-1- : 2092907 METHOD FOR THE RECOVERY OF RHODI UM COVPLEXES
The present |nvent|on relates tp.a nethod for. the recovery of rhodi unt
conplexes. More partycularly, I't is concerned with a met hod for the :
ecﬂhdchal and 5 efficient recovery of a rhodiumtp ?%%Qggiphlne conpl ex
- CO ¥ned in a catalyst liquid. - which is extracted or 'w froma -
reaction solution for hydrofornylation of olefins (hereinafter this
catalyst liquid is referred to as an "extracted catalyst liquid for

hydrof ornyl ation 0 of -olefins") as a nodified rhodi umtriaryl phosphine
conpl ex in WIETHO® IO B RECOVERY COPr RHOBIEM. CBNPOQEX®ES t ri aryl phosphi ¢
conplexes are conmer.- cially advantageously used as catal ysts-for the
hydro- .5 fornylation of olefins. These rhodi umtriaryl'phosphi ne conpl exes
are chemcally very stable in the presence of free triaryl- phosphine which
is present in large excess relative to rhodium Therefore, they have
advantages in that a 20 catalyst liquid can be separated fron1react|on
product by di sThel REesent dnvenion netatesi 68 fomethedd fiogused, -and in
that the reaction can_be, perforned continuously while separatlng t he

r eadthOnTPEBUGEY BY ahaﬁnumrﬁfmnesxes f rERTEnRFEAEMIGT 1one by gas S

Str'f%”f@ égﬁcgkhg% wgéuja method for the economical and

5 efficient recovery of a rhodium-triarylphosphine-complex

: contained in a catalyet liquid which is extracted or
-\/Withdrawn from a reaction solution for hydrofermylaﬁion
of'olefins (hereinafter this catalyst liquid is referred
to as ‘an "extracted catalyst llquld for: hydroformylatlon
0 | of oleflns") as . a modlfled rhodlum trlarylphosphlne

' complex in which a hydrogen ‘atom is coordinated.

_ Rhodlum trlarylphosphlne complexes are.commer-
:'c1a11y advantageously used as catalysts for the hydro-'
.5 _formylatlon of oleflns. : -'- ' : B - f i L
(O These rhodium- trlarylphosphlne complexes are
chemlﬁally very stable in the presence of free trlaryl-
phosphlne which is present in 1arge excess relatlve to
rhodium. Therefore, they have advantages in that a -
0 cataiyst 1iquid can be separate& from reaction product
by dfstil;ation, returned to a reaction zene, and reused,
and in that the reaction can be performed continuously

while separating the reaction product by distilling away
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catalyst liquid to remain.in the reaction zone ~I'n such hydrofornyl ati.on

reactiqgns of ‘ol efins, however, various hig b0|Iing by- products are forned

and ;gCccunul ate . In - - - 5 carrying®eut: the reactions continuously,

= therefore, it is necessary to extract .a portion of the catalyst liquid =/
~continuously or intermttently fromthe reaction zone. The thus-extracted ()
“catal yst. I'iquid contains expensive rhodium and, therefore, efficient

-~ recovery of 10 f hodi um f rom t he-ext ract ed- catal yst liquidis very

., inmportant from an. econoni cal 'standpoint. In"recovering rhodluntfrontthe

extracted cata qU|d it is desiyable to recoyer- he form.of a

j_comgyex whi ch 1&c¥$ TeACTIAR FOWPo Krﬁ?ﬁa?FSﬁpBﬁnglépﬁnél paring the

'”Fbretofore knomm eparating and L overin rhodlgntfr m th
extracted cat aﬁ‘/g f:blq‘i‘“h‘i ﬁaersmagﬂo%ogﬁﬁ ﬁaﬁg’ R8d %9&8ng pér &%

' d t '

j -E\SEF?E‘;t?oﬁS( §I‘t€3ﬁt§§%§t% /ECeERLoY, of: BPeIfS aﬂ%ﬁ%@ﬁeﬁé‘aﬁﬁ%ﬁefers
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. conprising re b0| |ng by- products as
. described g n Lcé%rffﬁﬁnéuﬁbthé ?@Qc§§8nsTESn@$ﬁ9699§yt'Qhe@@?&@@ usitg

. peroxide 28 conpounds conprises treating.the. extracted catal yst’ I'i qui d.
;. with an . dqueouss epé@éss)arﬁfteneaerdctsucpoeemn of the catalyst liquid

. .

ﬂ-contlnuously or 1nterm1ttent1y from the reactlon_zone.
- \vi-'f“' ‘:': R The thns—extracteddcatalyst'liQuid contains
R .HexpenSLve rhodlum and therefore, eff1c1ent recovery of
'ﬂfdlo,”;rhodlum from the extracted catalyst 11qu1d 15 very
'.1mportant from an econom1ca1 standp01nt.h In recoverlng
a;rhod1um from the extracted catalyst 11qu1d it 15.-
"'hfzde51rab1e to recover lt 1n the form of a complex Wthh
'15 actlve for the hydroformylatlon of oleflns._*i'. LT
':52151_ r:':p?hg; Heretofore known methods of separatlng and
:uhtyhrecoverlng rhodlum from the extracted catalyst 11qu1d
}-ak;k";éif;hm;tlnclude a decomp051t10n method u51ng perox1de compounds ’
P u“'?.tas descrlbed 1n U S Patent No. 3 547 964 and Japanese
) pratent Appllcatlon (OPI) No. 63388/1976 (the term "OPI"

» -

-TZO; :as used hereln refers to a "publlshed unexamlned Japanese o
N patent appllcatlon"), and a method comprlslng reduc1ng
. aldehydes contalned.ln hlgh b0111ng by- products as.
-pdescrlbed in U. S Patent No. 3, 560, 539.
- | The decomp051t10n method u51ng perox1de
'ZS-h.compounds comprlses treatlnu the extracted catalyst

11qu1d w1th an aqueous solutlon of an ac1d, such as
N . .' - :x. . )



nitric aC|d and a peroxi de conpound, and after deconp05|- tion of excess
per' | de conpound by heating, treaglng an aqueous phase resultlng fromthe
~ab treatment wi t-h carbon nonoxie_Under- pressure in.the presence of an:5
T or ¢ solvent and a.conpl ex-form ng substance, such as *

‘tripHenyl phosphine, to-obtain the desired rhodi um conpl ex in the organlc
sol vent phase. This deconp05|t|on met hod, however, gives rise to the

'--problen1of corrosion of ~apparatus’ material since 10 it uses acids.

- neut r LPRaLifo @ XCESH RAROXEI GOHMRY

. ! Furthernore,. the deconposition method suffers from di sadvantages in that
. since the recovered. rhodi-um conpl ex- contalnln organi ¢ solvent contains: .
~sul f andtirdes ajcdidr,] amd cﬂnmﬁmy@dereorpmﬂn} :aﬁﬂ tﬁé 8% fgComBPsSand chl ori el

(ad) poi son the r-hodi um conpl ex 15 is necessary to apply a
: %%ﬁab ?ﬁenguserdﬁtﬁﬂg Pécovered

- catal yst to repove the sulfur and chlori | n_dc ord nce . th t he net hod
- conprngﬁeuﬁedﬁﬁ%ﬁggﬂﬁﬂﬁﬁkﬁ% %Pmlgh Q?Vﬁgtﬁﬁa PSB cP& he 20

' | b h .
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. Chr boRyEABAS S Vﬁﬂ%ﬁa‘ﬁigfnﬁéﬂé@i]%%?§+§%‘?ﬁﬁ.% pREdHEe , J3UcH o2 oxy! aroups,
';.Ihere%rlgﬁghVWﬂﬂtéﬂﬁiﬁB“rfﬁ“dﬁ%&fﬁatﬂétde51red rhodium complex

1n the organlc ‘solvent phase .
- ThlS decomp051t10n method however, gives rise _ v/
" to the problem of corr051on of apparatus mater1a1 51nce
ﬁfflo.-'lt uses aclds.; Furthermore, the decomp051tlon method
| H;”suffers from dmsadvantages in’ that 51nce the recovered
rhodlum complex-contalnlng orcanlc solvent contalns A
.fgn'sulfate 1ons (804 ) or chlorlde 1ons (cz ), and the o
";sulfur (S) and chlorlne (cz) p01son the rhodlum complex
g,?iSh'icatalyst,'lt 1s necessary to apply a neutrallzatlon
faig;treatment-w1th an a1ka11 1n the reuse of the recovered
-h[catalyst to remove the sulfur and chlorlne. ;Vhi. .f - i- o 'é:i
.J ‘ In accordance w1th the method compr151ng - |
-'}freduc1ng aldehydes 1n h1gh b0111ng by products, ‘the .
'i_ip-ﬁfextracted catalyst 11qu1d is brought 1nto contact Wlth
- @) alka11 metal aluminum hydrldes or alkall metal boro-
fihydrldes, or: (2) hydrogen in the presence of a 5011d
':hydrogenatlon catlayst to reduce 75% or more of the

