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"Catalyst Regeneration" 
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This invention ·relates to the oxo process and, in 

.particular, to the catalyst cycle of the oxo process. 

That is, it relates to a method for removing metal­

containinq catalyst residues, for example, cobalt­

containinq residues, from.crude oxo products and 

recovering therefrom catalyst residues in a form suitable 

for recycle to the oxo raaction. 

oxo reactions (also ·referred to as hydroformylation· 

reactions) involve the preparation of cxy9enated organic 

compounds by the reaction of a carbon monoxide and 

hydrogen mixture ("syn gas") with carbon compounds 

containing olefinic. unsaturation. The reaction is 

performed in the presence of a hydroformylation catalyst 

arid results iri the formation of a compound, for exar:iple, 

an aldehyde, which has one more carbon atom in its 

molecular structure th"n t.ne startinq olefinic feedstock. 

By way of example, higher alcohols may be produced by 

hydroformylation of commercial c5 to c12 ol.ef in fractions 

to a c6 to c13 aldehyde-containing oxonation product, 

which on hydro9en~tion and ~ist~llation yields the 

correspondinq alcohol. The crude product of the 

hydroformylation reactiori will contain catalyst, 

aldehydes, alcohols, unreacted feedstock, syn gas and by-

products. 

Before further processinq of the crude product is 
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possible, it is necessary to remove the catalyst there­

from. One conventional method of removin9 cobalt values 

(that is, cobalt in any one of its possible oxida~ion 

states) from such a crude product is to treat tJ:te product 

with an alkali or acid wash technique; however, this 

uses expensive raw materials and, moreover,· it is 

difficult to remove essentially all traces ot cobalt from 

the resulting water wash streams before those may be dis­

charged into water courses. Another such conventional 

method involves the oxidation of the cobalt catalytic 

species followed by extr~ction as a salt in aqueous 

solution. 

u.s. Patent No. 3725534 describes a method for 

recovery of cobalt values from crude oxo product in 

which the liquid oxo product containing substantially all 

the cobalt values in the form of dissolved cobalt 

compounds is mixed with an aqueous acid, the cobalt 

materials beinq converted to water-soluble salts of the 

acid. After it has been combined with a promotor, for 

example, an alkali or alkal"ine eartt'l metal salt of a weak 

·acid, the separated aqueous phase is introduced into a 

pr~former contai~in9 a preforming catalyst, for exa~ple, 

a noble metal catalyst. The effluent is.then treated, 

preferably, with a strong mineral acid, to convert complex 

cobalt carbonyl compounds to volatile hydrocobalt 

carbonyl, wh.i.ch is stripped out of the ac:idified 

effluent by an J.nert gas or syn gas, absorbed in an 
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organic solvent and fed·,to the oxonation reactor. 

In DE-A-2244373 and u.s. Patent No. 3957684, there 
•. 

are described methods in which aqueous solutions of 

cobalt salts are treated .with syn 9as in the presGnce of 

a substantially immiscible organic aolvent containing 

cobalt carbonyl and/or hydroaobalt carbonyl under 

conditions ensuring turbulent flow~ 

solvent is n-b~tanol. 

The pref $rrec1 

In GB-A-2055371 there is. described a two-stac;e 

method for recovering cobalt from an oxo product, the 

first stage comprising c~ntactinq the oxo product with an 

aqueous c.obalt salt t.o form a Co(Co{co) 4 J 2 -co~taining 
product which is recycled via.a preformer to the oxo 

reactor, and completinq reJdoval ot co:balt in a second 

stage usin9 oxygen and an aqueous acid, the aqueous. 

reaction product beinq used as tne·aqueous cobalt salt in 

the first staqe. Preforming may be affected in the 

presence of syn gas and an· organic solvent. 

In U.S. Patent No. 4625067 there is disclosed a 

method of removing cobalt values from the crude product 

of a cobalt-catalysed hydroformylation reaction by 

contacting the crude product with a stream of stripping 

qas to entrain volatile cobalt compounds, said contactinq 

being performed in the presence of water or an aqueous 

acid to dissolve those cobalt·values not entrained in the 

gas un~er the concli tions of ternperature and p1·essur~ 

employed for said contacting, the aqueous phase sub-
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sequently being separated from the organic hydrof ormyla-

tion reaction product. The sepa~ated cooalt-containin9 

aqueous phase is concentrated in a flash unit, an~ the 

I 

concent;-ate recycled either directly to the oxo reactor 

or passed.to a preformer unit where volatile cobalt 

carbonyls are removed by means of a flow of· gas, prefer­

ably syn qas, injected into the product leaving the oxo 

reactor and recycled with unreacted syn gas indirectly to 

the reactor. 

In principle, all cobalt values are removed fr.om the 

aqueous treatment phase by the procedures described in 

the above-mentioned patents and recycled to the oxonation 

reactor. In practice, however, some cobalt remains in 

the aqueous phase and presents disposal problems. 

Further, the aqueous phase is acidic, usually containing 

organic con~aminants, formi6 acid, and possibly formates, 

and disposal of such aqueous material presents problems 

whether or not it contains .cobalt values. 

Additionall-y, when the olefin bein9 hydroformyla ted 

is of lower molecular waight, mcn.".e especially from c5 . to 

c 9 , any saturated, ~nd therefore ~nreactive, hyd~ocarbons 

contained in.the feedstock as impurity have a.sufficient 

similarity in volatility to be entrained together with 

tha volatile cobalt carb~nyls recycled to the hydro-

formylation reactor. The same is true Of any less 

reactive lower molecular weiqht olefinic spac::ies, 

especially c 5 to c8 mat~rials, and hence, as reacti6n 
• iiiiii 
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proceeds, the concentration of unreaotive species. in the 

feedstock builds up tc unacceptable proportions. 

In general, in the above described procedurei:; and 
; 

in many others, strippinq is.· carried out as an ~ntegrated 

part of the oxonation, in the p~esence of a reactant 

or reaction product of the process. Any chanqas in 

procedure for recovery of the cobalt values have an 

.effect on, and may require ehariqe in, the manufacturing 

4111· process itself, which is undesirable~ 

·. ·; .... 

n 

In one aspect of t~e present inventio~, there is 

provided_a cobalt value recovery process with no inherent 

aqueous effluent stream and in which any j.ntermittent or 

optional aqueous effluent may be substa~tially tree from 

cobalt. 
. ·. 

In a second as~ect of the invention, there is 

provided an oxonation process in ~hich cobalt catalyst 

regeneration may be carried out largely independently of 

the main oxonation process. 

In an advantageous embodiment ot the second aspect, 

catalyst reqeneration is carried out in the absence both 

of olefinio feedstock to the axo·nation process and of the 

oxonation product. 

In a third aspect, there is provided a cobalt­

cat.alysed oxonation process. in which ehe regeneration of 

catalyst is effected using only reactants that may be, 

and preferably aie, used in tbe oxonaticn process lts•lf. 

