i PROCESS FOR | SOLATI ON OF A CATALYST

CONTAI NI NG PALLADI UM - 'Thé present invention relates to the
isolation of a palladiumbased catalyst froma m xture 5 inwhichit is
di ssol ved. More specifically, the invention relates to

the isol ati onwWef 87 /0H948di um based catal yst from a PCT/FRO6F01130
originating fromthe reaction of hydr oxycar bonyl ati on of butadi ene to
pentenoi c acids. 10 ESS FPR ISOLAETON) OF tA VERATATYSTe process of the
invention lies in the isolation of at |east a proportion of the
cat al yst contai ni ng pal | adi um WSONTAINING PALEADIYMved in the form of
organonetal lic conplex in the m xture to be treated, in order to

enable this 15 catal ySP&@ReasRthdoysatdon fealatee tecfdieed into a new
out d ene. ORI Yt Ragen cptatrns smped g o1 VO
proporti og of ihh%:hich 128y %1%%1%‘2&@5 present in the said m xture.

More specifically, the invention relates to
the isolation of a palladium-based catalyst from a
mixture originating from the reaction of
hydroxycarbonylation of butadiene to pentenoic acids.

10 One of the objectives of the process of the
invention lies in the isolation of at least a
proportion of thé catalyst containing palladium which
is dissolved in the form of organometallic complex in
the mixture to be treated, in order to enable this

15 catalyst containing palladium to be recycled into a new
butadiene hydroxycarbonylation reaction.

A second objective of the process is to make
it possible to isolate at least a proportion of the
pentenoic acids present in the said mixture.

20 The hydroxycarbonylation of butadiene and/or
of its derivatives, such as especially the
allylbutenols like 3-buten-2-0l, 2-buten-1-o0l and their
mixtures, the compounds of addition of hydrogen
chloride to butadiene {(chlorobutenes), the main one of

25 which is crotyl chloride, can be performed using water
and carbon monoxide at a pressure that is higher than

atmospheric pressure and in the presence of a catalyst

containing pal;a@ium{ soluble in the reaction mixture.
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The reaction mixtures used in the process of
the invention contain more or less considerable
quantities of the compounds involved in the
hydroxycarbonylation reaction and of the compounds
10 formed during this reaction.
Apart from the palladium catalyst, which may
be present in various chemical forms, the reaction
mixture contains the pentenoic acids formed, especially
3-pentenoic acid, water, hydrochloric acid, in most
15 cases also reaction by-products like butenes or valeric
acid, dicarboxylic acids like adipic acid,
2-methylglutaric acid and 2-ethylsuccinic acid,
optionally butadiene which has not been converted and
any optional solvent used in the reaction.
20 The invention consists therefore of a process
for isoclation of at least a proportion of the palladium
dissolved in a solution also containing at least
3-pentenoic acid, characterized in that the gaid
solution is acidified and stirred with an aqueous
25 solution of hydrochloric acid, and in that two liquid
phases are obtained, including an aqueous phase

containing at least a proportion of the palladium.

When the solution to be treated originates



conplex of a netal fromGoup VIII with a Iigaq,gllSShee cont ai ni ng at
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In general the solution of hydrochloric acid
is added in a proportion of 0.1 to 2 times the volume
of the solution to be treated.

10 The formation of two liquid phases during the
acidification may originate simply from the addition of
the aqueous solution of hydrochloric acid according to
the composition of the solution to be treated.

This is particularly, but not exclusively,

15 the case when the solution to be treated contains an
esgsentially water-immiscible golvent such as an
aromatic, aliphatic or cycloaliphatic hydrocarbon or a
chlorinated aromatic, chlorinated aliphatic or
chlorinated cycloaliphatic hydrocarbon.

20 Separation into two liquid phases may also be
obtained by the addition of a water-immiscible organic
solvent. This addition may be performed after the
acidification, at the time of the acidification or, if
appropriate, before the acidification.

25 The presence of a water-immiscible organic
solvent makes it possible to extract at least a
proportion of the pentenoic acids present in the

solution to be treated.



3 m xture contains the pentenoic acids forned, especially .
3-pentenoic acid, water, hydrochloric acid, in nost’ . cases also .
reaction by-products |ike butenes or valeric -=gcid, dicarboxylic acids
| i ke adi pic acid, 5 2-methylglutaric acid and 2-§thy|SUCCInICjaQId,
optional Iy butadi ene which has not been ebnverted andr any optional

sol vent used in the reaction. The invention consists
therefore of a process The temperaturet agnwbfiicht theasblatpoapsot ben of the
pal ladium 10  dissqglved in a solution also containing at |east
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5 previous hydroxycarbonylation reaction may be
conducted). In practice, however, the operation will
take place between 20°C and 200°C and preferably
between 40°C and 110°C.

The acidification with hydrochleric acid
10 allows the palladium present in the form of
organometallic complex in the solution to be treated to
be converted into palladium dihydrotetrachloride. The
temperature at which the operation is performed affects
the rate of this conversion of the palladium compounds,
15 a higher temperature accelerating this conversion, but
running the risk of precipitating a proportion of the
palladium.
The organic solvent employed for performing
the extraction is chosen advantageously from aromatic,
20 aliphatic or cycloaliphatic hydrocarbons and
chlorinated aromatic, chlorinated ﬁliphatic or
chlorinated cycloaliphatic hydrocarbons which are
liquid in the operating conditions and are essentially
immiscible with water.
25 For convenience, the boiling point of the
organic solvent will be lower than that of 3-pentenoic
acid.

