METHOD FOR THE RECOVERY OF GROUP VI || NOBLE METAL SOLI D COVPLEXES The
present intention relates to a nethod for the_reCovetyﬁ§§EESqqg_
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10 Conpl exes comprising Goup VIII, noble netals and
tertiary organophosphorous conpounds are useful

catal yt1 o feact | cnsygtgbpasoy deIsITOVRN OF GAGYE MprIzarbony! compounds,
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for various honbgeneous

arboxylation of olefins. In particular, rhodiumtriaryl phosphine
conpl exes are commerci al |l y advant ageously used as catal ysts for the
hydrof ormyl ati on of ol efins. These G oup VIII noble netal conpl exes have 20
ages because of the excellent echemcal stability thereof in that a
catalyst liquid can be separated froma reaction product by distillati.on,

the recovery of Grbup VIII noble metal solid complexes.
More particularly, it is concerned with a method for the
economical and efficient recovery of Group VIII noble
metal solid complexes from organic‘cdmpbund-éonkaining
solutions containing therein complexes of Group VIII

noble metals and tertiary organophosphorous compound

iigands.

‘Complexes comprising Group VIII noble metals
and fértiary organophosphorous compounds are useful for
various homogeneous catalytic react;ons-éuch as hydrogena-
tion of olefins, carbonyl éompounds, arqmatic ;ompoqnds,
and the like, and hydroforﬁylation éﬁd hydroéarboxylation
of olefins. In particular, rhodium-triar&lphosphine
complexes are commerciaily adﬁaﬁtaéeously used aS fztabsts
fﬁr the hydroformylation of olefinms.

| These Group-VIII.noble metal &omplexes have
advantages because of the excellent chemical stability
thereof in that a catalyst liquid can be separated from
a reaction product by distillation, returned to a.reac-

tion zone, and reused, and in that the reaction can be

returned to a reaThet preseate inaed timmsevglatrss | ot hametheds £a&tion can: be



Cot

perfonded continuously while separating the reaction product by distilling
away_from:the reaction zone by ‘gas strippi'ng apd allowi ng the catal yst
|IQUId to remain in the reaction-zone. In these reactions., however, .
varipys 5 high boiting by-products are forned and - deact i vati ony
'cata‘yst occurss .ln carrying out these red2tions continuously, there

it is necessary to extract a poertion of the catalyst liquid continuou or
intermt- tently fromthe reaction zone since such high boiling 10
by-products and deactivated catal yst accumul'ate therein. The thus-extracted

catal yst |iqui beofdrmed expedaiveas G owhiVYel bepablae ingt ahe arvdcdilar efore,
it is very |nportant to efficiently recover such. noble:netals from an.

econoni cal vi eypmoductanly fdisbhelbbng, avepmizoml Thevireaptilon afongr éyergdon -
of environnental pollution. In recovering Goup VIII noble netals fromthe
‘extracted catm%mmippim@danﬁtallouésgrahbecaaaﬂysavédqmiﬁnﬁq1nﬂmaﬁnwincﬁ a’
conpl ex which is active for -the above-described reactions. 20

Her et of or e knovhersreaction zeper at Ingthnaer Feagsiong ,Ghowe v | Vieotians
et al conpl exes fromextracted cataly i qui ds include an extraction with
a strong adi-d éelﬂés‘%‘ﬂbé%lglhYJE’éﬁﬁ’é%sPéFénﬁfOF’H‘Bldl @ad on Neleagrimgtion
and a deconpos on with a-peroxide conpound,25 as described in U S

Pat ent No. 9’%354"'-%%?659 GheE2- LatB- éﬁeﬁyF’aﬁeHPt eﬁ@at”@r?’é@ﬁ% No.

63388/ 76.
_ 6 contlnuously, therefore, it is necessary to extract a -

', - _'_portlon of the catalyst llquld contlnuously or 1nterm1t-
o | ”tently from the reactlon zone since such hlgh b0111ng
.10 _.by products and deactlvated catalyst accumulate thereln
| The thus extracted catalyst llquld contalns'
'expenslve Group VIII noble metals and therefore,'lt is
Vvery 1mportant to effrc;ently Tecover such noble metals
"from an economlcal v1ewpolnt and furthermore, from a
. A4S 'QV1ewpolnt of preventlon of envxronmental pollutlon.
| .In recoverlng Group VIII noble metals from ‘the extracted
.'catalyst liquid, it lS de51rable to recover ‘them in ‘the
'form of a complex whlch is actlve for the ‘above- descrlbed
reactlons. " |
20 o Heretofore knbwn methods of'separating and
recoverlng Group VIII noble metal complexes from
extracted catalyst llqulds 1nclude an extractlon with a
Tstrong_ac1d as descrlbed in Japanese Patenthublrcatlon,
| No. 43219/71, and a decomposition withfa-peroxide compound
'..ZS- as described in-U.S- ?atent Noh-3'547 964:and Japanese
| Lald Open Patent Appllcatzon (OPI) No. 63388/76




The extraction with a strong acid is a nmethod of recovering a'rhodium
conpl ex in which a strong acid (for exanple, 60% by weight or nore sul furic:

aci d) /s, added to. a spent catalyst liquid te extract the rhodium5
- conpl ex\ttherewith, the resulting aégd sol ution containing the rhodium ¢ f
conpl @ whi ch is separated by pha separation’, is diluted with mater“fo

preci piTate the rhodi um conplex, and -the precipitate is extracted with 'a
solvent to recover ‘the rhodium conplex fromthe acid 10  solution. The
deconposi ti on nethod using .a -peroxide conmpound conprises treating a spent

catal yst |iqui drﬂ‘éthéPaéEESﬁaﬁi%B' t's‘%'ro‘?xf %gnp ﬁ, SYE %E}f’é n|tr| c acid,

and a peroxi de ‘conpound, 150 hé aqu ase contain- ing a

r hodigm f%%&vefﬂ%?aitfﬁoaﬁﬁmdﬁﬁﬂgﬂgi'Eho ‘%éﬂ‘é“?%f{#gfﬁ f%cess've

per oxi de conpoun treating t ueous p ase W th on nonoxi de under

pressug d%'ékéﬁﬁ?@re§@ﬁcﬁyoﬁe§% Qrgénhﬁr%OEﬁQEnﬁiEiséi&?"&%ex form ng
substance, as triphenyl pnosphine, to thereby obtai'n 20 t he rhodi um

conpliddd tdea %?@ﬂt CccathY9st Rhawed k- eixtieictoftHdherh@mendescri bed
met-hods, the problem of corrosion of apparatus material arises sinceé they

- gse an:meck t}FelféthftHDreheSréS&ltﬁlﬁgf acd\dersed uthiati uerpait Bxgcont ai ns «
sul fate ions (S042) and chloride 25 “ions [err], and the sulfur CS) and
| chlomheaihodiummnomplex which is separated by phase-
separation, is diluted Wlth water to-prec1p1tate the
'rhodlum complex, and ‘the prec1p1tate is extracted w1th . _‘ «
2 solvent to. recover the rhodlum complex from the aC1d .
110 solution. | | -
| The decomp051tlon method using a perox1de
'compound comprlses treatlng a spent’ catalyst liquid w1th
.an aqueous solutlon of an. acid, such as nitric ac1d and-.
- a peroxide compound, 1solat1ng ‘the aqueous phase contain-
1s 1ng a rhodlum salt and after the decomp051tlon w1th
-heatlng of exce551ve perox1de compound treatlng ‘the
'aqueous phase W1th carbon monoxlde under pressure  in the
presenoe of an organlc 'solvent and.a complex-forming _
substance, such as-triphenylphosphine,rfo fhereby.obtain “
.20 the rhodium oompiex in'the organic solvent.phase.
| In elther of the above described methods, the
problem of corrosion of apparatus materlal arlses since
“they use an ac:d. -Furthermore, since the’ recovered
: rhodium complex contai_ne_ sulfe-t'é ions (804‘2") 'and_chlori-de' '

