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This invéntion-:elateé £to the oxo process énd, in
~ particular, to éhe'cétalyst chie of the oxo process.
That is, it relates to a_methéd for removing metal-
containing catalyst residuas, forjexample, cobalt-
. containing residues, from'crude'oxo'prOAucts and
recayeriné therefronm datalyst residues in a form suitabie
for recycle to the oxo raaction. |

oxo réacﬁiéns (also:reterréd to as hydrofbrmylat;qn
reactions) involve the preparation of_oxygeﬁated qrgahic{
compounds by the reaﬁtibﬁ'of a cgrbdn monoxide gnd
hyd;ogen mixturei(“Syn gas") with carbon compoundé
__containiﬁg olefinic unsaturation. The'reaction'is
performed in the presencé_of'a hydroformylation catalyst-
and.reéulté in the formation of a compound{_for_exaﬁple,
an aldehyde,'which has one more carbon atom in its
molecular structure than the starting olefinic feedstock.
=Byiﬁay of example, higher alcohols.may be produced by

hydroforrylatzon of commerc1a1 Cs Lo C olefin fracticns

12

to a c, to C,4 aldehyde- contaxning oxonation product,

6
which on hydrogenation and distillation yields the
corresponding alcohol. The crude product qf the
hydroformylation reactiodlwili contain catalyst,
aldehydes, alcohols, unreacted feedstock, syn gas and by-

'products.

Before further processing of the crude product is

This Sheet Has Been Rep lacea
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poosibie, it is neoossary to.:emovo the cataiyst thero-
'froq. Oone conventiooal ﬁethod_of removing cobalt values
.(cnatlis, coba}t in any ono of its possible oxidation
'states) from sﬁch a-cruda product is to éreat tpe product
'with an alkali or acid wash technique, however, this
uses expensive raw materials and, moreover, it is -
difficult to remove ossantially all traces of cobalt froﬁ
 the resulting Qate: wash streans before those may be'dis?
ohargéd into waterICourses.' Another such conventlonal
method involves the oxidation of the cobalt catalytic
species followad by extraction as a Balt in aoueous
” solution. |

U. s..Patent'No. 3725534 dooorioeo a.method.for
recoVery of cobalt values from crude oxo product in
whlch the lxquad oxo produot contain;ng substantially all
the cobalt values in the torm of dissolved cobalt
compoundS-as mixed with an aqueous acid, the cobalt
materials being convoéﬁed to water-soluble saits of the
acid. Afte: it has beeh:oombineo with a promotor, for
exampie, an alkali or aikaIine earth metal salt of a weak
"acid, the.separated aqueous phase is introdaced into'a_
preformér contaiﬁing a preforming catalysﬁ, for example,
: a noble metal catalysﬁ. The_ettluentaio.then treated, -
praferaoly:with'a'otrong mineral acid, to oonvert:oomplex
‘cobalt carbonyl compounds to volatile hydrocobalt
carbonyl, which is stripped out of the acidified

effluent by an inert gas'or:syn gas, absorbed in an
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érganic eolvent and feduuo'thejqxena;ion'feactor,'
In DE-A-2244373 and U.S. ‘Patent Ko. 395768_4, there

are described nethede in which agueocus sblutions of

_ obalt salLs are treated w;th syn gas in the presence of
'.a substantially immiscxble organic so’vent containing
"cobalt carbonyl and/or hydrocoba;t carbonyl under
. eonditione ensuring turbulen;lfiow; The preferred
f.solvent is n-butanol. | | |
- - In GB~A-2055371 there is described a two-staqe
| o method for recovering cobalt from an oxo product, the
first stage comprlszng contacting the oxo product thh an
agqueous cobalt salt To form a CD[CO(CO) ]?-containing
product which is recycled via a preformer to the oxo
reactor, and completing removal of cobalt in a second
'stage usxng oxygen and an aqueous acid, the aqueous
reaction product bezng used as the- aqueous cobalt ‘salt in
the flrst stage. 7reform1ng may be affected in the '
presence of syn gas and an orqanlc solvent.

| In U.S. Patent No. 4625067 there is dlsclosed &
method of :enoving cobalt values from the crude product
of a cobalt-catalyeed”hydroformylation reaction by
conﬁacting the crude prcduut wiuh a stream of stfipping'
gas to entrain volatile cobalt compounds, said contacting
ebelng performed in the ptesence of water or an aqueous
- acid to dissolve those cobalt-values:not entrained in the

gas unQet the conditions of temperature:and pressure

- enployed for said cbntaCting, the aqueous_phase sub-__
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'.sequently being separated from the.o;qanic'hydroformyla-
_tion reaction product. The separated cobalt-containinq

aqueous phase is concentrated in a flash unit and the

concentrate recycled either dxrectly to the oxo reactor

or passed to a preformer unit where volatlle cobalt

'ca*bonyls are removed by means of a fiow of gas, prefer-:
: ably syn gas, injected into the product leaving the oxo -
-_reactor'and recycled with unreaoted syn gas 1ndirect1y to

_the reaotor.'

In princxple, all cobalt values are removed from the

aqueous treatment phase by the procedures described in

| the abova~mentloned patents and recycled to the oxonatlon

reactor. In practice,.however, gsome cobalt remains in
the aqueouslphese and preeents disposal pfoblems.-

Further, the aqueous phase is acidic,'uéually containing

" organic contaminants, formic acid, and possibly formates,

and disposal of such aqueous material presents probiems

~whether or not it contains .cobalt values.

Additionally, when the olefln being hvdroformylated

is of lower molecular welght more especially from c to'

c any saturated, and therefore unreactlve, hydrocarbons

sf
contalned in the feedstock as xmpurlty have a suffzclent

'sxmllarzty in volatility to be entrained together with

the volatile cobalt carbonyls recycled to the hydro-
formylatxon reactor. The same is true of any less.
reactive lower molecular weight olefznxc specxes,

especially cs to cs ‘materials, and hence, as reaction

This Sheet Has Been Replaced
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_proceeds, the concentratlon.of unreactlve species in the
feedstock builds up to unacceptable proportions. )

In general, in the above descrxbed procedures and
 in many others: stripping is carrxed out as an integrated
part of the oxonation, in the presence of”a reaccant
or reaction product of the process. Any'changos'in_
prooedure.for_reooVery of the cobalt values have an
.effect on, and may requiro_change in, the manufacturing
process itself, which is undesi:able.

In one aspect of the presont invention, there is
pfovided_a cobalt value recovery process with no.inheren;
agueous effluent stream nnglin which any intermittent or
opticnal aquéons effiuént nay be substantialiy free from
-: cobalt. |

In a second_éspect of the invention, there.is
provided an oxonation.procéss in which cobalt catalyst
regeneration may bejoarried'out largely indopendently of
the main oxonation process. | |

In an advantageous emoodimenc of the'seoond'aspect,
ootalfst feqenoration is carried out in_the.absence_both_
of olefinic feedstock to the oxonation prooeés and of the
oxonatlon product.

" In a third aspect, there is provided a cobalt-
catalysed oxonation process. in which the_regeneration of
Catalyst is effeoted using oniy:reactantq that may be,
_and praferably are,'used in the oxonatxcn process Jtself.

