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S1- METHOD FOR RECOVERI NG AND \POSF Lopy
- RECYCLI NG CATALYST CONSTI TUENTS BACKGROUND OF THE | NVENTI ON

This invention relates to catalyst recycle, and nore 5 particularly to

t he conversion and recycle of the constituents of catalyst

conpositions used to conduct chem cal react{ons. The
use as catalysts of various transition netals i's known. Anong the
catal yst constituents in commogy f me f the Goup VIIIB
metal s, including those havin a% BFf%R REC sﬂg] POI east 44 (i.e.,
rut heni um rhodi um pal | adi Y@HN%CATALYSTQW§H BBati nun,
hereinafter "heavy Goup VIIIB netals" Conmpounds of
other transition netals such as cobalt, | ead, manganese, cerium and

copper are also useful as constituents. of catal yst conpositions.
Those of the Go@%@@#ﬂ%@cﬁg‘ﬁ@ BAN 15 nunbers 1 ess than 44

(i.e., iron, cobalt and nickel), hereinafter”light Goup VIIIB
et aI s", are often especi aI mswémaommmmaw recycle, and more
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brom des. The reactions in which such conpounds serve a
catal ytic function in unds as
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carbonyl ation of kf'|0Wl"h paadalyst Qﬂﬂﬁﬁ%@ﬁ%mm%uﬁﬁml vm t h carbon
monoxi de compounds of the Group VIiIB metals, including those having atomic

10  numbers of at least 44 (i.e., ruthenium, rhodium, palladium, osmium,
iridium and platinumy), hereinafter “heavy Group VIIIB metals”

Compounds of other transition metals such as cobalt,
lead, manganese, cerium and copper are also useful as constituents of
catalyst compositions. Those of the Group VIiIB metals having atomic

15 numbers less than 44 (i.e., iron, cobalt and nickel), hereinafter “light
Group VIIIB metals”, are often especially useful and valuable.

Bromide sources are also frequently present in various
catalyst compositions. These include trialkylamine hydrobromides and
tetraalkylammonium, tetraalkylphosphonium and hexaalkylguanidinium

20 bromides.

The reactions in which such compounds serve a catalytic
function include some which involve organic compounds as reactants,
products or both. An illustration is the catalytic carbonylation of
hydroxyaromatic compounds such as phenol with carbon monoxide

25 and oxygen to yield diaryl catbonates such as diphenyl carbonate.
This reaction will sometimes be designated “carbonylation™ hereinafter.

In a typical carbonylation reaction, phenol is combined
with a compound of a heavy Group VIIIB metal, most often palladium,
and other catalytic species which may include organic and inorganic



25 and oxygen to yield-diaryl carbonates such as di phenyl carbonate.

. This reaction will sometimes be designated "carbonyl ati on" hereinafter.

In a typical carbonylation reaction, phenol is conbined with a
conpound of a heavy Goup VI1I1B netal, nost often pall adi um and ot her
catal ytic species which may include organic_and inorganic

-2- co-catal ysts and at | east one bréoni de sour ce. Light Group VI11B
nmet al , especially cobalt, conpounds are often used as inorganic

cocat al ysts, co-gatillysteand at tgast one beormideasousce.uhight Group VIHIB metal,
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to catalytically active species capable of employment in further
carbonylations.

SUMMARY OF THE INVENTION

16 It is of interest, therefore, to develop a simple means for
recovering heavy and light Group VIIIB metals and halide sources from
organic materials and reconvert them in fairly simple fashion to
catalytically active compounds. It is of particular interest to develop
such a means in which the steps of recovery of the various catalyst

20 components can be integrated. The present invention provides a
method for such recovery and conversion,

One aspect of the invention is a method for removal of
catalytic materials from an organic material having fimited solubility in
water and comprising a first metal which is a Group VIIIB metal having

25 an atomic number of at least 44, a second metal which is a transition
metal and a bromide source, which method comprises at least one of
the following:

{A) removing said first metal by extraction with an
aqueous solution comprising (1) ions capable of forming a stable
30 complex with said metal and (2) at least one strong inorganic acid,
thereby forming a complex of said first metal;