25 ioné (C27), and the sulfur (S) and chlorine (C%) poison




the rhodlunrconplex catalyst It IS necessary to renmpve them by
neutraI|Z|hg with an alkali, Japanese Laid-Opgn Patent- Application CCPI)
No. [?6218/79 di scl oses a nethod in which a still residue of. 5 a
hydrgfornyl ation. reaction sol ution contalnlng therein a -
rhodrun}trrarylphosphlte conpl ex catalyst I's subjected to a pretreat
along with a'conpatibl e organic sol vent, malpr oxygen gas, and a base.,
heated at 0 to [err] until the trlarylphosphlte is oxidized into a
phosphate, and 10 'then heated at. 115 to [err] to. thereby precipitate zero

vaL et 0 ey ol Bt ABEIPE | MLE LB L 9B SRS

r hodi .um pr eci pi odr un ox1de - applrcatiron of

a- procedur e of ﬁ% ey ?I LS i3in (ﬁwaCH“%n ;1&;1 t-hod, however, 'has

di sadvantages in 'S very to convert the -precipitate of

zero valent rhadium i. ej(g é”ﬂdiHIdEEKCPQt@ﬁt ﬂgiﬁcatiaho(épi Offigum

conplex having catalytic activity, and i'n that the di um oxi de obfal ned

by appl i cationzeef syv® 2} sc e £HBIHSEt BE W PERJMT 61§ UUREES dAe of
treatment with.carbon nonoxi de and triaryl phosphite at high tenperature and

pressure fgr taehydrEoraylaftid gl eidheseDitids eoneafhingf thetredai ve
investigations to develop a nmethod of recovering Goup VIII noble netal -
.25 -conpl exea irhoadi um-ganiiarydyphuspht tontempley satalyst is subjected

to a pretreatment'along with a compatibie organic solvent,
- : Watérar°xvgén gas;-aﬁd a BaseQ.heated'at 0 to-85°¢ until
. ‘tﬁe'triaryiphosphite.is-oxidized into 2 thosphate, and
10..fthen heated at I15 to 175°C to ‘thereby prec1p1tate zero
| ._valent rhodlum,.and addltlonally, a’ method in which the
'7thus obta1ned rhodlum preclpltate 15 converted into
.'”_rhodlum oxlde (haos) by appllcatlon of a- procedure of
.several steps ' o |
115_'_:.'_: -i Thls method however “has dlsadvantages in that
it is very difficult to convert the prec1p1tate of zero f.'
k/_--" ;' : valent rhodrum, i. e., rhodlum in ‘the form of a metal
. .'1nto.a rhodlumncomplex.havlng catalytlc actlvrty,:and lg _
é _. _ .“that the rhodlum oxide obtalned by appllcatron of the
| '20 - above compllcated procedure requlres a treatment with
l,'carbon-monoxlde and trlarylphosphlte-at high temperature-
and. pressure for the formatlon of 2 complex thereof.
“ ' As a result of extensive. 1nvest1gatlons to
voevelop a method of*recoverrng Group-VIII noble metal -
.25 - complexes iﬁ_ah organic cohpoﬁnd-cohtaining solution



efficiently by a sinplified nethod and, furthernere es a cOanex'mhlch is
active for the above-descri bed reactions, it has been found that when t he

f or egoj solution is brought inte cOontact w'th . an ox1d|2|ng agent 5  ih
the pr(gSpkyice of a tertiary organophosphorous compound, an organic pol ar 3

sol ve ter and a basic substance, solid conplexes of Goup-VIII noble
net al s are precipi- tated. 10 s ~ An object of the invention is to
provi de a nmethod for- commercially advant ageously separatlng and recovering
solid conpl exes of Goup VIII noble netals from an ofganic

. d: ai ni | h bl |
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practige.pf oRydr 9k opayl %te'eﬂnffga rret her?othe forego;mﬁ‘df urt her -obj ect

of the TAventidnis 10 provi Yor separafin recovering

- sel ecihygtYoR 1908rdilght e&%lop%%pdw@ mlﬁ @ﬂaﬂmﬁgf bbehent catalytic
activity for hydroforiylation in the formof a solid conpléx from an

esltrflfﬁeehsaf:@éxehcbl @ @ te&&ﬂﬁbﬁldh@ghﬂdﬂm@pm%ﬁ§oéﬁﬁpahhﬂn reaction
sol ution :
- an organlc polar solvent water and a basic substance,
solid COmplexes of Group?VIII noble metals are precipi-

‘tated. - T SR Q_. . i o . Q;

10 - - An’ obJect of the 1nventlon is to prov1de a
' method for commerc1a11y advantageously separatlng and
”recoverlng SOlld complexes of Group VIII noble metals
from an organlc compound contalnlng solutlon.contalnlng
'thereln Group VIII noble metal complexes
15 L Another object. of‘the invention is ‘to prov1de
.a method for commerC1a11y advantageously separatlng and
recoverlng Group VIII noble metals from an extracted
_..catalyst.llquld for the commerc1a11y advantageous
practlce of hydroformylatlon of oleflns -. B . _ %
20 - A further ohJect of the 1nventlon 15 to. prOV1de
| a'meﬁhod-for separat;ng ‘and recoverlng selectively a -
_rhodium-criarflphosphine‘complex.haVing sufficient
catalytic activity for hydroformylation in the form of
a solid complek'from an-extracted'cétalyst liquid

~25. obtained from eﬂhydroformylation'reaction solution .-




contai,ning a rhodiumtriaryl phosphi ne conplex, free triaryl phosphi-ne and
hi gh~hoi | i'ng by- products. The present inventioqn, therefore, provides a
met hod of recovering a C}oup VI1} noble netal solid 5 conpl ex which
conprises bringing an organi ¢ conpound-- contai ni ng sol ution contai ni ng
ther& n a- Goup: VIl noble netal conpl ex haV|é¥; a tertiary organophosphor
- conmpound as a ligand into contact with an ®xidi zing agent in the presence
of a free tertiary organophosphorous 10 = conmpound, an organi.c pol ar '
'solvent, water and.a basic substance to precipitate a so.lid conplex of the

Group VI I noblegn#eiialin rﬁamd ﬁ?&@iﬂilf‘ﬂﬂ?ﬁlﬂh&?{oﬂihég eﬁggiestp ¥irele oDl €

nmetal solid conplex fromthe solution 15 hod "of -the
invention is. aRfld:9dgHysgiihe SCAYENigh eoﬁyﬂg Wlproedkesnetal in the
formof a conplex from an 'organic ¢conpound-confaining solution containing
therein a Group VI. Il nolyie etedewonpieenbbyhNgtherefase ,0peolvddelsaay

or ganophosphor ous conpound .20 as a ligand. In partlcular ‘the nmethod of
t he i nvention methuﬂuuﬁeu}nnuencn§ed Goouphﬁltécnuhl; mEtaIGeoupdVIH
nobl e metal contained in-a catalyst |iqui-d, which. is separated from -
reaction pﬁoducbmﬂ@ex1Wh1ah«nqmprlsbstbrangangoanlorgaalhyaoupommﬁhatlon
hydrocar boxylation or 25 ~the |ike of olefinic compounds, as a conpl ex

t her eof . G coptAiningHelyien mpamanghahngmeat iGatp}ap VIII

-

-

noble metal complex hav1ng a tertlary organophosphorous
AL 'compound as a- llgand 1nto contact with an oxidizing
agent in the presence of a free tertlary organophosphmnxs
10 ';compound an organlc polar solvent water and a basic
| ."rsubstance to precrpltate a SOlld complex of the Group:
"'VIII noble metal, and separatrng the prec1p1tated Group

'-iVIII noble.metal solld complex from the solutlon.

1511; _ - The method of the 1nventlon is applled ‘to the
_recovery of a Group VIII noble ‘metal in the form of a
"complex from.an organlc compoundjcontalnlng-solutlon
jcontainingftherein aiGroup'VlII"noble'metal complex ﬁ

'é ' 'having.at least one tertiary organophoSphorous compound.
| 20 as a ligan& In partlcular the method of the invention

1is advantageously used for the recovery of a Group VIIT
noble metal contalned 1n a catalyst ‘liquid, which is
: separated from reactlon products by, for example, distil-

latlon in the hydroformylatlon hydrocarboxylatlon or

. 258 the llke of oleflnlc compounds, as a complex thereof
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or ganophosphor ous conpounds as |igands can be easily prepared from G oup
VII1 noble metal conmpounds, such as hydrides, halides, carboxylates," '
nitrates, and sulfates; 5 and terti-ary organophqgsphor ous.-conpounds, such
as tertraty phosphines and tri-substituted phosphites, by a known ;}
conple&(?%rn1ng nmet hod. I'n. some cgpes, Goup VIII noble netal conmpounds
and ter ry organophOSphorous conpounds can be introduced into a Teaction
systemto thereby form 10 = conpl exes therein.. Goup VIII nobl e -met al
conpounds whi ch can. be used in the preparatlon of conpl exes include

“rut heni um - conmpounds, rut heniumtrichlor.ide, and tetraanm ne- .
hydroxochloro|ﬂﬁ#R#?LNﬁEBI%@bH@ mekadi GATBAABSENALEVinE tegtdary rhodi um
dlcarbonylchlorﬁﬁg’f rhodiumnitrate, rhodiymtrichloride, rhodium acetate,
and r REEEHORAR ‘é""‘b%l CAP R €8BS UREEANESCANn R [eAHIdH hydri de,

BB e PR erh i S R s
" Lo AR RLEIAT, S ER HRRAT. bt RO 5 0
PSRRI RO LT
tr'Chbﬂ %Qﬂﬁﬁ@§”§ﬂd i%fusﬁﬁgfituted phosphltes, by a known
complex-formlng method.. In.some cases, Group VIII noble
metal compounds andftertiary ofganOpnosphorous compounds v
can'be.inffoduced'into'a”reaction system to thereby form
10 - complexes thereln _ | .