Nonlimiting examples of these solvents which



The tenperature at which the solution to be * treated+s—acidified is

not really critical for making use of the process. It.is thus

possi ble to operate between O[err] C and 230[err] C (tenperature at

whi ch t he 5 previous hydroxycarbonyl ation regction may be

conducted). In practice, however, the ope8ation wll t ake pl ace
between 20[err] C and 200[err] C and preferably bet ween 40[err] C and
110[err]C. may be mentionpk ams diemizeme,otoliuemehy dydemes,i c acid 10
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the solution to be treated and, if appropriate, after
addition of the organic solvent and stirring, separates
at rest into an organic phase and an agqueous phase.

10 As in the case of the acidification, the
extraction with the organic solvent may be performed at
a temperature situated between 0°C and 230°C, more
often between 20°C and 200°C and preferably between
40°C and 110°C.

15 The organic phase contains more than half of
the initial quantity of pentenoic acids, most of the
butadiene and of the butenes and a proportion of the
dicarboxylic acids which may be present in the solution
to be treated.

20 The agueous phase contains more than half of
the quantity of palladium as well as a proportion of
the dicarboxylic acids which may be present in the
solution to be treated.

The operation of extraction with the aid of

25 an organic solvent may be repeated a number of times if
desired.

Depending on the organic solvent employed,

the quantity of pentenoic acids in the organic phase



liquid in the operating conditions and are essentially ~  inmscible
wth water. 25 For conveni ence, the boiling p0|nT‘Uf t he

organi c solvent will be |lower than that of 3- penteﬁO|qg '*vaC|d

Nonl'im ting exanples of these solvents which, # ;:: nay be
mentioned are benzene, toluene, xylenes, 6 chlorobenzenes cycl ohexane,
but adi ene, but enes, al kanes such as hexanes, heptanes, octanes,
nonanes, may ceeeed /i ce and evenictarfe nf itk tmantaity unitddlles 5
of several of these so]vents. The m xture obtained after
aci di fi cati on R¥fesent in he Aelutirn tade riraatednThe fpexperopid at e,
after adduﬁéon of .t he organlc sol vent_and stirring, separates
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xtractlon wi th the organic
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The aqueous phase generally contains more
than 60 % and preferably more than 80 % of the
palladium initially present in the solution to be
treated. With the process of the invention it is even

10 poseible to recover in the agueous phase up to
virtually all of the palladium.

The aqueous phase containing the palladium
may advantageously be recycled into a new butadiene
hydroxycarbonylation reaction. It is gemerally

15 desirable to distil off beforehand a proportion of the
hydrochloric acid which it contains so as to adjust the
gquantity of hydrochloric acid to the quantity which it
is convenient to have for the hydroxycarbonylation.

A solution of hydrochloric acid corresponding to the

20 water/hydrogen chloride azeotrope is cobtained by such a
distillation. In the context of a continuous industrial
process it is particularly advantageous to employ the
hydrochloric acid solution thus obtained for acidifying
the initial solution to be treated, after addition of

25 the top-up which may be necessary.

An alternative form of the process of the
invention consists in distilling off at least a

proportion of the pentenocic acids from the solution to



of ten between 20C and 200[err] C and preferably between

~40[err] C and

110[err]C. 15 The organi ¢ phase contains nore than half of

the initial quantity of pentenoic acids, nost of the - but adi ene and of
the butenes and a proportion of the di car boxyld,c: aci ds whi ch may be
present in the solution to be treat®d. 20 - ' The aqueous

phase contains nore than half of

solution to be treated.
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5 been observed that, if the operation is carried out at

10

15

20

25

a higher temperature, a proportion of the palladium
precipitates. Even when partial, such a precipitation
is unacceptable in an industrial process. In effect, it
gives rise to losses of a very costly metal and in
addition it seriously complicates the treatment of the
reaction mixtures.

Unexpectedly, if the operation is carried out
at a temperature which is lower than or equal to 110°C,
and still more preferably at a temperature which is
lower than or equal to 105°C, no precipitation of
palladium is observed.

In order to be able to conform to this upper
temperature limit, it sometimes suffices to operate at
atmospheric pressure. More often, it is necessary to
distil the pentenoic acids at a pressure that is lower
than atmospheric pressure, generally of the order of
2 kPa to 7 kPa.

The lighter compounds which may be present in
the solution to be treated also distil off with the
pentenoic acids, like, to give examples, butadiene,
butenes, water, possibly a proportion of the
dicarboxylic acids and the solvent which may be

present.

. the quantity of palladiumas well
a proportion &e treated,dbefiarge s@rynting outs the aeidificatiomsent in the
The operation of extraction with

as



pr_ésent in the solution to be treated. The pent enoi ¢ acids, and nore

particularly 3-pentenoic acid, nay next be isolated fromthe organic
phase by the usual neans 5 of chem stry. The aqueous
phase generally contains nore than 60 % and preferably nore than 80 %
of the. palladiuminitially present 8n the solution to be

treated. Wth the process of the invention it is even 10 possible to
recover in the aqueous (Fhes&agidus obtaingd taftidry thils diiatid Iatiidaxdi um
The aqueous phase contai ning the palladium may advant ageously be
recycl ed i nt o contadnsittthe @plladium and She heasyriencompouads,i didke t is
generally 15 desirable to distil_off beforehand a proportion of the
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hydrochloric acid by weight of solution. It is not
essential to perform the extraction with the aid of an
organic solvent as in the first alternative form which

10 has been described.

As already stated, the temperature at which
the solution to be treated is acidified may lie between
0°C and 230°C, in practice between 20°C and 200°C and
preferably between 40°C and 110°C.