The present invention provides a method Eor recover-
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ing cobalt values from.a liquid orqanic phase containing 

them, the method comprie1inq contactinq the orqanic phase - . . 

witb an aqueous phase havinq a pli of at most 7 t~at is 
. I 

substantially immiscible with the liquid or9anic phase 

and capable of extracting cobalt values from the or9anic 

phase, and separatinq the resultinq coba.lt-containinq 

aqueous phase and cobalt-depleted organic phase, 

contacting the separated cobalt-containing aqueous 

phase with sy~ gas and an organic solvent for dicobalt 

carbonyl and hydrocobalt carbonyl, the orqanio solvent 

being substantially immiscible with the cobalt-containinq 

aqueous phase, and recovering from the aqueous phase and 

the organic phase so obtained· volatile cobalt compounds, 

separatinq the resulting organic and aqueous phases, 

and returninq the resulting organic phase to form the 

said organic solvent, 

and returninq the resulting aqueous phase to form 

the said aqueous phase·havinq a pH or at most 7. 

(For the sake of. clarity, orqanic phases that are in 

liquid form are referred to throughout the specif !cation 

as "liquid organic phases". It will be appreciated that 

the aqueous phases re~erred to herein are all in the 

1 iquid phase. ) 

The liquid organic phase containing cobalt values 

may be the crude product of a cobalt_;catalysed oxo 
. . 

reaction, arid will be referred to as such ior simplicity 

in the followin9 description. 
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The contact between the crude oxo product and tha 

aqueous phase may be carried out in the presence or the 

absence of air. If this step in the method, the 
, 

11demetallim;" s.tep; is carried out in the presence of 

air, it is pr_eferred to concentrate the separated cobalt.­

containing aqueous phase before contactinq it with syn 

qas and orqanic solvent, yielding a concentrate and. a 

substantially cobalt-free aqueous phas·e. (Preferred 

concentration procedures are described in more detail 

below) • 

Advantageously, the cobalt-depleted organic phase 

resulting from contact of the organic phase containing 

cobalt values and the aqueous phase of pH at most 7 is 

waehed with a substantially cobalt-free aqueous phase 

and, if it is or comprises an oxonation product, may 

preferably be fed to a hydrogenation reac~or. The 

substantially cobalt-free aqu~ous phase used for this 

purpose is advanta9eously the substantially cobalt-free 

product of concentrating the separated cobalt-containinq 

aqueous phase. 

If demetallin9 is carried out in the prasence of 

air, ·initial contact of the cobalt-cootainin·g aqueous 

phase, preferably after concentration, with syn qas and 

organic solvent preferably takes place in a preformer 

r~actor, to be described in more detail _below, and 

recovery of the resulting volatile cobalt compounds from 

the aqueous phase isadvantaqeously effected by_ passinq 
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the reaction· mixture from the pref ormer to a strippinq 

zone into which additional strippinq gas, advantageously 

syn gas, is fed, the volatile cobalt compounds be~ng 

taken ·off as overhead with the liquid orqanic and aqueous 

phases recovered as bottoms product for subsequent· 

separation. 

If airless demetallinq is employed, tne preferred 

procedure differs slightly. In this case the cobalt-

~ containing aqueous phase is preferably not concentrated 

before its first contact.with the or9anic solvent but 

instead is passed f ~rst t~ a stripping zone, into which a 

composition including or9anic solvent is also being 

passed, as well as strippinq gas, advantageously syn gas. 

As before, volatile cobalt compounds are taken off as 

· overhead from ~he stripper and liquid organic and aqueous 

phases, now substantially depleted of v·olatile cobalt 

compounds, recovered as·bottoms for separation, the 

resultinq separated organic phase then beinq recycled to 

form the organic solvent. 

Atter separation of aqueous and organic phases, the 

aqueous phase is advantageously divided, a part 

advantageously being concentrated, and another part used 

as the source.of the aqueous phase having a pH of at most 

7 for the demetalling step. After concentration, if 

employad, the cobalt-containing aqueous phase is p~ssed 

to a preforming reactor, together witl1 syn gas and 

organic $Olvent from the separator,_the resulting 
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product forming- the composition passed to the stripping 

zone. 

The aqueous phase contacted with the crude o_xo 
I 

product for demetallin9 may be water or an aqueo~~ acid, 

which may already contain cobalt salts. cobalt in the 

crude oxo product is taken up in the form of salts in the 

aqueous phase. 

In the case where the aqueous phase is water {rather 

than aqueous acid)., then cobalt may be transformed into 

Co(Co(C0) 4 ) 2 but, because of th.e presence of formic 

acid, produced in the oxo reaction and present in the 

oxo product, in the presence of air all cobalt present 

will be transformed into cobalt formate. 

In the absence of air~ but in the presence of co2+, 

hydrocobalt carbonyl will be tr~nsCormed into 

Co(Co(C0)4)2· aecause ~f the presence of formic acid, a 

proportion of the Co[Co(C0) 4 ) 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 light organic 

acid is used as the aqueous phas:e in demetalling, for 

.example, ari acetic ot formic acid solution. It is 

especially preferred that the aqueous phase •hould 

comprise dilute formic acid, for example, at concentra-

tions .of from 1 to 5, especially from 1 to 2, wt %. 

Preferably, the .water or aqueous acid is used in an 

amount of !rom 5 to 20 wt. t baaed on the amount of crude 
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product. It is particularly preferred to use aqueous 

formic acid a~ the aqueous phase required to be present 

in the demetalling step, as formic acid is one of the 

orqaJJic compounds produced in the hydroformylation 

reaction and its associated secondary reactions to which 

this invention pri.marily ·relates. 

The contact between. the cobalt-containinq aqueous 

phase, syn qas, and organic.solvent to form cobalt 

carbonyls may be carried out in the preformer in the 

presence or absenc~ of a suitable catalyst. 

If a catalyst is present, it is advantaqeously a 

noble Metal, ~specially qold, platinum or, preferably, 

palladium, either in the form ot a slurry or, prefer­

ably, in a fixed bed. 1-.dvantageously, the active 

catalyst is embedded on a solid support, e.q., carbon or 

alu~inA. A 1 to 2% palladium-carbon fixed bed catalyst 

is preferred. 

If no catalyst is present, the preformer is 

preferably one designed to maximize contact between tha 

two U.quid phases and the gas. As an example of a 

suitable preformer, there may be mentioned a tubular 

reactor havin9 a high length: diameter ratio, for 

example from ioo to 100 ooo, advanta9eously from 1000 to 

100 ooo, under con~itions .that result in at least 

partially turbulent flow, advantageously with a Reynolds 

Number mucl' higher than 1600, and preferably above JOOO. 

Optionally, but advantageously, at least one of the 
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phases contains cobalt carbonyl and/or hydrocobalt 

carbonyl as initiator, thereby minimiz.inq or avoiding.an 

induction period for reaction. 

As indicat~d above, the volatile cobalt carbonyls 

are advantageously recovered from the aqueous phase and 

the orqanic liquid phase in a stripping step in which the 

said phases are contact.ed with a strippinq qas, the 

volatile cobalt compounds being entrained in the 

~ stripping qas. 