'carbonyl groups 1n the extracted catalyst 11qu1d to

- 25 ,hydroxyl groups, thereby modlfylnc the. extracted catalystt'



liguid so that the rhodlunrconplex IS sparlngly soluble thereln ‘wher eby

: the rhodrunrconplex is crystallized out; ang separated and recovered Thi-

d needs the use of- hydride redu0|ng 5 tagents as |n(I) or the use ofN

"hydrogen in the presence of .soligd" hydrogenatlon catalysts as in (2) for ﬁ
- redue- tion of carbonyl group contai ni ng -conpounds in the extracted
catalyst liquid into the corresponding al cohol s. -Wen the. rhodi.um conpl ex

- crystalllzed out by . the-nethod. 10 “is reused for the hydrofornyl ationof

olefins, it is necessary to 'separate the: crystalllzed rhodrunrconplex from
thé<reducin ent ,in_t above. . ‘Al so, _in_t.he cas
( 2)@ov: : tgr %‘étglsiﬁrgﬁﬁg ggﬁa?ﬁ%é H‘e c\éll‘?g‘teé(l Iz'rsz&?alrﬁol(ﬁ]gm ?ﬁfﬁ]e%( from

ity o RORR  ohdPeb i S Ab honthd NS iR e Al

“of the hydr o OUtéggag?E@hyghdiseegg% " Mor e- over t-he. rhodrunrconplex
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crystalllze € strong reduction treatnment as in: (1) and (2)

above ‘does not 20 al Ways 1 §2ye t RBAUAB eQAS! el isfeOlo st br%rdbi(dé)fﬁdﬁ’é Ogon of
ol efins. As a- result of extensive investigations to dével op a netho '

efficientby reegenesi 89 anr [foyi,ugrcenel @xef. Wl@ﬁd’rﬁqlrﬁet}@tﬁeﬁénde quid
for hydro- 25 “fornylation.o oIefrns by .a ginplified nmethod and, -

PfﬁOf SOlld hydrogenatlon catalysts as in (2) for ‘the reduc-
: tion of carbonyl group contalnlng compounds in the-
.kng_hf dfg extracted catalyst 11qu1d into the correspondlng alcohols;
| When the rhodlum complex crystalllzed out by the method k
fﬂ-*lp“;zls reused for the hydroformylatlon of oleflns, 1t 1s |
..-ifffnecessary to separate the crystalllzed rhodlum complex }:

- from the reduc1ng agent 1n the case of (1) above. Also,

":ﬁﬁbsln the case of (2) above, 1t 1s necessary to separate the

'”7%i;crystalllzed rhodlum complex from the solld hydrogenatlond-
;ils_dicatalyst and furthermore when the catalyt1c act1v1ty |

fﬁifﬁof the hydrogenat1on catalyst lS reduced regeneratlon fi

-:?7?treatment of the hydrogenatlon catalyst 15 needed More-:
;T;over, the rhodlum complex crystalllzed out by the strongt"
bﬁf;reductlon treatment as ‘in’ (1) and (2) above does not
ﬂf{lzaf“_always have enough act1v1ty for the hydroformylatlon oflﬁ
B ;:oleflns. ' | S o
_ As a result of exten51ve 1nvest1gat10ns to
'1:‘develop a method of eff1c1ent1y recoverlng a rhodlum.:
: d”“'complex from an extracted catalyst 11qu1d for hydro-
E Zﬁj'-formylatlon of olef1ns by a 51mp11f1ed method and
: :.'ffurthermore, as a complex wh1ch is act1ve for the hydro-_

_N
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furihernore as a conplex which is active for the hydro- fornylatron
reaction, it has been found that mﬂsn t he extracted ,catal yst I|qU|d for
ht -

“hydr of n;lailon of olefins is bro into contact_with hydrogen in the
~ presefGe2gf --an al cohol containing™l to 8 carbon atoms and’ water, 5
nmodi f A8 hodlun}trlarylphosphlne -conpl exes in which a hydrogen atomis

coordiwat’ed-are precipitated. An object of the invention is to provide a

 nethod for commerci al |y advant ageousl y. separatlng and 10 ~r.ecovering. a -

-rhodiumtriaryl phosphi ne conpl ex- contalned i'n an-extracted catal yst I|qU|d

. for. hydroformyl ati on of ol efi,ns_as- i-ed, r odlu tri | phosphi ne s

n%éﬂnarﬁﬁdFéQ@n &Foh@ﬁs (£9HR4HF Qﬁuﬂ %hgect of the ‘e

invention is t rov t h orgs sel tlyely e g and
r ecove?*hﬁa%t?&oa?'ﬁﬁilﬁl aiﬂﬂb‘ﬁgsgr% 2‘3’ rﬂﬁ O abfrﬁ%{h %é ‘ng%? Qcat alyst
liquid, far_h for Iatr f_qlefin cont

- rhodi- uﬁﬁ??%¥§{‘ghb§ﬁ ﬁgn I g)?'t%f Pfdrt ﬁrp ‘F@%}r%%nce A hi gh boi l i ng
‘by- product 2 e has. enough .

. acti vrﬂ‘/ 7’%?0{1&% Egatﬁ%&{m nf}'l %tol osﬁcr :l?cdtlfoa IE pr esenf i'nventi on,

ot h§rEfri?é&:_g?éa."&ﬁsalﬁmﬂ%ﬁ ‘}?'flgﬂ'xots%lrrf‘é:%ﬁﬁ’lé&eﬁ 1RO e P! ex which .

S C ri'ses bringing an.extrac catalyst liquid f

' hydrogen atom ;s coordrnated are preclprtated .

An obJect of the 1nvent10n 1s to prov1de a.. o h b

' .method for commerc1a11y advantageously separatlng and |
d; 10 recoverlng a rhodlum tr1ary1phosph1ne complex contalned -

-;fg_;fln an . extracted catalyst 11qu1d for hydroformylatlon of |

.oleflns as .a modlfled rhodlum tr1ary1phosph1ne complex
'@_1n whlch a hydrogen atom 15 coordlnated o

| Another obJect of the 1nvent10n 1s to prov1de L
gqlsi;.a method for selectlvely separatlng and recoverlng a
:ifirhodlum-trlarylphosphlne complex from an extracted .
'.f?catalyst 11qu1d for hydroformylat1on of oleflns, contaln—' o !
ﬁfulng the rhodlum trlarylphosphlne complex, free trlaryl-"
h‘-phosphlne, and hlgh 50111ng by products, in the form of '
'fiZOQ"a.solld complex whlch has enough act1v1ty for the hydro-
| formylatlon reactlon L o

_ L The present 1nvent10n therefore, prov1des a _?
-method for the recovery of a rhodlum complex Wh1ch
comprlses brlnglng an extracted catalyst 11qu1d for R

'{-f25v hydroformylatlon of oleflns, contalnlng a rhodlum--
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25- hydrofornylatlon of ‘ol efi ns, contalnlng a rhodi um trlarylphosphine
, |nto contact with hydrogen in the, presence of an alcohol

conp];x

contidining 1 to 8 carbon at'ons and wat er a tenperature of {err] or.
"to crystallize out a. hydrogen atom coordinated rhodi um 5
- triaryl phosphi ne conplex, and separating the conplex thus- crystalllze ]
fromthe-extracted catal yst liquid. The present invention is directed
‘et hod for the recovery -of a rhodiumtriaryl phosphine conplex 10

extracted catal'yst liquid for hydroformylation of olefins as a hydrogen

hydri de,
sul f.at e,
cases,
into

exanpl e,

L

-at om.coor di na{fﬂagfﬁghuggh&hea%hm%%@hImecoceaﬂ@wmsel aGfdVSEdn in
cooﬁginatlng a hy en

Rhodi um t'ri aryh@hpsebbheeCoPhaxas codvinGdit@itbing I g vd r&wlsm ne as a
~ligand can be easily prepared from rhodi um conpounds, e.g. , rhodium.’

