W have found that it is very3difficult to renove the rhodium
val ues 10 fromthe spent resin by sinple ion exchange. Wthout wi shing to

be bound by Théi@attvaotiytureWentaibRb bRYDI blodlididalsY fidsNR cohi@ed RRFL SHppR cies, as
initially ex or hat 1t 1I's converted

0 the resi IS insoluble ) )
into the i ns%“rfrﬁﬁ‘l“:@%é%g%ﬁ"é‘é a@%@%’&&@ﬁfm?‘% ApIyErod% BPICRIR 8rEn ARG ERCURhe
reason, t heUprpipesmrigien pithe exteationcn rs@gerimesod, the bhigping phnéatiescantdiang t han
t hose nor maklpstarnti@R @ b ol resi e necessary.
15 GB-A 1 355200 dosc ?@;2@%%%8%{‘ PERRD s e E RARAE R eRn Bl on
exchange® r e§TAP5§® E'Frajé’ﬁ § REPIEFEnd priving siriperslplsghel 6Bpam ggntaining traseessicalk anol |
wat er, a wattediugob obitestel wihhied sotid adsortent. aNRthaIGE FecovdBnddRe MoklrBRdd:

describes asghQfeSSexkbibmibiah iafi.skid | ation residue fromthe product stream
of a rhodi urm cat al ;‘seg\ﬁgbe%&é?%&ﬁ%%%'i on process is treated with an

oxygen-contai ning mneral acid and a peroxide and the resulting rhodium

salt is theusta-szisesk wsthbeam JrBsENERNERG a Iiggﬁ}%dirﬁaiuﬁi@?%ﬁyl {c@ﬁ@@%fcahen

further tre i.Lh ‘ochloric acid to desorb the | ns

are the;léregr%r_t%%a%vatap ‘ﬁgéﬂ{éqncbga?oﬂ DB ENECHIS 9N PXEIRDg Rs e diat Basuligric agidy |
phosphi ne 28ctyadroaPsvat er - sol ubl e organic solvent to reformthe rhodium
~catalyst for the hydrofornylation reaction. DE 2045415 descri bes a process
for recovering cobalt which is in the formof a cobalt carbonyl on a basic

i on hexc hangé is @rsibjechyf the mre$einnigvetfnhm ]ﬁ(jbhtafldb afi ﬁl&éﬁﬁdlﬁyé AkRod %ﬁﬁ&@élre}iﬁlg‘mle%pl _
excnange re F . e r ano, an an agueous al Kal I .
US- A- 4%88278&%%8&%%8%%[)(%% .8?{% peUinVSlis T H‘E‘f”"?:“éag%lﬁ?g PUdrGiRmRIRta o

present ¥ n p@6EMEts resulting fromorganic reactions, such as rhodi um
which is present in the alcohol products resulting froma hydrofornylation
reaction, by . treating the aforesaid products with a solid 35 adsorbent such
as a metal S&HYIRG Bleciql Hignsesen inyentiono preyide arcalipeativednethordb regovatiigecul ar

Si eves oni ometat¥aEaiGMm dreich B&h&ige fedrPERALCALAA RelavdiR8 afAify Of from about
anbient to about 100. C and a pressure in the range of from about

at nospheric to 'about 100 at nospheres. 21 FEB 2005 WD 02/20451
PCT/ GBO2? 03 A8@rdingih éher peeseni ioventionironides aomdtiaidiof Rgovatismetkl yiesieh s must

first be Copée%@&nqﬂodﬂcfﬁregm%&glﬁ%g%st@&eo'ﬂt such as aqueous ammoni um

hydr oxi de, anhydrous anmoni a n amne conmpound. Upon conpletion of the
extraction 8 ®nEsingehe repetion pepdugtisisean witppbasy iengexebange fasin such thetret deeni ng
substant i al | y @t @ind heanbadhie fORReX i glatlt, 5 separated from the
organi c ase whi ch. . .
9 P %) mc:nerabtmg said basic ion exchange resin containing the metal species to produce an ash
25 containing the metal and / or the metal oxides and

¢) separating said metal and/or oxides from the remainder of the ash.

In @ second aspect of the invention, we provide a method of recovering metal values from an
ion 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.