' Group VIII noble metal compounds which can. be
used ln the preparatlon of complexes 1nc1ude ruthenlum '
-compounds, e. g s ruthenlum trlchlorlde, and tetraammrne-

' hydroxochloro ~ruthenium chlorlde, rThodium compounds,
15 e.g., rhodlum dlcarbonylchlorlde,.rhodlum nltrate,
-:rhodlum trlchlorlde, rhodium acetate, -and rhodlum
sulfate;. pallad1um compounds, e.g., palladlum hydrlde,
| palladlum chlorlde, palladlum cyanlde palladlum jodide,
palladium nmtrate,-palladlum acetate, ‘and palladium k ¥
20. 'sulfate; OSmium'compounds, e.g., osmium trichloride and
| chloroosmic acid; lrldlum compounds, e g., 1r1d1um o
-trlbromlde, lrldlum tetrabromlde, 1r1d1um trlfluorlde,
iridium trlchlorlde, and iridium carbonyl; and platlnum
compounds e.g., platlnlc acid,: platlnous 1od1de,-sod1um
25 hexachloroplatlnate, and pota551um trlchloro[ethylene)-

placlnate

T



Tertlary organophosphorous conpounds which can b'e used'in the preparation
of " cogpl exes include tertiary phosphines, -e.g. trlnethylphosphlne -
tri g(am noanyl)- phosphi ne, trlcyclohexylphosphlne trlphenylphosphlne \
trls&N N-di met hyl ani | yl ) phosphi ne, tri-p-tolyl-phosphine,. '
tri-mtoly. | phosphine, phenyldiisopropyl phosphine, phenyl di anyl phosphi

et hyl di phenyl phosphi ne, tris(N;, N -dlethyﬁhn1nonethyl)phosphlne

et hyl enebi sCdi phenyl- phosphi ne), - trianilyl phosphi ne,. -dphenyl (N, N—dlnethyl
10 ani | yl-)phosphi ne, triphenylanilylethylen'edi pho.sphine,

tris(3:,5-di am nopheny. Iéphosphlne and am noethyltri.iso -

propyl hexanet hyl enedi phoJStiATY AREaNIPROFRROTEUS cEOBROYPAFt WBich gan
tri met hyl phosphite, triphenyl phosphite, tricycl ohexyl phosphite, and

t et r apheny. | et Bl &%€d flodie mreparation of COmP%?é?ﬁai-Féﬂ-Ud?héerﬁ\}éﬁ'b’l on

ecoveri ﬁépéaégﬁgﬁﬁq%%t%bé“zéﬁtéﬁer?ce 3 a@ﬁ?i?ﬁ?ﬁf@aﬁi Gapyi Sgu?Sd -
Some e pecpar BRRRRAE) XL SRRt b AT e P Pub b BB s 5

mpl ex prepar ’
arly e hddr #??ﬁ 32 *hﬁf KD o dPRERL DD ep oL ARSI BREpRIEL 1
- E‘é‘r’r{)gﬂ‘n’&%ﬁi \BHLERGIYREAE] Bny 1 dBLsoBYobTREhLRRREReD! Bhi ?P

€.9., ethyle”edlamylphOSPhlne, ethyldlphenylphosphlne, tris (N,N-

N\ - .--dlethylamlnomethyl)phosphlne, ethylenebls(dlphenyl- -
phosphlne), trlanllylphosphlne, dxphenyl(N N- dlmethyl-
10 anllyl)phosphlne, trlphenylanllylethylenedlphosphlne,
~trls(3 5- dlamlnopmenyl)phosph1ne, and amlnoethyltrllso-
;propylhexamethylenedlphosphlne, and trl substltuted
l;phosphltes, e. g N ;rlmethylphosphlte, trlphenylphosphlte,
*trlcyclohexylphosphlte, .and- tetraphenylethylenedlphoqﬂnte
"-}lS e "-; Herelnafter, the 1nventlon Wlll be explained
| in detall w1th reference ‘to a. method of separatlng and
'K) ' '..drecoverlng a Group VIII noble metal SOlld complex from
| | _'a catalyst 11qu1d used in a: hydroformylatlon reactlon 1n;'
which a Group VIII noble metal complex prepared from a
20 Group VIII noble metal compound and a tertlary.organo~
phosphorous compound as descrlbed hereinbefore, partlcu-
larly a rhodlum trlarylphosphlne complex is used as a’
. catalyst. | | _' '
Tﬁe hydioformylatiom.reaction'is carried out
25. -bY'reactimg an olefinic‘compound contaiming'z to 20

carbon atoms, such as stralght a- olefins, e.g. ¥ ethylene,




propylene 1- but ene 1-hexene, and 1-octene, and ol efins having a vinyl i dene
struc re\\e g., isobutene, with oxo _gas consisting of carbon nonoxide and
hydr Tprr] (nDIar ratio)=1:3 to 20:1) in the presence of the 5 '

r hodi |arylphosph|ne ‘conplex under the conditions of.a pressure of 1
100 at pheric pressure and a tenp@ ature .of 50 to [err] in the presence

‘or absence of a solvent. The concentration of the rhodiumconplex in 10 °

. the reaction mediumis usually several mlligrams to several hundred

- as “S?Qqﬁif%ﬂéfﬁﬁuhdéeﬁ%esfﬂﬁekgneheahﬁagtb%Qeﬂﬂm‘HH ’b#ﬂk eSS'Ve

mlligranms perliter as calculated.as .a rhodiumatom The triaryl phosphi ne

anoun several mols to’several -t housand nols per r hodi um

conpl @GRl SHAYL Dises §eriBenpaseel fe ,Siabbutened wiar Qﬁ&@l yst

... Al dehyde-formed by the hydrofornylatlon réac- -tion.is separated. and
- r.ecovgiagd d‘dmsmicef ad:aﬂtohlﬁundxbaesahaphy@g-o i @{Hmt ed gases,

distillation e 20 techni-que. - The catalyst liguid is reused for
the rdaolan qatid)rel: byt@ezmglalinmeﬁetpreemmde|dftﬁkereaction zone, or
by being recycled to the reaction zone. A part of the catalyst liquidis

' mEthdmhmdﬂnmﬁﬁrﬁamxﬂghmsphhmerubmpéaulynderathpemmnﬁxtﬂgns liquid from .

the reac- 25 tion zone in order to prevent accunul ation of deactivated
of a pressure of to 100 atmospheric pressure and a

_temperature of 50 to 200 C in the presence or absence
of a solvent._;: 'h. | R . -:._ f__:z_h S ._ - W
o _,*The-concentration'of the.rhodium-complex in _h
10  ‘the reactlon3medium is'usually several'milligrams to
. several hundred mlllzgrams per llter as calculated as a
'f'rhodlum atom. The trlarylphosphlne as used as .a 11gand
is present 1n the reactlon medlum in an exce551ve amount.'

of several mols to several thousand mols per mol of the

_ 15 . rhodium complex catalyst in order to 1ncrease the

-stablllty of 'the catalyst. | .

Aldehyde formed by the hydroformylatlon reac- o=
ftlon is. separated -and . recovered from the catalyst llquld_
:by strlpplng w1th unreacted gases, dlstlllatlon, or llke

20 technlque, _The.catalyst llquld is reused for the.reacf-'
“tion either by heing allowed to.remaindin:the“reaction
2one, orhby being recycled7to the reactidh zone. A part
-of the catalyst'liquid_is withdrawn'continuously or o
internittentiy_asHasspent'catalyst_liquid from_the'reac-

25 tion zone in order to prevent accumulation of deactivated'




10 catal yst or in some cases, by-produced high boiling by- products. In an

anmbupt-. correspondi ng to.the anount withdrawn, a fresh catal yst and

triaryl phosphine are introduced into the reaction zone. 5

is preferred to apply 10

However ,

en the spent catalyst |iqu
addition to high boiling

the nethod of the invention

of the conplex catalyst i'n the spent catal yst

"liquid is incresselysisuat! ¥nt Somd OcaBEESr bl -produced [hrigfhe i Wind by -

ng/[err] or-nore, "and nost preferably 500 mg/[err] or nore as calculated'

as a rhodi um atprodyctenovingah hemoeatt corrtSponddngertto frhem anvarrstpent

catalyst liquid by a. 'known nmethod such as. distillation.

| n. accordance

: The

met Rod of the invention is preferably applied to the spent catalyst liqu
wi t hdrawn- fromthe reacti on zone.
‘contains a large anmpunt of reaction solvent §
by- products, it
after the concentration.