As the.stripping 9as in the strippinq·step there is 

preferably used· syn qas, ~he particular proportions of 

the carbon monoxide and hydrogen in the syn qas ·being 

adjusted to suit the reaction system. The stripping CJas 

may, in principle, be any gas that does not react in. an 

undesired manner with tJle cobalt compounds to be 

entrained therein, for example, nitrogen or a light 

saturated hydrocarbon such as propane or :bu1:,ane, but syn 

gas is preferred. 

Advantaqeously the volume ratio of stripping qas to 

liquid phases at the applied conditions is from 20:1 to 

250:1, preferably trom 50:1 to 125:1. Higher ratios may 

be used, with good effect, but hiqh ratios may be detri­

.mental economically. The limitin9 lower value of the 

ratio, it will. be appreciated, will be reached when there 

is insufficient strippinq qas flow to achieve the desired 

dGqree of cobalt ·volatiles removal. Simiiarly any flow 

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



h 

i ... :aa r·IC.":'04 

- 12 -

THIS SHEET HAS BEEN 
REPLACED 

~ .. 

sufficient to give the desired entrainment of cob8lt 

volatiles. The.liquid (orqanic and aqueous) phases are 

preferably well dispersed to give qoodcontact between 

the liquids. It is preferred, too, that the stripper 

unit in which the strippinq· step is performad should 

include inert solid surfaces, for example, ·trays or 

packing material, to facilitate contact beeween the 

liquid and qas phases. 

The volatile cobalt compounds recovered by the 

process of the invention are advantageously utilized in 

the oxonation reaction. Preferably, the stripping gas 

containing the volatile compounds is contacted with 

olefin beinq fed to ~he oxo reactor, thG stripping gas 

advantageously being passed. in countercurrent to the 

olef inic feed.. The volatile cobalt compounds entrained 

in the stripping gas.dissolve in the olefinic feed and 

are thus returned to the oxo reacti6n zone. The stripp­

inc;J gas may then either be purqed or recycled. It wlll 

be appreciated therefore that syn gas is the pref erred 

strippinq qas because its subsequent recycle contact with 

the olefinic £~edstock, or ~se in the preformer or 

stripper~ will n~t cause the introduction of tindesirable 

materials into the oxo reactor. Under the conditions 

employed, substantially all volatile cobalt compounds 

will be entrained by the stripping gas and none retained 

in the bottoms product. Similarly, substantially no 

water or organic solvent wili be carried over by the 
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stripping qas (syn qas) and introduce~ into the olef inic 

feed. If necessary the cobalt-containin9 stripping qas 

· may be cooled prior to contact with the olef inic ~eed, 
I 

and condensed water refluxed into the stripper, or fed to 

the pref ormer as a source of volatile cobalt as 

initiator. 

As indicated above, the aqueous phase containing 

oobalt values is advanta9eously concentrated, and is 

preferably concentrated to an e~tent such that the cobalt 

level is at or near saturation. The aqueous concentrate 

advantageously contains the maximum possible amount of 

coba.lt in solution for tho particular operating tempera­

ture and for the particular cobalt salt employed. If, as 

is pref erred, formic acid has been employecj in the 

demetallinq step, the aqu~ous phase ls preferably con­

centrated to qive a cobalt concentration of from o.s to 2 

wt %, based on the total concentrate, expressed as 

elementary cobalt,_before it is fed to tha preformer. 

Advantageously, thi concentration of free formic acid in 

the concentrate is front 2 to 8 wt t based on the tota.l 

concentrate. 

To ensure as far as possible the absence of volatile 

cobalt compounds fr.om the aqueous phase sent for con­

centration, *specially when this is effected by 

evaporation as is preferred, the aqueous phase is 

contacted with o><y9en, conveniently in the for-m of air. 