5 conprises the al cohol product and only the stripped al cohol streamrgp 2005
containing trace residual rhodiumis contacted with the solid adsorbent.
No met hodvefize@dbvering the rhodium nmetal froman ion ex®tangHoeshn | S
suggest ed. US- A-5208194 descri bes a process for recovering a |iganded

rhodi um hydrocar byl conplex , 10 from an organi c solution by contact with an
acidic ion exchange resin that has sul forffc acid active groups. It is an
obj ect of the present invention to provide an alternative nethod for
recovering netatil fuitdragsect srsRambb iveh@in dEFONRS 4 ﬁsﬂrrchﬁ}RﬁJfa{iUR Yaleles from
rhodi um cat al ysed hydrofornylation 15 reactions. IS fUrther obj ect of
t he present ﬁﬁ\%‘ﬂ?q on to provide an alternative rret hod for recovering

met al val uesa)f reantingrani otefin @uits baBgEMERSIS alidhydligeh aﬁs’&b&-d’r‘?&ﬁéﬁk temab@&‘@e &Hd®

bound. 20 Acco esent inventi met hod of
recovering net gf&g&g% %ﬁleﬁ%é rg%er%n %gfearrhé) Fenfﬁuspr?'Bﬂ@Etcatgwtg%ﬁ’f'Eéﬁiﬂc‘%‘lﬂﬁ?f‘“F‘he
steps of 3 a) ceMmagcedntaipindsaidreeriun oralyt,eddct streamwith a basic ion
exchange re n&g&_&a S nd to the
resin as rretSB al cspec:@egtel&ioa{;‘ata pér{aéﬁﬁerrz’flé‘crtlgﬁlﬁ'Ic'd6&SJE G‘J'%g} @Eragénasmc%eéﬁ 89% &8'n

cont ai ni ng theS'l*Pé‘t"%ﬁta&‘ﬁ%‘éﬁ@@“@ﬁhfﬁ)ﬁ‘@@u@éﬁe&ﬁn wdhundts thegesimi ni ng the metal and
[ or the netal oxides and c) separating said netal andl or oxides fromthe
renainder.of the ash. In second aspect of the invention, we provide a

met hod of PegReRt fQP‘*%F@I@WfSrRS?F?TéHV ap Yriiganded gt eesipAundo whi ch a
met al spr@cr el%reiefably@hmﬁarﬂﬁfrpﬂ’oﬁ&t Bigedniie hit@icated Agh aﬁh@lmbﬁrﬁ bahife &hgLRfsce an

ash cont ai ni and /[ or, th S an arating said
metal and/ oérhqr(‘)t%rt']éa i &e R t%en@'d??‘goé'gﬁ%tfo"ﬁ% aagﬁontafaﬁﬂ'ﬂh@ﬁﬁ?ﬂ‘ e haye
i nvention i sfolpmirSEJFlt@rB’fap Wylcmgelﬁannbéd)m prigaohpercesgs fdr osthauing OfiosCaf e rhetwial ues

from a hydrgfRsmhatd S5 [ stream Therefore preferred
metal s i nclude rhodi uni19a ug{ﬁgg%ctgggpﬁ&gg%ggEB 2005 WO 02/ 20451

PCT/ GB01/ 03780 4 In a still further aspect of the present invention we
provi de & hyTHeQrdvesy/brafeiBl) cBinBGRS the AGHING] A% rn@ﬂrer%ﬁ%csraldrtﬂsr@ﬁn%k& with
car bon monox de artrd ﬂ%‘g ﬁ&g@ t _super - anbi ent tenperature and press rein
t he presence df YR Ye dhodiygyrrerire RiPsdyes a shicapiainiag thedbedivsmaspr oduct

5 stream conhetelend gostae dretah@@ﬂeb“meﬁatat&ﬂgyﬁ rhodiiel aRd/oreRiabafdrh A réthaih@Ast a

art of the t sile exchange, res such
Ito hat at |eas {1 g%&pé,g{rhg,; %E éﬁo%glry hodi Vgﬂ%%?eeoaﬁ?‘?%srh%%ﬂﬁar Ptep W@gar fouyp Wl'"c h The
honmbgeneous 0 usad eas apypegensaisprislystferiihehydmicnmylaipanestion. hodi um corrpound.