15 The acidified aqueous solution containing the
palladium may be recycled into a new butadiene
hydroxycarbonylation reaction as previously, if
appropriate after distillation of the excess
hydrochloric acid.

20 In an equivalent quantity, recycled palladium
exhibits a catalytic activity similar to that observed
with a new catalyst.

Besides the recycling, in a homogeneous form,
of the catalyst containing palladium and the isolation

25 of at least a proportion of the pentenocic acids formed,
the process of the invention permits the removal of a
proportion of the by-products of the butadiemne

hydroxycarbonylation reaction, especially of the



the initial solution to be treated, after additianai__ZS_*mthQ;iQp;up

whi ch may be necessary. An alternative formof the process
of the i nvention consists in distilling off at-least a

proportion of the pentenoic acids fromthe solution to

7 be treated before carrying out tlge acidification.

Such a distillation will be perforned at a tenperature | ower than or
equal to 110[ dicpEboXyildc acidstetber acoumulationcoifowhiehi canr pgbvebecause
it has 5 been observed that, if the operation is carried out at a
hi gher tenper &pube, dgtpimeptaloforf theespidl butadiene precipitates. Even
when partial,_ such a precipitation I S unacceptable in an industrial

process. |n eP¥erpxyparbonylatiopsreactipg.| osses of a very costly netal

and in 10 addition i}, serious conpl | cat the_treatment of the
reaction m xtures. The ex‘mpigsUHggﬁgcgggiﬁV ttlpgErsper Kheon is

carried ogt invention.

EXAMPLES 1 TO 3

The following are placed successively in a
magnetically stirred round bottom flask:

- 67 mg of PdCl,

10 360 mg of 37% HCl

8 g of 3-pentenoic acid (P3)

9 g of 2-methylglutaric acid

3 g of 2-ethylsuccinic acid
20 ml of HCl at a concentration of 10 % by

15 weight in water and 20 ml of an organic solvent (shown
in Table 1 below) are added next. The mixture is left
stirred at ambient temperature for 30 minutes. The two
phases are separated by settling and the palladium in
these two phases is determined. In all cases no

20 precipitate is observed. The results of the

determinations are brought together in Table 1.



at a tenperature which is |ower than or equal

to 110[err]C,

nore preferably at -a tenperature which is 15 | ower than or equal to
105[err]C, no precipitation of pal | adiumis observed.
In order to be abl'¢ to 'canformto this upper tenperature limt, it
sonetinmes suffices to operate at atgospheri c pressure. Mire often
IS necessary to 20 distil the pentenoic acids at a pressure that is
| ower t han gtnn pheri ¢ pr ssure, gewerall OT tne oraer of 2
kPa to 7 kPa. Tes Tﬁ fit er i BeiBreslent
the solution {o be treated gl so disénL of mnth the 25 ent enoi c, aC|ds,
i ke, to give]exanples, but adi R blt er & er, d§§§
proportion of |the di caf boxyl i ¢ aci ds| and %‘E{ oI vept whi ch may ble
present. The resj|due ¥ ned hite® 1}
distillation contarnstthe—pattaturend—the—heaver ccnpcund°, | i ke

Example 1 toluene 100 0

Example 2 cyclohexane 84 16

Example 3 dodecane 80 20

5 Table 1
EXAMPLES 4 TO 7

The following are placed successively in a
magnetically stirred round bottom £lask:

- 66.8 mg of w-crotyl-Pd-Cl

10 - 242 mg of chlorobutene

- 8.02 g of 3-pentenoic acid (P3)

- 9.04 g of 2-methylglutaric acid

- 3 g of 2-ethylsuccinic acid.

The whole is heated to 50°C to obtain a

15 homogenecus solution and then returned to a temperature
T°C.

20 g of a solution of HCl in water (HC1l
concentration C % shown in Table 2) and 20 g of toluene
are then added.

20 At the end of stirring for a period which can

vary according to the examples, the two phases are

separated by settling. Palladium and the organic

products are determined in both phases.

and still

it

in



anot her proportion of the dicarboxylic acids. This . .___ residue is next
treated as descri bed above, wth the 5 aid of an aqueous sol ution of
hydrochloric acid generally containing from5 %to 40 % by wei ght of
hydrochloric acid by weight of solution. It is not -. . esséential to
performthe extraction with the aid of ama | ~organic solvent as in the
first alternative formwhich 10 has been descri bed. ' As
al ready stated, the tenratpartitiomiciefficientie oblttid aradiouze treated
is acidified may |ie between 0C and 230[err]C, in practice between
20[ err] C and FouqleC ansl the folghawimabinatissefh I3 ergqie®wnd 110[err]C.
15 The acidifjed aqueous sol ution containing the

pal | adi um nay ¥ QRIANLS hayer mass fAraatdans) and |re drgaugifony| ati on
reaction as previquysly,, if ropriate after distillation of the
excess tﬁﬁﬂ%@fﬁ%r’i’t Tahie 2 %‘WR In an equival ent quantity,

recycled pa||adi||m exhibits. a cat Q|y1‘i(‘ H“Ti\/ify simlar tg that
observed s Ettdnipled e\t al y$ipeo Stir- pd Bepipdes tphgjrecyc]ing,
in a honogenegus form of the catfl yst coptaining pallafdi um and|the
i sol ation C% by ring acids
weight period

Example 4 10 40 90 min | >1300 | 0.22 1.7

Example 5 10 70 90 min | 440 0.28 2.0

Example 6 20 40 60 min | 350 | 0.13 0.9

Example 7 37 45 60 min | 700 0.16 0.9

10 Table 2
EXAMPLE 8

Example 6 is repeated, 83 mmol of butadiene
being additionally passed through the mixture by

bubbling during the extraction.