‘The present inventxon provxdes a method Eor recover=
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ing - cobalt values from. a lquld orqanic phase containlng
them, the method comprising contacting the organic phase
with an agusous phasge hayinq'a.pﬂ of at most 7 that is
substantially immiscibie with the liquié drgah#c ﬁhase-
‘and capable of extfactlnq cobalt valuas.from.thé.organia
phasa, and saparatinq the.resulting cobalt-coﬁtaiﬁing '
aqueous phase and cobalt-depleted organic phase,

contac 1ng the separated cobalt-contalnlng aquaous
l nhase with syn gas and an organlc solvent for dicobalt
carbonyl and hydrocobalt carbonyl, the,organxc solyent
being substantially imﬁiscibla with the cobalt-cbntaininé
aqueous_pnasé, and-rédovaring frém-the aqueoas.phase and
the organic phase so obtaiﬁed'voiatile cobalt cbmpouhds,

separating the resultingfbrganib'and agueous phases,
and returning the resulting-orqanic phaée to form the
said ordania sdlvant, | |

' and returning the resulting aqueoas phase to form

the said aqueous phasa-havinq_a_pa'of at most 7. _

(For the'sake_ofﬂclafity, Organic phases that are in
liguid form are referred tq.throughbut the specification
as "liquid organic phases". It will be appreciated that
the aqueous phases referred to herein are all in the |
llquld phase.) | '_ |

The liguid organic phase conta;n;nq cobalt values
may be the crude product of a cobalt-catalysed oxo

reaction, and will be ref_erred to as such for simplicity

in the following description,
. : : ' This Sheet Has Been Replaced .
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The contact between the crude oxo product and the

aqueous phase may be carriéd out in the presence or the
absence of air. If this step in rhe method, the

”"demgtAILing" step, is carriad out in the presence of

'air,'i: is preferred tﬁ_concgntrate'the separated cobalt-

‘containing aguecus phase before contacting it with syn

gas and organic solveﬁt, yielding a concentrate and a
substantially cobalt-free aqueous phase. (Preferred

concentration procedures are described in more detail

below) .

- Advantageously, the dobélt-depleted organic phase
resulting from contact br the organic phase containing
cobalt values énd the agueous phase of pH at most 7 is
washed with a substantially cobalt-free agueous phase
_and;_if it is cr.compriSes an oxonation preduct, may
preferébly be fed to a hydrogenation reactor.  The
subsﬁantially cobalt;free agueous phase used for this
purpose is advantagebusly the substantially cbbalt—freé
product of concentrating the separated cobqlt;conpéininq
aqueous phase. _ . |

If demetalling is carried out in the presence of

air, initial contact of the cobalt—conta1n1ng agueous

' phase, preferably after concentration, with sYn gas and

 organic solvent preferably takes place in a_preformér

reactor, to be described in more detail below, and

recovery of the resulting vdlétile cobalt compounds from

the aqueous phase is advantageously effected by passing

This Sheet Has Been Replaced
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the reaetion-mixture from the preformer to a stripping
- zone into which additlonal stripping gas, advantageously
| gyn gas, is fed, the volatile cabalt compounds being
' taken off as overhead with the liquxd organxc and aqueous
phases recovered as pottoms product for subsequent
-_separation. |
- If axrless demetallxng is employeq, tne preferred
procedure differs slightly. - In this case the cobalt-
‘ _ | .containinq aqueous phase 'is pr’eferabiy not. ooncentrated.
o ‘before its first-contact'with'the'osganio solvent but
xnstead is passed first to a sarlpplng zone, into which a
composition including organic solvent is also beinq
passed, as well as stripplng gas, advantageously Eyn gas.
. As before, volatlle cobalt compounds are taken off as
-oVerhead from the strxpper and llquxd organic and agueous
phases,_now substantially depleted of volatile cobalt
compounds, recovered aS‘bottoms for separation, the |
resultinq sepafated organic'phase then beinq.tec§c1ed'to
form the organic.solveht} -

Atter separation of aqueous and organxc phases, the
aqueous phase is advantageously dxvxded a part
‘advantageously beinq conoent:ated, ‘and another paft used
as the source of the aqueous phase having a‘pH of at most
7 for the denetalling step' - Atter concentrat;on, 1f
enployed the cobalt-containing aqueous phase is passed
to a preform.nq reactor, together wi!.h syn gas and |

°rganic solvent from the separator, the resulting

This Sheet Has Been Re laced

| -




14: 97 EXXCH CHEM - paTEﬁfé FORMAL [T (B2 NO. 725 2a17.¢54
THIS SHEET HAS BEEN
. RBPLACED

proeduct forming the.cempoeitioﬁ passed to the striéping
zone. | o |
The aquebus phase centacted with the crude oxo
.predﬁct for deﬁetalling may.be water er en'aqueoue aeid;
which may already contain cobalt salts. Cobalt in the
crude_oxo product is taken up in the form of salts ;n_the
aqueous phase. ' | L |

In the case whers the aqueous phase is uater (rather
'than agqueous acid), then cobalt may be transformed into |

'CQ[CO(CO)4]2 but, becausejef the presence of formic
acid, produced in the oxe reection'aﬁd present in the
oxo produét, in the presence of air all cobalt present
will be transformed lnto cobalt formate.

In the absence of air, but in the presence of Co2*,
hydrocobelt_carbonyl will be traﬁsformed into_
Co[éo(c0)4]2. Beeause of the presence of fdrmic'aCid, a
propcrtion of the CO[Co(COj4]2 is transformed into cobalt'
formate or hydrocobalt carbonyl.

Preferably, however, rather than water, both in the
presence or absence of air, a solution of a lzght organzc
acid is used as the aqueous ‘phase in demetalllng, for
‘example, an acetic or formic acid_se;ution, It‘is
' especially preferred that the aqueoaS'phase'should

'-coﬁprise dildte formic.acid, for exaﬁple,'et concentra-
tions of from 1 to 5, especialiy from 1 tolz wt s,

'Preferably, the water or aqueou; acid is used in an

amount of from 5 to ZO-wt{ % based on the amount of crude

This Sheet Has Been R laced
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product. It ie particnlgrly preferred to use éqﬁeous _
| forqic acid ns the nquaous phése required to be present.
in the demetailing'étep,'as formic ncid.is one of the
organic compdunds producéd in the hydroformylntion_
‘reaction and its associated secondary reactlons to which
'this invention primarily relates. |
' The contact between the cobalt-containing aqueous'
phase, syn gas, and organic solvent to form cobalt
“' carbonyls may ne garried Qu{:'in the preformer in ﬁne
presence or absence.of a.snitable cataiyst.

If a catalyst is present it is advantageously a
nbble metal especially gold, platinum or, preferably,
palladium, either in the torm of a slurry or, prefer-
ablﬁ, in a fixed bed. ihdvantageOusly, the active
catalyst is embedded on a solid support, e.q., carbon or
aluming_. A '1 to 2% pa_lladinm-(:arbon fixed bed cataiyst
is preferred. | | | '

If no catalyst is present, the preformer is
preferably one desiqned to maximxze contact between the
two l;qnid phases andntne,gas. As an example of a
'suitable preformer, theré may be mentinnéd a tubular
reactor having a high length: diameter ratio, for
exannle from 100 to 100 000, advantageocusly ffom 1000 to
100 000, under conditions that result in at least'
partially turbulent Elow,.édvéntaqeously with a Reynnlds
‘Number much i\igher than 16(_50, and p;eferabxy above 3000,

°ptiona11y, but advantageously, at least one. of the

T‘ms Sheet Has Been R laced
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pheses contaihs cobalt cﬁrbbnyl and/or hYdrocobait
carbonyl as lnltlator, thereby mlnzmxzing or avozding an
'1nductxon period for reaction.