10 Prefergably the reaction product streamis not treated with an anmonia or

am ne corrpound as
The reaction product stream is optionally passed through a hydrogenation reaction step

[0)]

and/or separated into separate product streams, usually subsequent to the contact with the
ion exchange resin. This is because any further processing of the fiquid 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 ion exchange resin to which a rhodium or cobait 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 s0 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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an internediate step between the hydrofornylation step and contact with t

resin. VWvdeym4sif ound such a step which is described in ppeDGBaA3TRE ocesses

for renmoving nost of the netal. values fromthe product stream to be

unnecessary. 15 The process preferably conprises the additional steps of
i ncinerating said basic ion exchange resin cont ai ni ng the bound rhodi um
species to produce an ash containing the rhodiumas netal and / or the

metal oxi de%ydrsﬁwa%h &&cﬁdaeprdda&%traénl@m%%on%b&%%cﬁ ﬂh@ﬁhé Ladgr  of

the ash, and t tional ,convertlng t he separated ﬁbgnci; r oxi des

into a form chW? gyl f\% prasenty $itAblg sensiioas %faﬂaar@mbrevweqsn@ and
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passed through a h%{qt %E‘RP“ on reac%lbg ﬁ and/ or Far ated into _
separate progulIvEPTEN g Ve ey §Yeeess @&‘dﬁ? tthBLCB”CEW?EatPBH HefuRittiethe ion
exchangebr esgastioriirbduct sirebmdmusaboalrs/printotabeut Opir pperedsinigMgsiobn tkahdeGusinl
product str u for exan l.e effect a
vapour - phasgﬂﬁ]y%m%gﬁa%g%or%é%%&g%&%r“}é‘%?% "Jfé ro%géesmat%? ?'téﬁ%jtg?bonl eave
sone of t he exeheage wepdsdimpigherth t he process eqw pment and therefore woul d
tend to reduce the anount of netal which could be readily recovered from

the product stream_ The invention, can of course be applied to treat a
product st r &EAIAIAGIKHN A Asther ARRRA GRR PSRN Ruentipn we SENide e ol of REWMNGt eps ()

and (b) 1ab0\tl$adal’|hdvékh&rf©m|@a&fdﬁbroﬂud@‘éi%a%?ﬁhla{&rrﬁfﬁ&es%ﬁtla&ﬂ@%efré%ﬁ he scope
of the invention. exc G?'Bﬁﬁie resin to which a rhodi um or cobalt

The
species is RERAHE Sﬁfﬁ@mﬁ‘gh 8@??“\’/@5 ¥ © T53{Y) akR PrEfRUrSIoheeetiy DI EREEFA or art
in which a rﬂerdpermum of acthradre thao n2@ECreucigthat 4t &@asdd parttof ha tediumyis bbundo then
exchange re r. h rod yot s reamfrom
a hydraf or frr%ﬁ?na? J]s%bgéc{egﬁt{y?ﬂc ne%'ﬁﬁ)ggga?dstfa%xc |n?nqél cﬁﬁ\g% rreg, nccgﬂglg g e rhoc{[urw th the
i on exchangepedss i prdugsAn dvhconthiping rhegiumemetalgnd é@chpdwnswm@aﬁnwmaratm ion

exchange s eSdaf rhédiGR bhd/GExiabd i e r&Rditdbr of the §3at ed pressures so that the

nmetal species is present as '"a rrietq)- carbonyl hydride. we have found

that, contrary to the teaching of GB 1321275, rhodium can be extracted from

2.1 FEB 2000 idN2:eR4rd0 4&ih :Pﬁiﬂr@@lo% Q&&&Dba’éachysﬂf ON@ﬁéQéH@JnU%t E&BE tsPB
product "streans_.un

ed b
D557 woul 0 RelUfle B8k e e fiob 5 et R BipE PR FBEesR pr cssur e
and near anshiaimtanono-goderastied sctiva gisorptidsi Stef ndmesly derteryiareinancyuekehtanct | on  of

the rho%“”"én%m%{rﬁdrﬁ Pwhlexraugﬁ@ae@h gbi\—.(ﬁrefé%dl?ozﬁ%d%‘éﬁggﬁ%ﬁr{fﬂoh%mnﬁdeﬂfed the

concentration I umin t eamrtroma 5 ppm
to about 0. IChiFAe (995 Which mey wtqr@hww@hahgfeﬂat@ﬁm In thipipase he pries @AY be 98%

recovery, . budychdngbd 6.y aliQdidky bR iERBmASs iRk QERIsBLNEsiFARAG Ahyditve i on
exchange resAzn i.s di mnished.
1, AZ26 and AZY from Rohm and Haas.