20 conponents can be integrated. The present invention provides a

. method for such recovery and conversi on. One aspect of
the invention is a nethod for renoval of catalytic materials from an
organic material having limted solubility in wat er and conprising a
first metal which is a Goup VIIIB netal hgving 25 an atom c nunber of at
| east 44, a second netal which is a transition metal and a brom de

source, which nethod conpriées at | easj, one fol | owi ng:

of t he
(A) removing said first mefB) resodng said segend matal by extraclion ¥ih< sol ut i on
conprising (1) i pon-saiichgeedis éxtragtagt; andt abl e 30 conplex with said netal
and (2) at |east one strong inorganic acid, thereby form ng a conpl ex
of said first netal; . X - 3-
(B) renoving said second né?éfe'ﬁﬁ""e‘%‘?t&%%‘%ﬂ"m‘?'ﬁu‘é‘ or non- basi ¢ aqueous
extractant; and hexaalkylguanidinium bromjids) usedrasiabromide sautogl byrestractionor
hexaal kyl guarg' di WitﬁWvQ{e?.m de used as a brom de source by extraction 5 with

wat er . Q her aspects of the invention further conprise
st eps of separation of the conpl exes thus obtained from other
catalytic netal s or {Heraspagtvotie invention-fughsr epmprise stapscafnpl exes

to catal ytical | ysgparatiof@fithé compldx@s thips!6btairisy RoMI GthePBatalficandtagyved by
such varied 10 HE?'{]S as direct chemcal. r ea}ctalﬁns o[ r grguct t?iyr} t ﬂ
el emental netal ©OFnelf S?WBM@%W%QP%WF@ Y FAR CPPRICXEH IR GRtfYHCcaly
active species. Such conversion may be achieved by such varied
10 means as direct chemical reactions or reduction to elemental metal
followed by oxidation to active compounds. '

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURES 1-3 are flow charts of illustrative integrated
processes according to the invention, for recycle of palladium, cobalt
15 and bromide source catalyst constituents. FIGURES 4-5 are flow
charts of portibns of the process related to separation of palladium
from cobalt.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

Three separation steps are features of the method of this
20 invention. They may be employed separately or in combinations which -
may include two or all three of said steps. When employed in
combination, they may be petformed in various orders as exemplified
hereinafter. Thus, the letter designations of the separation steps are
not intended to prescribe an invariable order in which those steps are
25 performed.

The method of the invention is considered particulardy
applicable to carbonylation reaction mixtures comptising at least one
diaryl carbonate, at least one hydroxyaromatic compound and catalyst
constituents including a heavy Group VIlIB metal compound,

30 co-catalysts (usually inorganic and organic, the inorganic co-catalyst



BRI EF DESCRI PTI ON OF THE DRAW NGS : T FI GURES 1-3 are flow

charts of illustrative integrated processes according to the
i.nvention, for recycle of palladium cobalt 15 and broni de source catal yst
constituents. FIGURES 4-5 are flow charts of portions of the process
related to separation of palladium fr_om_cobal t. DETAI LED

DESCRI PTI QON;, PREFERRED ENMBODI MENTS Three separation
steps are features of t e met had of, this i nven g The nay be
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I n appreciable 5 anmounts to the aqueous extractants enpl oyed as descri bed
By reason of the particular suitability of palladium and

cobalt, their compounds are frequently preferred as carbonylation
catalyst constituents and the general description of the invention will
therefore center on palladium and cobalt compounds. It should be

15  understood, however, that the method of the invention may be applied
equally well to any reaction affording as product an organic material
having low solubility in water and employing a catalyst comprising any
heavy Group VIIIB metal compounds and other catalytically active
transition metal compounds. .

20 Typical palladium compounds which are employed as
carbonylation catalysts are the salts of divalent palladium with
carboxylic acids such as acetic acid and B-diketones such as
2,4-pentanedione (acetylacetone). Typical cobalt compounds include
simple cobalt salts such as cobalt(ll) acetate and cobalt{il) chloride,

25 and cobalt complexes such as cobalt(ll} 2,4-pentanedionate and the
cobalt(ll) complex of bis{3-(salicylalamino)propyllmethylamine, said
complex hereinafter being designated “CoSMDPT". Bromide sources
include tetraalkylammonium and hexaalkylguani dinium bromides;
illustrative are tetramethylammonium bromide, tetra-n-butylammonium

30 bromide and hexaethylguanidinium bromide. Suitable organic
cocatalysts include various terpyridine, phenanthroline, quinoline and
isoquinoline compounds, with 2,2':6',2"-terpyridine often being



herei nafter. Unreacted hydroxyaromatic conpound, such as phenol, may
. also be present. It is considerably nore soluble in water than is

di aryl carbonate, and consequently its mgration to the agueous phase

is preferably minimzed in certain stages by the enpl oynent of highly 10

I oni ¢ aqueous sol utions, also as described hereinafter.