15 The following partition coefficients are
obtained:
- Pd = 36
- P3 = 0.13

- diacids = 0.9
20 EXAMPLE 9

The following are charged successively into a

250 ml round bottom flask:



25 of at least a proportion of the pentenoic acjd5~#ern§67'?— t he

process of the invention permts the renoval—of a proportion of the
by-products of the butadiene hydr oxycar bonyl ati on reacti on,
especially of the s -9

di carboxylic acids, the accunul ati on of whi ch can prove to be
detrinental for the sai d but adi ene hydr oxycar bonyl ati on reacti on.
The exanpl es whi ch fol | ewli.l6l68sgr d9e 4t mmol,5thatnientli gnof Pd) oEXAMPLES 1
TO 3 The follow ng are placed successively in a
magnetical |y 8Clsed round bottom fl ask: - 67 ng of

PdCl [err] 10 360 ng of 37% HCL of

3-pentenoic acid (P3) - 54.08 g of HC1 thaoP°2°ﬁEFH?FgPHt9ﬁ|é7a$l
- 3gof 2 etﬁ%'we g t n?%gger
5 - 4.07 g of 3-pentencic acid
- H,0, quantity sufficient for 100 g of
solution.
Distillation is carried out at atmospheric
pressure until approximately 70 ml of distillate
10 (74.15 g) are obtained. This distillate contains 3.2 g
of 3-pentenoic acid. The vapour is at a temperature of
106-107°C and the temperature in the round bottom flask
does not exceed 110°C. No palladium precipitation is
found at all.
15 EXAMPLE 10
A 100 ml single-neck round bottom flagk is
charged with a reaction mixture originating from a
butadiene hydroxycarbonylation reaction in the presence
of w-crotylpalladium chloride. This mixture has the
20 following composition:
- 0.0707 g (0.357 mmol) of w-crotylpalladium

chloride
- 0.2706 of chlorobutene (or crotyl chloride)
- 8.0 g of 3-pentenoic acid
25 - 9.1 g of 2-methylglutaric acid

- 3.11 g of 2-ethylsuccinic acid.
To this reaction mixture are added:

- 21 g of dichloroethane



20 M of HCL at a concentration of 10 % by 15 weight in water and 20 ni

of an organi c solvent (shown in Table 1 below) are added next. The
mxture is left stirred at anbient tenperature for 30 m nutes. The

t wo phases are separated by settling and the palladiumin t hese
two phases is determined. In all cases nia3 20 precipitate is observed. The
results of the determ nations are brought together in Table 1.

10 Exanpl es - 20y gawifc an agyeocisi sollucion BE: hitdrochloric

sol vent aqueous the organic

phase agidsat a concentyatiom eof 20 % hyywedght. 100

0 Exanple 2 %yclohe ane 84 . 16

Exanpl e 3 dodecane The roundghottom flask, with ascondenser

Table 1

fitted on top, is placed in an oil bath.
5 The mixture is kept stirred at 40°C for 1 h.

After stopping the stirring and separation by

density, samples are taken from both of the liquid

phases obtained, to determine the palladium.
Practically all the palladium present in the

10 starting mixture is found again.

The aqueous phase/organic phase mass

partition coefficient is 32.




EXANPLES 4 TO7 The follow ng are pIa in a
magnetically stirred round bottom fl ask: E’ ﬁ l "

[err]-crotyl-Pd-C 10 - 242 nmg of chloro

- 8.02 g of 3-pentenoic acid (P3) - 9.04 ¢ of

2- met hyl gl ut aW@ HkAQ5949 - 349 of 2-ethyl speei/prOs7e1d30

The whole is heated to 50[err]C to obtain a 15 honogeneous sol uti on and
then returned to a tenperature TOXATMS, 20 g of a
solution of HCl1 in water (HCL concentration C % shown in Table 2) and
20 g of toluene arle t h@rqaeas] for(lsolation of aAt ldmmterw of
stirring for zperlod_ whi ch can vary according to the exanples, the

two phases ar @XOPOTtiqR, of %)P’s"elt"t"rli% dimaqlped) o el sdiatdogani c

products are d(?l:[s%r rgorﬁ a:!lnrinbgOt q: east 3-pentenoic acid,

5 characterized in that the said solution is acidified
and stirred with an aqueous solution of hydrochloric
acid, and in that two liquid phases are obtained,
including an aqueous phase containing at least a
proportion of the palladium.

10 2. Process according to Claim 1,
characterized in that the aqueous solution of
hydrochloric acid employed contains from 5 % to 40 % by
weight of hydrochioric acid by weight of solution.

3. Process according to either of Claims 1

15 and 2, characterized in that the aqueous solution of
hydrochloric acid is added in a proportion of 0.2 to 2
times the volume of the solution to be treated.

4, Process according to one of Claims 1 to
3, characterized in that the formation of two liquid

20 phases during the acidification originates simply from
the addition of the aqueous solution of hydrochloric
acid.

5. Process according to Claim 4,
characterized in that the solution to be treated

25 contains an essentially water-immiscible solvent such
as an aromatic, aliphatic or cycloaliphatic hydrocarbon
or a chlorinated aromatic, chlorinated aliphatic or

chlorinated cycloaliphatic hydrocarbon.