B

with. the nethodithdrémen| ngefirésh. catalysgarind ¢arhaayighosphdineg areol ution
containing therein a.Group VIII noble netal conplex having at |east 20. one

tertiary organciotospiecedsintepthadrascaipngsans.s *

“brought. into

contact with an oxidizing agent ‘in the presence of a free tertiar. _
or ganophosphorous conpoundt® aRebreAnPE HBRainYSREdRR ifaindie faterblbasi ¢

subst ance to therehy grecigﬁtate a sorid'conplex'Q%’%giﬂ%¥£#%\g

nobl e nmetal . - @&pplie € spent catalyst liqui

3

A

- 10

to

[ '25 .
rom the

" reaction zﬁne} -However, when the spent catalyst liquid

‘contains a large .amount of reaction solvent in addition.

to high Bpiling bY;products,'it is preferred_to a@ply

- the methoa of the;invention after the concentration. of

thé.cémpléx:;atgiyst-in the spent catalyst liquid is .

'ofjmore;“gnd ﬁbstfpfeferabiyi50d mg/§f6rf@omera$_

'-_Calcula:ed.as_a_rhodiumaatom by'remdvingjthe Teaction

15

20

‘25 .

solVent:frqm thélﬁpent:catélyst liqﬁidfby1a7known-method_.
3 such.as,distillétion..- o -

_ :In_accér&anée with the method of the inventiom,

theréin a Group VIII'noblé'metachomplex having at least

.an organic compound-containing solution containing

one'teftiaryforganophosphorots compduhd as a 1igand is

an _organic polar solvent, water and a basic substance to

' broughtninto'contact with an oxidizing agent in the

_presence of'a~free.tertiafy'§rganophosphoroﬁsfcomppund,_'—

thereby pretiﬁitate a sdlid_compléi of ‘the Group VIII

noble metal.

'finCrgésedguéuéily to 10 mg/f& or mpre,fprefergbly_iﬂo mg/%



" the

The anount of the free tertlary organophosphorous conpound belng present in
gigani ¢ conpound-cont ai ni ng solution is one nol or nore and preferably

biX)or nore per nol of the G oup VI11 nobie metal .  Wen the 5

\ . or ganophosphor ous conpound i s not present in the organic N

uNd- cont ai ni ng sol ution, the C?oup VIIl noble netal is precipitated

" hot as a solid conplex but as a zend val ent et al an being brought into’
contact with the oxidizing agent. 10 S Preferred exanpl es. of
organi c pol ar sol-vents which are present in the organic conpound cont ai ni ng

solution are al qq,{pl%\\/entsrégt%ﬁsfpég "%HE'E:‘L%EZOB@g%. g, F,Q@fgug sol vents

whi ch becone poor or the precipitated sol | Al cohol s

whi ch ¢ oRigrd A rlg Preédéntiten neﬂehaéghﬁlenéoﬁblamﬁl-ecﬂmbﬁrfg cont ai ni ng

lto 12 carbon atons; -such as ethyl alcohol, n-propyl alcohol,”.isopropyl

al cohglo1uitaiolr U Ynalsohodr seby! ane kaebamzormt myisetdier, ethylene
gl ycol nmonoethyl ether, and.ethylene glycol ese al cohols can be used

al onemeofrel peil molcmlth?é Imu@tﬁlbachobmehmeta&s paiensalheent s for the
precipitated solid conplex, there can be nentioned those solvents in which

t Be- Gneunrwnw angrnoplet sphao eous acgmpoyadopkospltopaesendndound conplex is
sparl | y-soluble, such as ethers 25 .containing 2 to 12 carbon atons,
mmnganxgrngmpound containing solutlon, the Group VIII
noble metal ‘is precipitated not as a solid complex but
| as a zero valent ‘metal on belng brought lnto contact with Q)
the ox:.dlz:.ng agent. _ - | |
10 :'fr Preferred examples of organlc polar solvents
Wthh -are present in the organlc compound .containing .
solution are alcohols and mlxtures of such alcohols and
,organlc solvents whlch become poor solvents for the
jprec:.p:.tated solid complex.- Alcohols Wthh can be used
.15- include monohy611C'and d1hydr1c.a1cohols contalnlngal to
"lZ-carbon7atoms;-snch .as ethy1'a1c0h01~-napropyl alcohol,
5.1sopropyl alcohol tert- butyl alcohol, ethylene glycol | : o~
-monomethyl ether, ethylene glycol monoethyl ether, :and

'ethylene glycol These alcohols can be used alone or 1n~

. .20 . comblnatlon with eadh other

‘As poor solvents for the prec1p1tated solld

}{complex, there can be mentloned those solvents in which
the Group VIII nicble metal tertlary organophosphorous
'compound complex 15 sparingly soluble, such as ethers

" 25 contalnlng 2 to 12 carbon atoms, e.g., dlmethyl ether




‘and di et hyl ether, and paraffins containing 5 to 10 carbon atons,.e.qg.,

n-pengne n- hexane, and n-heptane. Of the' foregoing organic polar ' gé??
e

sol vents, ethyl alcohol, isopropyl alcohol, n-propyl alcohol, 5 et hyl
egcoI nononet hyl ether and et hyl ene glycol ‘nmonoet hyl ether are preferri
and ethyl al cohel’, iso- propyl alcohol and n-propyl  al cohol are
particularly preferred. The organic polar s@jvent is added in an amount 10
.enough to nmaeke the resultlng sol ution.a poor solvent systemfor the
precipitating solid 'conplex, sald anmount -bei ng dependent on the anmount of

bresent i n an afbAnBisFRdinsiss’ ﬁ?s&rﬁéﬁui%df%&ffw?é off B 'S
nobl e netal . TESrQBEfEEE@gﬁe a%g 3 %m%%yéﬁﬂﬂ(hé§) ¥Q§n§gﬁadded

vari es dependi ng on the reac oh s

boi | i ng by-products conta n I o éayﬁgg solutlon
When t he anount of-the orggﬁ?352§&Q%§?§?ﬁ£o| ent |n f¢€2€?60 smal |,
the recovery OfetH?IGhQEBh¥hl|1QQBH% tfﬂléﬁﬂdl’(nﬂﬁréﬁylsaI@QN&Fd - The

anount of water present in f e or gani ¢ conpound contalnlng solutioh is 1

nol or noresperefRi 1ehet g2yCoaumorome thitll etH¥Rland \WileFlemy Peyadded
ei ther 25 as it 1s or in the formof an aqueous.solution of the basic

subst ance.  monoethyl ether are preferred, and ethyl alcohol, iso-

g

propyl alcohol and n-propyl alcohol are particulariy
U preferred. | AR .
o ,The organic'polar soIvent is addedlin_an amount
10 "enough to nakehthe resuiting solutionaa poor.solvent
t systemtfortthe precipitating'solid complex, said amount
.belng dependent on the amount of water present .In'the
. case of alcohols, it 15 de51red that the alcohol is p
3present in an amonnt of l mol 0T more per mol of the
15 Group. VIII noble metal. The preferred amount of thez"
. organlc polar solvent belng added varies dependlng on .
~ the type and amount of the reactlon solvent and high
boiling by products contalned in the organic compound-
. : containing solution. When the amount of'the organic
| i 20 'polar solvent being added is too small, the'recovery of
'-.the Group VIII noble metal. solld complex lS reduced
| The amount of water present 1n the organlc
compound contalnlng solutlon is 1 mol or more per mol of
the Group VIII'noble'metal Water may be added either
25. as it is or in the form of an aqueous solutlon of the

ba51c substance. '

matmme mamiienia ey e cam me e emmam L aew e e ee o e eeagge . m pem = et
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Basi ¢ substances which can be used include. hydroxides of alkali netals and
al kaline earth netals, such as sodiumhydroxide; potassium hydroxide; and-®
c hydr oxi de; am nes, such as isobutylam.ne and n- 5 but yl am ne; and
a -ﬁﬁgn The amount of the basic substance being added is :determ ned soi
that ~after the precipitation of the Goup VII1 noble netal soli.d conplex“g;
.contacting the organi c conpound- ¢@tai ning sol ution with the oxidizing
‘agent in th.e presence of the tertiary 10 organophosphorous conpound,

organi c -pol ar. solvent, and water, the resulting solution becones alkaline
and preferably BaeipHsafbstuncsd uthdchi sal e used. inkQuderticul ar, when

t he organi ¢ conpound-contai ni ng sol ution contains acidic substances, or

pr ecuhgdrs xidesh ofs alkal iesiersls vind halkakinge esachhr matkilsns as hydrol ysis
on additi-on of .basic substances, form ng acidic substances, the basic
subst auck s codsmmedhidraticieacipdtassbunahydranddet,hendfore, it is
necessary to control the anpunt of t he basic substance being added. taking
i nto gedcinm hiydraxidecoramings orsueuas bsobutybasisesandt &mce due to the
aci di ¢ substance. Oxjdizing agents which can _.be used for contact- ing with
t he obyaMilemidepo@id MR ng B LAReWnt nefuBBeoR9§48 gas., oxygen

gas- cont ai ni ng gybstance .6 g.,,. ar, 23 ingrganic per%xides, e.g.,

hydr o§BRSFERGE B81ndhd Mg détermined so that after the .