By reason of the particular suitability of “all adi um and cobal t, their
conmpounds are frequentl _me erred as carbonyl ation cataly
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hydrochloric, hydrobromic, nitric and sulfuric acids, in combination with

15  ions capable of forming a stable complex with palladium. The
preferred ions of this type are halide ions, which form such complexes
as tetrahalopalladate. Bromide and chioride ions are preferred, with
chloride ions being especially preferred. During this step, it is believed
that elemental palladium is oxidized to the divalent state.

20 A particularly suitable aqueous solution is a dilute
hydrochloric acid solution, since it is strongly acidic and also contains
the necessary complexing anions. The concentration of the aqueous
hydrochloric acid solution is most often in the range of about 1-35% by
weight.

25 Extraction with the aqueous solution is typically
performed at a temperature in the range of about 20-100° and
preferably about 50-100°C. It may be performed in a single step, in
multiple steps or continuously. Continuous {e.g., countercurrent) or
multiple step extractions are often prefetred to ensure removal of

30 substantially all of the palladium.
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- 5- preferred. These conpounds and the by-products formed therefrom
~are generally incorporated in the organic phase during carbonyl ation.

The maj or product of the carbonylation reaction is usually a
substantially honbgeneous organic liquid containing diaryl 5 carbonate
(typically diphenyl carbonate); excess hydtoxyaromatic conpound
(typical ly phenol); and pal | adi um conpound$, i norganic co-catalytic
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tenperature in t e range @gﬁé%ﬁ%g%ﬂ:?adgggdlumﬁs%;\? ab?y about

50-100[err] C. I$eﬁE§ﬁ be perfornmed in a single step, in mul tiple steps
or continuously. Continuous (e.g., countercurrent) or mul tiple step

extractions are often pref g edractafnnemployedinsitp Bis peferablyshaantial ly all
of the pall al(g UMhon-basic aqueous solution of an ionic compound. Suitable ionic

compounds include amino acids and inorganic acids which form

complexes with divalent cobalt, and their salts, typically containing

metal and preferably alkali metal cations such as sodium or potassium.

Examples of suitable amino acids are glycine, alanine, —alanine,

20 iminodiacetic acid and nitrilotriacetic acid. Examples of suitable

inorganic acids are hydrochloric, hydrobromic and sulfuric acids. The

chlorides, and especially hydrochloric acid, sodium chloride and

combinations thereof, are generally preferred.

The proportion of ionic material present in the extractant
25 for step B is generally in the range of about 1-35% by weight. .
Extraction may take place at a temperature in the range of about
20-100° and preferably about 50-100°C. As in step A, a single

extraction or multiple or continuous extractions may be performed.

Step C is the removal of bromide source from the organic
30 reaction mixture, and it is achieved by simple extraction with water.
The use of water rather than an ionic solution is beneficial since the
solubility of bromide sources in ionic aqueous solutions is much less



-6- . By reason of the substantial insolubility of the

. organic material in the ionic agueous phase, it is a sinple matter to
separate t he aqueous ionic palladiumcontaining solution from organic
materials. When the nethod of the invention is enployed, cobalt in 5 the
divalent and/or trivalent state is generally extracted into the

aqueous phase in conbination with the pall adiumunless it has been

renoved earlier gs descrjbed hereinafter. , . tep B of the .
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Depending on the identity of the bromide source, it may

15 also be preferred to precede step C with hydrochloric acid treatment,
for example step A, so as to convert the bromide to chloride. This is
true, for example, of relatively hydrophobic tetraalkylammonium
bromides such as tetra-n-butylammonium bromide, since the
corresponding chloride is substantially more soluble in water than the

20 bromide. ltis frequently found that hydrochloric acid treatment before
the removal of phenol results in optimization of removal of bromide
source or the corresponding chloride.

Extraction in step C may also be single, muttiple or
continuous. It is typically conducted at a temperature in the range of
25 about 20-100° and preferably about 50-100°C. ,

Among the useful embodiments of the present invention
are processes in which palladium, cobalt and halide source are all
removed from an organic reaction mixture in an integrated series of
operations. Those skilled in the art will recognize that the nature of

30 the integrated process depends to some extent on the identities of the
materials to be removed and recycled, as well as on the extractants
employed and the order of their employment.