This Sheet Has Been Re; lacea
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The partition coefficients of the various -products are the follow ng

(ratios of the aqueous | ayer/ organic Iayer mass fractions) an_(lj_[are]C
br ought together in Table 2 bel ow ” 'Hi err
Stir- Pd P3 di - C% byl M"m ﬂ" " ”m

aci ds wei ght

90 min >1300 O0.22 1.7 Exanple 5 90 m n 440
0.28 2.0 Exanpl & 6 Prowess ackordiiy nlr.m onéﬁdf Claiites 10c&d
Exampl e 7 37 45 60 mn 700 0. 16 0.9 10

Table 2 3, ohaxyagterized in that the mepmratidn sintpdawed ig@sidmol of
but adi ene bei ng, ad tlonally passed t hrough the m xture by

bubbl i ng duri RPasRe && & by, the addition pf #dﬁ'%ﬂﬁ'ng partition

Pd 36
coefficients %g%dscibléﬂgébanfk solvent, an addition performed after

5 the acidification, at the time of the acidification or,
if appropriate, before the acidification.

7. Process according to Claim 6,
characterized in that the organic solvent added in
order to perform the extraction is chosen from

10 aromatic, aliphatic or cycloaliphatic hydrocarbons and
chlorinated aromatic, chlorinated aliphatic or
chlorinated cycloaliphatic hydrocarbons which are
liquid in the operating conditions and are essentially
water-immiscible.

15 8. Process according to either of Claims 6
and 7, characterized in that the organic solvent is
chosen from benzene, toluene, xylenes, chlorcbenzenes,
cyclohexane, butadiene, butenes, alkanes such as
hexanes, heptanes, octanes, nonanes, decanes, undecanes

20 and dodecanes and various mixtures of several of these
solvents.

9. Process according to one of Claims 1 to
8, characterized in that it is applied to the isolation
of a palladium-based catalyst from a mixture

25 originating from the reaction of hydroxycarbonylation
of butadiene to pentenoic acids.

10. Process according to one of Claims 1 to

9, characterized in that the two phases cbtained after

[}
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:I'he fo i SheéHmmﬁl,mf?ged su;:cgisgfi/glsy_l gtg a Whﬁlu'mm'mﬁmtom

fl ask:

1. 668 is 1 g of Pd) of PdCl [erﬂ

54.08 g of HO at a concentration of 37 ¥ by wei ght in water 5

- 4.07 g of 3-pentenoic acid - Herr]O quantity sufficient
for 100 g of density pgpasation consgist of anDosgahliat phaseSwhakh ed out at
at nospheri c pressure until EprOX|nater 70 M of distillate 10
(74.15 @) arecﬂﬁFaFﬁEdm°¥ﬁ|§hGPsPF Fap€ tbat dhhtisl2ggantity of 3- pent enoic
acid. The vapour nper at ur e of 106-107[err] C and the

t enper at ur e |Be?ﬁﬁn?gﬁnﬁcbgftdﬂP?Fagﬁ the butadiene and of the

butenes and a proportion of the dicarboxylic acids

5 which may be present in the solution to be treated, and
of an aqueous phase which contains more than half of
the quantity of palladium and a proportion of the
dicarboxylic acids which may be present in the solution
to be treated.

10 11l. Process according to one of Claims 1 to
10, characterized in that the aqueous rhase containing
the palladium is recycled into a new butadiene
hydroxycarbonylation reaction, preferably after a
proportion of the hydrochloric acid which it contains

15 has been distilled off, so as to adjust the quantity of
hydrochloric acid to the quantity that it is convenient
to have for the hydroxycarbonylation.

12. Process according to Claim 11,
characterized in that the hydrochloric acid solution,

20 corresponding to the water/hydrogen chloride azeotrope,
thus obtained is employed for acidifying the initial
solution to be treated, after addition of the top-up
which may be necessary.

13. Process for isclation of at least a

25 pProportion of the palladium dissolved in a solution
also containing at least 3-pentenoic acid,
characterized in that the said Process consistes in

distilling at least a proportion of the pentencic acids



does not exceed 110[err]C. No pal |l adi um preci pi tationm+s———Ffound at

all. 15 EXAMPLE 10 A 100 m si 3 nd bottom
flask is charged with a reaction mxture or”m &ﬂ@f "Bﬂﬁﬂ!ﬂ
M 5
20

but adi ene hydroxycarbonyl ation reaction in the pres
[err]-crotyl pall adium chloride. This m xtlfre has the

conposi tion:

fol |l ow ng
- 0.0707 g (0.357 mmol ) of

[err]-crotyl pé’q%i'ihﬁ solutign giq he treated before it G H¥idilfied

chl or obut ene
acid 25

3.11 g of 2-eta®§_lds.ucci ni ¢ acid.

are added:
13

[ - 8.0 of 3-pentenoic
gr%rtlfrt%é_” chl oride) g p

aid of An Aguaqya @oluddicn &f dydrochloric

- 21 g of dichl oroethane

- 213901 AR AYCULFHINY ¥ W llingont ori C

at a concentration of 20 % by weight.

5

10

15

20

25

characterized in that the distillation is performed at
a temperature which is lower than or equal to 110°C and
more preferably at a temperature which is lower than or
equal to 105°C in order to avoid the precipitation of
palladium.

15. Process according to either of Claims 13
and 14, characterized in that the distillation is
conducted at atmospheric pressure or at a pressure
which is lower than atmospheric pressure, such as one
situated between 2 kPa and 7 kPa.

16. Process according to ome of Claims 13 to
15, characterized in that the residue obtained after
distillation, containing the palladium, is treated with
the aid of an aqueous solution of hydrochloric acid.