If demetallinq is carrjed out in the presence of air, 
~~~~_:__~~~~~ 

111is Sl:teet Has Been Replaced 
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this step is normally &Uff icient to oxidize the volatile 

cob5.lt compounds to non-volatile cobalt species. r·f, 

however, airless demetallinq is employed, then a separate 
I . 

oxidation step,· for example injectinq air into the 

aqueous. phase, may desirably be employed before con­

centration. 

The concentrate may be produced by flashing the 

aqueous phase in an evaporator or by using any other 

,... . convenient means, for e>eample, a membrane, to yield the 

concentrate, for example, a cobalt formate/formic acid 

aqueous solution, and an ~queous effluant which is 

substantially free from cobalt providod all volatile 

cobalt compounds have previously oeen oxidized. This 

aqueous effluent may, as indicated above, accordingly l>e 

recycled for use in removinq any tracas of cobalt from 

the oxo product after tne demetallinq step, for example 

in a wash tower as described in U.S. Patent No. 4625067. 

Preferably, the water stream fed to the wash tower is 

exclusively aqueous effluent from the evaporator. If 

desired, fresh water make-up, tor example, in an amount 

of l to J% by volume, based on the oxo product, may be-

· added to the aqueous e!tluent from the evaporator that is 

fed to the wash tower. In that manner, water from the 

evaporator may be retained within a substantially closed 

cycle, it beinq possible substantially to avoid the need 

to purqe water from the evaporator. If it is ncc:cassary, 

for example, in order to remove undesired impurities, 
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some aqueo~s eff luant from the evaporator may be purqed 

from the system. 

As already mentioned it is preferred to use as the 
f . 

~queous phase.contacted with the crude.oxo product an 

aqueous formic acid solution, althQuqh other acids, for 

example acetic acid, may pe used. For ease of 

explanation, it is assumed in the followinq discussion of 

the preforminq step that formic acid is used. 

The cobalt values contained in the aqueous phase 

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

in the preformer, in the .Presence of syn 9as is 

con•1ertecl to Co(Co(CO) 4 J2 ·in. accordance with the 

following reaction: 

JCo (COOH) 2 ~· Jli2 + aco -> 

Hydrocobalt carbonyl is liberated from the 

Co[C~(C0) 4 J 2 by the following reaction, formation of the 

hydrocobalt carbonyl being enhanced by the presence of 

free formic acid, which is produced as a by-product in 

the hydroformylation process as well as in the conversion 

of cobalt formate to Co[Co(C0) 4 J2 , and will normally be 

present in the aqueous phase: 

Co[Co(C0) 4 J2 + 2HCOOH --> 2HCo(C0)4 + Co(COOHlz. 

Hydrocobalt carbonyl is relatively ins6luble in 

~ater (maximum solubility at 20°C 3000 ppm, expressed as 

alemental cobalt). ·It is believed that as t:he con-

11.11u1rnH11r 
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~entration of the hydrocobalt carbonyl in the aqueous 

phase approaches a concentration cort'esponc\in9 to the . 
said maximum solubility, the carbonyl se.parates f~om the 

aqueous ph.ase and is extracted into the organic liquid 

phase. Some of th~ hydrocobalt carbonyl becomes 

ent~ained in the syn qas. Further hydrocobalt carbonyl 

may be transformed into dicobalt octacarbonyl, which is 

extracted into the organic liquid phase. 

The orqanic solvent may be any or9anic solvent that 

is substantially immiscible wlth the aqueous phase with 

which it comes into cont4':~t~ The solvent may, for 

axample, be an.olefin, decobalted crude oxo proauct 

(that is, the product obtained after treatment of crude 

oxo product to remove catalytic residues but before 

hydrogenation or distillation of the organic mate)."'ial), 

hydrogenated o~o product, an oxo alcohol or alcohols, or 

a light or heavy oxo f.raction. The solvent should 

generally be one that is liquid under the conditions 

prevailing in the preformer and the stripper. 

Lower molecular weight, especially c 6 to ell• 

alcohols that are substantially immiscible with the 

aqueous phase under the reaction conditions are 

especially suitable as cirqanic solvents. . The preferred 

alcohols are saturated aliphatic monohydric alcohols, for 

example a hexanol, heptanol or octanol. Conveniently 

the alcohol used is an o~o p~ocess alcohol, and oxo 

process heptanol is ~specially preferred. 
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As indicated above, however, it ls a feature of the 

invention that the catalyst regeneration is carried out . 
in larqe part independently of the oxo process itself, 

and that the o~ganic solvent and hence the liquid orqanic 

phase containing cobalt values may if desired be, and 

prGferably are, maintained out of contact with· both the 

olefin feed to the oxonation reacttir and the oxo product. 

Accordingly, the organic solvent may be chosen solely on 

the basis of its suitabil.ity for use in facilitating 

recovery of the cobalt from the aqueous phase since 

considerations of compat~bility of the solvent with the 
·. 

olefin feed, as in u.~. Patent No. J 725 534, or tha oxo 

product, as in u.s. Patent No. 4 625 067, do not apply . 

. This separation, resulting .in t.he catalyst recovery 

being performed in "outboard" units, leads to.further 

very important advan~ages. The first of these is that a 

single catalyst recovery system, employinq, for example, 

a common evaporator, preformer, and stripper, may be used 

tor two or more oxonation trains operatinq on different 

starting materials and/or producing diff arent· o~o 

products. This results· in lower investment costs. 

Secondly, the removal of the catalyst residues from 

the crude oxo product does not involve a stri~pinq step. 

Acc:ordinqly, the associated problem of build up of 

unreacti~e species in the olefin feed does not arise when 

liqhter grades of olGfins are being oxonated, ths 

stripping stage of the method according to the invention 

·. B Replaced 
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being carried out in the absence of both feedstock to, 

and the product of, the oxonation reaction . . 
The ratio of the solvent chosen to form the ?rqanic 

liquid phase to· aqueous phase in the preforminq_ step "is 

advanta9eously from o, 2: 1 to 5: 1 by volume and may 1 for .. 

example, be 1:1 by volume. The amount of syn 9as is 

preferably so selected that both hydroqen and carbon 

mono>eide are present in_ a stoichiometric excess of at 

least 20% over the total cobalt in the praformer feed•. 

The molar ratio of hydroqen to carbon monoxide may be 

from o.5:1 to 2:1. 

If catalytic preforminq is employed, the aqueous 

phase is advantageously combined with tha organic· .sol vent 

before enterinq the preformer, and the combined aqueous 

and organic liquid phases obtained are passed to a two­

liquid-pl1ase plug flow reactor havinq one or more fixed 

beds of Pd/C, to which syn gas is also fed. 'l'he reactor 

comprises means, e.q., a di~tribution plate, for 

ef fectinq mil<ing of the two liquid phases and tha 9as 

phase so that the two liquid phases are well dispersed 

and the interface between the l~quid phases and the qas 
.. 

phase is sufticiently large that the mass transfer of 

material between .the liquid_ phases and the 9as phase .is 

not limited by the size of the said interface. The 

reactor also comprises means for ef fectinq good catalyst 

wetting by both the liquid phasos and the 9ase~us phases; 