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 spént, 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




Accordingly, in a further aspect of the present invention we prova YEED 2005
met hod of renpving 10 rhodi um val ues froma reaction product stream which
conpri se¥ APt ing the reaction product streamwith a bDESVEBPER T change
resin at a pressure not exceeding 5 bar gauge and a tenperature of not
nore than 120C such that at |east a part gof the rhodiumis bound to the
resin and subsequently incinerating said basic ion exchange resin

contai ning the rhodi um species to produce an ash contai ni ng rhodi um net al
and | or rh&divm Perigeln tmadeluimpratychgrens of gihydrefataiation wactioo ereoyot sefe f r om

the remai ndeg arﬁ&er‘it";!:%s@&@s aﬂaﬁpéranregésd@@%&m@@bn I gradics bib@RALeYis Qfucpeakl y
basic resin. W have found acidic resins are not suitable because the

i
recovery usiPRYEERASREEASF %bSP@g‘?%aquSt diyrand fspReEayres offRES 1 49° ‘ﬁs"a”@B'ﬁE‘!al n
am no- gr Oupsma‘ssﬂ"bEara@ﬁdst/s&utMONﬁéﬂ @ﬂrerénttr@ctxqurrmbtlsyeér@gére aEMedifcne or
quat er nagy 20 amroni um sal t

referred to
avoi d using °8“T%’Eﬁﬁ""%ﬁ‘i‘f‘"3frﬁ¥ﬁa gergntfro t%n&ap 808%‘{;&0&?1%@%?%&? FEREBYUCt with
t he pl ant nsheuld be ssledied dchirding ke bdige anihe atreanytolbe treedchanged to e. g. a
hydroxy ion. Exanples of particular useful resins include Anberlyst A21,
A26 and A27 from Rohm and Haas. 25 The tenperature and pressure conditions
are stated dibei@mdewhieh Aig rimsiim iasrasied by Thedon exchang resiniisndt dedivddden 5 bar
gauge, but ‘@al‘t)on}!%b@ﬁés)éslagsclnﬁ'e%smmz‘ﬂzﬁ%é tmexmuﬁeémhfr@dgleypmﬁa@ss than

2 bar gauge. The pressure e reduced efore it is
i ncreasél” tResEHES 8%#@9?%@%’(@%@8‘? @D'ﬂ%"dﬁé‘b‘i’ﬂf pregankin a@@a@@r ?PQC‘?S‘FfaPCﬁ’é li qui d
product st r qrimtips ioQfie ol SAGINRSTrhodMnt Prebdh® aeassdﬁbecm JEL avaked Epneksyr e hel ps

to prevent I SSO a coni ng on and causing.
chahnel 11 ng 1470 PhERY 1857 20 BR3RE- 454 Mo Tt Prncdiuor Reseimiybeflite o
product st r emmdtshpeugdicdttse defiite Sjipitiombicygytfothpsmsisafoenell @phamsinss a col um

of resin usegg: sure
drop across a rﬂtebse% FWN@% é&ﬂs‘)g%i fe‘"%‘?‘ %gnabtasc 90:120:%%%5 I'Es-ktllite}{tteaqul&%earI y
spent, ﬁﬁobd@l?ﬁcb@wmeﬁﬁ settling in the colum and/or trapping of fines
wi thin the colum. 35 The ion exchange resin absorbs rhodiumnore rapidly
at hi gher te eratures and thus the. absorption process wll usually be
carried out ggp?@ﬁﬂ@?ﬁ?d’?%”b’ﬁ@?ée%ﬂﬂﬁ‘%ﬁpd” 8 S a §pRges hat igghapgesyss wo
02/ 20451 PCHxctfiid ﬁ&ﬂ&ﬁmoﬁahéhodema;nﬂgloeisaﬁom aht) e adsUihy obadigpdashastof St r eam