17. Process according to Claim 16,
characterized in that the agueous solution of
hydrochloric acid employed contains from 5 % to 40 % by
weight of hydrochloriec acid per weight of distillation
residue.

18. Process according to either of Claims 16
and 17, characterized in that the acidified agueous
solution containing the palladium is recycled into a
new butadiene hydroxycarbonylation reaction, if

appropriate after distillation of the excess of

hydrochlori id. -
ydrochloric aci This Sheet Has B

i

To this reaction m xture

acid



The round bottom flask, wth a condenser fitted on top, is placed in

ﬂﬁ“€++—¥EﬁJLM_MJiNL The m xture is kept stirred at 40C for 1 h.
REPEACENH@@T p stirring and separation by density, sanples are
't ‘Ken from bg EE?)T the liquid phases_obtai ned, to determ ne the
@6 Practically all~the palladiumpresent in the 10

S ar |i3 8%ur b |'s found PREBESS FOR 1S0 ION or TACCRUKED ph;’isggzgganl ¢

258 8SS partition QELRINB
14 PQT/ FRI6/ 01130  CONTATNING PALIADIUM . .
I—Process—foer-+sSol ati on of at Iwrr'—p'mpgruflon of the pall adi um

di ssolved in a solution The p ﬁggghgxyﬁ¢gﬂﬂfghz¥e|§¥g§ é% Rapt enoi c acid,
5 characterized in that the said solution is acidifie and stirred

with an aqueousissdlattiom off shyHIdcd Afm-based caA%1dstaMdn 4 Mt | i qui d
phases are obtained,
5 in which it is dissolved.

More specifically, the invention relates to
the isolation of a palladium-based catalyst from a
mixture originating from the reaction of
hydroxycarbonylation of butadiene to pentenocic acids.

10 One of the objectives of the process of the
invention lies in the isolation of at least a
proportion of the catalyst containing palladium which
is dissolved in the form of organometallic complex in
the mixture to be treated, in order to enable this

15 catalyst containing palladium to be recycled into a new
butadiene hydroxycarbonylation reaction.

A second objective of the process is to make
it possible to isolate at least a proportion of the
pentencic acids present in the said mixture.

20 The hydroxycarbonylation of butadiene and/or
of its derivatives, such as especially the
allylbutenols like 3-buten-2-ol, 2-buten-l1-ol and their
mixtures, the compounds of addition of hydrogen
chloride to butadiene (chlorobutenes)}, the main one of

25 which is crotyl chloride, can be performed using water
and carbon monoxide at a pressure that is higher than
atmospheric pressure and in the presence of a catalyst

containing palladium, soluble in the reaction mixture.



]REPhﬂfﬁﬁféﬁ éﬂu@b's phase containing at |east a proportion of the

Fraan Ut A 2. Process according to Claiml, -
hsr I, i ni that the aqueous sol ution of hydr ochl ori ¢ aci
}Igiggt@%ﬁgg _{ rom5 %to 40 % by wei ght of hydrochloric acid by

3. Prdbcess according to elther of
' h h | ut
s addsqipreltlind blChagd” 234 gugndle! %p. ﬁ@gepﬁe

vol une of the Lt igo o] at.e
according to oﬁg %fbcngnggg £o2%h ﬂorg deﬁg}%géeéﬁgga§PtlpE ﬁECh

fornation of twtébﬁﬁhQuezoalEHaﬁgﬁ dHei poebBALAS h@éht‘ié#u 28 ek gl nat es
sinply from the addition of "t he aqueous so utlon 0 ydrochl oric

aci d. limited bo ther oeeasmantobdi Reat0iGhamikéures _

characterized in that the solution to be treated 25 contai ns an
essential | § waesiginatingbEeomothenprouebs accosding aboﬂnisc?a@éhﬁhath or
cycl oal i phati c hydrocarbon or a chlorinated aromatic orinated

al i phatic or - chl ori Ratedtcy8tAaaBi phdt B8Shgdsoeabbena process for

a(hs 1 15 and

the hydroformylation of an olefin using carbon monoxide
and hydrogen in the presence of a catalyst comprising a
complex of a metal from Group VIII with a ligand

10 containing at least one aminoalkyl or amidinoalkyl or
aminoaryl or amidinoaryl group bonded to a trivalent
arsenic, antimony or phosphorus atom.

The mixture resulting from this reaction is
treated in order to isolate the hydroformylation

15 product and the residue containing the catalyst, the
said residue is treated with an acidic aqueous solution
in order to dissolve the catalyst, and the acidic
solution obtained is isolated.

In this process, the ligand reacts with the

20 acid to form ammonium salts which are soluble in the
acidic solution.

The reaction mixtures used in the process of
the invention contain more or less considerable
quantities of the compounds involved in the

25 hydroxycarbonylation reaction and of the compounds
formed during this reaction.

Apart from the palladium catalyst, which may

be present in various chemical forms, the reaction



-15 CLAI M5 1. Process for

I sol ation of at |east a proportion of the palladiumdissolved in a
sol ution al so containing at |east 3-pentenoic acid, 5

characterized in that the said solution is acidified and stirred with
an aqueous sol ution of hydrochloric cid, so as to obtain two |liquid

h , includ h talni t | t a proportion
of the  pERERPgeontgins”ehe Bantsncie Acidel formsdy ﬁspﬁgléﬁigm 0
h terized i ti f : r;ochloric, aci
ol oyed: cont aPnEReencat, BB RaRRs" HYArben oric AEIITIROIBEES LG d by
wei ght of sol uEh@8Bs also reaction by3proahEE%Siiﬂ%cgh@bﬂgftBreb%ggEigf

claimse 1 15 and 2, characterized in"that the aqueous solution

hydrochl ori c aakddi,sdaeddedokyidcPaerast 19Re0kdQp2ct 8cdg, times the
vol ume of the solution to be treated. 4. Process according

to one of &l ai Bsméthelglutaric akddaabdr czedhylsubatntibeabegnati on of two
'Tquid optionally butadiene which has not been converted and

any optional solvent used in the reaction.