this may be achieved by _employing a rGactor with a high 
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1ength:diameter rat~o so as to achieve, advantaqeously, a . ~ . 

total liquid throughput, i.e., combined aqueous and 

organic phases, of at ·least 4.l, kq/m2/s. The temperature 
f 

in the reactor is pr~ferably from 50 to l75°C, more 

p~eferably from 120 to 140°c. The pressure in tha 

reactor may be from 10 to 30 MPa, and is preferably from 

25 to 30 MPa. 

It a catalyst, e.q., ·2t Pd on ca~bon is employed, a 

residence time of 0.2 to 1.0, preferably 0.4 to o.a, hr 

is advantageously.elnployed. 

Alternatively, and preferably, the rea~tion is 

carried out in the absence of a catalyst in a tubular 

reactor with a very hi9h len9th: diameter ratiP with 

turbulence,· as mentioned above. The reaction is 

advantageously assisted to commence by incorporating an 

initiator in one or both of the liquid phases, _aithar 

· HCo(COJ4 ·or C02 (CO) s i_n the organio phase or Co(Co{CO) 4] 2 

in the aqueous phase, at a concentration of up to JOOO 

wppm, advantaqeouely from 1000 to 3000 wppm, measured as 

coba.lt. 

In the tubular reactor without catalyst,_ reaction 

pressures as 9ive·n above with reference· to catalysed 

praforminq are appropriate. Advantageously, the 

reaction is carried out at a temperature within the ranqe 

of 50 to 200°, and preferably from 120 ·to 175°c. In a 

p~Gfarred method o! proformin9, a. first stag~ is carried 

out at a hiqher temperature, fo~ example 150 t:o 175°C, 
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and a second stage is carri~a out at a lower temperature, 

for example from 20 to i2o•c, preferably from 50 to 

By this reduction in temperature, while 
l 

maintainin9 a hi9h pressure, more cobalt carbonyl is 

transferred to the organic phase,_ al,lowinq further 

:reaction to take place in the aqueous phase •. 

If a tubular reactor, i.e., one providinq a niqh l:d 

ratio is employed, residence.time may be considerably 

_, shorter than if ".atalytic prefominq is carried out. If 

this procedure is adopted, the total residence time is 

advantaqeously from 2 to 10 minutes, incl\.tding both 

first and second staqes if both are. employed •. The total 

residence time in the first, or the sole, hi9h 

temperacure stage is advantaqeously fro~ 90 seconds to s 

minutes,_ preferably from 2 to 5 minutes. If thG second 

low ~emperature sta9e is employed the residence time is 

advantageously from 30 seconds to 5 min'utes. 

Because the preferred· preforming cycle described 

above allows essenti~lly ~11 the water to· be in a closed 

loop, the waste water from the evaporator being recycled, 

pre!erably via a wash tower, to tile stripping step, the 

need to dispose of ·wast~ water ~ay be substantially 

avoided. Thus, the method of the invention enables 

environm~ntally clean cobalt recovery to be attained. 

Further, be~ause the invention provides an internal 

closed loop for any CC?balt formate in the aqueous phase 

that remains uni.-eacted in the pre former, it . is not 
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important for complete preforming conversion to be 

obtained. Cobalt values that have not been preformed 
•. 

(that is, converted to cobalt in an active form) are 
,. 

retained in the· aqueous phase and recycied. 

Also, tha process may be operated without the 

addition of chemical reactants, other than the reactants 

for use in the oxo process, because formic acid, which 

promotes the conversion· of Co£Co(C0) 4) 2 to hydrocobalt 

carbonyl, is produced in the oxo reaction. Thus, after 

an initial introduction of formic acid, it is possibl~ to 

makG the systam substantially closed with r~qard to 
. ·' 

formic acid. 

UsinCJ a tubular reActor as prcformer, an overall 

cobalt recovery of about 50 i based on the cobalt 

entering the preformer, may 'be achieved, with 

approximately 70 %, or up to 85 % including- an 

equilibration step, of cobalt v4lues being converted in 

the preformer to volatile cobalt oarbonyls and ~bout 70 % 

of that preformed cobalt being taken up by the strippinq 

gas in the stripping step. 

Any cobalt loss may be made up by introducing 

cobalt, for example, in the form of cobalt soap, into the 

preformer with the o~qanic phase or in the form of an 

organic cobalt salt, for example, cobalt formate, in 

aqueous solution. 

Two methods of cobalt recovery in accordance with 

the invention wj.ll now be described in greater detail by 

This Sheet Has Been Replaced · 
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way of example only with. reference to the accompanyinq 

drawings of which: 

Fiqure 1 is a flow diagram of a hydroformyla~ion 

reaction system in which demetalling of the product is 

carried out in the presence of air, and 

Figure 2 is a flow diagram of a hydroformylation 

reaction systam in which the demetalling is carried out 

in the absence of air. 

·Referring to Fiqure·1, a first feed olefin is 

delivered via a line l to a first oxo reactor 5, to which 

is also delivered syn gas via a linG 3. ~ydrciformylation 
. ..~ . 

takas place within the.reactor, and a crude product 

containin9 aldehydes, aicohols, cobalt catalyst compounds 

and by-products is carried via a line 7 to a demetallizer 

unit 9, air beinq introduced through a line 10 and an 

aqueous washin9 phase through a line 11. The aqueous 

washing phase is a dilute formic acid solution. In the 

unit g the 8queous and organic phases are separated, the 

aqueous phase, which contains the major proportion of the 

cobalt, being fed by a line 13 to an evaporator 23, 

while the orgAnic phase is led by a line 15 to a wash 

tower 17. In th~ tower.17, the orqanic phase is washed 

with cobalt-free water delivered by a l"ine 19, and the 

now substantially cobalt-free organic phase is fed by a 

line 21 to a hydrogenation unit, not shown. 'rhe re~ctor 

5, the unit 9, and the tower 17 ·and associated lines form 

a first oxonation train. 
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The cobalt-containin9 wash water from the tower 17 

is fed by the line 13 to the evaporator 23 together with 

the aqueous phase from the unit 9. Also shown in Figure 

1, and indioat~d qenerally by the reference num~rals 25 

and 35, are second and third oxonation trains, in which 

9enerAlly similar procedures are carried out as in the 

above-described first oxonation train but, if desired, on 

different olefin feeds or under ditf erent operating 

conditions to yield different products. 

The cobalt-containinq aqueous phase is concentrated 

in the evaporator 23, the distillate water beinq fad by 

the line 19 to the wash towers of the three oxonation 

trains. The cobalt concentrate is fed by a line 27 to a 

· preformer unit 29, into which is also fed syn gas throuqb 

a line j1 and an organic solvent throu9h a line 33, the 

organic solverit being sUb$tantially immiscible.with water 

and a qood solvent for dicobalt oetacarboriyl and 

hydrocobalt carbonyl. .The liquids being fed to the 

pre·former unit 29 accordingly are an aqueous phase 

containing formic acid and cobalt formate, and an 

organic phase containing, for example, a c6 to C1~ 

alcohol also oont.aininq formic acid and formate esters. 

In the preformer, which may be catalyst-free or may 

contaih a catalyst, e.9., palladium on charcoal, the 

coJ:>alt is converted to dicobalt octacarbonyl and 

hydrocobalt carbonyl. The rea.ct.ion product from the 

preformer 29 is fed by a l.ine 37 to a stripper 39, to 