As indicated above, the volatzle cobalt carbonyls
are advantageously recovered from the aqueous phase and
‘the organic lxquzd phase in a strippinq step in which ‘the
said phases are contacted with a. strlppxng gas, the
'volatlle cobalt compounds being entraxned xn the
stripping gas. | | )

As the'etripping gaslin the strippinq'step there is
prezerably used syn gas, the partlcular proportions of
: the carbon monoxide and hydrogen 1n the syn gas ‘being
adjusted to suit the reactxon system. The stripping gas
may, in principle,'be any. cas'that does hct react-in_en '
undesired manner with the cebalt compounde to be
entra;ned therein, for example, nxtrogen or a lxght
'eatureted hydrocarbon such as propane or butane, but syn
.gas is preferred.
| AdvantaéeouSly'the volume ratio of stripping gas te
liquid phases at the appliee conditions is from 20:1 to
’250¥i preferably from 50:1 to 125:1. Higher ratios may
 be used with good effect but high ratios may be detri-

mental ecenomicelly, .The_lzmiting_lower value of the
© ratio, it will be'appreciated, will be reeched.wheh.there
is ineﬁfficient_stripping gas,fiow to'achieQe the desired.
dagree of cobalt volatiles removal. simiiarl); any £low

rate of stripping gas may be used, provided that it is

is.Sheet Has Been Replaced
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sufficieﬁt'to give the désiredfentrainment of cobalt
volgtiles. The liquid (organic and,aqueous) phasés afe_
_prEEerably well dispersed to giQe gcod-dontact between
the iiquids."it is'prgferred, too, that_the st;ipper_
unit in which the stripping step is.performed should
'include ihart solid surfaces,'for.example,-trays or
packinq material, to facilitate contact between the
.11quid and gas phases. |
The volatile cobalt compounds recovered by the

process of the invention are advant#qedusly utiliied in
the oxonation reaction. . Preferably, the stripping gas
.contaxning the volatlle compcunds is contacted with
plefxn being fed to nhe oxo reactor, the stripping gaé
advantaqéously being passed in countercﬁrrenﬁ to the
.61efihié Teed. The volatile cobalL compounds entrained
in the strzpplng gas dissolve in the olefinic feed and
are thus returned to the oxo reactioéon zone. The strlpp—'
ing gas may then either be purged or recycied. It will
'be-app:eciated therefore that synfgaé is the preferréd
':stripping'qas because its SubseqUent'recyéle contact with

‘the olefinic feedstock, or use in the preformer or
. stfipper; will not cause ﬁhe introduction of undesirable
'ﬁaterials'into thé“oxo_reactor, Undér_theiconditions
emplo?ed, substan#ially éil_VOlatile cobalt compounds
will be entrained by the stripﬁing gas and ndne_retained
in thglbottoms.ptoduct.' fsimi;arly,'substantially no

water or organic solvent will be carried over by the

. This Sheet I-ns Been Replaced
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~ stripping gae {(syn ges) and-introduced inte thejolefinic
'feeq:- If necessary the_eoEalt-centaining stripping gas
‘may be cooledEprior to contact with the olefinic'ﬁeed,
“and condensed water refluxed into the stripéer,.or fed to
the preformer as a source of volatile cobalt as e' |
-_initiator. |
| "As Lndlcated abQVe, the aqueoue phaee contaxnan
- cobalt values is advantageously.concentrated, and is |
' preferably-cencentrated to an exltent such thai: the cobalt
o level is at or near eatufation. The agueous concentrate
advantaqeously contazns the maximum poss;ble amount of
cobalt in solution for-the partxcular operatlng-eempera-
ture end for the éarticular cobalt salt employed.' I1f, as
is preferred, formic aeid has been employed in the |
_demetellinq'etep,'the agueous phese is preferably con-
_centrated to give a cobalt concentratxon of from O. .5 to 2
wt %, baeed on the total concentrate, expressed as
elementary cobalt, before it is fea to the preformer,
Advantageeusly, the'concentfation of free formic ecid in
the concentrate_is_frem 2 to 8 wt % based on the total
concentrate. | | N |
To ensure as far as posSible the absence of volatile .
cobalt compognde'from the equeous phase sent for con-
centret;on;lespeeially when_this is effected by_ |
evaporation as is pfeﬁe:red; ﬁhe agueous phase is
contacted wifh oxygen, 'convéniehtly in the fo.;-m. of air.

If demetalling is carried out in the presence of air,

‘his Sheet Has Been Rep]aced ;
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this step ig normally surficxent to oxzdlze the volat;le
cobalt compounds to ncn~v°1atile cobalt speczes. If,
however,_alrless demetalling is employed, then a separate
oxidation step, fcr example injectinq air into the
aqueous. phase, may desirably be employed before'con-
centratlon._ | |
~ The conuentrate may be produced by flashing the
aguaous phaee in an evaporator or by uslng any other
1...' _ .conVenLent means. for example, a membrane, to YIEld the_
concentrate, for example, a cobalt formate/formlc acid
“-aqueous solution, and an aqueous effluent which is
substantially free from cobalt provided all volatile
cobalt'compohnde have previously.been oxidized,_ This
agueous effliuent may, as'indicated above, accordingly be
recycled for use in removing any traces of cobalt from |
the oxo product after the demetalllng step, ror example
in a wash tower as descrlbed in U.S. Patent No. 4625067.
Preferably, the water stream fed to the wash tower is
' exclusxvely agueous effluent from the evaporator. - If
de51red, fresh water make-up, for example, in an_amount
of 1 to 3% by volunme, based on the oxo product, may be
'added'to'the aguaous erfluent from the evaporator that is
fed to the wash tower.JIn thaﬁ'manner, water from the
.evapdrator”may.be retaihed within a substantially closed
cycle, Lt being possible substantially to avoid the need
to purge water from the evaporator. If 1.1. is necessary,

for example, in order to remove undesired impurities,

I‘hxs Sheet Has Been Rep laced
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_i some aqueous effluent ffom the e#aporator may be.puréed'

froy the systém. |

. As already mentioned it is pteferred to use as the

équeoué phase_éontéctgd_ﬁith the qrudelpxo product an

 aqueouB formic acid solution, although other acids,'fo:_

example acetic aéid, may be used. For ease of

. ekplanatioh, it is assumed in the follq&inq discussion of

the preforming step that formic acid is used. o
The cobalt valuesﬁcdntained in the agueous phase

will be primarily in the form of cobalt formate, which,.