.r hodayembabhdewatbediatmaC aehpetatie IdPEINT v redss ead rhodi um
and triaryl phosphi nes by known conpl ex-forni ng met hods.

tomto the rRodi umtriaryl phosphi e conpl ex.

the rhoﬂysnamm&peuoutaadh&ﬂrogemlamﬂmﬂumnﬂﬂﬂnateﬂ1ﬂhndimmoduced
.reaction systemwhere they are formed into a conplex. Rhodi um

-conpoundsSmhuthlaamlphoaphdnencomplpmapamnd|snpaﬁaumm@pHdnescommlmwe
hydri do- -carbonyltris (triphenylphosphine)rhodium. rhodium

AN

lm_fls,j

':mfrhodlum.compounds,'e g., rhodlum hydrlde,.rhodlum hallde,{_'.

25

thus crystalllzed out from the. extracted catalyst llquld

The present 1nvent10n is dlrected to ‘a method

. d_for the recovery of a rhodlum trlarylphosphlne complex B
"~Ff100-_from an extracted catalyst 11qu1d for hydroformylatlon =
L -of oleflns as a hydrogen atom coordlnated rhodlum-'

;itrlarylphosphlne complex by select1ve1y coordlnatlnu a :d

:*5fﬁffhydrogen atom to the rhodlum trlarylphosphlne complex.

Rhodlum trlarylphosphlne complexes having the

trlarylphosphlne as a 11gand can. be ea511y prepared from o

lrhodlum carboxylate, rhodlum nltrate, and rhodlum.;n
- sulfate, and tr1arylphosph1nes by known complex formlng '
_fjmethods.' In some cases, the rhodlum compound and

20

tr1ary1phosph1ne can be 1ntroduced 1nto a. reactlon

system where they are formed 1nto a complex.

Rhodlum compounds whlch can be used in the

._preparatlon of complexes 1nc1ude for example hydrldo-
| carbonyltrls (trlphenylphosphlne)rhodlum, rhodlum

”dlcarbonylchlorlde, rhodlum nltrate, rhodlum trlchlorlde,'--

- from-an

In sone

for

o



25" dlcarbonylchlorlde rhodrunrnrtrate 'rhodlunrtrlchlorlde r hodi um

acetate nd rhodi um sul fate. - Trlagilphosphlnes whi ch can be used in'the

' 3 of. conpl exes ‘i ncl ude, - exanpl e, trlphenylphosphlne ‘
tri-p- @' phosphine, tri- mtolyl phosphine, trixylyl phOSphI ne,, and tri s(p-
5 eth enyl') phosphi ne. "The hydrofornylatron reaction is carrred out by

_1react|ng an olefin containing 2 to 20. carbon atons, such as a straight _
a-olefin, e.g., ethylene propyl.ene, ~1-but ene, -1- hexene and 1-octene, and

an ol efin havrng 10  the vinylidene structure,’ e g., isobutene, wth oxo

07 TR e SO P R S e PR TR BRI 1210 =
- Lhodi gyl ?agog%sqmg@ ﬁ?”ﬂl@ry%{’é‘ﬂ%atl‘ﬂSnCB?dEBthgxgs LU Tl of 1t

©-100 at nmosp pressure a enperature o
- - . Reagd,i t fqﬁ&gh §§g | gk bg - RyeLe 3hleOn reactron are
t hose O“flroérg%lx?‘ﬁlg eé\q/ersﬁs are apabl’e :(t).?' gl sso? F e set arting
mat er i ghg 314 LFIPHEIphAHE 'f@i?lﬂfaﬁ@sﬁuiﬁef%ﬁw %trlls -eaction, .do
- not react w-th the forned aTdeh and have borlrng poi nt's hi gher fhan :
- thgt okthya Exanples of..'such reaction’ sol vents i ncl ude
. .aromatic hy rocarbons benzene “tol uene, and xyl ene, saturated
: :allphatlc The hydroformylatlon reactlon is carrled out

':hby reactlng an olefln contalnlng 2 to 20 carbon atoms,
~ such as a stralght o olefln, e. g., ethylene propylene, S _ \/
1- butene, 1 hexene, and l octene, and an olefln hav1ng |
; ffloz_.the v1ny11dene structure, e g ’ 1sobutene Wlth oxo gas
.;con51st1ng of carbon monox1de and hydrogen (HZ/CO (molar
“ratlo) l/3uto 20/1) 1n a reactlon solvent 1n the
"ﬁﬁiﬁrpresence of the rhodlum trlarylphosphlne complex under L
'nal.the condltlons of a pressure of 1. to 100 atmospherlc .f
;f;rlsi:fpressure and a temperature of 50 to 200° R |

'“"kéReactlon solvents whlch can be used 1n the

'7’5_rfhydroformy1at1on reactlon are those organlc solvents i
B -fwhlch are capable of dlssolv1ng the start1ng materlals

| _h:and catalyst, are 1nert to the hydroformylatlon reactlon,_ S .

'il'éoi' do not react W1th the formed aldehyde, and have bOlllng o

. Npolnts hlgher than that of the formed aldehyde Examples

. of such reactlon solvents 1nc1ude aromatlc hydrocarbons,'

~.1__e g s’ benzene,_toluene, and xylene,'saturated a11phat1c-

| | hydrocarbons, e g5 heptane and decane, esters, e. g 5

| 25:;.butyl acetate, and hlgh b0111ng by products, e.g., a
.‘..':polycondensate of the formed aldehyde.

PR



':hydrocafbons e. g , hept ane’ and decane; esters, e.g., 25 : butyl acetate,
and: h%qh b0|I|ng by- products, ‘e.g., a polycondensate of the forned

:aldehyde The concentratlon of the rh |un}tr|arylphosph|ne conplex 'ﬁi
the reaction solvent. is usually several mlli- granms per liter ta seve

. hundred nilligrams. per liter as calculated as :a rhodiumatom . The -

:vtrlarylphosphlne 5 'as used as ‘a ligand is-present in the react|0n-solvent

in an.'excess anount of several nols.ta Several thousand nols per nol of the

. rhodi um conpl ex .in order. to increase.the stablllty of the catalyst.
- Al dehyde forned by the: ydrofornylatlon reac-
" recdavered fromthe catal c?#%ﬁﬂﬁFfﬁl%fr? thﬁ ﬁPP&lHﬁréﬁét 3PS

Lon is ar at ed and

di still-ation or like technique. The ¢ uid.is reused.,for
reac- tion eﬁﬂm31Qﬁ/¥ﬁﬂ{hf ?%ﬁﬁ&PQC?at h ?ﬁ ﬁEa}iXCFPXﬁrfdnyllgﬂ by
being recyclted to the rEA¢ the cataly zt I|qU|d is

oht hir s coRtATRoFaT, e i rﬁ%\f%ﬁ%fﬁmésﬁéem?i\agaaméaPsry Sterquid

{romthe reagl ALRYALARY MOTHYRISUBLENERh, ACRHIUERS 0D BhoBEALARO | g

e re gt

SR

by- product s ST 2ar anoun corresponc 0 the anoun a fresh=-

cat al yst gand fd fr‘i‘;%"é&rrdéré/ ']h%%)nq P%?Pé‘éé‘&taiﬁ tht EQ?E’ES%' Ehgvteﬂ%

reactlon system he .met I nvention I's app
L in an excess amount of several mols to several thousand

) mols per mol of the rhodlum complex in order to increase
,'F?ﬁi':-f _.the stablllty of the catalyst
| h ' Aldehyde formed by the hydroformylatlon reac-'
:Tfhldl"t1on 1s separated and recovered from the catalyst 11qu1d.
: ‘f;by str1pp1ng W1th unreacted gases, dlstlllatlon or 11ke
':*itechnlque.- The catalyst llquld 1s reused for the reac-_
‘h”5?;tlon elther by belng allowed to remaln in the reactlon
'”'lzone, or by be1ng recycled to the reactlon zone A part
";?15jf'°f the catalyst 11qu1d 1s w1thdrawn cont1nuously or .

";Q:Ejlntermlttently as an extracted catalyst llquld from the

A reactlon system 1n order to prevent accumulatlon of hlgh a

f-5750111ng by products In an amount correspondlng to the_

j.e:.n-f:h““* amount Wlthdrawn a fresh catalyst and fresh trlaryl-.

fZDl':phosphlne are 1ntroduced 1nto the reactlon system
-.-. The method of the 1nvent10n is anplled to the
,extracted catalyst 11qu1d thus obtalned from the reactlon
'vsystem When the extracted catalyst llquld contains a
_ large amount of reactlon solvent which is a- good solvent

._25 3 for the hydrogen atom-coordlnated rhodlum-trlarylphoaﬂune.