Step Cis the removal of bromide source fromthe organic 30 reaction

m xture, and it is achieved by sinple extraction with water. The use
of water rather than an ionic solution is beneficial since the

solubility of brom de sources in ionic aqueous solutions is nuch |ess

-7- than in water, to the point V\/nge extraction may not be
optimally effective if an ionic sol"(tion is enpl oyed.
The presence of |arge amounts of phenol in the organic m xture bei ng
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true, for exanple, lat|v opo ctetra | anmoni um
brom des sudf asdqsé’!"PS eFeing ﬁﬁzmom um broni de, since the
corresponding chloride is substantlally nore soluble in water than the 20

bromde. It is frequently FiGUHEEtsta flgwchatloban diustrative integrated before
the removal of pASBOlintar 8 tite inveRSH, Th WhidHleBs AL BINFL £b YniShdg
and a single extraction employed for both of steps A and B. As shown
therein, an organic carbonylation reaction mixture comprising diphenyl
15 carbonate (DPC), phenol (PhOH), elemental and combined palladium
(Pd), combined cobalit (Co) and bromide source (SBR)} is first treated
with an aqueous solution of hydrochloric acid and sodium chloride,
whereupon combined palladium and cobalt are extracted into the
aqueous phase. The resuliting first extracted organic mixture, now
20 comprising diphenyl carbonate, phenol and chloride equivalent (SCL)
of the bromide source (hereinafter “converted bromide source”), is
then subjected to vacuum stripping to remove a major propottion of the
phenol and yield a second extracted organic mixture comprising
diphenyl carbonate and converted bromide source. Finally, the
25 second extracted organic mixture is extracted with water to remove the
converted bromide source, leaving diphenyl carbonate of enhanced
purity as the organic phase.

In a second integrated embodiment, shown in FIGURE 2,
the first step is extraction of the organic mixture with aqueous sodium
30 chloride solution to remove divalent cobalt. The resulting first
extracted organic mixture is then further extracted with an aqueous
solution of hydrochloric acid to remove divalent palladium, leaving a
second extracted organic mixture containing diphenyl carbonate,



source or the correspondi ng chlori de. Extraction in

. step C may also be single, nultiple or continuous. It is typically
conducted at a tenperature in the range of 25 about 20-100 and preferably
about 50-100[err]C. Anong the useful enbodi nents of the
present invention are processes in vyig’_gh pal | adium cobalt and halide
source are all renmoved froman organic reaction mxture in an

i nt egrat ed series_of operations.. Those skiJled . n.the art .w|ll
recogni ze that thehenalgnd queggeé F@"'pﬁt%@;ﬁ'eﬁhﬁr@ﬁ@g? 1§ jectedone
extent on the i defottheisameéondiading stepsadscin FIGURE 1hte yieldryibirdandracted/ cl ed,

as vel | as on theo @i ahAHeSand, fnafl/Teohe) Bbibohlfe & SiHarkby difty.

enpl oynent .
For exanple, it is generally not preferred to enploy water _alone in
step B since a substanti al %lﬁlbeEtS depiets stifl amother dntegrated gmbodimenpipssi bl y

al so unreact eg hyghRrtRe ﬂf@tsit% ﬁéﬂ?@éﬂ@n wilwarer ?d‘?érﬁ&&%@ov{\binedaéoﬁa'ke sane

time to forma m x e whi ch equlre ong or nore urther

tur riher
separation steps.and Bipmidgsoysee, ythigthmayithen Pesepagaied By RIAcipHation of a
i ncl udes conpl ex- fyafaringblutsle SobaR{H) 88l 8DER asdRe 2Pipantahbaivatd. "Phe it

acid such as hydrochloric acid w I) cause sinultaneous, extracti on of
pal | adi um and  cob@Xacte PEIRRIG Mt re5uRing Jram the exXFaGtion 18 (TEHEror ¢ he
gal I adibu (rjn 1;] r om soéxtracted withiaqueshs hgdforhlaricaatid o emnovestientental drd f
escri be erg na . : " = | of an
illustrative 1;ant eé)é'ﬁ#‘@& d pallf\dg%(y&% ‘%lgﬂta %?CW%% $r9%nwl 'ﬁ%\ﬁ'{é%@t eps A,
B and C are conbiwbith phenobhisdstippacdigl leav diphenylearbamateyof @nhencedt h of
steps A and B. wn t herein, an organi c carbonyl ati on reaction
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In preferred embodiments, the invention includes steps of
recovery of catalyst constituents for recycle. The palladium may be
15 recovered by reduction to elemental palladium, reoxidation to the

divalent state and conversion to a catalytically active species. Cobalt,

if present with the palladium, generally remains for the most part in

combined form, either divalent or trivalent.

Reduction to elemental palladium may be accomplished
20 by treatment with a suitable reducing agent, examples of which are
formic acid, elemental hydrogen, hydrazine and sodium borohydride.
Formic acid, employed in aqueous solution, and elemental hydrogen
are preferred by reason of their effectiveness and relative
environmental harmlessness.