The invention consists therefore of a process
for isolation of at least a proportion of the palladium
10 dissolved in a solution also containing at least

3-pentenoic acid, characterized in that the said

solution is acidified and stirred with an aqueous

solution of hydrochloric acid, so as to obtain two

liquid phases, including an aqueous phase containing at

15 least a proportion of the palladium.

ﬁ&ﬁlﬁﬂﬁﬁﬁﬁﬁ&ﬁﬁﬁf
| coremmm |
|




iryyueous sol ution of hydrochloric aci d.

zi3t'ding to claim 4, characteri zm‘w"mmum | ution
t5f contains an essentially water-i #ﬂﬂ such

{allphatlc or cycl oal i phat il® hydrocarfon® *

watji c, chlorinated a|lph%&£& or chlorlnated

’6 Proces accor-di.n on f clalns lto
3. characterized in that ]t'he Separat] on i M et q? %Cﬁ'e

phases I's obt a[ﬂ}‘ﬁ% aﬂ? sdd I'Ié IQIT éﬁ%@ftﬂssolved in & sqlhuﬂlrgﬂ scible

organi ¢ sol ven tion per
acidification, éﬁsdfﬁbﬂﬂdﬂhiﬁ%téﬁ3fgaéﬂfjiﬁgﬂﬂahdlc acid, i f
appropri ate, before the aciditication 7. Process

accordi ng t cldiaPdrnterized in that tHRIAGIEdARE fidh tihata die fOrgani c
sol vent added in
and stirred with an aqueous solution of hydrochloric
acid, so as to obtain two liquid phases, including an
agqueous phase containing at least a proportion of the
palladium.

10 2.. Process according to claim 1,
characterized in that the aqueous soiution of
hydrochloric acid employed contains from 5 % to 40 % by
weight of hydrochloric acid by weight of solution.

3. Process according to either of claims 1

15 and 2, characterized in that the aqueous solution of
hydrochloric acid is added in a proportion of 0.2 to 2
times the volume of the solution to be treated.

4. Process according to one of claims 1 to
3, characterized in that the formation of two liquid

20 phases during the acidification originates simply from
the addition of the aqueous solution of hydrochloric
acid.

5. Process according to claim 4,
characterized in that the solution to be treated

25 contains an essentially water-immiscible solvent such
as an aromatic, aliphatic or cycloaliphatic hydrocarbon
or a chlorinated aromatic, chlorinated aliphatic or

chlorinated cycloaliphatic hydrocarbon.



order to“performt'he extraction is chosen from 10 aronmmtic,

| e.

al i ph I'HHIH@UI hati c hydrocarbons and . chl ori nat ed
arona i aliphatic or ~ chlorinated

cycl oal’i pf1at i C "hydr ocar bons which are 16 liquid in the
operating conditions and are essentially wat er-imm scib
15 8. Process according to either of clains

and 7, charact
from benzene,
but adi ene, but

various m xtur

6
erized in that the Sroam TSttt one 'Of ‘claims 1 thosen

t-pl I e cl ohexane,
egr)le;amaﬁianes suchcﬂ] a{a@%e nseesparat%o&%tso % GF
octanes, noNangshadias aNe ObtHIIREANRS the additic? oA -anes and

es of several of these sol vent's.

9. Process accdmdisuible @wyafic|sdl®enk ! Gin addition perfcfi.*crmr;fd1

in that it is
catal yst frsom

applied to the isolation apalla?f{ Ig
dhe airddfication, 2& tid Gingd idH ﬂH@@dﬂﬁ.ﬁ:&%ﬂl&f‘ &,

hydr oxycar bonyl ati on of butadi ene to pentenoic acids.
10. Process acddr dinpyapyi@te ofbeficaiarthe tawidifareadieri zed in that the two

phases obtained after

16

15

20

25

7. Process according to claim 6,
characterized in that the organic solvent added in
order to perform the extraction is chosen from
aromatic, aliphatic or cycloaliphatic hydrocarbons and
chlorinated aromatic, chlorinated aliphatic or
chlorinated cycloaliphatic hydrocarbons which are
liquid in the operating conditions and are essentially
water-immiscible.

8. Process according to either of claims 6
and 7, characterized in that the organic solvent is
chosen from benzene, toluene, Xylenes, chlorobenzenes,
cyclohexane, butadiene, butenes, alkanes such as
hexanes, heptanes, octanes, nonanes, decanes, undecanes
and dodecanes and various mixtures of several of these
solvents.

9. Process according to one of claims 1 to
8, characterized in that it is applied to the isolation
of a palladium-based catalyst from a mixture
originating from the reaction of hydroxycarbonylation
of butadiene to pentenoic acids.