~in the preformer,.ih;theﬁpreéende'of syn:gas is

converted to CQ[Co(C0)4];'in_aécordﬁnce with the

following readtién:

3CO(COCH). + 3H. + 8CO —> Co[Co(CO),], + GHCOOH
: 2 2 al2 |

Hydrocobalt carbonyl is liberated from the
Co(Co(CO),1, by the followinq.reaction, formation ofzthe
hydrocobalt carbonyl beiné enhanéed by the presencé of
tree formic acid, Which.ié produced as a by-product in
" the hydroformylétion'proceés'as well-as in the_coﬁvérsion
of cbbait formate t07CD[CO(CO)4j2, and will'normally be -

'present in the agueous phase:

ColCo(CO) 1, + 2Hco¢u | > znéo(co}4 + CO(COOH),

Hydrocobalt carbonyl is relatively insoluble in
water (maximum solubility at 20°C 3000 ppm, expressed as

elemental cobalt). = It is believed ﬁhat as the con-

This Sheet Has Been Replaced
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centration of the hydfooobalt corbonyl in the agueous

“.le

phase 5P9r°adhes a concentration corresponding to the
said maximum solubility, the carbonyl separates from the
agqueous phase a;d is oxtracteo into the organic_liqﬂiq
phase, _.Some of the hydrocobalt corbonYl becomes |
entrained in the syn qas.' Further'hydrocobalt carbonyl
may be transformed into dicobalt octacarbonYi,.which.is'
extracted into the orqanlc liguid phase.
| The organic solvent may be any organlc solvent that
is substant;ally immiscible with the aqueous phase with
'which it comes into contact; The solvcnt maj, fcr -
example, be an olefln, decobalted crude oxo product
‘(that is, the product obtained after treatment of crude
‘ox0 pfodﬁCt to_:emoﬁe catalytic residues but before;l'
hydrogenation or distillation of the orgaﬁic materiali,
hydrogenated oxo product, an cﬁo alcohol or alcchols, or
a light or heavy oxo fraction. The solvent should |
'geﬁerally be one that is 11qu1d under the condxtlons
'prevazling in the preformer and the strlppet.
‘ Lower molecular welght,_ especially Cg to Cij3,
alcohcls that are subStantiaily immiscible with the
agueous phase under the reaction conditioos'are
'espécially'suitable.as cfoanic solvents. . The preferred
alcohols are saturated.éliphotic monohydtic alcohois, for
example a hexanol, heptaﬁol or octanol Convensently R
" the alcohol used is an oo process alcohc] and oxo

process heptanol is especxal;y preferred.
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Ae indiceted ebove, however, it is a feature of'the
1nventiontthat the catalyst regeneration is cerried out.
in'iarqe part'independently of the oxo process itself,'
and that the organic solvent and hence the llquld organic
phase containing cobalt values may if des;red be, and |
preferably are, maintained out of contact thh-both the
olefin feed to the:oxonetiOn reactor and the oxo prcduct._.
Accordiﬁgly, the organio:solvent may be chosen soleiy.oh
the basis of its suitability for.use in facilitating
reoovery_of'the cobalt from the aqueous phase since
considerations of cOmpatibi}it& of the SOivent with the

oclefin feed, as in U;S;.éatent No. 3 725 534, or the oxo
product, as in U.S. Patent No. 4 625 067, do not apply.

This separation, resulting in the cateiyst recovery
being performed in."outboard".uﬁite, leads to further
Qery importantladvancages. The first of these is that a
single catalySt_recove:y s?steh, employing, for example,
a common evaporator, prefofﬁer,'and stripper, may be used
for two or ‘more oxonation trains operatlng on dxfferent
starting materlals and/or producing different oxo “
'products.' This results in lowerfznvestment.costs.

| Secondly, the'remQVal_of_the catalyet residues from

the crude oxo product does'NOt_involve a stripoingeStep;

Accordingly, the associated problem of build up of
'unreactiVe sPec;es in the olefxn feed does not arise when
llghter grades of o]aflns are bexng oxonated the

strzpplng stage of the method accordznq to the lnventlon
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being carried out in the ébsenca_of both feedstock to,

and.Fhe product.of; the oxonation reactioh;

The ratio Pf-the.aolveﬁt chpsen to form the organic
liquid phase to-aéueods phase in the preforminq.step is
advantageously'f:dn 0,2:1 to 5:1 by Qoluﬁe and may,.for.'
exanmple, bé.lzl by volune, The amount of syn gas is"
preférably'so selected that béth hydrogen and cé:bon
monoxide are present 15,5 stoichiometric excess of at

‘." least 20% over the total cobalt in the preformer feedg'
| The molar ratio of h?droéen to carbon monoxide may be
from 0.5:1 to 2:1, | - | |

If catalytic prgforﬁinq is employed, the agueous
phase is aanntageouély coﬁbined with the organicnso;vent
before entefing the preforﬁer, and the conbined aqueous.'
and organic'liquid phgses.obt&ined are passed to.a Ewo-
liquid—phase plug flow re&cﬁot having one or more fi#ed
beds of Pd/C, to which gyn gas is_alsq'féd. ‘The reactof
comprises means, é«gQ, a'distributipn piaté; for - |
effecting mixing of the two liguid phases and the gas
phase so that the two liéuid phases'aré well dispérsed
and the interface between'thé liquid phases and the'qas

rphase is suffxc;ently 1arqe that the mass transfar of
material between the lxqu;d phases and the gas phase is
not l;mlted by the slza of the said interface. = The
reactor also comprises means for effectlng good catalyst
_wettxng by both the lzquid phases and the gasequs phases,

this may be achieved by gmployxngﬁa reactor with a high
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iength:diameter ratis ss as to ashieve, advantageeusly, a
total'liQUid throughput, 'i;e., combined aqueoas and
organic phases, of at least 4.1 kg/mzfs. The temperature
in the reactor 1s preferably from S0 to 175°C, more
preferably from 120 to 140°c, The pressure in the
_reacter may be from 16 ta'ao MPa, and is preferably fromu.
25 to 30 MPa, | | - |

| If a catalyst, e, g.,'2%-PdVOn'carbon is emploYed, a
residence time of 0. 2 to 1.0, preferably o 4 to 0.8, hr
is advantageously enployed. '

| Alternatively, and praferably, the reaq;ibn is
carried out in tlae absense of a catalyst iﬁ a tubular
'reastsr with a very high.length: diameter ratio with
turbulence, as mentioned.anVe. The :eactiOn_is
advantageously assisted to'coﬁmanse by“incorporatinq an 
initiator in one or both'of the'liquid phases, either
'HCO[C0)4 or COz(CO)g in the organic phase or Co[Co(CO0)41,
in the agueous phase, at a concentratlon of up to 3000 '
- Wppm, advantageously from 1000 to 3000 wppm, measured as
cobalt. | | |

In the tubuiar reactcr Qithout catalyst, reacﬁion

pressures as given above thh reference to catalysed
- preforming are approprlate. . Advantageously, the
reaction is carrzed out at a temperature within the range
of 50 to 200° and preferably from 120 to 175°c. In a
preferred method of _éieformi’ng. a first stage is carried

out at a higher temperature, for example 150 to 175;0’

Sheet Has Been Rep laced

TN I B




1432t EXADN ChEM ~ FRTENTS rom AL TIES NCL TES T e

- 20 ~

and a second stage is carried out at a Lower temperature,
for example from 20 to 120°C, preferably from so to'
110°C., By this reductzon in temperature, wh;le -

'_ maintaining a high pressure, more cobalt carbonyl is
ﬁrénsfertéd to the organi@ipbdse,_#llowinq furthef
reaction to. take place_in the aqueous phaéé;

' I: a tubular reactoi, i;e;, one proyiding'a high'lzd
‘ratio is employed, residehce”fiha may be considerabl
shortér than if catalytic preforming is carriéd out. If
this procedure is adopted, the total residence time is
- advantageocusly from 2 to 10 minutes, includinq.both'
'ﬁirst-and second stages if both are,employed.. The total
residencé_time in'tﬁé'fixst, or the sole, high' |
témperature stage is'Advahtagepust from 90 secénds to 5
minutes, preferably from 2 to 5 minutes. If the second
low temperature stage is employed the residence time is
.advéntageopaly from 30 seconds to 5 minutes.