of a hydrofo | ation.r stable at.a res at

P ermoer at ur e atedibs Ay BeaRlcS oD Ble i &8hdhop Menh TREERIPE BBRY" boy neen
speed of20abswefptabirio avnil spadiid the yeaalivd prasipistrasruedbe gosphers, @otiar sAHES,
particul arlyy ozlgaﬂoﬁ &Q&:e th%rrﬁ‘odfﬂi’ék etctalloRy it W&Qctﬁ%ftﬁeerre c? g:%@ﬁc%t QL. pr oduct

streans are treate optl mum t enper at ur e romthis
and the condfam Bﬁlédfﬁfg@ﬂi"a\*‘@i fe?ﬁ@“é?d%ﬁ?l‘!)?f@ﬁly %ﬁ@ﬁﬁ@tb%a%ﬂﬁ@feéﬂ‘tﬂaﬁf@bﬁw ing to

the nature ofupkéRefiiny@agedaBoradtios & @ferate alcohal product.

25  Intypical industrial operation a number of ion exchange columns will be 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 resm The size and capacity of each column will typlcally he chosen such

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




The formin which the rhodiumis extracted by the ion exchange r et 58 2M8¢
t he hydr M@ 02/8fbonyl species as described in GB 1321275 pst/tRofoegp! ex
requires nuch higher partial- 10 pressures of hydrogen and/or carbon

“nmonoxi de to be present in significant concentratl ons (relative to the
total anmount of rhodium present) as descri bed by J.L Vidal & WE. Wal ker,

I norg Chem 1981 20 pp 249 - - 254. The increase in absorption speed with
L enper at ur e outpat RogHRaih doddiRIRSg ded Blch Bid Br uge.tuy A EOTHRN, fpL the
I'nTer from

speci es for rreg Cﬁé} | hout bel ng

this that tHe 5?‘6{? Sﬂyspﬁ“f;@?geéaq%m?fﬁhaﬁ“ﬁqwké '"W@l%ﬁihefﬁ@f%thgelzqar ocess.

it appears tainat:a}tdaw crfleam‘l'lddalﬂrﬂr&npltt%&ﬁﬁ]beridﬁc@lth’lﬁnsﬁe%!éﬂﬁeﬁén&@@ﬂéh%£m SURECi es
t.0 the atmnmo ere, presumably by oxidation and

that is cha Qsur e
ORI e L SR i S SR
the ion éxcwa'ﬁwmeemfnolumhemer or wefetred, degendihd ypoRGhecah@niaBlaRuation el d

exposing th rgcggézﬁ,dnp@h g he at nosphere, or other sources
of oxi dati o% bef ore t‘ ﬂrhlr%%q E'ndg rr“aétct ed fromit. In practice, the

reacti on product stream froma hydrof ornylation reaction is not

del i ber at el yn gx QAR dp@rab&?oﬁﬁdm&%ﬁf%u Fé&t @gé ﬁ(/erﬁ’i% s? S%ggn%nt

hydrogenat| on reaction toﬁgener at e al coho
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several co e can be re romuse and fille
with fresh lrég@fe ﬁ%rggé '?ttrte grﬁ Fée S%Cé?“ %iqnp[be;aﬁhe[t'ﬁg ”%tﬁ?é%?‘ﬁo‘@hﬂ‘dval ves
r-equi red t o refacetest QMHeIreatmmmtmeaﬂubges@mpéaedtb)éname'rﬁlbeﬁéntzaltﬁ cnSmau§Pofiim

advant age of r [ 321275 th t he  oper on i
not/ cargl ed eé%}%&%rf a @ggo Icgmﬁﬁgdr.' gé}leg@an%at% RESTER Lf"llih‘fa" e@a‘?‘ﬁ"'@ﬁr Irtsy

conveni ent &PTEREGSARRALY Whlst %e Hewstrean ealuraroks sitimslatively freals secthafimtopinpewor k
and val vies s@s Emtbeamhbdtu\ﬁﬂofh@érlﬁgﬂﬁl c%ﬁ@%e%@%@%&lﬁﬂn kddod rlsqg{atﬁ/%fy'frggh and the

i
remai ni ng cal peration the f second

col ums are a§§ 5 C@ﬂ%’g%?afégs"éwag ﬂtgbgfantfa}ly 'é’r‘? @edlvm in e propéct siraamdlomingifeoml at ed
“and the sperie firgzblimne Mot Aseded ﬁorraﬂd;va@ﬂﬂireﬁdabélsﬁernﬂ‘éﬁn kr8%ithd isol4ted S ze and