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which is also fed syn gas by a line 41, the syn qas 

entraining the volatile cobalt carbonyls being taken off 

overhead and led by a line 43 to each· of three absorber 
! 

units 45, 55 and 6!5, where it meets the feed olefin t·o 

the respactive oxonation train. The bottoms product from 

the stripper 39 is fed by a line 47 to a separator 49. 

The aqueous phase, which has now had a substantial 

pr_oportion of cobalt removed and comprises a dilute 

fon1ic a.cid solution, is fed from the separator 49 by the 

line l.1 to the demetal.linq unit 9 or to the evapora~or 

2 3. · The organic phase, w ... ~ich comprises the c6 to c13 

· alcohol and formate esters, is fed by the line JJ to the 

preformer 41. 

Referring now to Fig:. 2, in which units and lines 

identical to those in Fig. 1 are qiven the same reference 

numer_als, the oxonation trains are similar to those o! 

Fiq. l.~~c~pt that the air line to the demetallizer unit 

9 is omitted. The line 13 carrying the aqueous phase 

containing cobalt values from the unit 9 and the. wash 

tower 17 leads to the stripper 39 rather than to the 

evaporator 23, to which, as in Fig. 1, the line 37 

carry_inq the preformer product and syn gas lino 4l. also 

l~ad. Optionally, but advantageously, a portion of the 

cobalt-containin9 aqueous phase tr.om line 13 may be fed 

through a line SJ to the preformer. In this way, the 

cobalt. content of the stream that is in the form of 

hydrocobalt carbonyl_ assists in initiating preforming, 
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which is ospecially helpful if a non-catalytic preforming 

step_ is used. 

The aqueous phase from the sep·arator is split, part 

of the formic acid solution being led by line ll to the 

demetallizer unit 9 and part by line 51 to the evaporator. 

23. As before, the cobalt-f~ee product from the 

evaporator is led by line 19 to the wash towers. If. 

· desired, an oxidation unit (not shown) may be provided to 

oxidize any cobalt volatiles remaining in the aqueous 

phase fad to the evaporator through line s1. 

In this procedure, i.n which no air is employed in 

the demetallinq stap, the oxo product is dematalled 

using only water, a low molecular weiqnt carboxylic acid, 

and/or a cobalt sal~ solution of such an acid, binding 

most of the cobalt catalyst as hydrocobalt carbonyl, 

which, as indicated above, assists in the prefor'ininq 

step, especially if a non-catalytic reactor is used. 

_Cobalt catalyst is regenerated by the procedure 

~ccord~n9 to the invention, and all aqueous phase may be 

.recycl~d, avoiding the need for. effluent disposal. 

~xample 1 

In this Example, catalyst-free. batch preforminq of 

an aqueous cobalt solui:ion was effected in the presenc:a 

of a C7 OXO alcohol. The cobalt WAS primarily present as 

formate, but O.Jt by weight hydrocobalt carbonyl was 

present as initiator .. 

. 'l~ha reactor was a 4 li·tre autoclave equipped 111ith a 

·:: -:;·~ .. : 
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thermostatically controlled heater, pressure regula1:or, 

and gas and liquid phase injector lines. Stirrinq was 

carried out by a 6-biade JOOO r.p.m. (max) turbine 

impeller in co~junction with re~ovable baffles in the 

vessel. 

The alcohol, 820g, containinq 3000 ppm cobalt as 

hydrocobalt carbonyl, was introduced into the reactor, 

the reactor purged wi tti syn 9as (mole ratio H2 : co of l: 2) 

with stirrin9 at 1800 r.p.m. and the pressure raised to 

30MPa, and the temperature to 175°C. 1027 9 of aqueous 

cobalt formate (pH 3. 2; .1.. 067i co2+ as formate) were 

introduced, and the pro9~ess of the reaction ~onitored 

by taking sampl~s from the alcohol and water phas~s and 

analysing them for cobalt. The results are given in 

•rable l · below. 
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TABLE 1 

Equilibrium after Reaction Time, •ins 
Starting 

_J materials 0 4 8 

Organic, g 820 943 9.\3 943 

Water*, g .1027 904 862 779 

Wt\ Co in 
organic 0.3068 0.2668 

GMOL Co (org) 0.0378 · 0.0378 

.GMOL Co2(C0)5 

GMOL liCo(C0)4 

Wt.\ co in water l.0675 1.2127 l.2885. ·i.4096 

Wt% co2+ 1.2127 0.3850 0.3534 

GMOL.Co2+ 0.2056 0.0653 0.0599 

GMOL co-l 0.0000 0.1531 0.1790 

. Cobalt. 
balance, i 100.00 

ca2+ conv,- % o.oo . 68 .11 72.74 

* Reduction largely due to sampling loss . 

I 

30 

943 .. 

·737 

0.1622 

0.0230 

0.0013 

0.0216 

1 .. 3476. 

0.3408 

0.0578 

0.1706 
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i4.76 
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The results indicate that, under the conditions 

shown, equilibrium conversion (about ?Ot) of ca2+ ta co-l 

is reached atter about 6 minutes. 
-! : 

Example 2 

The procedure of Example ·1 is repeated, except that 

the reactor ter.iperature·was l50°C, and the·initial wt% 

cobalt in the water was l.2682.· The results are given in 

Table 2. 
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TABLE 2 
-~ I 

... 
..:......-"' "" r:n ,._ 
-~ r. (II -- .... - ; 

' 
EquilibriUJ.u after Reaction Time, mins \ 

Startin9 
materials 0 4 8 30 

- ·--· - ._ 

:I:: 
~ 

=to. 111 -Cl> x ~ 

-~ 8 -W z 
'2. n -~ ffl .. Cl> 
c. "3'. 

Organic, 9 . 840 932.4 932.4 932.4 932.4 I 

Water, 9 1050 957. 6 917.6 839.6 759.6 I 
I 

Wt\ Co in l organic. 0.2967 0.2673 .. 
0.3279 

'. 

GMOL Co (org) 0.378 0.0464 

·n 
D 
-1 
111 
-7 

::-, .... 
TJ .:1 
:u .., 

~ ,,.: 
\C 

~· 
-i 

GMOL Co2(CO)a 0.0076: I 
l 

fll 
{JI 

' 
GMOL HCo(C0)4 I 0.0388 I 

I 

Wtt Co in water 1. 2682 1..3906 1.2887 i.0079 I I 
l 1.2194 C-1 

-,J 

Wt-\ co2+ l.3906 1. 02'12 0.2896 0.2481 f! 

GHOL co2+ 0.2357 0.1736 0.0491 0~0421 
I• 

(.• 

.. GMOL co-1 0.0000 0.0448 0.1217 0.1646 

Cobalt 

l 1 . , 

g' r; 
ll: 
l. CIJ 

balance, \ 

. I 
100.00 92.2 

co2t Conv % o.oo 26.84 80.10 84.30 J l r 

--

~ Vl m= .,, tr! 

!;.' ~ 
(j ::c 
trl > 0 Vl 

l'l:I 

m z 
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The results show that at iso 0 c it t21kes lon9ar for 

equilibrium to be reached but that the equilibrium 

conversion ratio is hiqher. 

E){ample J 

The procedure of Example l is repeated, except that 

the concentration of hydrocobalt carbonyl_ in the alcohol 

was 1000 ppm, and the initial weiqht t cobalt in the· 

water was l.l018. The %·conversion is 9iven in Table' 3 

W . below. A lol'lqer period than in Example l is required for 

equilibrium conversion to be reached. 

.. 

": .... ·· .. 

Table 3 

Tino, ·Minutes 
0 . 2 4 6 B 10 lS 30 

co2+ Conversion% o s.73 22.26 .74.18 77.26 78.19 79.so .so.67 

Exam,ple 4 

rn this Example, no hydrocobalt carbonyl was 

initially·p~esent in the aicohol, and initially, the 

reactor temperature was as in Example l. ~fter 20 

minutes, however, it was reduced to 1.20°c. Table 4 shows 

that in ~he first 7 minute~, when no initiator was 

present at start-up, reaction was relatively slQW. 

Between 7 and 10 minutes, however, the reaction was much 

more :rapid, bein9 catalysed by the initiator produced by 

the reaction. The equilibrium shift produced by the 

reduction in temperature after 20 tninutes ·is also shown. 

This Sheet Has Been Replaced . 
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I Orqanic, q 

Water*, g 

Wt\ Co in 
organic 

GMOL· Co (org) 

GMOL Co2(C0)9 

I GMOL HCo(C0)4 

wti co in water 

Wt!& co2+ 

GMOL co2+ 

. GMOL co-1 
i 

Cobalt 
balance, \ 

co2+ conv, t 

. I 

starting 
materials 0 

~ 

847 974.05 

1034 906.95 

0 0.0000 

0 . 0.0000 

1.0329 1.1776 

l.1776 

0.1996 

0.0000 

100~00 