Because the prefetred-prefotminq cycle described
~above allows essentially §1l the water’to:be in a closed
loop, the waste water from the evaporator being recycled,
preferably via a wash tower, to the stripping step, the
need to dispose of waste water_m&y be substahtially
avoided. Thus, tne methqd_of the invention énabies |
| envirohmentally clean cobalt recovery to be attained.

Further, because the ihvention'provides.an internal
c]osed loap for any cobalt formate in the agueous phase

that remaxns unreacted in the preformer, 1L .is not

Thls Sheet Has Been Rep! laccd
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impdttant for éomplete preforming conversion :6 be |

obtainéd;_ Cobalt valﬁes that havé'nét been preformed

(that is, converted to cobalt in an active form) are
' retained in the’ aqueous phase and recycled.

Also, the process may be operated thhout the

addltzon of chemical reactants other than the reactants
| for use Ln the OX0 process, because formic acid, vhich
| promotes the conversion of Co[Co(CO) ala to h?d:oCobalt
u_ carbonyl, J.S produced in the oxo reacf'ion.' "I‘h_us, after
| an inxtial introduction of formic acid, it is possible to
1 make the syétem substantgally cloééd with regard to |
. formic acid. . -

Using a tubular'reactor as preformer, an 6vera11
cobalt tecoverylof about 50 % based on the cobait
entering the preformer, may be achieved, with

-fappréximately 70 %, or up to 85 %_including an
equilibration stép. of cobalt values being converted in
the pfeformer.to velatile cobalt carbonyls and about 70 %
of that preformed cobalt belng taken up by the strzppxqg '
gas in the strzpping step | |

Any cobalt loss may be made up by 1ntroducan

o cobalt for example, in the form of cobalt soap, 1n£o the
preformer w1th Lhe organic phase or in the form of an
organic cobalt salt, for example, cobalt formate, in
'aqueous solution. | |

Two metheds of cobalt recovery in accordance with

the invention will now ba described in greater detail by

‘This Sheet Has Been R eplaced
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way °f_éxamplejdnly with reference to the accempenyinq
._diaw}ngs of which: o h | '
Figure 1 is a flow diagram of a hydrofarmyla;ieﬁ
._reaction system in which.demetalling of the brpducé is
carried out in the preeeqcejef air, end |
| FPigure 2 is a'flow'diegram of a hydroformylation
reaction system in which the demetalling is carried out
in the absence of air. | “
"Referring to Flgure 1, a first feed clefin is
delivered via a lxne 1 to a first oxo reactor 5, to which
is also de;lvered syn 93% via a line 3. Hydroformylation
takes place within the_reactor, and a crude product
'containing aldehydeé, alcohois; cobait'céﬁaiYSt compounds
-and by-prodgcts islcarried via a'line 7 to a demetailizer
unit 9, air being introduced through a line 10 and an
' equeoue Qashing ﬁhase through elline 11. The aqueous
washing phase is a diiute'formic acid solution. In the
unit.a_the aqueous and o?qanic phases are separated, the -
agueous phasa, which chtSihs the major proportien of the
cobait,.being fed by a;line 13 toc an evaporatot 23, |
while £he organic phase is 1ed by a line 15 te a wash
‘tower 17. In the tower 17, the organic phaée'islwashed
with cobalt-free water delivered'bf a line'19, and the
now sﬁbstantially cobalt-free ofganic‘phaee is fed by a
line 21 to a hydrogenat;on unit, ndt shown. The reactor
§, the unit 9, and the tower 17 and associated lines form

_ a_fifst oxopation train.
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The cobé;t-con#aininé Qash water'from'the tqwér 17
is fed by the line 13 to the evaporator é3 together with
the. aqueous phase from the unit 9. Also shown in'FiQure
1, and indicated generally by the reference numerals 25
and 35, are second and third onnatlon ‘trains, 1n which
generally similar pfpcedures are carried out as 1n.tha.
above-désqribed first oxonation train but, it desi:ed, oﬁ-'

_ 'diffeﬁent olefin feeds'ar under different'operating
- u __cond1t10ns to yield different products. | |
| The cobalt-contain;nq aquecus phasa 15 concentrated
in the_evaporator 23, the distillate water being fad by_
the line 19 to thé'Waéh ébwefs of thé'three oxonation
_tfains. The_cobait concentrate is fed by a line 27 to a
 preformer unit 29, into'which.is'also fed'éyn gas through
Ia line 31 and an organic solvenﬁ through'a.;ine 33, the
érqanic solvent being substantially immiscib1e with'water
" and a good solvent fdr'dicobalt octacarbonyiland |
| hydrodobalt éarbonYl. ‘The liguids being fed to the
| pfeformer'unit 29-acco:dingly are an aqﬁaous phase
cohtaiﬁing formic acid and cobalt formate, and an
organic phasé_cdntaininq,'for example, a Cg to Cy3
_aicohol also conﬁaining”formic ac?d and fotmate esters._
~In the prefo:mér, which.may be cata;yst—free or may
contain a catalyst, e;g., pall&dium on charcoal, the
cobalt is converted to dicobalt octacarbonyl and
hydro¢ob§1t carboﬁyi. .fhe reaction product from the

preformer 29 is fed by a line 37 to a stripper 39, to
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fwhich is also fed Syn gas by a line 41,: the éyn.gas
entra;n:ng the volatile cobalt carbonyla being taken off
overhead and led by a line 43 to each of three abgorber
units 45, 55 and 65, where it meets the feéd'olefin to
the.réspactive dxonation.train. ' The bottoms product from
'tne stripper 39 zs fed by a line 47 to a separator 49.
The agueous phase, whzch_has now had a substantial
p:oportioh of_cobalf rgmgved and comprises a dilute

formic acid golution, is fed from the separator 49 by the

line 11 to the'demetaliinq unit 9 or to the eVaporato:
23, The_ofganic phase, which comprises the Cg to Cj3
Ialcohol-énd férmate este;s, is fedlby'the_line 33 to the
preformer 41. |
Referring now to Fig;;z, in which units and lines
identical to those in Fig, 1 are given the same reference
' numerals, the oxonation trains are similar to those of
Fig. 1 except that the air line to the demetallizér:unit
9 is omitted. The line 13 carrying the agueous phasé
conﬁaining cobalt valués:ffom the unit 9 and the wash
tower 17 leads to the stfipéef Js.rathér_than to the
evaporator 23, to which, as in Fig. 1, the line 37
carrying the preformer broduct'and;syn gas line 41 also |
lead. Optionally, but advgntageousiy,'a portion of the
’cobalt-containing agueocus bhése_from line 13 may.be fed
through a line 53 to.the preformer. In this way, ﬁhe
cdbalﬁ,cdntent of thé sfreﬁm that is in the'form of

- hydrocobalt carbonyllassists in initiating'preforming;
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which is ospACLally helpful if & non-catalytic preﬂormxng
| step ie used. ' '

The aqueous phase from the separator is split part
of the formic acrd solution being led by line 11 to the |
demetallizer unit 9 and part by line 51 to the evaporator
'23.  As before, the cobalt-free product from the.
'evaporator is led by line 1% to the wash towers. if
" desired, an oxidation un;t (not shown) may be provided to

oxidize any cobalt volatiles remaining in theé agueous

~phase fed to the evaporator through line 51.
In this procedure, in whzch no air is enployed
the demetalling step, Lhe oxo product is demetalled
- using only water, a low molecular weight carboxyllc acid,
and/or a cobalt salt solution of such an acid, binding
"moSt of the cobalr.catalyst as hydrocobalt carbonyl,
which, as indicated above, cSSists in the.preforﬁing
step, especially if a non-catalytic reactor'is uéed;
Cobalt catalyst is_regeneratéd by the procedure
according to the inventioo} and all aqueous phosé may be
_ recycl ad, avoiding the need for effluent disposal.
_ _ |
In this Sxample, catalyst-freo batch preforming of
an agueous cobalt solﬁtion Qas effected in the présence.
_of'a Cy oxo alcohol. .The'cobalt was'primarily present as
' formate, but 0.3% by wexght hydrocobalt carbonyl was

present as lnltxator.