.. ‘extracted. catalyst l|qU|d t hus- obt ai-ned from the reaction system \Wen the

- extract egd™x -liquid contains a |-arge anount of .reaction sol vent mhlch

.25. for the drogen at omx coor di nat ed

~ rhodi unp} arylphosphlne - conpl &,. it is advantageous to apply the nethod
- of the Mwention after increasing the concentration of the
'_rhodlun}trlarylphosphlne conplex in the extracted catalyst liquid usually
to 10 ng/l, or nore, preferably:-5 100 ng/i- nore, and nost preferably
500 - mg/ |- or nore as. calculated as a rhodluntatont by renoving the sol vent

A'f h d b d |1
- for selets drt ot 4eT ll%%ﬁaaﬁs ﬁa by BH BRSR RS e o' S0 Cok
- 250C;

by r
abov

A e Rt S AL I e G
sda el %Bt%%?giln&te' B o e ence

of angal
_ hydrogen dtom coerdinated r

fd“ﬁ@ﬁail%otg l@lR%V2§mehd¥¥j‘ﬁ¥é¥efébFVeC|pltate a
odlun}trlarylphosphlne conpl ex.” Al cohdl s

- oont A0y g/ 4 6P Mo£d| bamaalnan pireifbeablys S00e mf/ My hdFe extract ed
‘catalyst liquid is 20 - brought .into contact. wi-th. -hydrogen i ncl ude nethyl

. 10

- as calculated as a rhodlum atom, by remov1ng the solvent

from the extracted catalyst 11qu1d by a known method

such.as d1st111atlon for example, dlstlllatlon under o "]\J

' the cond1t1ons of a. temperature of 50 to 250°C and a

-_pressure of 0 5 to 760 mmHg and,- furthermore, if de51red

a';by remov1ng a part of the hlgh b0111ng by products by

:p;ST-

' -ipresence of whlch the extracted catalyst 11qu1d 15'}J

20

W1th hydrogen in the presence of an alcohol contalnlng .

'h'l to 8 carbon atoms and water to precrpltate a hydrogen.

fﬁ “;f;; Alcohols contalnlng 1 to 8 carbon atoms in the

"the-same procedure as above

In accordance w1th the method of the 1nvent1on,

_the extracted catalyst 11qu1d is brought 1nto contact B

atom coordlnated rhodlum tr1ary1phosph1ne complex. o E N f o

lbrought 1nto contact wrth hydrogen 1nc1ude methyl
"alcohol, ethyl alcohol n-propyl alcohol,.lsopropyl
_-alcohol n- butyl alcohol, 1sobutyl alcohol,'amyl alcohol

hexyl alcohol heptyl alcohol, octyl alcohol, ethylene

. _glycol ethylene glycol monomethyl ether, ethylene clycol

monoethyl ether and glycerln. Preferred examples are
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~alcohols ethyl alcohol, n-propyl alcohol, 'iSOpropyI -al cohol , n-butyl

: alconpk ‘i sobutyl. al cohol .. anyl -al cohol’, F al cohol heptyl al cohol._,

- oct Wy, alcohol, ethylene egcoI ethylene g é%ol nDnonethyI et her, etﬂ?E%E},
" glycol 25 'nnnoethyl et'her, -and gl ycerin.  .Preferred exanples are - .
‘al cohol s.containing 1 to 4 carbon -atons, such-as methyl al cohol, ethyl

al cohol, n-propyl -al'cohel, tsopropyl alcohol n-butyl al cohol, isobutyl

al'cohol ; ethyl ene glycol nnnonethyl et her, and.ethylene gl ycol monoet hyl 5
et her.. These al cohol's may be used alone'or in conmbina- tion with each

ther. The t. the_al ing | d

ety bel hg. f’eéel}o?“ %%#%ﬁ%%‘tf"?a 47 SRePal, PRgbsensUel an Bt T

. ext t ed..cat f t Th S
i ght rat o Brofet e D RSFEaBLY 22edhod . sBBaBRT , S

I'l'y..0. 1/ 98 I Th ted

3332|y§t I|qU|d§75 %?ou |n?%fé§ﬁéfégh%g§?t&? %9 gr%de%tuﬁg%?%sﬁch _

. condi tions a%fﬁ@ilméﬁétwprétn@fl oanafeehweheg 1y@b2MnoAolethynodi um
-.trlarylphosphlne conpl ex. The condi t ons depend ?he processi ng

- tenperatwe, Wurerwedetare@horbvna?rbe hbea aaeﬁesslrngnceomﬂwforrred
usuatly under' such conditions . o :

| '_tlon w1th each other.,_d::. | |
. | The ‘total amount of the alcohol contalnlng 1
.Kg)”’_ - to 8 carbon atoms and water be1ng used is 'usually about
- 0. 1 or more times the welght of the extracted catalyst
Z:fjlo-"llquld and preferably about l to 50 times. The welght :
| 'i;ratlo of the water to the alcohol contalnlng 1 to 8. i
o carbon atoms is usually 0 1/99 9 or more and preferably:
"ﬁ_¥ﬂ1/99 to 40/60._ ,jp_j'~'f”':'_ | - : _: L B
: The extracted catalyst 11qu1d 1s brought 1nto"
1j5i1§;__contact w1th hydrogen under such condltlons as ‘to allow
.-'ijnfor coordlnatlon of a hydrogen atom to the rhodlum-:l'i
3f;k~;iiftl}¥Tntrlarylphosphlne complex.ﬂ The condltlons depend on the
RS 1 fproce551ng temperature, pressure and tlme However, thls d..
f-'; 3hnéih'“jyproce551ng can be performed usually under such cond1tlons
.;;:-20; that the carbonyl compound in- the extracted catalyst
| ' llquld 1s hydrogenated usually to 20% or less and prefer-
.ably to 10% or less ‘Most preferably,'lt 1s performed |
- under such mlld condltlons that the carbonyl compound 1n

:the extracted catalyst 11qu1d 1s not substantlally

'f 25 hydrogenated In partlcular, 1t is necessary for the

m we o tire Linems emiimmosiemm anomeme mososanl L os vine sgamem Jtenne e ge tems SUNeSIeemT AY.t SR fTRD 0SS Wl IR 0N See 00T T AT ok A



"~ 20. 'that the:carbohyl conpound ‘'in the. extracted catal yst: ITdurd'is.

,-hydro q ted usually to 20% or | ess 3Ed prefer- ably.to 10% or |ess. - Mbst .
,;pref-‘ y, it is performed under su mld conditions that the carbonyt
~conpodhd/i n-the extracted: catalyst liquid is not substantially, 25

- hydrogenated. 1n Jparticular, it is necessary for-the = processing
“tenperature to be ‘[err] or less. \Wen the processing tenperature is- nor e

- ‘than.[err], the degree of precipitation of the hydrogen at.om coordi nated
rhodi um trlarylphosphine conplex is greatly reduced, "and the 5 catalytic

_rtactivr <g éggﬁ#xﬁgméﬁ{pfﬁp%pt%aggd gks® gBea l & ed %ﬁi'%h% processi ng

-'vtenper ure s err] “an prefer oferr]. Thegﬁ
s I ypgly O. 1
L Eg?fg?ﬁ%&oﬁ sofrf% @%?% er abfyyﬁaege?ggﬁkbls?gr P]t%%s%eegréﬁe coht act tine

- during pay ithecfaa '€t €Rle CRyak¥gbn! a%mdcb%ﬁ%taeeae%a&fhﬁwdr ogen is

~usual | several m-nutes or nore. and preferably several mnutes to several

hour s. tAfitaafy rﬂmﬁmnelémhppax()ist?eeaﬂ geduwledy 2k twordi nated
"rhodi umtriaryl phosphi ne-conpl ex; t'he qurd tenperature is nmuch”

- | oger et atdiy tiowid t DFi theofotheeroplbx precipiftaited iid |gheather eased.