capacity of g I .:,b chos such that one-colum is
capabl e of ex]t%&gcsct%wﬁp ch:#'%hr%H E%ém?tgiélge"’g QP'BHW%?’PW”@O gi ve an
21 feb 2005 sumr@zlmv@wemomne@mms@eﬁsm:uzt7 out put concentration close to
zero e. og. less than 0.5 ppm and usually about 0.1 ppm for a period of

sever al daygIr and preferably nmore than two weeks. In practice therefore the
size and capg&sinpugs eaalyiFnd é s mrefersatido eengoHberbeinerafondosushraswayedsde t ed

depends uporprévast tRim@i¢Bktrolief rereaééjctf lﬂﬁ&l@t@éﬁéﬁtdﬂt #¢ pr%EéE%UCﬁhe%tJrgﬁE‘ré@EQ histo
be treated. Adi ffﬁ hj E and 5 arrangenent of columms na
preferred, FSPERdY 'bedﬂb%'ﬁ %R °%%‘?1W@t RIEFIPEFIHR sy rapgee! Oopr58€e§s Theom
whi ch r hod| wiingeronees shoulsl beleishe with caterin aideens atad Spit@RPkAE Welidksdihe 088 bhod ~ of
this aspect i reliferie PG hby Men bd bitiked AL S 8SM 0 1o 600 °C and then the incineration

of the metal-containing resin is carried out at temperatures from about 600 fo 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 form, 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
o is blown through this chamber and an oil or gas fired heater is usgd fo initiate the combustion
'_;}‘P :.‘;,:" and raise the temperature fo the combustaen temperature The off-gas from the pnmary i




colums are operated until the upstream colum is spent such that 21 FEB 2005
signific centration 10 of rhodiumvalues is passing to the second

col umm. %?69%?61 l;e)m nt, the third colum is connected dowk ST 8Bt he
second colum and the first isolated for renoval and replacenent of the
resin and the process repeated to enabl e gsubstantially conti nuous rhodi um
extraction. Using two colums in series neans that the upstream columm can
be used to near conplete capacity whilst the downstreamcolum is still

rel ativel y fPB8Y¥stiomghanber may Wen pass tifpuohs sseendatysombiestiion bhetihenmeiotainediet i t S

full capaci tapoutBDECIEEANM oF §sUaH HeBFRI APeraRipfldi ¥&lakiele gﬁﬁrtﬂentm S {apabl €
of absorbin SUbsLt)[av‘ntl al ‘IT’y%aI | the rhodiumin the product st reamF ow ng

from the fitTeErBbMgHIasSh NeNAB%heeded to remove and repl ace spent resin
fromthe isolated colum is typi caIIy much shorter than the practical life

of a col gunm 0 Us o, arr.an n Iy contjnuous eration i s not
dit1ioul £ é‘lé’ fRpED ﬁ"%ﬂ?%@ g%?gYGIr ’H%ﬁ' VF@%?%F@F%‘P%&W&%W'@BP“@
i nci ner at i orindrgangucdierial sl aametatiic speapsdmnin thdreactoceantt tedifloe dthsrebaase o
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usually in flow ng-air and tar
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about 500 to 600 C and then the incineration contalning resin
is carri®d A Wél‘tdef’%’?ﬁ}é‘\oaf'ﬁr"@g"q pidhA rpdiand BL@G‘J%‘"%@Dt‘f '58159‘1'@5‘ tolor exanpl e
up to about r8é&redThe resin is nornmally | oaded in shallow trays to give _
maxi num exposure to the air and pronote conbustion. Wen the incineration -
is conplete the equipnent is allowed to cool and the ash is collected in’
pr epar at i on Fhemesa pag. a}hddtmm @fcoba’it@r%nui;emieraeidmmababmfamdnoBctdns@&ueBctk to
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exchange resins a on arona Ic rin
pol yst yr®ne, a pefeged mpihed, chndiver o |cal|>ait%§|a%arp ﬁ@m\ﬁéefhtocﬂrrhml@ﬂ er fanlbialycqmmilmdes a