~ precipitation of the Group VIII nob1e me£al solid complex

by contacting the-organic'compoﬁpd-céntaining solutibn . QJ
" with the dxidiziﬁg-agent in the”p;gsence'of the tertiafy'
10 - organqphosphorqus compound, organic ﬁplar sp1vent, and
water,_fhe ;eéulting.sblution becomés.alkaline and |
'preferablf}the pH of'the-sblution;is 8 or-mbre.  fn R
partiéuiaf; ¢hén'the pfganic compound-cqntaining solution
contains acidic substanées,_brgprecu:sors,,such.as
15 esters,“whiéh.undérgq éuch rea;tiohs as'hydroiysis.qn-'
:__additidn oﬁ.baqic sﬁEstancés,_férming.aéidic.substénces,-
~the basic Sﬁbsﬁance is'cénsumed.by'théia;idié substance g —
ﬂand,;thefefore, it_is_necéséafj'td_éontrol'the amdunt,of'
'ths'basi§ subst#nce being ad&ed.taking into account the
20 .coﬁsﬁmption amount of[thé'bésic santaﬁce due'tolihe:
aacidi; substan;e. |
| :. ’0xidi2ing aéeﬁts.whichféén be. used for COntécf-
_ing with the qrganic_compound;ﬁqn;aining'soiufion:includé
oxyggn.gas#,o#Ygen-gas;containing substances,'e,g., air,

'_25' inorganic peroxides, e.g., ﬁydrogen'pefoxide, and organic'

RN




.peroxi.des, e.g., benzoyl peroxide. Air is comercially advantageousl y 3\
useg~. The ampunt of the oxidizing agent being added is required to bgll
molior nmore per nol of the Group-VIIl noble netal. Wien air is used as an 5
oxidL;ing agent, it-is sufficient to.keep the solution systemin an

at nosphere of air. However, air ‘may be bubbled thro gh the solution, or

may be used under pressure. The conditio under which the organic

conpound- 10  containing solution'is contacted wi-th. the oxidizing agent
are required to be such that there is present a tertiary organophosphorous

conpound i n frﬁ?@rcfﬁd@é”_éh@.s%éﬁﬁg‘%ﬁgébﬁﬁ%ﬁi N9yl e CRRmAGlciingat ment

and after the“precipitationof the noble metal solid 15

conpl ex by thedeititesedisny meoéd, Uphal hiounhed fa thieX biidiefinighe garaani ¢
conpound-contai ning solution, tertiary organophosphorous conpound, organic
pol ar sol vent betaigraddeld bbsi tegubséante bs 1bmeagbir- moire pert artl wf h the -

oxi di zing agent at a tenperature of 0 .20 to [err] for a period of
several m nut echd dGiseaver¥l I Dayshb badnetel er abhgnatiz tienpsed wseanf [err] to
the boil'ing point of the solution systemfor a period of several mnutes to~
several héursoxiiiGnrgipagent, nbbl &s nevéficdend tonkeep hhei sgltitdanertiary
or ganophosphor ous 25 conpound as a‘ligand can be precipitated. The
amount of system in an atmosphere of air. However, air may be
) bubbled_thro"gﬁ the solutidn, or may.be used u#dér
o : _ pressure;'-_ _ | |
o '-Thefcdﬁditioné.under which the 6rganic compound- -
10 :confaining:éoiﬁtion is contacted with tﬁé-oiidizing-age;t"
are réﬁuirea to be Suéh'that thefé is pfesent a tertiary
organofhosphdfous ¢oﬁpoﬁﬁd inffreé_form in the 'solution:
) ‘system dﬁring'fhe-coﬁtaétltfeéﬁmeﬁtlén&:aftéflfhe _ |
precipifatioﬂ:of ihe Grouﬁ_VIII noble:meta1 solid
'15f compigx_bynfheicqﬁfacp tféatment. -Usuéil},-when_a
| _hixtufeuof'thé.drganic:comﬁound-cbntéiﬁing solution, -
té:tiary~o;ganoéhosphorous compound,.drganic ?olar
'scivent;'wéter and basié;sﬁbstanéefis?brought.intq
s .coﬁtéct with the oxidizing.agent_at a temperature of 0
20 to 150°C for a Rggiod_of'séveral minutes'to-several daysf
 ,_ andipreféfably-ét.a téﬁperatufeuof 30?C_to~£he boi1ing--
poiﬁ;.of:theiSQiufion sys;em_for-a_péfiod'of éeveral_"
"3minut¢5 to several hou;s,'the.Groﬁp VIII noble.ﬁetall_
. solid com@;ei haﬁing the.tertiafy o:éanophoSpho}ous' -
25 cbmpoﬁnd'és a ligénd'cén'be'precipitated. The amount of -
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the G ogup VIl noble netal solid conplex being precipi- tated can be

i ncregsgd by further lowering the tenpera- ture of the solution system
conta. g the precipitating Goup VI1|I noblé -netal  solid conplex. 5 ’
The chem cal structure of the-precipitated Goup VIII noble netal solid i,
conpl ex varies depending on the type of the Goup VIII noble netal, and
type of the tertiary organophosph&;ous conpound, and the conposition of the
treatment solution, for exanple e presence of 10 . coordi nate conpounds
ot her than the tertiary organo- phosphorous conpounds. For exanple, when a
catal d a r.of ar.psl r a: Lhodi um

triar ﬁ%hgggﬁknggfgl nlldég. g"%l}re%idastgsﬂ;h %igg ﬂi‘és]ﬁ((:\g ?l}ég\h’ th an

oxi di £} g4 ageR! bkN 1hReeRE@ENTE Rirthdr iéwé‘f?’ﬂgheﬁ@htéﬁge?ECOho' s.

wat er . and. a -. basi ¢ substance,” a rhodi umco conposed mainly o. f a

CO”D|@ﬁréeefethéegbiﬁtﬁbntB?d%@ﬁ”éﬂnﬂélﬂ&ﬂ ﬁ@r?}eéﬂﬁfiﬁtﬂnér is-an ary
group, and n is an .integer of to 4) is precipi tated The

. preci@téapevIBrospbYel mealll eormcalccﬁ@nesk.conpl ex is subjected to
solid-liquid separation by the usual solid-liquid separation nethod, e.g.
f§ltration, -cenThef ehamifcall struntumnd £ethe i frgeipieasedti on, mhereby the s
Goup VIII noble netal solid conplex is 25 separated and recovered.