. The ‘hydrogen-to be used-in the present process-

reduced The proce551ng temperature is preferably 0 to.
9090 and most preferably 0 to 70 C. The processing
'_'pressure 1s, as a hydrogen part1a1 pressure, usually ' - | {;).
' 0 1 kg/cm G or more and preferably 1 to 100 kg/cm G. |
B -ib_ The contact t1me durlng wh1ch the. extracted catalyst
-f:_llqu1d is contacted w1th.hydrogen 1s usually several
'wmlnutes or more and preferably several mlnutes to"
fseveral hours. "_L_l . '_. _J' | e
After the prec1p1tat10n of the hydrogen atom-
15 ;gcoordlnated rhodlum trlarylphosphlne complex, if the-
: 'difllquld temperature 1s much 1owered the amount of the_
fhcomplex to he prec1p1tated w111 be 1ncreased
' | The hydrogen to be used in the present processe
"_1ng lS preferably a hlgh purlty hydrogen gas." However,
jthbJ- lt may contaln 1mpur1t1es such as methane and carbon |
o monox1de | - o |
N When the extracted catalyst llqu1d is brought
_1nto contact w1th hydrogen in "the presence of an alcohol-.
contalnlng 1 to 8 carbon atoms and water accordlng to the -
.25 ‘method of the 1nvent10n, the hydrogen is selectlvely

o
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~containing 1 to.8 carbon.atons. and water a

ing s preferably a hrgh purity hydrogen gas. However, 20 it may contain

i npur jLi es -such as nethane and carbon nonoxide. \Wen the extracted catzahyst

«liquitd.is brought. into contact wi'th hydro%ig in the presence of an aéggﬁpl
rding to the 25  nethod

the invention, the hydrogen is. selectively =~ added to the :

rhodlun}trlarylphosphlne conpl ex-contained in the liquid, resulting in the

“formati'on and preci-pita- tion- of the hydrogen atom coor di nat ed rhodi um
.triaryl phosphi ne conpl ex. 5 On ‘the ot her -hand, when the

_ d
bsmace of  AOdGY 50 MY 3 12?‘?’{‘%59*{*#9%9% 9fEhe e bpis 2agRat et

‘hydrogen is ngft %%Psﬂii@' |i/ sﬁ'PQ{IE’ r §h eehbNEQrhleion and Prec1 ita-

rhodrun}trrary e conp erefore, 10 even i f the alcohol

contai ni ng |ﬂrbﬂ3d¥”€KH‘K&drﬁc@mdaﬂ@ﬁeéo@rélﬁﬂdéﬂ rhea¢tua-af ter .the above
processing, the desired rhodlun}trlarylphosphlne conpl ex- i s not - precipi -

t at ed at aIItpﬂdﬁymgﬂbgﬁuaﬂgxﬁwmpBmkpf the reaction in the 15 met hod of
the invention is not clear, it is assumed that.the al cohol containing 1 to

8 carbon satons and. matdhlaﬁhmseﬂhmmrhamdsewhenasheoextsattedlsataﬂyshe
hydrogen atom -
11qu1d is brought into contact with hydrogen 1n the

: “absence of the alcohol contalnlng 1 to 8 carbon atoms
L ana water _the hydrogen is not substantlally 1ncorporated
1nto ‘the rhodlum trlarylphosphlne complex ‘Therefore,
-.lby; even 1f the alcohol conta1n1ng 1 to 8 carbon atoms and r;'
| 'mater are added thereto after the above proce551ng, the.
l de51red rhodlum trlarylphosphlne complex is not prec1p1-
htated at all . " ' o | e
Although the mechanlsn of the reactlon in. the o

15 '_method of the 1nventlon 1s not clear, 1t 1s assumed that

rthe alcohol conta1n1ng 1 to 8 carbon atoms and water as

d{ NI used hereln serve as poor solvents for the hydrogen atom-_

'Idcoordlnated rhodlum trlarylphosphlne complex and 51multa— -

e neously, have the effect of acceleratlng the. selectlve

:f 20 addltlon of hydrogen for the coord1nat1on of the hydrogen
| atom to the rhodlum trlarylphosphlne complex.-
_ _' ~.The hydrocen atom-coordlnated rhodlum-
':tr1arylphosph1ne complex wh1ch 1s prec1p1tated by the .
.above proce551ng is belleved to, have the follow1ng

25 chem1cal structure' o

e ) Ced e ara v ER e el ey g r—————,



: ,eoordinated rhodi um triaryl phosphi ne conplex and sinulta- neously, have the

~Eef f eft\of accel erating the sel ecti-vg?20 addi ti on of hydrogen for the

_coordinat i on .of .the hydrogen-atomtd the rhodi umtriaryl phosphine conplex -

~~ The Wdrogen .-at om coordi nat ed r hodi um triraryl phosphi ne conptex which is

- pretipitated by the above processing is believed to have the follow ng 25

'H“chentcal structure: - HRhCC{err] (S). (mhereln Jerr] .is triaryl phosphine, n

| ""'.1?V"t1on catalyst ”Ti-ffi{f*i':f"ﬁ':ff fﬁ-hhtffif ~_h' T !

"is an integer-of 2 or 3, and Sis a solvent). = In sone cases, the solvent
~(S) is not contained. The thus preC|p|tated hydrogen aton}coordlnated

rhodlun}trtarylpﬁ@ﬁg@bgﬁR ? E S subjected t-0o sol.id- liquid separation-,
by. usual :sqlid-[iqui parat I'0 techni ques, such as centrifugal -t

“filtration,. centrifugal separatlon ~and filtration under pressure, whereby
‘the 10 des|red rhodlun}trlarylphosphlne conpl ex i.s separated and

. recovetnﬁ}]ereﬂibeptb%dwg@flat?mbﬁeebﬁmet e RO tdde Y Hhpsphi ne -

conpl ex” thus-recovered has. enhough cata ytic activity to performthe.
hydr of s34 atdp, s anél 4 hes ehene) .as IaUeBmel lca®@® baHee @l wsht 0 the hydro-

15 _fornylatlon reactijon zone and reused as . a. hydrofornyla- tion catalyst
(8) is not’ contalned '_~ e .__ - _
'ffs[ . '_ " The thus prec1p1tated hydrogen atom coordlnated |
:*ﬁrhodlum trlarylphosphlne complex 1s subJected to solldJ |
.llquld separatlon by usual solld 11qu1d separatlon _'-t' O\

1techn1ques, such as centrlfugal flltratlon, centrlfugal'

"'5separat10n and flltratlon under pressure whereby the

::fgﬁldd_ desrred rhodlum tr1ary1phosph1ne complex is separated

-":and recovered The hydrogen atom- coordlnated rhodlum-
':fﬂtr1ary1phosph1ne complex thus recovered has enough
'*';hfcatalytlc act1v1ty to perform the hydroformylatlon, and

'”71{therefore, as such :1t can be recycled to the hydro---'

:;;g;lSQZJformylatlon reactlon zone and reused as a hydroformyla-'

Some of the maJor advantages of the 1nvent10nf

':i*are as follows.;.fff”hf"y“r" iﬁ

_”7';fl) A rhodlum complex can. be eff1c1ent1y
f20 k&ecovered from an extracted catalyst 11qu1d for hydro-
.l formylatlon of oleflns by a 51mp11f1ed procedure.
(2) The rhodlum complex thus recovered has
zenouéh act1v1ty for the hydroformylatlon reactlon and '
does not substantlally contaln 1mpur1t1es Wthh are not

25" Hde51rab1e for the hydroformylatlon reactlon._

e
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Sone of..the major advantages of the |nvent|on are as foll ows: (1) A
conpl ex can be efficiently 20 13?yered froman extracted
l'i quid:for hydro-- fornylatlon of e
(2) ...The rhodrunrconprex t hus- recovered has enough activity
-the hydrofornylatron reaction, and does not substantially contain

_ rhodl;up
-cat alyyst
procedur é.

fins by a sinplified

I-npurities. which are not .25 - ‘desirable for the hydr of or nyl ati on react

(3) .

As ‘such,

therefore, the recovered T hodi um conpl ex can be recycl ed

f “the reaction zone for t he hydrofornylatron reaction and reused therein.
. Thus,

5 ~al though.

Y

ERARY T RN

the et hod -of th a | n
Gl S R eEyre, | chEOpeCOUIREd Shoksh

foI*@mrng exanpl es are

theompiNt icdh ite NEcy ¢ T8d €l t 106 €+0ac EXGWPEEne 1£48- the

nvention. I n-greater et

From an extracted catal yst liquid for the hydrofornylation of propylene

“whi ch rhodi u
.conpound -and a triaryl phosphine, respectively, was renoved the reaction

fdenyangt idn pRedyd Ihosaid neebs @ thedeasi.a rhodi um

I on.
to

The
aH

in

sol vent by dlstlIIatlchHus;ﬂﬁhermethﬂdloflfhe iﬁseﬂﬂéohlhasdah&eryg the

-

3

_follomnng conposi-tion. -

h1gh commerc1al value.