secondary  GeHidUSEh éﬁ?vé&a’%&l?st?d?tr% %ﬁ:nﬁsﬂ‘éﬁ@h’%ﬁ6!9‘l?lsof=orté9<§mﬁlgqm%nftﬁeorﬁét£!@
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primary comtefyBAN hﬁﬁ%ffe AT TRRHSE A 4 Moy IRtiqnye e dicgan e penagates feih
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t he conbusti a 0 the on te erture The
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mai nt ai ned aéarboﬁyt?&lé‘ine@ﬁgg Q‘éiuﬁpsﬁf lThQ?reQ?&t%%FhSﬂuM%%ﬁMa iRy e of

sui tabl e equi pment 1s an XI mas Incinerator. 5
The resi dual dissie¢Hetedin ﬁf@d%t% f?réé‘éﬁ?@ﬁéﬁa’bﬁ!’it Heing Hlizfesovery. technidke dieiaver

cobalt, as V\&héesaﬁliﬁ%ﬂﬁfed mofhEREA% oNAé Mbhiah fSIe e drdralbiidh 1shegkas from
the reactor itself or other residues from the exchange resin. The

n
recovered rr\::aéﬂ{Tl pecies is normally present in the ash as the netal
25

In practice it may be convenient for the recovery of the metal from the ash to be carmied out by

a specialist metals processing operator using techniques specific to the precious metals

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'




or as an oxide, or nost l|ikely a mxture containing both. Methods &1 FEB 2005
separ ati N@P%@%bcovered metal conpounds fromthe ash arecyRidoiksgyn to
those skilled in the art of netals processing 10 and will depend upon the
nature of the nmetal and the formin which it is required to be recovered.
The netal, e.g. rhodiumor cobalt presentgi n the ash may be purified and
converted back to the catalyst fromwhich it was derived initially or
al t er nat i velAyrhpdigro eaﬁrmitubred&oldn@ﬂﬁ@s@etﬁd@ BRMA! Bali@ioh BxRacS So’{ red met hod,

(o]

r hodi um or rted to a rhodium or 't conpound
which is an%g@t%}'%ég?g?‘g ‘g?s ?%W‘%t "R EPYfoRemprav Rl dried Iefalcnsentﬁbr

exanpl e, whé&frogeie 37260 wl Ofltime dry keeidi(abousigh wds pldzed %C#Ueftiﬁﬂ dﬁ&{ias& %%leﬁﬁ
rea | ng

hydr of or nyl afith @R ara d from the ash
Che. ash o o boh SueE e Petel bR nB8 o RE Ry fPripleg pter et havingst o € o

convert &R itireal dEmgier 9E$ am, alﬂcbmgni!alaeﬂhﬁleBa\derﬁtl‘hgerﬁéth@ﬁph@ﬁérdtglp%gdr n- if
necessary, GARinoRes2ihisrQRUES LEst b gr an ol efi n-sol ubl e carboxyl ate salt e.qg.
rhodi um stearate, by reaction wt carboxylate netal e.g. sodium salt.

The precipitated rhodi um car boxyl at e can then be dissolved in olefin

feedst ock f én aldetigie rasctionb@tes torephikig e ydrk FHOMRR L %@h&‘b% €0 & have

successful | re t n 90% of the rho
hydr of or ny| ét IB%%H{H%% pm)se “H °€ﬁ'ﬁhﬁ%ffom°25"qqqs prtalisst prckcontainingyabbiet 80%

conveni 8fit ﬁéraiClEh‘.eiesetboma)nderfbdrigt—préﬂotrm{anw HRdcRA oRfRaddh apé?fn(ftﬁ% ried out by
ci

a speci al i stryapisal 0 ator using t echni ques spe ic to the
precious ne al's @W% %Q&Eﬁéé@g thepe%@ 'P“f’reﬂFerﬂB‘i’ﬁhmﬁ resglierePrpdusbwes e f r om

the inci ner 4¢3t %‘H‘%?P @ﬁ"eth¢ et @)Iiaﬂmtrgetloneslumn 30 i’ﬁﬁ)ﬂerb@re@fﬁé%ﬁlh%ﬂ wl¥ known
net hods t o enalnfibid HTBISRYHISS Lou r r hodi um bef ore
s % mdw ® ﬁa@’bglho %tpt %”8% ma-lt%aisltart “PHRe £ ol | owi ng

further proclﬁsm E"?" to the desir iumc

Exanpl es i | FYYPP HE&eqqen Prﬁ%ﬁftfeé‘ﬁ’ w3s|fed ’fséfffet@lkarndip]ﬁ@m benpagds: RHeyyowei ght

unl ess % hebb¥ $g valtiak @dd redovErRMIbSed. Ma&@fn%%éﬁgen%ar%ef Wd@?‘?gm@%p% c
Si