The reactor was a’ 4 litre autoclave equipped with a
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thermostatiéally.céntrolled heatér,‘préssuré regulétor,
and gas and liguid phase.injectbr lineé. Stirring Was.
caréiéd cut by a 6-blade 3poo'£.p.m. (max) turbine
imbe;ler in co;jundtign with removable baffles in the
.vessél. | _ _ | |
The alcohol, 820g, containing 3000 ppm cobalt as
hydrocobalt carbonyl, wag ihtfé&uéed_into the reéctdr,
the reactor purged with syn gas.(ﬁole ratio szco of 1:2)
" with stirring é£ Lsdo r;p.m..and the pressuré raiséd'to
_30MPa,'and the temperature to 175°c. 1027 g of aqueous
cobalt formate (pH 3.2; 1. 067% Cczf as formate) were
introduced, and the progress of the reaction monztgred

by taking samples from the alcohol and water phasés'and

analysing them for cobalt. The resu;ts are given in

Table ) below.

_—
This Sheet Has Been

T !"I



TABLE 1

f:'E‘

Equilibrium after Reaction Time, mins

'Starting
materials 0. 4 8 30
Organic, g 820 943 943 943 943
Water*, g .;1027 904 862 779 "737
t% Co in , g _ o
organic . 0.3068 0.2668 0.1622
 GMOL cé,(orgj 0.0378 £ 0.0378 0.0230
GHOL Coy (CO)g | | " 0.0013 .
GMOL HCO(CO)4 o.oélsf
WES Co in wateb 1.0675 1.2127 11.2885 . 1.4096 1.3476
Wt co?t | 1.2127 0.3850 _0;3534 1 0.3408
GMOL, Co?* 0.2056 0.0653 . 0.0599 0.0578
GMoL co~1 0.0000 0.1531 | o.17§o 0.1706
. Cobalt . - B
balance, % 100.00 ) 101.77
Co?* conv,-% 0.00 68.11 72.74 - 74.76

* Reduction largely due to sampling loss
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The results indicate that, under the conditions

Shown, equllxbr1um conversion (ahout 70%) of co?t to 00“1

is reached after about 6 ninutes.

: Ezgajgg],e 2

The procedure of'Example 1 is repeated,'except th#t

the reactor temperatdré'was LSO’C, and the-initial wt%
“cobalt in the water was ;Q2682.; The results are given in

Table 2.
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IABLE 2

Equilibrium after Reaction Time, mins

Starting
materials 0 4 . 8 30
organic, g . 840 932.4 932.4 932.4 932.4
‘water, g 1050 957.6 917.6. 839.6 759.6
WLt Co in . - | :
organic 0.2967 0.2673 0.3279
| GMbL Co (org) | 0.378 0.0464
| GMOL co2(c013 0.0076
GMoL HCo(CO) 4 o 0.0388
Wt: Co in water 1.2682 1.3906 1.2887 i.0079 1.2194
Wtg Colt 1.3506 1.0242 0.2896 0.2481
GMOL Co?* 1 0.2357 0.1736 0.0491 0.0421
GMOL Co™1 " 0.0000 0.0448 0.1217 0.1646
Cobalt | -
balance, % 100,00 92.2
' co¢t ConQ, 3 0.00 26.84 80.10 84.30

- 67
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The results show that at 150°c it takes longar for
equllxbrzum to be reached but Lhat the equlllbrium
V'converszon ratio is higher.

The ptdcedure:of Egampia 1 is repeated, éxéept.that
- the concentration of hydrocohalt carbonyl in the alcohol
was 1000 ppm, and the 1nitial wexght % cobalt in the’
water was 1.1018. Tha % converszon is given in Table 3
below. A longer period than in Example 1 is required for

equilibrium conversion to be reached.

;EﬂalﬂLéll.

Time, Minutes o
o 2 4 6 8 10 15 30

co?* conversion 8 0 8,73 22.26 74.18 77.26 78.19 79.50 80,67

Example 4

Yn this Example, no hydrocobalt carbonyl was
,initiallyipfesént in.fhe-alcohol, and initially, the
reactor temperature was as in Exéﬁple'l} hfter 20
minutes, however, it was réduced to 120°C, fable 4 shows
that in the first 7 minhtés; when no initiator was
present at'start-up, rééction was rglétively slow.
Between 7 and 10 minutes, however, the.reaction'was much
more rapid, being daﬁaiysed by the initiator prbduced by'.
thé feaction. The equilibrium shift produced by the

reduction in temperature after 20 minutes is also shown.
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TABLE &

Equilibrium after Reaction Time, mins -

ouS SIL

. Starting _ :
naterials 0 7 10 15 20 45
organic, g 847 974.05 956.55 939.05 921.55 | 904.05 832.31
Water#, g 1034 906.95 862.95 816.95 771.95 726.95 781.19
Wty Co in R - B - B
organic 0 ~ 0.0000 0.0443 0.2485 0.4379 |  0.1419 0.4240
GMOL Co (org) 0 "0.0000 - 0.0600
CMOL Co,(CO)g 0.0189
GMOL HCo(CO) ¢ 0.0411
Wt Co in water 1.0329 1.1776 | 1.1679 *1.0466 0.9720 1.0934 0.6429
Wty Colt 1.1776 0.9985 0.5784 | - 0.2689 0.2538 0.0968
GMOL Co2* - 1 0.1996 0.1692 o,oégo' - 0.0456 |  0.0430 0.0164
GMOL Co~l 0.0000 |  0.0287 0.0794 0.1192 0.1423 0.0926
~ Cobalt. . | A .
palance, % 100.00 104,13 114.18 | 127.84 108.45 1107.50
co?t conv, % 0.00 15.36 51.39 _73.06 80.25

91.80
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‘The batch procedures of Exanples 1 to 4 show that
with-the.good contacﬁlbetween the_phases obtained by high
speed stir:ing equilibriﬁﬁ cdndiﬁions are reached rapidly
.at high teﬁpera%ures and in the érésence of an auto-~
initiato: in a liquid'phasé. jHowéVer, a more favourablé
'equilibriu# exists at lower temperatufés, '

In this Example,'continuous prefo:minq is

illustrated. The process was carricd out in a stainless
‘steel (Type 316L) tubular reactor, of length 110 m, |
internal diameter 1.1 mm, and prov:ding a free space of
1.04 dl. The reactor was_ma1ntaxned at_175°c through
_external steam heating. The inlet pressure was
maintained at 30 MPa. The réaCtanﬁé were fed intc the

preformer for 3 hours under the conditions indicated in

Table 5.
TABL
Oxo process heptanol ' ' : 0.58 litre/h
- containing 0.2537 Wt %
Cobalt as HCo[CO],
Syn gas (HZECO 1:2) ' 1.6 ltitres/h
Cobalt water (containing : 0.519 litre/n

o 9476 We % cobalt as formate)

Reslaence Tire . _' ' 2.34 mains

‘Under these conditions, an outlet pressure of 28.5
'MPa was obtained. The pressuras drop of 1.5 MPa ansures
| intensive contact between the phases,

The reactibn_mixture'leavinq the preformer was féd

cet Has Been Replaced *
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_znto a strlpper operated under the conditions shown, and

‘producing a reaction product as shown, in Table 6.