0.00 

t---...... . 

TABLE 4 

I 

Equilibrium after Reaction Time, m.ins 

7 10 15 20 

956.55 939.05 921..55 904.05 ... 
862.95 816·.95 771. .. 95 726.95 

0.0443 0.2485 0.4379 o .. i419 

l.1679 ·1. 0466 0.9720 1.0934 

0.9985 0.5784 . 0~2689 0.2538 

0.1692 0.0980 0.0456 0.0430 

0.0287 0.0794 0.1192 0.1423 

104. 13 114 .·1s 127.84 108.45 

15.)6 51.'39 78.06 so·.2s 

45 

832.31 

781.19 

o. 4240 . 

·0.0600 
w ... 

0.0189 

0.0411 

0.6429 

0.0968 

0.0164 

0.0926 

107.50 

91.80 
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~he batch proceduras of Examples l to 4 show that 

with the good contact b&tween the phases obtained. by hi<]h 

speed stirring equilibrium conditions are reached rapidly 
I 

at hiqh temperatures and in the presence of an auto-

initiator in a liquid phase. However, a more favourable 

equilibrium exists at lower temperatures. 

Example S 

In this Example, continuous preforrninq is 

.... illustrated. The process was carrilid out in a st:ainless 

• 

·steel (Type Jl6L) tubular reactor, of l.en9th 110 m, 

int:;ernal diameter 1.1 mm, and providing a free space .·of 

1.04 dl. The reactor was maintainBd at 1?5°C through 

external steam heating. The inlet pressure was 

maintained at 30 MPa. The reactants were fed into the 

preforrner for 3 hours under the conditions indicated in 

Table s. 

oxo process heptanol 
containing 0.2537 Wt % 
-Cob~lt as HCo{CO] 4 

Syn qas (H2:Co 1:2) 

Cobalt water (contQinin9 

'l'ABLE 5 

·0.9476 Wt % cobalt as formate) 

Residence Time 

o.sa litre/h 

l.6 litres/h 

0.519 litre/h 

2. 34 nuns 

Under these conditions, an outlet pressure of 28.S 

MPa was obtained. The pressure drop of 1.5 MPa ensures 

intensive contact between the phases;. 

The reaction. mixture leaving the pref ormer was fed 

This Sheet Has Been Rt'Placed .• 
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into a stripper operated under the conditions shown, and 

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

Temperature 

Pressure 

Pref ormer Or9anic Phase 

Pref ormer Aqueous Phase 

Added water (5' acid) 

syn Gas 

Product, coba:bt cc:iat~nt, 

Water at bottom, co2+ 

water at bottom, co-1 

organic at bottom 

overhead recovery 

% per pass conversion 

TABLE 6 

0.41S 
: 

0 

o.·0021 

Example 6 

80 KPa 

· o. 557 litre/h 

0.527 ·1itre/h 

0.25 litre/h 

148 litre/h 

Gm 

8.55 

O.OJ 

10.06 

41.99 

The percentage conversion per pass in Example 5, 

about 42%, n1ay be improved by takin9 advantage of the 

equilibriu:m shift that takes place on reducing the 

temperature, as 1n Example 4. In t.he present Example, a 

reactor maintained at 175°C la p~ovided by three stirred 

autoclaves in serles, the.autoclaves bGinq as described 

in Example 1. By providing reaction conditions of hiqh 

stirrir.q rate and lonq residence time, equilibrium 

conditions were assured (and thereby a basi~ of 

comparison for ~xample 5 is provided, giving confirmation 

that reactic;>n aquilibrium at the prevailin~ temperature 
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and pressure had been reached in the tubular reactor in 

that Example). 

The reaotion mixture from the final autoclave was 
.I 

passed to the tubular reactcr which was maintained at· 

107°C. The results are shown in Table 7. 

TABLE 7 

Preforming Zone l (Three stirred Autoclaves) 

Pressure 

syn Gas ratio H2:co 
Stirring rate 

Organic feed rate (iso-heptanol) 
.. • 

Cobalt content 

Aqueous feed rate 

Cobalt content 

Residence Time 

·output - cobalt content, aqueous phase 

conversion rate 

Preforming Zone 2 <Tubular Reactor) 

Inlet Pressure 

Outlet Pressure 

Residence Time 

Output - cobalt content, aqUGOUS phase 

Conversion rate 

Strippar Zona 
Temperatuz.·e · 

Pressure 

Feed rate - organic pl1ase 

30 MPa 

l.: 2 

1500 RPM 

U.461 l/h 

0.425 l/h 

i. 0744 wt% 

163 mins 

o.3475 wt\ 

70.8% 

JO MPa 

28 MPa 

s mins 

0.2382 wt% 

78.2% 

80 KPa 

0.443 g/l 
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Feed rate -·praformer water 

Make up water 

Gas 

Stripper Prodyot, cobalt content 

Water at bottom, co2-t· 

Water at bottom, co-l 

organio at bottom 

overhead recovery 

t per pass conversion 

Exzuople 7 

. ·-· - ... 
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0.425 q/l 

0.174 g/l 

ll4 9/l 

0•4483 wt% 

O wtl 

0.0057 wt% 

The procedure of Ex~mpl.e 5 was repeated, using 

identical starting mat~rials in similar pro~ortions, but 

with a residence time in the preformer of 4.8 minutes~ 

with no cobalt in the orqanic phase, bu.t with 1054 ppm 

co-1 as initiator in tho aqueaus phase, other conditions 

remaining substantially the same as in Example s. The 

per cent per pass conversion was so.1, basod on the 

cobalt formate in ·the water fed to the preformer, 

indicatim3 that an initiator in the aqueous phase is also 

cf faotive. 

Example.a 

'l'he procedurG of Example 7 was repeated, using as 

the organic phase iso-heptanol containin9 14 % of 

formates and 1.14 % for~ic acid; 773 ppm co-1 were 

·present in the aqueous pl\ase. The per cent por ·pass 

conversion fell ~o 41.B. 

This e)(ample illustrates that a 14% level of 
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formate in the iso-heptanol.causes a fall.in.conversion 

rate. 

Example 9 

The procedure of Example s was repeated using the 

same cobalt-free organic phase but the aqueous phase 

contained cobtalt formate and no initiator.· The per pass 

conversion fell to 39.6t, indicatinq that even without 

.initiator present in either liquid phase conversion takes 

·place, albeit at a lower rate. 

Example 10 

'l'he·procedure of Example 7 was repeated~ but using 

iso-ctecanol as the organic phase. The per cent per pass 

conversion was 36.0, indicating the lower effectiveness 

of the h~9her molecular weiqht alcohol . 



. L_. 

l~: 15 -~-:. 

11111111111111 1111111111111111 
*CL M ~ *' 

- J7 -
I iHlS SHEET HAS BEEN 

REPLACED _t 
' 

Qlaims 

i. A method for recovering cobalt values from a 

liquid or;anic phase containinq them, the method 

comprising contacting the liquid organic phase with an 

aqueous phase of pH at most 7 that is substantially 

·immiscible with the liquid or9anic phase and capable of 

extracting cobalt values from the or9anic phase, and 

separating the resulti.nq cobalt-oontainin9 aqueous phase 

from the cobalt-depleted or;anic phai:se, 

contacting the separated cobalt-oontaining aqueous 

phase with syn gas and. a~ organic solvent for dicobalt 

octacarbonyl and hydrocobalt carbo~yl, the orqanic 

solvent being substantially i~miscible with the aqueous 

phase, and recovering from the aqueous phase and the 

organic phase so obtained volatile cobalt compounds, 

·separating the resultant aqueous and organic phases, 

returning the orqanic phase to form the said 

organic solvent and 

returninq the aqueous· phase to form the said aqueous 

phase of .pH at most 7. 

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

cob~lt-containing aqueouj pha~e is concantrated to form a 

concentrated cobalt-containinq aqueous phase and a 

substantially cobalt-free aqueous phase before the 

concentrated cobalt-containin9 aqueous phase is contacted 

with syn gas and org~nic solvent. 

3 . A method as claimed in claim 2, wherein the 
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cobalt-containin9 a~uaous phas$ is cortcentrated to bring 

the cobalt concentration to a level at or near saturation 

at ambient temperature. 
! 

4. A method as claimed in claim 2 or claim J, 

wherein the aqueous phase is. contacted with oxyqen before 