25 Said reduction may be performed in aqueous solution,
whereupon the elemental palladium precipitates and leaves in solution
any cobalt also present. FIGURE 4 depicts one example of this option.
it comprises a single step of treatment with aqueous formic acid
sofution, whereupon the palladium is reduced to the elemental state

30 (Pd% and may be separated by fiftration to leave an aqueous solution
of divalent cobalt.



15 carbonate (DPC), phenol (PhOH), el enmental and conbined pal |l adi um
. (Pd), conbined cobalt (Co) and brom de source (SBR) is first treated
wi th an aqueous sol ution of hydrochloric acid and sodi um chl ori de,
wher eupon conbi ned pal | adi um and cobalt are extracted into the
aqueous phase. The resulting first extragt,gq organi c m xture, now 20
conpri sing di phenyl carbonate, phenol and Chloride equival ent (SCL)
of the brom de source (her jr}after "C(a}ve ted brom de source” S
JFsiffrgyapty 2dva

then subjected to vacuum St I1Si YR oélsn%‘f"&?"%r@p‘?ﬂﬂ“i n of the
phenol and vyi el padfagkmenandeobait-tentaiming materals te selidsopaioritéiraduction.
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purity as the Orteﬁiﬁe??:tpg‘j%i%aﬂy in the range of about 300158096 S luhd@e,car at ed

enbodi nent, shown_in F| Gy - > first step 1S extraction of the
organi ¢ ni xt ur e Tl W%SOQQBP%%Q-- in theopregenes p{air.de regmavenove
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finally, di phenpobakﬂb@aﬁsén solutiomanced purity. FI GURE
3 depicts still another integrated enbodinent in 5 which the first step

Sour ce. ahi ch may ¢ ﬁ’i‘%eag%%ﬂsﬁﬁﬁﬁﬁg‘gﬁi?’!%’#wmﬁngg" RiByle
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aqueous divalent palladium solution, using an oxidizing agent such as
15  nitric acid, bromine, sodium chlorate or hydrogen peroxide, with nitric
acid often being preferred, especially in contact with hydrochloric or
acetic acid. treatment. Most often, a mixture of glacial acetic acid and
concentrated (about 68% by weight) nitric acid is employed in a
volume ratio of about 20-50:1. At temperatures in the range of about
20 50-120°C, the elemental palladium readily dissolves to form
palladium(lf) acetate.

The resulting combined palfadium can then again be
reduced as described above to produce a second crop of solids
consisting essentially of elemental palladium, with cobalt remaining in

25 solution. The elemental palladium may be separated and reoxidized to
divalent palladium, which may be recovered by conventional means ; if
the palladium compound is palladium(fl) acetate, it is ready for recycle
as a catalyst constituent.

In another embodiment of the invention, the palladium
30 saltis converted to a salt of at least one aliphatic p-diketone. By
“B-diketone” is meant a compound containing two keto carbonyl groups
separated by a single carbon atom, usually, but not necessarily, in the
form of a CH; linkage.



extracted organic mxture resulting fromthe extracti-on is further

. extracted with aqueous hydrochloric acid to renove el enental and 10

conbi ned pal |l adium vyielding a second extracted organic m xture from

whi ch phenol is stripped to | eave di phenyl carbonate of enhanced

purity. In preferred eglpadi ments, the invention

I ncl udes steps of - recovery of catalyst constituents for recycle. The
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-10- catalytic actiyity.i s frequent|y advant ageous, however, to
convert

Reconversion of cobalt to a catalytic species is usually
fairly easy, since a major proportion of the cobalt, usually essentially
alt thereof, remains in the combined state in the form of a compound

15  having substantial catalytic activity. If desired, it may be converted to
a compound having even greater catalytic activity, such as CoSMDPT.
This may be done by simply contacting an aqueous or aicoholic
solution of the cobalt with the ligand.

The bromide source is generally recovered either in its
20 original form, in which itis catalyﬁcaily active and may be recycled for
use in further carbonylation reactions without further treatment, or as
the chloride which may be easily reconverted to the bromide by ion
exchange.

The method of this invention is iliustrated by the following
25 examples. Alf parts and percentages are by weight unless otherwise
indicated. Carbonylation reaction mixtures contained, unless
otherwise specified, diphenyl carbonate, phenol, palladium- and
cobalt-containing catalytic compounds, 2,2":6’,2"-terpyridine as organic
co-catalyst and hexaethylguanidinium bromide as halide source,
30 afthough the propottions of all may not be specified in each example.



pal | adi um and cobal t-containing materials to solids prior to reduction.