Group VIII noble metal solid complex varies depending on

the type of the Group VIII noble metal, and type of the -
'tertlary organophosphorous compound and the composition 'QJ
of the~treatment solutlon,_for-example,-the_presence of .
1 1b ficoordinete.compounds other'thao'the'terciarylorgeno-
'phosphoroue_compouqu; " For eiemple,'when a'cataiyst-
- quuid'ofla hydrofo:ﬁyletion_reaction in which'a-rhpdium;
'triarflphosphine complexfis-used.as a.cefaIyst is
'CQntected:ﬁith an“oiidizingeagent in thejpresence'of
15 'triarxiphoephiﬁe,7aicohdle, water and a basic substance,
a:rhodiuo.coﬁpieidcomposed nainly of a complek-repre? |
:'sented'by-the.general fofmuleﬁ HRh(PArs)n (wherein Ar is - S
"an'arYI_group,'end'n'is‘an iﬁteger of l.to'4)-is'precipi~
© tated. - | o . - :. | - " IR 3
20 'fd' ' The prec1p1tated Group VIII noble metal solid
complex. 1s subJected to solid- llquld separatlon by the
usual solld 11qu1d separatlon method, e.g., f11tratlon,
.centrlfugal flltratlon and centrifugal separation,
whereby the Group VIII noble metal solid complex is

25 . 'separated and recovered



[N

The thus-separated and recovered G oup VIII
catg#ytic‘activity sufficient to carry out a hydrofornylation or hydro#
noxyl ati-on reaction. The Group VIII noble netal 5 solid conpl ex,

car

ther\jore

reaction zone and reused as a catal yst as It
basi c -.substances by the known net hod,

nobl e netal solid conplex kg

can be recycled to a hydro-"fornylation or hydrocarboxyl ati on

Is or after the renoval of
wat er -washi ng.” As descri bed

~above in detail, the nethod of 10 t he ﬁg%entlon pernmts to efficiently"
recover a.(}oup,VIII nobl e metal solid conplex '
phosphor ous conpound as Ené¢ i tins-$separahedr gadi recompredd CoompaiVilildy
"solution by a sinple procedure, and furthernore,

VI 1. noble maediledstrlsolidnprrnl exnhas 2e6gtRaHtES aciidddor nyl ati on

having a tertiary organo-

the recovered G oup

or hydro- carboxylatjon reaction zone and reused as it is since it *

has an enough

T GAGTL %9 | GRTTY °%u§ hygeoépFmELatarny QrudY&rorhe

a

i nvention is ve reat.. Herei hafjer, e inventi cribed_in 20
greater detchﬁﬁﬁé%y Q&Qﬂu%@?ﬁF%%% fo ) ﬁguﬁxgﬂﬁhe§°§iﬁhyﬁ&ﬁ¥t it not

[imted t

hwdr of or

ereto:

MPL t al t
atlﬁﬁiagx %ne en C?hgﬁganpfrf

tyeaety e e

conplex catalg§ %@fyf?ﬂ?%ﬁ} f§drogyr§'3tlatron reaction zone and

c.

o

10

. reused as a ‘catalyst as 1t is or after the removal of

bas1c substances by the known method, e.g., water-washlng

" As descrlbed above 1n detall ‘the method of

the 1nventlon permlts to eff1c1ent1y recover a Group VIII

“noble metal sol1d complex hav1ng a tertlary organo-

| uphosphorous compound as-a llgand from an organlc

~compound contalnlng solutlon by a 51mple procedure, and

B furthermore,_the recovered.Group VIII noble metal solld )

15 complex can be recycled to ‘a hydroformylatlon or hydro-

- carboxylatlon reactlon.zone_and reusedjas_lt is since it

20

25

has an7enough catalytic'activity'

Thus; the commercial

value of the 1nventlon is very great

” Herelnafter the invention 1s descrlbed in

greater deta11 w1th reference to the follpw1ng examples

'although it 1t not llml.ed thereto.

EXAMPLB 1

A spent catalyst llquld resultlng from the

"hydroformylatlon of propylene with a rhodlum trlphenyl-

U
pE———

phosphlne complex catalyst was concentrated by dlstllla'




tlon to adjust the concentration of the conplex as cal cul ated as a rhodi um

[err] 100 [err] of the resulting high boiling nediumliquid was 5°
intrq ed |nto a 1,000-[err] four-necked flask equi pped with a refl ux
condenser ‘a thernDneter and a stirring device, and heated up to [err]
while stirring. Subsequent- ly., H®0 [err] -of a 20% by wei ght aqueous
sol ution of sodium hydroxi de -and 400 [err] of ethyl alcohol were added

atom 00 [err] and .the concen- tration of free triphenyl phosphine-to 570 -

L T

‘thereto, 10 . and the resulting mxture was treated in an atnosphere of air

under _ar di arﬁ#uessure at

. began 8%

- f d hyl 15
B confritita Sdac#u?ffaﬂ*’ A PAGSRY 3005575 M "ﬂ’t“éﬁtc?r -btelfai na

bri gh P I :

_cgh?aﬁﬁ%'ﬁﬁyl)fif * r hodi ﬁésﬁggﬁfo 8339&;?§§t9o Oplhos gPugx

| nfrar & 'Bi gh"B 13 o0Mheld0mNWiQlu 14D wagdrBt hod Of the

19% AOSH (fé%hf%fﬁé b F 1€

solid conplex showed -an absorptl n at 214 err| mhlc was believed to be

t 20 _m.nut €s, a rhodi um conpl ex

158 et on SRk raF bR Rt ¢ o GoRBRAY 1 Or' 2 hours. . the

agcr i hed doAdded Rirds bong, Ood):’-hﬁhhféﬁ?f-ﬁeckbd"\@iafs‘ku@ﬂ{dﬂﬁie@bsorpt i on peaks 3

- -at 400'cnl to 4000 cm were substantially in agreement with those of
hydr i gdtee aAGE B | gireden 9P, S@htnermbﬁértem 223 a [sanrﬂnaﬁg described in

Journal .of "the American
device, and heated up to 70°C whlle stirring.. Subsequent-
1y, 100 me of a. 20% by welght aqueous solutlon of sodium

' ;hydroxlde and 400 mg of ethyl alcohol were added thereto,
10i and the resultlng mixture. was treated in an atmosphere |
l” of air under ordlnary pressure at 70° C After about 20
. m1nutes a rhodlum complex began to prec1p1tate After
the treatment was performed for 5 hours., the prec1p1tate
iwas flltered under pressure,-washed with water and ethyl |

15'. alcohol, and vacuum- drled a2t ‘Toom temperature to thereby.

| -_obtaln a brlght golden yellow solld complex _

. The thus- obtalned solid complex contained 8%
by:weight of'rhodlum and.lQ%-by,welght-ofjphosphorus.'
Infrared ray'absorption'eoectral analysisibwlthernufol

20-. method of-the'eolid-comnlexIShowed an;abeorption'at |

2149 an” whlch was belleved to be ascribed to the Rh-H
- Bond. Furthermore, it was found that absorptlon peaLs
"1 to 4000 ™

at 400 cm- were substantlally 1n agreement

with those of hydrldotetraquls(trlphenylphosphlne)rhodlum

. 25 {HRh[P(C6H5) ] } as descrlbed in Journal of the American

v
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. -18- Chemical Society, page 3013, May 20, 1970. On the basis of the
froregbing data, it is assumed-that the solid conplex mainly consis
HRh[ P(C6H5) 314, possibly with a mnor ambunt of [err] 5 The =
“regovery of the rhodi um conpl ex was 80% as cal cuated as a r hodi um at om

Wt the sol ution just after the starT i freatment, and the filtrate after
the filtration, the pH was neasured with a pH test paper, and it was found

that in either_ case the pH,was 1Q 1 I . e, he entrati of
tri phenyl phosﬁﬁﬂ&i&ﬁgikﬁrat%agﬁtépiéhﬁ?ﬁ Izé'i 0 él\;'/\f/és S@mei}%l , and

it can be seepaihiat &5 mtel /fondégeinghdaylaphosphilse ssumedntbattr dthen

before the trea t: 90 .[err] was oxidized into dri )sphy pe oxi de.
15 '_ VEL complex ¢ 2°ﬂ?es"psr%%e(ﬁﬁ e%ﬁ@%&@ﬁ s
r epeat ed- wi t hpblsesiddgeptitin a miner paopyhtapEoHBh [RAS€ el G liar pl ace of
ethyl al cohol. The recovery of the rhodium conplex was 70% - The 20 pH
of the solution just after the treatnent, and the pH of the filtrate after
the filBration as @teer reaederdt PR phet cshtodhpmr cagpder ¥rsndl& asThe
concent r at i on ;g iz wlenyk PROIMY ¥urh NatbA. | | | tridite ehéesolhe ffod tj@gton
was 60 mmol /I, and 1t can be seen that 35 mol/|_ of .