TABLE 6
: Tempgrhture i o . _ 100°C
'Preséure | _ | _,"'  _ S 80 Xpa
?reformer_Organic Phasg _ ' . ..-0;557 ;itre/h
-Preformer.Aqueous Phasé ; : ) o . 0,527 litre/h
 Added water (5% acid) ' 0.25 litre/h
Syn Gas . - | 148 litre/h.
Product, CDbéLE cdntggg, Wts .gm |
Water at bottom, Co®*  0.418 - 8.55
water at bottom, Co~%} ; 0 | 9
organic at bottom © 0.0027 ~ 0.03
Overhé;d:recovery | | ‘ ' a - 10,06
$ per pass conversion ' - . 41.99
Example 6 |

The percentage conversion per pass in Example S,

‘about 42%, may be improved:by taking advantage of'thg

- eguilibrium shift that iakés‘place on reducing the

temperature, as in Example 4. In the present Example, é
reactor maintained at 179°c is provided by three stzrred

autoclaves in series, tha autoclaves being as described

-in Exanple 1. By provzdan reactlon conditions of hzgh

stirring rate and long residence txme, equilibrzum

cond;t;ons were assured (and thereby a basxs of

'compar;son for Example 5 is provided,_ngxng confirmation

that reaction equilibrium at the prevailinq tenmperature

This Sheet Has Been Ré laced
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‘and pressure had been reached in the tubular reactor in

' that Example)

The reaction mixture from the final autoclave was

. passed to the tubular reactcr_which was maintained at

107°C. The results are'shpﬁn'in Table 7.
TABLE 7

P rm Zone ree st toclay

Pressure

Syn Gas ratio H:CO
‘stirring rate
IIOrganic'feed raté (isofheptandlf
Cobalt content :
Aqueoué.feed rate’
_Cobalt content
. Residence Time -
—odtput ~ cobalt content,
chvérsion rate : _
preforming Zone 2 (Tubular Reactor)
Inlet Pressure D |
Outlet Pressure .
Résidence Tiﬁe
Output - cobalt content, aqueous phase
Conver51on rate

eri 20

Temperature

Pressure

Feed rate - organic phasa
‘This Sheet Has Bee'1 Rep
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aqueous phﬁse_ -

30 MPa
132

1500 RPM

0.461 1l/h

0.2404 Wtk
0.425 1/h

1.0744 wtk

. 163 mins

0.3475 wts

70.8%

30 MPa
28 MPa.
5 mins

0.23B2 wtk

- 78.2%

100°C

80 KPa

0.443 g/l
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Feed rate'—-pfeformer water - _ 0.425 g/l
 Make up water o - 0.174 g/1
_Gas- | - - 134 g/1
Stripper Product, cobalt content | |
Water.at pottom, Co?* | . 0.4483 wt%
| w;ﬁer at bottom, Co™l : o 0 wtd
Organic at botton ' | 0.0057 wt%
Overhead recovérf S . 1lo.38 g
cﬂ % per pass convérsion S ' 48.4%l
':gxgmgle 7

The érocedure of Example 5 was repeated, uéihg
identical starting matgrials in similar proportions, but
with a residence time in the preformer of 4.8 minutes,
with no cobalt'in thé orqanic'phasé,”but with 1054 ppm
Co~1 as initiator iﬁ the aqﬁaoQS phase, other conditidns
rémaining subStantiélly.the same as ih_Exampie 5. The
per cent per pass conversion was 50.1, béséd_bn the
Y ~ cobalt formata.in-the waﬁer féd-to the preformer,
| indicating that an initiaﬁqr.in the aqueous phase is also

effective. o | '
Example &
The prbceduté ofléxamplé'7 was :epeated} using as
the.oréanic ﬁhaéé 1so-heptano;'congaining id’% of
. formates and 1.14 % formic acid. 773 pem Co~l were
'present'in the agueous phase. The per cent per'pass
conversion fell to 41.8. o

‘This example illustra»es that a 14% leve] of
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'.formate.in'the'iso;heptanol.cadses a féll'in'C6nversion'

rate, | | ._
Example o

The proeéduré of Example 8 was rspeated usinq the

'same cobalt-free organic phase but the aqueous phase '

- contained cobtalt formate and no initiatorr The per pass

.conversibn fell to 39.6%, indidatinq thgt.even without

'initiatof présant.in'elther iiquid phase conversion takes

- place, élbeit at a lower rate. ' |

- .

'Tha'procedure of Example 7 was repeated, but usinq'

iso-decanol as the organld phase. The per cent per pass
conversion was 36.0, indicating the lowet effectiveness

_of the higher molecular weight alcohol.
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1. A method for recovering cobalt values from a

l;quid organic phase containing them, the method
comprising contact;ng the liguid organic phase with on
agueous phaée of pH.at ﬁost 7 that is substontiolly
‘immiscible with the'liQuid organic phase and capable of
-'ektracting cobalt values from the orgabic phase, and |
separating the resultan cobalt-ccntazning aqueous phase
from the cobalt-depleteé organic phase,

contacting the seporated cobalt-containiﬁg agueous
phase with syn gas ahd_aq organic solvent for dicobalt
octacarbonyl and hydrocobalt Carbooyi, the organic
solvent being substantiaily immiscible with the agueous
phasé, and recovering from the agueous phase and the |
organic phase so obtained.voiatile cobolt compounds,
| 'separatihg the resultant agueous and orqanic phoses,f

returning the o?ganic phase to fofm the said
organic solvent and

returnlng the aqueous phase to form the said aqueous
phase of pH at most 7. |

2. A method as claimed in claim 1, wherein the
cob;ltfcontaining agueous phase is concentfated.to form a
concentraﬁed cobalt-containing agueous phase and a
 substantially cobalt-free agueous phase before the
concentrated cobalt—contaznznq aqueous phase is oonLacted
with syn gas and orga’nzc solvent. ' _ |

3. A method as claimed in claim 2, wherein the

-
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cobaltncontaining agueous phase is concentrated to brxng
the cobalt concentration to a level at or near saturatxon

at ambient temperature.