The fOllOWlng examples are glven to 111ustrate '

- the 1nventlon in- greater detall although the 1nvent10n

'15 not 11m1ted thereto..

EXAMPLE 1

From an extracted catalyst 11qu1d for the

:}ffhydroformylatlon of propylene 1n whlch rhodlum acetate

:?and trlphenylphosphlne were used as a rhod1um compound

O :and a trlarylphosphlne, respectlvely, was removed the

'reactlon solvent by dlst111at10n to obtaln a st111

15,

20

're51due 11qu1d hav1ng the follow1ng comp051tlon.z,g,"

A mlxture of 40 g of the- Stlll re51due liquid

and 240 g of a mlxed solvent of ethyl- alcohol and water

'fwiLRhodlum complex (as calculated ﬁih’ 858 mg/z .:_h}f
:as.a rhodium atom) . ... szlf;q_ .-' :
,i:TrlphenYlphosphlne.TT'lfllfii;:?r:g-' 12% by welght
'*fldTrlphenylphosphlne ox1de:h'i h;-_hh o 8% by we1ght a
.*ieﬂlgh.b0111ng by products-'- ':'f i :; 80% bY welght o

(80/20 by welght) was placed in a 400-m2 autoclave equip-

ped W1th a magnetlc stlrrer 1n an 1nert gas atmosphere,'

and the autoclave was - closed up tlght. Then hydrogen
gas was 1ntroduced therelnto under pressure ‘at a temper—

—_y




Rhodfun1conplex (as cal cul ated 850 ng/l as a rhodlun1aton)

o Iriph phosphi ne 12% by wei ght. Trlphenylphosphlne
{ QdeéiE%L ) 8@6by melght ﬁsgh boi‘li ng by-products
80% ight 20 - . - ;A mixture of: 40 g-of the still resi due

3_-I|qU|d and 240 g of a n1xed sol vent "of ethyl -al cohol and water (80/20 by

“wei.ght)’ was ‘placed .in a 400 ml autoclave equi p-. ped with a magnetic stirrer
~.in an inert .gas- -atnosphere, and the autoclave was cl osed up tight. Then,
{;hydrogen 25, gas was i ntroduced thereinto under pressure' at a tenper-

" at fo d 20 -
. ature- Qi:&k- ‘B‘O Ithmg'r Oggﬁncf‘dtéfaté's‘@ﬂ-'f‘in% ﬁﬂ?lﬂ“ﬁﬁé“"ﬁ?g%@%‘%@e

kgl [err reatment to contact the r |umcomﬂeX\Mth\J

*-.hydrog of r & hylibgeAPL PLALALAY ke cBhesEy € at that
g X M e g e g 1

~.a”d '”Eﬁ@'%h%ﬂiuﬂ'B%mﬁmﬁﬁxyﬂtﬁﬁﬁydﬁ@gﬁwrﬂﬁg peFBgriiedt ¥oe Was subjected to
~.solid-liquid separation by usual “filtration under pressure. The anmpunt of

the’ t higuirec ahdned midiotidinidy tkenprexswps aeashaedyadnd.it Asas found
that.a rate of recovery of the rhodi um conplex was 92% as cal cul ated as a.

~ r’hedi uthat emnd o@&lﬂlmpmmmmmmmre nhsw&dwehaﬂ fter |0]°Cto [err]
- al dehydes': remai ning-in.the'still residue-
o and 1mmed1ate1y, the hydrogen gas was purged ~ The
h mlxture was subJected to SOlld 11qu1d separatlon by
-~-usua1 f11trat1on under pressure h h_‘- f- L - o QJ
. . The amount of the thus recovered rhod1um | |
':ﬁlb';.complex was measured and 1t was found that .a rate of
fihrecovery of the rhodlum complex was 92% as calculated o
asa rhodlum atom.f Gas chromatographlc ana1y51s showed- :
' f:ithat C5 to Cls'aldehydes rema1n1ng in the st111 re51due
; "11qu1d, such as 2- ethyl hexanal were not substantlally"'
g-_le'frhydrogenated by the hydrogen treatment. “
s p.f”h__‘ A part of the recovered rhodlum complex was.
= Twashed several tlmes w1th 50 ml of ethyl alcohol and _H'f | _ S i
'n“lfﬁﬁévacuum drled at a room temperature.; Elemental ana1y51s_.? o
- _'rh_of the rhodlum complex showed that 1t contalned 11% by E;h | ._-h .
"?;pr; welght of rhodlum and 10% by welght of phosphorus. In .
o an 1nfrared absorptlon spectrum as determ1ned by the
”"nuJol method there were observed strong bands in the N

-1 -1

'v1c1n1ty of 2040 cm , and 780 cm "y whlch.were belleved_..

to result from the Rh H bond and a strong band 1n tne .

iL:'Zs_fiv1c1n1ty of 1920 cm -1 wh1ch was be11eved to result from__



I|qU|d such as 2-ethyl hexanal, were not substantially 15 hydr ogenat ed

- by tpe\hydrogen t'reat ment. A‘part of the recovered. rhodlun1conplex Was
. washed- several tinges - with 50 m  of et hyl @ cohol and -.-. vacuum dri ed a%
roomterrper ature.- Elenental analysis of ‘the rhodium corrpl ex- showed t

_i't ‘contained 11% by 20 wei.ght of. rhodi um and 10% by ‘wei ght . of phosphor us.

. I'n an-infrared absorption spectrunlas determ ned by. the nujol nethod.

‘there were observed strong bands:in the vicinity of. 2040 [err] and . 780
[err], which were-believed: to result fromthe Rh-H bond,” and a strong band -

_:?R"ito?)eb(z)ﬁd )a?‘%ug}‘t &P &/gg%fz Hatc{lﬁyvassr#)o ﬂf\c/ﬁaab off% Smhs%ég?rumthe
agreed SUPSL ggLERpRoH Chelhal .3@%&%%51 Se A pind o a O the
obLaned nousptanRosIoel Tl ) IUIITOh FpLe: Sonlaaite

- Exanpl e 1 waéfpehé%nath t ] ¢t e sereantd i thadt aHed Xith $0h PSPl e 0 N
i sopropyl- al cohol..and vat er: (80/20. by wei ght)- was used in place of the

i xed sovenhsobbehlivkdalabehe! ward c\@tpe'sedThxfair:ﬂ)e of 4 e@dm‘;%l!n@frepre-
therhodlun1c0nplex was . 91%.-and .-

sented by the formula HRhCO[P(_C6H5)3]3
] S B EXAMPLE 2
. Ka/'..tf 3'h_'-'- The same hydrogen treatment as’ in Example 1

'dwas performed w1th the exceptlon that a mlxed solvent of
..fcflq’lhlsopropyl alcohol and water (80/20 by welght) was used
"fldln place of the mlxed solvent of ethyl alcohol and water
i:*t The rate of recovery of the rhodlum complex was 91%, and
'U*}ﬁffcs to C15 aldehydes remalnlng in the st111 resldue_
ﬁ-dllqu1d, such as. 2-ethy1 hexanal were not - substantlally
'-f;ISH:shydrogenated at all Infrared analy515 showed the same
""‘-._--":.'-_-:._"_':f’results as for Example 1 ,"'-'.~:'- PR .