. This may be achieved as shown in FIGJRE 5, by evaporating the l'iquid,
chiefly water, and conbusting the residue at elevated 5 tenperature,
typically in the range of about 300 -500[err]C, and under mldly
oxi di zing conditions, e.g., in the presencgof air, to renove organi c
resi dues. The product of this series of steps is a solid conpri si ng
el emental and conbi ned pal | adi um and di val ent or trival ent cobal t
conmpounds. This F?bngLE-fhen treated with aqueous formc acid 10 solution
to reduce the palladiumto the elenental state and | eave cobalt(11)

salts in solution. re conpl ete separagtion of

pal | adi um from cobalt may A 1,530igpsamp Iqm?%ip'\fm"gﬁ‘ PR sol i d

pal Lladi um t o prodontaiging 676 mg palladium gashbawd tpaasmléamutrextgilauteucmicwsi ng an
oxi di zi ng agent su s 15 nitric.acid. .brom.ne, .sodi um.chlorate or

hydr ogen per oxi d&'t?\%ogl?qﬂef’f"?@ydm"h%@c?‘a SPWQH%J?WW%PEFF ,Ctéspeci ally
in contact wi§h ketedoimdta contain 468 mgaf@alladiam.d. treatment. Mst often, a
m xture of glacial acetic acid and concentrated (about 68% by wei ght)

s - Bt one b ;
femerarures i n the. range IR gacts er{Boldd o i adhied h dir of
pal | adi um r eadi | POBPGdeMeld 1:226:g phash. A 4264-mgportion of the ashmas

The resul ting cogBhfiRtedMthadigbnL oA (b{?%@&?tﬁktﬁ& of water adY6#Hicas

descri bed above to, pr.o a.Second,crop,.ol. sglid . onsj st |

essentially of eP@WE?Itt@LE&'ﬂ'IG ‘{fﬁjdt fﬁd%%%ﬁ}e P@W&'HW ﬁ%%%eifg‘e'g%l ution.

The el ement ajQ paktatd Msvﬁngﬁgum; sorEirdng mososf thezcubattpwas di val ent

pal | adi um which rrac¥ tb recovered by conventional neans; if t he
dgcraed,

pal | adi um conpou | ladium(11) acetate, it is ready for recycle
as a catal yst constituent. . ] | n anot her enbodi ment of the
i nvention, the palladium 3d'hesramaxmlagsohdw4semtacted Mhtamaqlﬁouseast one
aliphatic [err]- Qbﬁiﬁbﬂ’lﬁg‘@ ydrochloricldtid 104! ific ekl and tHEEdthbfhaigPOuUNd
containing two keto car oné rf)u o sega{hat eﬂ. brf¥ a m%g_'ﬁ car bon
atom usually, bW¥asi¥amped Q§§ G.whergupon the gofid giggolyve i nkage.

' 15  solution was evaporated to dryness and the solid was dissolved in

water at 80°C. Formic acid, 2 g, was added, whereupon reduction of
the palladium to the elemental state again occurred.

The deposited efemental palladium (134.2 mg) was dried

under nitrogen and contacted at 80 °C with a mixture of 3.5 ml of acetic

20 acid and 0.1 ml of nitric acid, whereupon it dissolved to form a brown
liquid. The liquid was evaporated to dryness, producing palladium(lf)
acetate as a brown solid which was dissofved in 5 g of acetone.
2,4-Pentanedione, 1 g, was added and the acetone was evaporated to
yield 348 mg of palladium(if) 2,4 -pentanedionate as a catalytically'

25 active yellow-orange solid. It was found by analysis to contain
33.28% palladium (theoretical value 34.92%).

A second portion {554.5 mg) of the ash was similarly
treated with aqueous formic acid, hydrochloric/nitric acids and formic
acid. The deposited elemental palladium was found to weigh 178.3
30 mg. [t was treated at 90°C with a mixture of 4.5 ml of acetic acid and
about 0.1 mi of nitric acid, whereupon it dissolved. The solution was



-11- Suitable [err]-diketones include 2,4-pentanedi one,
2, 4- hexanedi one and 3, 5- hept anedi one. 2, 4- Pent anedi one is generally
preferred because of its availability, relatively | ow cost and

particular suitability. The proportion thereof enployed should be at 5

| east an equi val ent proportion (i.e., 2 nolygs. per nol e of divalent
pal | adium and preferably an excess, typically of up to about 50%