4. A!method_as claimed in claim é_o: claim 3,
wharein the aqueocus phase is contacted with'ox§qen_before'
concentration. o | |

8. . A method aslﬁlaiméd_in‘any one of ciaims 1
to 4, wherein thé'liquid érganic pﬁaaé i the crude
product of a cobalt-catalysad oxo reaction.
6. A method as claimed in claim 5, wherein
contact bétween the crudg product and the agueous phase'
‘of pH.at most 7 takes piace in the presence of oxygen.
7. A method as cigimea.in.claim 5, wherein
contact between the crude product and the aqueous phase
of pH at most 7 takes place in the substantial absence of
oxygen. - | | |
8. A method as §1aimed in claim 7, wherein the
'separated cobalt-éontaininq aqueous”phase'is fed to a
.Sterpér and contacted therein with a stripping gas and
the product of reaction of a cobalt-containihg'aqueous
phasa, sYn_gas; and the organic solvent for dicobalt
carbonyl and hydrocobalt carbonyl; the thus-treated
équeous phase is recovered as bottoms from the stripber
and separated frqm tha liéuid organic phase”before being
contacted. with syn gas and the organic solvent. o

9. A meth_bd as claimed in any one of claims 1

" to 8, wherein the éqdeous phase'of pH at most 7 is a
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‘dilute formic acid solution.
10, A method as claimed in any one of'CIaims 1

.to 9, wherein the organxc solvent is a hydrogenated oxo
product. -
| 12, A method as claimed in any one of claims 1

to 10, wherein the organxc 501Vent is an alcohol havzng
£rom. 6 to 13 carbon atoms. |

12, A method as claxmed in. claim 11, wherein the
organic solvent is a heptanol.

13. A methdd'as claimed in any one of claimé 1
to 12,-wheréih.the contaq} between the cobalt-conﬁaining'
aqueous phase, syn gas, én& organic solvent takes place

in the presence of a catalyst.

4. A method as claimed in claim-ls, wherein the

catalyst is on a fixed bed.

15, A method as claxmed in claim 13 or claim 14,
wherein the catalyst conmprises palladium.

16. A method as claimed in any one of claims 1
to 12, wherein the_contadt_between the cobalt-dohtaininq'
aqueous phase, syn gas, and a:danic solvent'takeé plaée
in the absence of a ¢ata1ys€'in conditions of tnrbulent'

flow.

contact takes place in a tubular reactor having a high

length.dlameter ratzo.

18.. A method as claxmed zn clazm 1?7, wherein_the

ratio is at least 100.
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18, A method as claimed in claim-ls wherein the
ratxo is within the ranqe of irom 1, 000 to 100,000,
20. A method as. claimed in any one of clains 1
:to 19, wherein the contact of the separated cobalt-
containing agqueous phase with syn gas and the organic.
solvent is carried out in tonStages, the first at a
higher temperature andlﬁhe second at a lower temperature.
21, E'méthod-as.c;aimed in claim 20, wherein the .
.higher temperature is within the range of from 150 to .
-175°c, and the lower temperaturé is within the rahge of
from 20 to 1zo°c. |
22. - A method as clazmed 1n any one of claims 1
~to 21, wherein an initiator is present for the reaction
 between the cobalt-contéining'équedus phase, syn gas, and
organic solvent. | _'
23. A method.aé'claimeq.in claim 22, wherein the
“ initiator is hydroéobélt'carbonyi'br dicobalt octacar-
bonyl in the'organic solvent. |
24. A method as claimed in claim 22 or claim 23,
wherein the initiator is cobélt=carbonyllin the_aqueous
phase. |
' 25. A method as claimed inlﬁny-cne'of claims 1
to 21, wherein no'initiator.is'presentlfor the réactioh
between the cobalt-conﬁéininq aqﬁeous phasa, syn gas, énd
érganic solvent. “ o
- 26. A method as'claimed in any one of claims 1
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to 25, wherein volatile cobalt compounds are recovered by
strippiné. | | '

.'27}__- A-method as claimed in claim 26, wherein
strxppxng is carried out uszng syn gas.
| 28, - A method as clalmed in claim 27 wherein the
cobélﬁ—cpntazning syn gas ;; contacted with olefin feed
to an oxo reactor, cobalt values in the gaS'dissolving in
or become entrained in the olefin feed. . )

' 28. - A method as claimed in any one of claims 1
to 28, which is carriediout on a liqﬁid organic phase
' that is the p;oddct of a;plurality of cocbalt-catalysed
oXo reactions. . |

30. | A method for recovering cobalt values from a
liquid.orgénic'phaseféontaining a product of a cobalt-
cataiysed OXO pfocesé. £he method.comprising contacting
the liqu;d organic phase in the presénce of oxygen with
an aqueoﬁs acid solutioh'cap#ble of extracting cobalt
‘values from the organic phase, and sepafating the
resulting cobalt—containihg agueous pﬁase from'the
resulting céb&lt-depletad organic phase,
concentrating the.cobalt-contgininq agueocus phase to

form a phase of'incfeased.cobalt ccntent and a substan-
ﬁially'cobélt—freé agueous phasé,
| | conpactinghthe increasgd cbbalt contentwcoﬁtaininq
aqueoué phase'with_syn gas and an organié éolvsnt for
dicobalt octacarbonyl and hydrocobalt carbonyl, the

' organic'solven; peing substantially immiscible with the
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aqueous phase,
recovering from the resultant agueous and organic

phases volatile cobalt compounds, combining the volatile
'cobalt.compougds with feedstock to an oxo proceés, an&_
separating the aqueous aﬁd drganic phases from which
volatile cobalt compounds have been femoved,

returning the tasultant separated organic phase to
form the said organic solvent,

returning the resultant separated aqueous-phase ﬁg

.form the said'aqueous'acid solution,

and contacting the;gubstantially cobalt-free'aqueoﬁs
phase with a cobalt—depfetéd oxo product-containing |
organic phase to reduce further the cobalt content of the
o*ganic phase. | |

31. " A methed for recoverzng cchalt values from 5

‘liquid organic phase resulting f{rom a cobalt-catalysed
oxé process, the method comprising contacting the liquid_

_ ‘I' organic pﬁase in thg subSténtiél absence of oxygen with |

| an aqueous acid solution capable of extracting cobalt |

~ values from the-organic 9hase,'and separating the
resulting cobalt~-containing aqueous.phase from the '
resulting cobalt-depleted organic phase,

'bassing the resulting agueous phase to a stripping
zone to wpich.is also being fed syn gas, a secpnd aquéous
phase and a second liquid organic-phase; the second
liguid organic phase bainq a solvent for dicobéltl'

_octacarbonyl and hydrocobalt carbonyl and'optionaliy
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containing.one or both of thém,'and being substantiaily
_immiScibla.with the second agueous phase, and taking from
the-;tripping zone volatile cobalt compodnds_and combin=~
ing them'with!feedstock.tb'an oxo process, |
| separating the resuitént_liquid organid and

aquéous phases, |

returning a first bart'of the resultant agueous
.phése to'fofﬁ the said agueous ﬁcid solution, contacting.
another pért of the resultant aéuaous phase with oxygen
and concentrating iﬁlta form a phase'of increased cobalt
content and a substaﬁtia{ly cobalt-free agueous phaée,

céntactihg the iﬁcféased cobalt content-containing
phase with syn gas”and the said resultant liguid orgahic
phase to form the second agueous phase and the second
organic phase and feeding them to the stripping zone, and

contacting tne substantially cobalt-free agueous
phase with the cobélt—depleted organic phase to reduce
fqrthér thé'cobalt contént of the said organic phase.

32, Any new and novel feature herein described
. or any new and novel combinatién of features described

. ‘herein.
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