EXAMPLE 3

[ .The ‘Same hydrogen treatment as in Example 1 was h;
e J-perfOrmed w1th the exceptlon that 2 mlxed solvent of
jl'?..()'..'.":ethyl alcohol and water C99 82/0 18 by welght) was used
| :'-1n place of the mlxed solvent of ethyl alcohol and water o
_(80/20 by welght) The rate of recovery of the rhodlum' |
| 1complex was 7q3, anduC to Cld alddnﬁbs remalnlng in the-
X ;Stlll re51due 11qu1d, such as 2 ethyl hexanal ‘were not
'“:r25h17substant1ally hydrogenated at all. Infrared ana1y51s
. flshowed the same results as for Example 1. S

s
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ferr] to [err] al dehydes renalnlng i n the st|II resi due I|qU|d such as
- ethyl=texanal , were not substantlally 15 hydrogenated at all. ’I'nfrared
iranaly§g§§shomed the same results as. f£7 Exanple 1. EXAMPLE 3 The sane ;
~hydr og treatnent. as.in Exanple 1 was#perfornmed with the exception that a.
}n1xed solvent of 20 ethyl alcohol. and water (99.82/0.18 by. weight) was
" .used i'n place of the mxed sol vent- of ethyl -al cohol and water (80/20 by
_wei ght). The rate -of .recovery of -the rhodi um conpl ex was 70% , and [err] to

- [err]. aldehydes renalnlng in the still residue liquid, such as 2-ethyl
. hexanal.,. .were-not 25 - substanua%xAMpwgrogenated at all. Infrared N
q;analy3|s showed- the sane results as—ftor Exanple 1. EXAMPLE 4 The. san&g

- _hydrogen :treat nentrhas slam@W@gdn Vese PENERE NBE Tht Bxbiglexgeption that a
-"mi-xed " sol vent  of et.hyl ene gl'ycol " nonoet hyl ether - and water (80/20 by 5

wei ght ) wees pesed rime dohdiash afhd hexdepetbs otlvent aohigelyboaleakobfand wat er.
- The rate of recovery of -the rhodi-um caonplex was 71% and [err] to [err]

iLaIdehydeshy&eaemgﬂyodi1mmnanthylremhetmnndqwaﬂersﬂeb/aﬁ Byet hyl hexanal.
“were not substantially hydrogenated at all’. . Infrared analysis - 10
..shoﬂ/ed weegha:aewraesmstesi dq frtiracﬁmfrpﬂee 1m1xed solvent of ethyl
- -.'alcohol and water.; The rate of recovery of the rhodlum
efrcomplex was 71%, and C5 to C15 aldehydes rema1n1ng in
"j_the st111 re51due 11qu1d, ‘such as 2- ethyl hexanal were : QJ
‘j}:not substantlally hydrogenated at-all. Infrared analysrs
“f=1dl" showed the same results as for. Examnle 1._ - |

L
B

EXAMPLE 5

| The same hydrogen treatment as 1n Example 1
. 'mwas performed w1th the exceptlon that the treatment
'li:ff'temperature was, changed to 60°C.. The rate “of recoverf
I ;p;of'the rhodlum complex was 90%,'and C5 to Cls aldehydes :

%;f;remalnlng 1n the Stlll re51due 11qu1d such.as Z ethyl

: ﬂf‘hexanal were not substantlally hydrogenated at-all. R >
Mﬁfﬁfflnfrared ana1y51s showed the same results as for Bxample |

::-:'-ﬂf~;' - The same hydrogen treatment as in Example 1

o was performed w1th the exceptlon that 384 g of the mlxed _
. solvent was, used in place of 240 g of the mlxed solvent

--J-and that the treatment temperature was changed to 80°cC.

'fi;és'h_The rate of recovery of the rhodlum complex was 58%: and

T T e g e
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EXAVPLE 5 The sane’ hydrogen treatnent as in Exanple 1 mes -performed with

t he exoeptron that the treatnent - tenperature
kecovery 15 ~.of_the rhodi um conpl ex was 9
aldehydes remai ni-ng in‘the still residue [i
‘were not substantially hydrogenated at aII ﬁ#

sane results as for

Exanpl e 20 °

was changed:to [err].
096 and [err] to [err]
such as' 2-ethyl
red analysrs showed t he

© EXAMPLE 6 The

nfra

The raiﬁ -
hexanal (S :

same hydrogen treatment as in Exanple 1 -was perforned with the exception
that 384 :g of the m xed solvent was used in place of 240 g of the nrxed

_ sorwent ‘and
" rates of reco
-renarnrng |n
subst anti al't
results -as. f

ha d
Sér& o}

Eum e ﬁl‘ﬁ%@ﬂéﬁsﬁﬁwgfﬁt BeSE0E 5 o deny

| X t t
VOIS SutE PO GO heRiEl o uer € N DENatahriuRs 1o
SydpsEada & aﬁAN%EfrirJ&eaﬁawsbydgﬂeﬁedt £R8! §BRL as in

Exanpl e 1 was performed w.th-the -exception that a m xed solvent of methyl

al cohol - and
of ethyl alc
_ conplex sas

10

' 6’50_/q

.'”:[*hydrogenated at a11
-'3jhresu1ts as for Example 1

ST & ;1f-iég;;ff-:gw'

walseil tSBH sl Fdwy Fedmite Mwas used in _place of the mxed sol vent
ohol and water. 10 ~ The rate of recovery of t he rhodrum
and ' B EXAMPLE 7 : : -

L The same hydrogen treatment as 1n Example 1

was performed w1th the exceptlon that a m1xed solvent of

'methyl alcohol and water (83/17 by welght) was used in
“place of the mlxed solvent of ethyl alcohol and water.
_ The rate of recovery of the rhodlum complex was 65%, and
";i.Cs to CIS aldehydes remalnrng 1n the Stlll resrdue ' |

-11qu1d, such.as 2 ethyl hexanal were not substantlally

Infrared analy51s showed the same.

EXAMPLE 8

.WﬁiiThe same hydrogen treatment as in Example 1 .ff’t

?51i°was performed w1th the exceptlon that a’ mlxed solvent of-

| -propyl alcohol and water (83/17 by welght) was used .

'1n place of the mrxed solvent of ethyl alcohol and water. h

The rate of recovery of the rhodlum complex was 63%, and -

.,."C5 to C15 aldehydes rema1n1ng in ‘the still re51due

'llquld, such as Z- ethyl hexanal were not substantlally

'd:hydrogenated at a11~

.results as for Example 1._"

Infrared ana1y515 showed ‘the same

LI S — S e e g

- The :
des

A o e Setrmes: e—



‘€5 to Cl5 aldehydes renalnlng in t he still re5|due I|qU|d such as 2- ethyl

a\hexana, ~yer e not - substantlally hydrogenated at" all. Infrared anaIyS|s
-showed~Te) sarre resul'ts as for Exanple 1.. 15 -

EXAVMPLE8 /The same hydrogen treatnent: as in Exanple 1 was performed with

. the éexteftion that a m xed salvent ogan propyl .al cohol and water (83/17 by
_'melght) was used-in place of the ni xed—sol vent of ethyl alcohol and water.

©.. 20 ~The rate of - recovery of the. rhodi um conpl ex was 63% and [err] to
‘[err] -al dehydes remainiing in the still residue liquid, such as 2-ethyl

.. hexanal , were not substant¢gupXrRRYEVEOERAMPEEAt 18l 1. Infrared analysis .,

“.showed. t he. same. resul.ts as—for Exanpe I COVPARATI VE EXAMPLE 1 The '

~same ‘hydrogen -t | epeTesimeshy Br&¥@ADt ee dtwes tpakf anmEkanple tthe exception
that the treatment tenperature was changed.to [err]. The rate of recovery

5  of wade pdifitied onptlexth@serobyt16f0 tREEERRNCE re¥AMent 1 In this
exanple, the activity of “the recovered rhodi um conpl exes for the :
~ hydr of wrempeatd torofwad efianged tesl@d°C.10The rate ofEaehamerymarhodlum :
conplexes (not yet washed - - _ -
.5 of the rhodlum complex was only 10%.

REFERENCE EXAMPLE l

Co In thls example the act1v1ty of the recovered
"'rhodlum complexes for the hydroformylatlon of olefln - '_. iJ_
Ef. _was tested. T o | o
lp'lloJ;dpgﬁ.;df;; Bach of the rhodlum complexes (not yet washed
o i;iw1th ethyl alcohol) recovered 1n Examples 1 and 3 and
i-Comparatlve Bxample 1 was dlssolved in a toluene solutlon
.'u.contalnlng 10% by Welght of trlphenylphosphlne 1n an '
- jamount (as calculated as a rhodlum atom) of 100 mg/2 to
ISiE prepare a catalyst solutlon. Usrng the thus-prepared
-ii.ﬂiicatalyst solutlon, the hydroformylatlon of propylene wasl.i
.??performed The conver51on of propylene, the apparent
.ipitrate constant, and the select1v1ty of butyraldehyde were
H;idetermlned for each hydroformylatlon reactlon.l“_'“
.”7r2075t:*{T.f- . For comparlson, ‘the hydroformylatlon of
| -'propylene was’ performed under the same condltlons as
'above by the use of hydrldocarbonyltrls(trlphenyl-
phosphrne)rhodlum whlch had been prepared from rhodlum

'f_trlchlor1de (RhCzS-SH'O) by a convent10nal procedure.