PCT/ BO1/ 037 m.extr ctl on col um was set
i on exchang %grhag‘}@lr?wﬁ'i e 53F T"Q? OVR thgjiop GEthe Wﬁ@ﬁ‘éﬂ'awatnﬁﬁﬁjﬁeymmiﬂt@ded to

renove wat ePD%Z'ﬁ'Gn dTiileofdpw Tateaf tha aidemtde@lodubti ke Q8 @Bs abht Lo pef ndupe dry resin

(about 6 Q) EMRRHEH PELDn s col um, fltted with an
outer water cﬂc‘eﬂt supp‘l&egm}{gggh%acffﬁg?j%’bg“\“g CERNTEPIRAGA £1BPdERA indag Beuthat h
and having 8 Cg‘ﬂ‘ et iiepma mogiosrat iterefis. 6Thermpsulinidrensat qut iaimape 1 beger a dry

nitrogee at nosphere at a pressure of 2, hehes water gauge (about 5 nbar).

Rhodium Concn (ppm w/w)
Time on line (days) | Feed stream | Exit stream
1 5.3 0.1
5 5.3 0.2
10 5 0.4
15 5.3 0.4
20 4.8 0.8
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




An al dehyde reaction product, prepared by the hydrofornylation 012...‘51’513)(2(9
hept enes (f) gck i n the presence of rhodiumas a hom)gﬁa gjﬁé l'yst
L

.. and cont al n| ng *3bout 80% 10 C8 al dehydes, the remai nder bel i nant |y
unreacted ol efin and paraffinic by- products, was used as feed to the

extraction colum. The al dehyde reaction foroduct was pre- heated to 80C at

the inlet to the extraction columm. The tenperature of the colum was

mai nt ai ned at , 80C b assing water at 80C through the water jacket. To

start up t he©UPB) Ushth Weheeerlle 8y dhicihet IUERmele  eltfPiiagensizg. nisriehdiameitum

upfl ow t o exisand, srdassingd réayn ab@utofaﬁmﬁ(e%mw g')OITHéT’fée@t&dhé @m\z@nmmhubbl es.

Extraction C .,1 fl oW, q vel in the
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Example 4
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.




reduced to anbient pressure in a degassing vessel and punped to the FEB 2060
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- continued for 11 days over which tine the rhodium concentration in the
‘feed streamto the colum varied between Y. 9 and 4.7 ppmand the

concentration in the exit streamwas constant at 0.1 ppmthroughout. 10
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concentraion 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 two- chanber oil fired incinerator (Evans

Uni versal 'Maxinmaster 11"). The resin was washed with nethanol to renove

t he residual al dehyde 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 mmand 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 mnutes and was maintained 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 conbusti on. 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 HC and chlorine to give aqueous rhodi um
trichloride. Catalytically useful rhodiumwas obtained by reaction with
sodi um stearate solution. The rhodium stearate precipitated fromthe

sol ution, and was separated and dissolved in olefin
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feed to forma stock solution for use as a catalyst in further 2.1 FEB 2005
hydr of ornyl ation reactions. 21 FEB 2005 12 1. A hydrofornyl ation process
conprising the steps of: a) reacting an olefin with carbon nonoxi de and
hydrogen at super-anbi ent tenperaturelZzand pressure in the presence of a
honbgeneous catal yst conprising rhodiumor cobalt or a m xture of rhodium
and cobalt- to forma reaction product stream containing said rhodi um
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product stream tion process as clainmed in any of the
precedi ng Wittkhedon eyphapgs rasitt Ieast two ion exchange colums are connected
together so that they operate in series. 8. A hydrofornylation process as
clainmed in any of clains 2 - 6, wherein the resinis dried at a
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stream is contacted with the basic ion exchange resin at a pressure not exceeding 2 bar gauge.

5. A hydroformylation process as claimed in any of the preced'ing claims, wherein the reaction product

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.