The pal | adi um sal byabotaé kPifyhedd K54 B rddRkiab BaRERARIBF adbtate was S P! ©

reaction and isolated by convéentronal neans 1 ntl ug . operations
as filtration. It sifafariydissaleediinacatorriand traategh with 2 -pentanadionsoA e. g.
phenol, to producgrécisitdts forffed \ahd was h?dtédahd%ied;itwéigﬁ@dxpsfin ctivity.
Reconver si on of cobalt tP a cat al étb_lhﬁ gCIéf .S usual‘a%/kii airiy easy,
since a major profBAMaHioyndiscop .74k palladjurp aspaliadiym(il) al |
thgreof . rlemaisnsI ep-pbatanedivnats] Thetaetond Was tanoved francthediiguid phase havi ng
substantial catal yfi i e ol O a
conmpound havi ng eébﬂ%?&héﬂ'&?@ﬁ@ﬁ?%@& yp%§m¥%g%c§@gé)e§7§g‘ﬁ’ Thi s

may be done by si pgllgdiuontTetal regycle efficiencysn dhe twa odedviety steps was 48%on of

the cobalt with the |igand. The brom de source is
generally recover EXAMPhE2 in its 20 original form in whichit is
catalytically active and nay be recycled for use in further

carbonyl ati on reactions wt t m : ori de
whi ch may be easily reconver ggai%&%%kgr%gnat e bgm?%;]c@ﬁalnegm%

The nmet hod of 1Q hi palladiumy, 283 ppen of cehalt 323% dipheny! easbpaaterand87.68x anpl es.
All" parts and per pRBAGIJSS 12/62g Bimi BaredfwaaSextaicied forsD minutes agogeted.

Car bonyl ation react,jon.m xtuyres contai ned,, unl es . otherw se specified,
di phenyl car bonat E”thp#:% St ,gl%éqluﬁﬂi‘ﬁ Rydigghlonic acid solution. hREF Hhe
extraction, the aqueous phase was found to contain 2.8% phenol. The
organic phase contained 174 ppm of palladium, 19.69 ppm of cobalt,
156  31.5% diphenyl carbonate and 53.9% phenol.

EXAMPLE 3

The carbonylation reaction mixture was free from
2,2':6',2"-terpyridine and contained 341 ppm of palladium and 325 ppm
of cobalt. A 34-g sample thereof was extracted for 30 minutes at 90°C

20 with 23.7 g of 15% aqueous hydrochloric acid solution. After the
extraction, the organic phase contained 5.72 ppm of palladium and
less than 4 ppm of cobalt.

EXAMPLE 4

The carbonylation reaction mixture contained 140 ppm of
25 cobalt, 24% diphenyl carbonate and 70% phenol. A 10-g sample
thereof was extracted twice over 2 hours, at 30°C, with 14 g of a 14%
aqueous solution of trisodium nitrilotriacetate. After extraction, the
organic phase contained 3 ppm of cobalt.



cobal t-contai ning catal ytic conmpounds, 2;2!:6',2"-terpyridine as organic
co-cat al yst and hexaet hyl guani di ni um brom de as hal i de source, 30 although
the proportions of all may not be specified in each exanple.

-12 - EXAMPLE 1 A 1,530-g sanpl e of

carbonyl ation reaction m xture cont.ayging 676 ng pal | adi um was heat ed
to 85[err]C and extracted tw ce w th 9% aqueous hydrochloric acid
solution. The conbined extracts 5 were found to contain 468 ng of

pal | adi um EXAMP The extracts were boiled to dryness and
ashed in air at %Eo?err]c to yi eld 1.226 g of ash. A 426.4-ng portion

of the ash was cont act I ght) m xture of
wat er and fornic aci d\@f‘hgﬁﬂg %‘P‘Gr&é%ﬁ&éﬁ’ggﬂwmﬁe@& tiefing t he
pal | adi um to t he naikture eployidd mﬂﬂmplemasm*abtewotmuhdurstmwﬂml ng nost
of the cobalt, was ng solid

was contacted w tvﬂﬂhh’ Aalﬂe‘gct?s%%d/ aq%?‘b‘i?‘&!H“%‘F °§%Sﬁ§'ma'mfk95 g?*ﬂ 10%

nitric acid afd tAfterextraction,itive organic phase containeds5 pphyof cotE. err | C,

wher eupon the solid dissolved. The 15 solution was evaporated to dryness
and the solid waEXAEPLEW®d in water at 80[err]C. Formic acid, 2 g,
was added, whereupon reduction of the palladiumto the el enental

state agai n occurred. | adi um
(134.2 ng) was dried Thﬁcf arbom{l?%o s aan§n gﬁaﬁgéc éﬁ‘az’{'&g%?%% ith a
m xture of 3.5 nmbalt,a%bﬁ%:dlﬂbenﬁcﬂad)m and 6i1.3% phenali A t-géampler eupon
it dissolved to féarsopwas@Mtacted for 2 hours at 90°C with 10.56 g of a 5.3%

10  aqueous glycine solution. After extraction, the organic phase
contained 20 ppm of cobait.