‘after the start of treatment, and the filtrate after

the filtration, the pH was measured with a pH test

[ 3]

paper, and it was found that in either case the pH was
o 10 11 or more. _The'concentration of'triphenyléhosphine in
— - the filtrate after the filtration was 50 mmol/l, and it
can be seen that 45 mmol/l of triphenylbhosphine'(the
- concentration before the treatment: 90 mmol/l) was
oxidized into triphenylphosphine oxide. '

15 - . EXAMPLE 2

~ The procedure of Exémple 1 was repeated with the
exception that n-propyl alcohol was used in place of
ethyl alcohol. ' '

, The recovery of the rhodium complex was 70%. ° The
N 20 pH of the solﬁtion just after the treatment, and the pH
| of the filtrate after the filtration as determined with
‘a pH test paper were ll or more. The concentration of
triphenylphosphine in the filtrate after the filtration
c was 60 mmol/l, and it can be seen that 35 mmol/l of '
25 - triphenylphosphine (the concentration before the
treatment: 95 mmol/l) was oxidized into triphenyl-
phosphine oxide. '




- triphenyl phosphine (the concentration before the treatment: 95
)\ was oxidized into triphenyl- pkesphine.oxide. . 19 EXAMPLE 3-The -
ure of Exanple 1 was repeated with * the .exception that ethylene
e6l . nononet hyl ether was used in place of.ethyl alcohol. 5 7
"The recovery of the rhodi um conpl ex 40% The pH of the sol ut.i on
just.after the treatnent, and the * l pH of the filtrate after the
filtration as determined with a pH test paper were 11 or nore. The
-concentration of triphenyl phosphine inthe filtrate after.the filtra- 10
tion was 60 mol /[err], and it cBRAMBLEeed that .35 nmol/[err]of
“tri phenyl phosphi ne (the concentration before the treat- nment: 95

nol / [err]) was dhaliprecedunvetofphsappprodpiiase repiedde EXAMILE 4 15
. The procedure of Exanple -1 was repeated with the exception that ethylene

gl ycol thenestapplian Hratwegthylene giggoinmphnametdyletsitlemiwashol . The
recovery of -the rhodiumconplex was :33% . The pH of the solution just
after US€d ddamkane Gh@ el 2plcohelor the filtrate after the filtration

" as _determined -with a pH test paper. werge or nore. The concentration
5 o {Le'égcqverypog the rhoé%um complex was 40%.

LY

ThﬁiﬁH of the solufionrjust.after the't;eatment,'and the

 pH of the filtrate after the'fiitration as determined

| w.i_th._'a_. pH._ies:t_ pé.pé::"_we;?e'_li or mb.re_.__' The concentration | J
'of.friphéﬁyiphoséhi#e in the filtrate afteffthe.filtfa;.

10 -tion was 60‘mm01/i,1and it can be.seen'tha; 35 mmol/% of =

= triphenylﬁhosphineUthé.cﬁnCéntfation-sefofe'the treat-

| ment;'gs mmol/2) was'oxidiZed intd triphenyiphosphine |

oxide. I

' EXAMPLE 4

15 'f_-”: _:'” The procedure of Example 1 was repéétedlwi%h
'thg'exégptidn that.éthylene.giycoi monoethyl ether was °

ﬁsed in place of_ethyl-élcdhdl,

o -Thsirécb&ery'othhe rhodium complex was:33%;
The pH of the.solution_just aftef the treatment,-éﬁd the :

20 _'pH'bffthe;filtrate aftérxthe filtration'as determineﬁ-
with.a7pH test ﬁéper were ;1_6r more. ,The cohcéﬁtration _ 2

of triphenylphoéphine:in the fiiﬁratejafter th@.filtra-,_
‘tion was 60 mﬁol/l,fand it can be seen that_SS mmolll-of
'_triphénylphosphine.[the ccﬁcentration before the treat-
25 . ment: 95 mmol/R) was 6xidized iﬁto triphenylphosphine

oxide. ..

Bl D T




of tri
WWD”*/

henyl phaosphine in the filtrate after the filtra- tion was 60

Ctheconcentration before’the treat- 25 . nent 95 mmol /[err]) was oxi di
|n§v/tr|phenylphosph|ne oxide. . COVWPARATLVE EXAMPLE 1 The procedure
Exanple 1 was repeated Wi th the exception f al.l. the steps were perforned
in an atnosphere of nitrogen. Even after the treatment was 5 _perforned
for 5 hours, no rhodi um conpl ex was precipi- tated. COWARATI VE EXAMPLE 2
The sane hlgh boi ling rmediumliquid as used in Exanple 1 was used, and the
tri phenyl phosphi ne cont ai ned 10 COMRARAGIVE GXAMPEES dxi di zed mnth air at
[err] to adjust the concentratiofi of Tree triphenyl phosphine to 3
mol / [err] The thus-prepheegrbicgduteves Exampdtecd twast hrepeates prwitidur e as

in Exanpl e 1 whereupon" rhodiumin netal'lic formwas -precipitated.
concentrati ontloé extepemyh that pﬂdsmhbneﬁeparuerdinnnﬁbmwﬁf

efr] and it can be seen that 35 mTDI/.[-err] of . tri phenyl phosphi ne é %z

ey |an

The

COVPARATI VE EXAMPLE .3 'Wen the procedure of Exanple 1 was repeated with

“the exceptlonatmaspheﬂe[efrplmtoae@.

ﬁ%ﬂ%/aﬁﬁqﬁﬂthﬁnkiﬁﬁimﬁﬂinW%m of

sodi um hydroxi de was -used in place 20 of ;a 20% by wei ght aqueous, sol ution

- of sodlun5hyd@©deEmed for 5

tated

COMPARATIVE EXAMPLE“ 2

ours, no rhodlum complex was precipi-

The same hlgh b0111ng medlum liquid as used in

_Example 1 was used and the trlphenylphosphlne contalned

10 in the 11qu1d Was oxldlzed with air at 70 C .to adjust the |

.concentratlon of free trlphenylphosphlne to 3 mmol/y.

_The thus prepared 11qu1d was subJected to the same

"”_procedure as in’ Example 1 whereupon rhodlum in metallic.

- form was prec1p1tated he concentratlon of trlphenyl-

5-15 '-phosphlne in the llquld was 0 mmol/g.

| COMPARAIIVE EXAMPLE 3

When ‘the procedure of Example 1 was repeated

w1th the exceptlon that 100 mg ‘of a 0.3% by welght

~ aqueous solutlon of sodium hydrox1de was used in place

no rhodlum complex was prec1p1tated . The PH of the

treatment solutlon was w1th1n the range of 2 to 5. The

-concentratlon of trlphenylphosphlne in the solutlon was .

"zd.f-of a. 20% by. welght aqueous solution of sodlum hydroxlde,'

55 mmol/g, and it can be seen that 40 mmol/z of trlphenyl—_

-25" phosphlne (the concentratlon before the treatment

95 mmol/g) was ox1dlzed into trlphenylphosphlne ox1de.




. no rhodlun1conplex was precipitated. The pH of the treatnent solutlon was -
-~ vm the range of 2 to 5. The concentration of triphenyl phosphine in the :
sodgs}on was 55 mml[err] and it can be seen that 40’ mol /[err] of

triNpHenyl - 25 phosphine (the concentration before the treat.ment: 95 o
mol /[err]) was oxidized into triphéal phosphine oxide. = REFERENCE

EXAMPLE 1 In order to exanine the activity of a recovered rhodi um conpl ex
for hydrofornylation of olefins, the follow ng experinment was conducted. 5
‘The rhodi um conpl ex recovered in Exanple 1 was dissolved in a toluene

- solution containing 10% by -gerghenet ExiapPery! ghosphine so that the
- concentration of the rhodi umcomptex—as catcutated as a rhodi um at om

becomes 100 ny[ errd .ordbfetpaékaminkhithesalktlivarty o f &f ed@frdfeds 10

Catal yst Liquid A A 200-[err] autoclave equipped with a magnetic. stirrer

- was chaitgelium tdompléer for chy&pd dbymavlhitdond ok a1@ £ithsy &He propylene. A
m xed gas of- hydrogen and carbon nonoxi de Coxo gas, [err] (nolar ratio))
was 15 falitowichg ezixpertimett wasit oohduetedder pressure ;at a tenperature of
120C, and -reaction was started while maintaining the reaction pressufe at
50 5kg/ cm G | n FherrheditmncarpleRerpcovemed dn- Brampdrestlantasd evel during

the reaction, the aut ocl ave was connected .to-a
dlssolved in a toluene solution contalnlng 10% by weight

IL 1]

of trlphenylphosphlne so that the concentration of the
rhodium'complex"as calculated as a'rhodiun-atom becomes Q;I
| 100'mg/£.r Hereinafter5ithis'solution is referred to as:
10 - Catalyst Liquid A. ' |
o A 200 -mg autoclave equlpped w1th a magnetlc
_stirrer:was charged-wath 50 mg of-Catalyst L1qu1d A and
_10fg'of prdpjlene- A mlxed gas of hydrogen and carbon
_monox1de (oxo gas, HZ/CO =1:1 (molar ratlo)) was
15 '51ntroduced into ‘the autoclave under pressure at a
H temperature of 120 C.:and-reactlon.was'started while

:malntalnlng the reactlon pressure at 50 kg/cm2

G. In . o~
order .to malntaln the pressure at the constant level

'durlng-the-reactlon, the autoclave-was connected to a

©ow)

20 high.preSsurelgas holder'through a pressure:controller,'

ey

and the oxo gas consumed by ‘the reactlon was supplemented{
- Presumlng that the reactlon was’ completed when no gas
.absorptlon was. observed - [after 3 hours), the autoclave h
was - cooled and thereafter, re51dual propylene and formed
25 butyraldehyde in gas and liquid phases were-analyzed by

gas -chromatography.