10. Process according to one of claims 1 to

REPLACEN&%H?SHEETcharacterized in that the two phases obtained after
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H" separation consist of an organice phase which _ . . -
con aIf of the initial quantity or T reqgimaci ds,
IEEEEL w e and of the but enes an"mmggﬁmﬁﬁ ki rp he

dlcarboxyllc aci ds 5 which may be present in tgersolutlon to be

and of an aqueous phase which cont aits nDrelt” _dthe
quantity of pal4 orJ ft DOXYL LG _dChAS
whi ch may be prgzlgr#lp aga[s&(r)%%t on%'ls% Panoor - i _

11. Process aceeitditg dr@eHah ‘ﬁa@.'fméfl tth% Jﬂ FaRL R R
t hat the aqueous phase contai ni ng pa Um3sS rec cled into a

new but adi ene pentenid QMG bQ@)@tanP%He?Mit'a@len@ el ¥ xrfter a
proportion of the hydrochloric acid which it contains 15 has been

distilled of f, battenest anddjaupropeetdbantoft ¥ hef dlcarbdmrﬁcfalcqasc acid to
the quantity that it is convenient to have for the

hydr oxycar BonyWatdichnmay be present in the Bolutdeomeeobd hgeated,aiamdll,
characterized in that the hydrochloric acid solution, 20 correspondi ng
to the water/ hpdr 8§eRRisoys phageewirigbe contains more than half of

the quantity of palladium and a proportion of the
dicarboxylic acids which may be present in the solution
to be treated.

10 11. Process according to one of claims 1 to
10, characterized in that the aqueous phase containing
the palladium is recycled into a new butadiene
hydroxycarbonylation reaction, preferably after a
proportion of the hydrochloric acid which it contains

i5 has been distilled off, so as to adjust the quantity of
hydrochloric acid to the quantity that it is convenient
to have for the hydroxycarbonylation.

12. Process according to claim 11,
characterized in that the hydrochloric acid solution,

20 corresponding to the water/hydrogen chloride azeotrope,
thus obtained is employed for acidifying the initial
solution to be treated, after addition of the top-up
which may be necessary.

13. Process according to one of claims 1 to

25 12 for isolation of at least a proportion of the
palladium dissolved in a solution also containing at
least 3-pentenocic acid, characterized in that the sgaid

process consists in distilling at least a proportion of



fhus obq ﬂww”w for acidifying the initial solution to be
treated, ﬁ@ f the top-up whi ch may be necessary.
13. Process acborﬁl one of clainms 1 to 25 12 for isolation of at

| east a proportion of t he palladlun1g ssolved in a solution also

cont ai ni ng at | east 3-pentenoic acid; characterized in that the said

process consi Stﬁhénp(éh&éhb&bnacahs g2k Eno! BB%E&EH eb be treated

18 t he pentenoic acids fromthe solution to be trea bef ore

it is acidifiedbefbbet he abdacidafiagua9us the alaobﬁthﬁ”aaﬁeBMQr00h|Or'C
aci d. 14. Process according to claim13,

characterized i solhttonhefdhgtrbbhlioetci acpdrf or ned at a tenperature

which is lower than or equal to 110[err] C and nore preferably at a

t enperature which is | owet4t haBroress accegdahgt bol8bhemrLE,in order to

avoi d the precipjtation of al I adi um
p5 gharactergzed in that the distillation is performed at

a temperature which is lower than or equal to 110°C and
more preferably at a temperature which is lower than or
equal to 105°C in order to avoid the precipitation of
palladium.

10 15. Process according to either of claims 13
and 14, characterized in that the distillation is
conducted at atmospheric pressure or at a pressure
which is lower than atmospheric pressure, such as one
situated between 2 kPa and 7 kPa.

15 16. Process according to one of claims 13 to
15, characterized in that the residue obtained after
distillation, containing the palladium, is treated with
the aid of an aqueous solution of hydrochloric acid.

17. Process according to claim 16,

20 characterized in that the agueous solution of
hydrochloric acid employed containg from 5 % to 40 % by
weight of hydrochloric acid per weight of distillation
residue.

18. Process according to either of claims 16

25 and 17, characterized in that the acidified aqueous
solution containing the palladium is recycled into a

new butadiene hydroxycarbonylation reaction, if

appropriate after distillation of the excess of

hydrochloric acid.




iO 15. Process according to either of clains 13 and 14,

characterized in that the distillation is conducted at atnospheric
pressure or at a pressure which is | ower than atnospheric pressure,
such as one si t uat embWWMTﬁJ%%meEm _ - 16.
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(54) Title: METHOD FOR SEPARATING A PALLADIUM CATALYST

(54) Titre: PROCEDE DE SEPARATION D'UN CATALYSEUR AU PALLADIUM
(57) Abstract

A m_elhod for se;_aaming a palladium catalyst from the medium in which it dissolved is disclosed. Specifically, the method is useful
for scparating a palladium catalyst from a medium resulting from a butadiene hydroxycarbonylation reaction producing pentenoic acids.
The method therefore comprises at least partially separating the palladium dissolved in a solution that also contains 3-pentenoic acid, and
is characte_med in that said solution is acidified and stimed with an aqueous hydrochloric acid solution and in that two liquid phases are
produced, including an aqueous phase containing all or part of the palladium.

(57) Abrégé

La présente Invention conceme la séparation d'un catalyseur 2 base de palladium, 3 partir d"un milicu dans lequel il est dissous,
P’lus spécxﬁquement,.l’mvennon concerne la séparation d'un catalyseur 2 base de palladium, & partir d’un milieu provenant de la réaction
d hydr_oxyca!rbonylanon du butadidne en acides penténoiques. Elle consiste donc en un procédé de séparation d’au moins une partie du
pallaflmm dissous dans _une solution contenant aussi au moins de 1'acide 3-penténolque, caractérisé en ce que ladite solution est acidifiée
et agm.ée avec une solution agueuse d’acide chlorhydrique et en ce que I'on obtient deux phases liquides dont une phase aqueuse contenant
au moins une partie du patladium.