concentration. 

5. A method as claimed in any one of claims l 

to 4, wherein the liquid. organic phase is the crude 

product of a cobalt-catalysed oxo reaction. 

6. A.method as claimed in claim 5, wherein 

contact between the crude product and the aqueous phase 

of pH at most 7 takes place in the presence of oxygen. 

1. A method as claimed iri claim 5, wherein 

contact between the crude product and the aqueous phase 

of pU at most 7 takes place in the substantial absence of 

oxygen. 

a. A method as claimed in cla~in 7, wherein the 

separated cobalt-containing aqueous phase· is fed to a 

.stripper and contacted therein with a stripping qas and 

the product of reaction of a cobalt-containing aqueous 

phase, syn gas, and the or9anic solvent for dicobalt 

carbonyl and hydrocobalt carbonyl; the thus-treated 

aqueous phase is recovered as bottoms from the stripper 

and separated from tha liquid or9anic phase before beinq 

contacted with syn q~s and the organic solvent. 

9. A method as claimed in any one of ola ims l 

to 8, wherein the aqueous 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 claims l 

to 9, wherein the.or9anic solvent is a hydro9enated oxo 
f 

product. 

11. A method as claimed in any one of claims 1 

to 10, wherein the orejanic solvent is an alcohol having 

from 6 to 13 carbon atoms. 

1~. A method as claimed in- claim ll, wherein the 

organic soivent is a heptanol. 

13.. A method as claimed in any one of claims 1 

to 12,- wherein the contact between the cobalt-containing 
.... 

aqueous phase, syn qas, and orqanic solvent takes place 

in the presence of a catalyst. 

14~ A method as claimed in claim 13, wherein the 

catalyst is on a fixed bed. 

15. A method as claimed in claim 13 or claim 14, 

wherein the catalyst comprises palladium. 

16. A method as claimed in any one of claims l 

to 12, wherein the contact between the cobalt-containinq 

aqueous phase, syn qas, and orqanic solvent takes place 

in the absence of a catalyst in conditions of turbulent 

flow. 

i7. A method as claimed in claim 16, wherein the 

contact takes place in a tubular reactor having a high 

lenqth:diamGt~r ratio. 

18 •. A method as claimed in clai1n l.i, wherein the 

ratio is at least 100. 
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19. A method.as claimed in olaim 18, wherein the 

ratio is within the range of fro.m l, 000 to 100, ooo. 

20. A method as claimed in ~ny one of claims 1 

to 19, wherein 'the contace of the separated cobalt-

containing aqueou$ phase with syn qas and the orc;anic 

aolvent·is carried out in two stages, the first at a 

higher temperature and the second at a lower temperature. 

21. A method as -claimed in claim 20, wherein the 

• hi9her temperature is within the ranCJe of from 150 to 

175°C, and the lower temperature is within the range of 

·: ·,,.-··.;·· 

from 20 to i20°c. 

22. A method as claimed in any one of claims l 

to 21, wherein an initiator is pl;'.esent for the reaction 

between the cobalt-containing aqueous phase, syn gas, and 

organic solvent. 

23. A method as claimed in claim 22, wherein the 

initiator is hydrocobalt carbonyl ·or dicobalt octaear­

bonyl in the organic solvent. 

24. A method as claimed in claim 22 or claim 23, 

wherein the initiatoi is cobalt•carbonyl in the aqueous 

ph.ase .. 

25. A method as claimed in any one of claims l 

to 21, wherein no initiator is present for tlle reaction 

between the cobalt-cont.aininq aqueous phase, syn c;;as, and 

or9anic solvent. 

26. A method as claimed in any one of claims l 

l1iiii~f 

I 
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to 25, wherein volatile cobalt compounds are recovered by 

stripping. 

27. A method as claimed i.n claim 26,.wherein 

stripping is carried out using syn gas. 

28. A method. as cla'imed in claim 27 wherein the. 

cobalt-c~ntaininq syn gas is contacted with olefin feed 

to an oxo reactor, cobalt values in the gas dissolving in 

or become entrained in the olefin faad. 

29. A method as claimed in any one of claims l 

to 28, which is carried out on a liquid orqanic phase 

· that is the product of a plurality of cobalt-catalysed 

oxo reactions. 

JO. A rr.ethod for recovering cobalt values from a 

l.iquid organic phase containin9 a product of: a cobalt­

catalysed oxo process, the method comprising contactin9 

the liquid or9anic phase in the presence of oxygen with 

an aqueous acid solution capable of extracting cobalt 

values from the orqanio phase, and separating the 

resulting cobalt-containing aqueous phase from the 

resulting cobalt-depleted or9anic phase, 

concentra'ting the cobalt-containing aqueous phase to 

form a phase of increased cobalt content and a substan­

tially cobalt-free aqua~us phase, 
·. 

contactin<J the increased cobalt content-containing 

aqueous phase with syn gas and an orqanic solvent for 

dicobalt octacarbonyl and hydrooobalt carbonyl, the 

orqanic solvent being substantially immiscible with the 

l~ii1iiUT 
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recoverinq from the resultant aqueous and organic 

phases volatile cobalt compounds, combininq the ~olatile 
; 

cobalt compounds with feedstock to an oxo process, and 

separatinq the aqueous and organic phases from which 

volatilo cobalt compounds have been removed, 

returnin9 the resultant separated organic phase to 

form the aaid or9anic solvent, 

returninq the resultant separated aqueous phase to 

.form the said aqueous acid solution, 

and contacting the substantially cobalt-free aqueous 
. 

pha~e with a cobalt-depleted oxo product-containinq 

orqanio phase to reduce further the cobalt. content of the 

organic phase. 

31. A met.h9d for recoverin9 cobalt values from a 

liquid organic phase resulein9 froro a·cobalt-catalysed 

oxo process, the method comprising contacting the liquid 

orqanic phase in the substantial absence of oxy9en with 

an·aqueous acid solution capable of extracting cobalt 

values from the organic phase, and separating the 

resulting cobalt-containin9 aqueous phase from the 

resultinq cobalt~depleted organic phase, 

passinq the resulting aqueous phase to a strippinq 

zone to which is also beinq fed syn 9as, a second aqueous 

phase. and a second liquid organic phase, tho second 

liquid orqanic phase being a solvent for dicobalt 

. octaearbonyl and hydrocobalt. carbonyl and optionally 
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containing one or both of them, and being substantially 

immiscible wi1:h the second aqueous phase, and taking from 

the strippinq zone volatile cobalt compounds and comb"in-
. I 

ing them with ·fee~stock to an oxo process, 

separating the resultant liquid organic and 

aqueous phases, 

returning a first part of the resultant aqueous 

phase to form the said aqueous acid solution, contactin9 

another part of the resultant aqueous phase with oxygen 

and concentrating it to form a phase of increased cobalt 

content and a substantially cobalt-free aqueous phase, 
• • .1 

contacting the increased cobalt c:ontent-containinq 

phase with syn gas and the ·said resultant liquid or9anic 

pllase to f.orm the second _aqueous phase and the second 

or9anic phase and feeding them to the stripping zone, and 

contacting tne substantially cobalt-free aqueous 

phase with the cobalt-depleted orqanic phase to.reduce 

further the cobalt content of the said orqanic phase. 

32. Any new and novel feature herein described 

or any new and riovel combination of features described 

·herein. 

1iiiim~1r 