wi.t h -et hyl aIcohoI) recovered in Exanples 1 and 3, and Conparative Exanple
1 mazhdrssolved .in a toluene sol ution containing 10% by wei ght. of -
“triphenyl phosphine in .an anpunt (as calculated as ‘a rhodi um aton) of 100
ng/ | to 15.  prepare a-catal yst solution. Lbrng t he t hus--prepared cat \
sol ution, the: hydr of or nyl ati-on" of . propylene was_perforned. The convers
- of propylene thé apparent -rate constant, .and -tAde selectivity of
but yral dehyde ver e determ ned for each. hydrofornylatron reaction. 20

For conpari.son, the hydroformyl ati on of propyl ene was perforned under the -
sape conditions as abo fgyhfi | Y- [ e
phdsphrne)rhodlunrmhrcﬁgﬁggnﬁggh preparedaérgﬁféﬁgg?uﬁ%%r?%%?%??dgﬁkerr] by -
a conventronag HoQaQMsre. . - The hydrofornyl ation reaction was carried out. -
as follows: A 200-m .autocl ave equipped with a magnetic stirrer was charged
with 50 . m- of the cat aIAys?.toosqlmtamélav@rel? @fw:ptlopalﬂagnetﬁcm xed gas -
of "hydrogen and carbon ronoxi de (-oxo gas = err?e = 1/1 by nol) was
i ntroduced- i stdrresr alasoclmrgaddertiprB®sng eofitthet eapelpstr sodhitfenr], apd
the reaction was started while 2 .maintai-ning the reaction pressure at 50 )
kg/can.S | nand. 10 g of propylene. A m1xe gas, of hydrogen and .

.carbon monox1de (oxo gas E HZICO 1/1 by mol)'was';
' 1ntroduced into the autoclave under pressure at a _
N - temperature of 120° C and ‘the reactlon was started ‘while

'f-.malntalnlng the reactlon pressure at 50 kg/cm2

G. In
;:lOJQ order to malntaln the pressure at that value durlng
'h‘l_the reactlon, the autoclave was connected to a hlgh
:rfyypressure 6X0 gas holder through a pressure controller
ltand a fresh oxo oas was supplled therelnto in an amount f
'correspondlng to the amount of the 0x0" gas consumed

';;ﬁlsu:-After three hours, the autoclave was quenched and the

'"¥re51dua1 propylene and formed butyraldehyde 1n gas. and-.

fl”fifllquld phases were determlned by gas chromatography
'"ﬁr;The apparent flrst-order rate constant was determlned o
| ..by the curve of reductlon 1n the 0X0 gas pressure 1n

”2_f20f"the hlgh pressure gas holder. .

' The results are shown in Table 1
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esponding to t

10 " order to maintain the pressure at t hat val ue during the.reacfiqn, t he
' clave was. connected to a- high pressure oxo gas hol der through a :
e controller and a fresh oxo gas was supplied thereinto in an anount

he anount of the ox®|gas consuned. 15 After three hours,

the\awuf ocl-ave was quenched, and the residual propyl ene and forned
butyral dehyde in gas and |iquid phases were determ ned by gas

chromat ogr a hg_Thé'apparent-firstJOrdef_rate'constant'mas-deternined.by t he
curve of r ugtigy in, the oxo gas pressure in 20. the high pressure gas
hol'der .. TheEt@sitls axe shown in Table 1...". [err] It can be seen fﬁ§h1
. :the.resul t-sgsgcﬁ‘mﬁ; i n%’abl_e | tha®the rhodiumconplex recovered by the =~
et hod of tgpgﬂggﬁnthgn h& enough activity for the hydrofornyl ation of _
.. ol efins, doeSﬁ@@q:sub%tantialIy,5; contain inpurities which are harnful for
.the "hydro- Ebﬁhyhati@n reaction, ‘and therefore, can be reused, as such, in
~ the hydrofoﬁhﬁla??on reaction with the desired conversion and selectivity,
“and rate of & : _ . T , .- .
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reactlon 10 J"'.' - _Wile the i nvention. has been descrlbed in detail

and wi reference to speC|f|c enbodlnents thesgeof , it will be apparent to
one skil'led in the art’ . that vari.ous changes and nDdlflcatlons can be nm
thereln wit hout departlng fromthe. .~~~ 'scope 15 thereof. CLAI

~.1.- A nethod for. the réecovery. of a rhodluntconplex whi ch conprises bringi
an extracted: catalyst li-qui-d for. hydroformyl ation of olefin, said liquid

containing a rhodi um ¢onplex contalnlng therein'triaryl- 5 phosphine as a
li'gand, into contact w th-hydrogen in the presence of an al cohol containing

1 to '8 carbon atons -andItaten be 3eceanfaion WHe Gfeditlitd sHowESH t O preci pi -

-tateaa hydr.ogen: at-om.coor di nat.ed- rhodiumtriaryl phosphi ne conplex and-
‘separating t hEablecipthatethehstiodiuml @ ompiesamsquvaam e, agi@! ex fromthe

liquid. 2. The nethod.as clained in Caim1l, wherein the t'riaryl phosphi ne -
is trlphenylpﬂﬁ§bﬁﬂn@f she inwenstbodhas emmughjaatﬂiumynfbxwtﬁh wher i n

t he al cohol con ing 1-to 8 carbon atonms.is an al cohol containing 1 to 4
car bon at ons. hﬁ rof Emﬁéﬁﬁéﬂas@ﬁapﬁﬁélnﬁ,aﬂ@e@fn@tmsubsmantlally P

5 _contaln 1mpur1t1es whlch are harmful for the hydro-
.'dformylatlon reactlon, and therefore, can be reused
" as such, in the hydroformylatlon reactlon with the
AL - _de51red conver51on and select1v1ty, and rate of
'reactlon.n | | - |
5fT;0. L ,_5_1 Whlle the 1nvent10n has been descrlbed in
'.;detall and Wlth reference to spec1f1c embodlments
'f°1thereof 1t w111 be apparent to one skllled 1n the.art.l .
-lf;that varlous changes and modlflcatlons can. be made -
d{thereln W1thout departlng from the f;i'Lf' - scopel-“".;

&.d15 “;thereof ;_;¢7T-
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40 3, wherein the extracted.catalyst liquidis: contacted W th hydrogen at a
tenperature of O-to.[err]. 5. The nngod accordi.ng to clalntl

antially as hereinbefore descrihed in any one 0 es 1 to 8. 6.:A
m conpl ex when recovered by a nethod as-. cI any pre ing
) " The text of the speci fication has been rep QME opyi ng
~the appllcants origi nal - typescript. ‘It may cont &l ne nts :

“which are difficult to read. The orlglnal typescri pt contalnan*these
-anendnents can be |nspected on the prem ses of the Patent Ofice
oo , : ' CLAIMS ' _ _

dlil._ A method for the recovery of a rhodlum EJ
: complex which compr1ses br1ng1ng an extracted catalyst
' llquld for hydroformylatlon of olefln, said liquid .
: ;conta1n1ng a rhodlum complex contalnlng therein tr1ary1-
'rlo- phosphlne as a llgand, into contact w1th hydrogen in the |
-h'presence of an alcohol conta1n1ng 1 to 8 carbon atoms
and water at a temperature of 95°C or 1ess to prec1p1—. L - \J.
_-tate a hydrogen atom coordlnated rhodlum trlarylphOﬂjune |
'_dcomplex, and’ separatlng the prec1p1tated rhodlum-
-;rhldt_,trlarylphosphlne complex from the 11qu1d | |
B 2._ The method as clalmed in- Clalm 1 Whereln
tthe trlarylphosphlne 1s trlphenylphosphlne.;:e*
" ”' 3. The method as clalmed in Clalm 1 or 2

}whereln the alcohol contalnlng 1 to 8 carbon atoms is

ﬂruyfan alcohol contalnlng-l to 4 carbon atoms.:c

4.f The method as clalmed 1n any of Clalms 1
~.to. 3 -whereln the extracted catalyst 11qu1d 1s contacted o tf

'd'W1th hydrogen at a temperature of 0 to 90° C._ _

i 5. The method according to claim T, substantlally
as herelnhefore described in any one of Examples 1 to 8.

6 A rhodlum complex when recovered by a method
as- claimed in any preced1ng clalm. '

__ﬁ ST

text of tho lpodﬁ.cl.‘u.cn has been :op:cdmod by photocopyus th.o applicnts eﬁ.gtm.l'.
g;umw. It may contain a fev amendments which are difficult to read. The original

typuc:ipt containing thnc anendments may be i.upoctcd. ocn the pcui.ln of the ‘Patent o:na. '