20  high pressure gas holder through a pressure controller, and the oxo
‘gassonsunmed by the reaction was suppl emented. Presuning that the reactiomn
was..conpl et ed when- no gas absorption was observed-Cafter 3 hours), the .
autocl ave was cool ed and, -thereafter,” residual propylene and.forned 25 ;é;gi)
but yr al dehyde in gas and |iquid phases mgtg_analyzed by gas chromat ogr aphy

As a result, it was found that the conversSion of propylene was 99% and the
selectivity of butyr- aldehyde was 99% The rate constant (apparent first-
order reaction) as aeterm ned by a reduction curve of 5 -the oxo gas

pressure in the nigh pr et‘jigrbegﬂﬁi‘o ijt?rwél?Sf@uﬂd[ﬁﬂ%t ERE ESHF@E‘kiﬂgt t €

sane procedure as descri OVE Was repeated Wt e exception 't

hydri do- . car -bgwllptfoips/ﬁterdeowlmsqﬂ@eawosiéy&ﬂéfggel £/ 5agy20  rhodium

trichloride [err] by the usual method was. used as a catalyst. ' The

conversi on of apEeBEldENaran BN, 19%hancatdecons eaitVvaypateht ¥igkdehyde was
98% The rate constant (apparent first-order reaction) was 6.2 [err] 15

As can be seeprideamridae tfiorEgasidewstmined -bhear heduovicnmuexer e€overed . |
by. the-nmethod of the invention -has enough activity for hydrofornylation
of olefin§._Lmhemqufgas(pn#SSunﬁiiﬁwﬂheVbﬁghfptaesueeogeseﬂoiﬂediwas
| 6.0 (EDY. I
| '._ For:ﬁqmpérison, the same\procedure as described-
K_:f :  abdve'wastépeated with.the_exéeption that'hydfido-
| |  7carbdhf1tfis(triphéﬁ&iphoéphine)rho&iuﬁ ﬁreparéd from
. 10 _';hodiup trichloride (RhcisfSHZO) by.the.usﬁal pethod-was
:. used as a Caﬁalysf. lThe.;onversion“of_propeléne'was.
'Zég,l%} and.;h§ se1éctivity.offbutyfﬁidehyde was 98%.
'_'iﬁe_ratéfgbnﬁfant.(#ﬁ?areﬁt firﬁt;oidér reactiéﬂj was -
6.2 (/Hr). . D |
: :15 : : Asrcanfbejseeﬁ'from;thégfdfggding ¥ésults;:thé
| rﬁbdium cbmplex'recovered_by.fhé-methdd oi.thejinvenﬁion
-fhhs'enopgh.éctivity for hydrofofmflétioﬁ of olefins. _ :
' It.wﬁs thus confirmedfthat_even?ifEthé.recovered rhodium
> | -_ coﬁplek was recycled as i£ is to the hyaroformylatién |

20 reaction zone and reused, the desired reaction results

t=

~ (conversion and selectivity) and reaction rate could be
- obtained. Of course, it is'apparent'that-the-recovered
rhodium complex may be subjected to any suitable purifi-

cation treatment.

B T b
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-co ol ex was recycled as it is to t he hydrofornylatlon 20 reaction zone
eused, the desired reaction’ results (conversion and selectivity) - and
on rate could be obtained. O cdurse, it is_apparent that the

vered rhodi um conpl ex may be subjected to any SU|tabIe ur|f|- cation LI

9

treat ment . C L M S CLA .. A .net hod ﬂll
recovering a Goup VIII noble netal - d'conplex I ngi n
an organic conpoundecontaihing sol ution contain- |ng thereln a oup VI

noble netal conplex having a 5 [err]tertiary or ganophosphor ous conpound as

a.ligand into contact” with an oxidizing agent in the presence of a free

“tertiary organophosphorous conp@i#diSan organic pol ar solvent-, ‘water and a

Cretal, and 10 shparcPREPPRCERF cBrRRrAREReCAa TRV OBIE et ol sol i d
- compl exdagmyfier ey Oec 21 5308 n@b&gqe@éwﬂ R A m 1, wherei n

t he organ| conpou a nlng S0 ut o) cont ai ning a

wher o) X TnE WY P ket oo R A S i %Ed i

‘any Ofﬂggﬂﬂﬁéréin a .Group VIII ‘noble metal complex hav1ng a
5 ytertiary organophosphorous compound as a. llgand into
contact with an ox1d121ng agent in the presence of a
free tertlary organophosphorous compound an organlc.
polar solvent water and a basic- substance to prec1p1tate -
a solid complex of the Group VIII noble metal, and
10 separating the prec1p1tated Group VIII noble metal solid
.',complex from the solutlon. B |
2, The method .as clalmed in Claim 1, wherein
‘the otganic compound-contaxnlng-solutlon is a-solutlon
'contalnlng a catalyst for hydroformylatlon.-
3. 'The method as clalmed 1n C1a1m 1l or 2
__whereln the Group VIII nohle metal is rhodLum.
| 4. 'The method as clalmed in- any of Claims 1
'to.S,'uhereln the'tertlary organophosphorous compound-ls
- trlarylphosphlne. _ '.
' ;'_ The method as clalmed in Cla1m 4, whereln
the tertlary organophosphorous compound is trlphenyl-'
- phosphlne. | |
6; - The method as-clalmed in any of Clalms 1
- to 5, wherein the amount of the basic substance present

in the organic compound—contalnlng solution is such that
. o j::.— - N

S ) e FRpma.

[ 1]

ey
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to 3, mhereln the tertiary organophosphorous conmpound is trlarylphosphlne
5.' “The nethod as cl ai med in CGaimd4, wherein the tertiary
organophosphorous conpound i s tr.i phenyl - phosphln S
clamed in any of ainms .1 to 5, wherein the anDu substanc
present in the.organic corrpound contai ni ngdel.utio m,mma& ’ it is
sufficient to keep the solution after the pr CIpI e G oup

VI11.noble netal solid conplex at pH 8 or nore. 7.. The nethod as clalned
in any of Clainms 1 to 6, wherein the organic pol ar solvent is a nonohydric

al cohol cont akRi ar, fmg% :
Claim?7, mher%:enm'tghéugf?égﬁ'%g%pggr& \r/%lrﬁ eslosl Ehﬁoﬁ co a? &f*ggﬁ%inet hod
as clai "eg i neQkabm 4 WA @ﬁaxiphwmmwm&%@fapoém ESmP1ORYAt apgohol .
10. The nmethod as clainmed in-any of Clainms .1 to 6, wherein the organic
pol ar solventslaramdmbydrlc al cohol contalnlng 1 to 12 carbon atons:. 11.

The nethod as clainmed in any of Clains 1 to 10, wherein the basic substance
is -a hydroxide of an al7kal Threetmlthad aﬂlﬁﬂarmed%ﬂnfamrt@f Cl2ims The

met hod.-as clained in any of Claims 1-
i to 6, wherein the organlc polar solvent is a monohydric

-alcohol contalnlng 1l to 12 carbon atoms. .

=

8. The method as c1a1med 1n Clalm 7, whereln
i;:-._ '--the organlc polar solvent is ethyl alcohol |
| 9. The method as clalmed in Claim 7 whereln
| the organlc polar solvent 15 propyl alcohol |
| ) -*10. The method as clalmed in any of Claims 1
'.~to 6, whereln the organlc polar solvent 'is a dihydric
alcohol contalnlng 1 to 12 carbon atoms | -
--@ll; The method as claimed in any of Clalms 1
| to 10, whereln the baslc substance is a hydrox1de of-an
alka11 metal or alkallne earth metal .
" 12.. The method as clalmed in any of Clalmsjl'
. to 11, -wherein the_temperature of the treatment to_l |
.pg T preoipitate;the:Group VIII noble metal solid complex is

0 to 150°C.:

-~

| 13. The method as clalmed in any of. Clalms 1
“to- 12 whereln the oxldlzlng agent 1s an oxygen gas-

containing substance.

e
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VIII noble netal solid conplex is O to [err 13. The nethod as

S o o o B e e i e o o MR >

substantially as hereinbefore described in any one of Exanples 1 to %, 15

A Goup VIIl noble netal solid_conplex when separated and recovered by a
met hod. &8+ cl afRBdRPHERaAy 2fr 6LBdFRG dFaichaim 1, substantially as

hereinbefore described in any one of Examples 1 to 4,

15. A Group VIII noble metal solid comblex when'
separated and recovered by a method as claimed in any
preceding claim.
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