EXAMPLE 7

The carbonylation reaction mixture contained 141 ppm of
cobalt, 32.6% diphenyl carbonate and 61.2% phenol. A 10-g sample
15 thereof was extracted for 3 hours at 90°C with 10 g of a 10% aqueous
sodium chloride solution. After extraction, the organic phase
contained 27 ppm of cobalt.

EXAMPLE 8

The carbonylation reaction mixture contained 158 ppm of
20 cobalt and 36% of diphenyl carbonate. A 10-g sample thereof was
extracted for 3 hours at 90°C with 10 g of a 10% aqueous B-alanine
solution. After extraction, the organic phase contained 35 ppm of
cobalt.

EXAMPLE 9

25 The carbonylation reaction mixture contained 141 pprﬁ of
cobalt, 17.5% diphenyl carbonate and 77.7% phenol. A 10-g sample
thereof was shaken for 2 minutes at 90°C with 16.7 g of a 9% aqueous

hydrochioric acid solution, after which the phase were allowed to settle



liquid. The liquid was evaporated to dryness, producing palladiun(ll)
acetate as a brown solid which was dissolved in 5 g of acetone.

2, 4- Pent anedi one, 1 g, was added and the acetone was evaporated to

yield 348 nmg of palladiun(ll) 2,4-pentanedionate as a catalytically 25
active yelloworange solid. It was found by_analysis to contain

33. 28% pal | adi um (t heoretical value 34.929 - A second
portion (554.5 n?) of the.ash was simlarly . . treated with aqueous
form c acid, hydfecmgputesniAfiarexiractien,dhe organic phase conteined lesadhareposi t ed
el emental pal | adigyghast dopeffd .to weigh 178.3 30 ng. It was treated at
90[err]Cwith a mXxture of 4.5 nmM of acetic acid and about 0.1 m of
nitric acid, whersgoop! i ssol ved. The sol ution was

-13 - evapor at g’&ﬁ%@dr yness and the residual palladiun{ll) acetate
was simlarly dissolyed in acetqQne and treated with 2.4

- pent anedi one. A pr e\cﬁﬁ %P@“Y'B?‘%Be%ﬁﬂ'ﬂ’n\mg‘t%ﬁ&mﬂ"&f’ gB8@%ried; it

wei ghed 103 ng§ dipherfyhdaitsonate; 68:2% ol 286 Sm o bobak kadi um as :
pal l adiunm(ll1) 5, 2 4-8e&t§aned|onahe. The acetong was rempved fromthe

li qui d phase tetra;nabutylammpnium hipraide;as %5&%‘%’3@“%5 f‘%u‘ﬁ"@ to contain
35.57% pal lsatnpletharectivas extratteddot i1 @iminutesi at 905€ witlo 12acgobry st eps
was 48% L : . |7} ction
m xture cont ai ne%%g E%%nagyecitbs p%%?? gﬁle.ﬁ?nnr% @ﬁ%&g@éﬁé %ﬂgég %

di phenyl car bonatldeorgapic. pfrase after extrantion cmtamesfys pamfeoballr eof was

extracted for 30 mnutes at 90 C with 8.2 g of 9% aqueous
hydr ochl ori cl@ci EXAMMPEK After the extraction, the aqueous phase
was found to contain 2.8% phenol. The organi ¢ phase contained 174 ppm

of palladium 19.69 ppm of gPPRllg sample of the carbonylation reaction mixture of
Example 10 was extracted for 10 minutes at 90°C with 12.4 g of a 10%
aqueous glycine solution. After extraction, the aqueous phase
contained 4.83% phenol.

15 EXAMPLE 12

The carbonylation reaction mixture contained 25.1%
diphenyl carbonate and 69.2% phenol. An 11.2-g sample thereof was
extracted for 10 minutes at 90°C with 11.2 g of an aqueous solution
containing 3% hydrochloric acid and 10% sodium chiloride. The

20 aqueous phase after extraction contained 2.96% phenol. An extraction
with water under simifar conditions produced an aqueous phase
containing 8.72% phenol.

EXAMPLE 13 .

A carbonylation reaction mixture was concentrated by
25 evaporation of phenol to an organic phase containing 70% diphenyl
carbonate and 18% phenol. A 29.3-g sample thereof was extracted
repeatedly at room temperature with 15 g of water and analyzed for
hexaethylguanidinium bromide content initially and after each
extraction. The results are given in Table L.



15 31.5% di phenyl carbonate and 53. 9% phenol . EXAMPLE 3
The carbonyl ation reaction m xture was free from
2,2':6"',2"-terpyndi ne and contai ned 341 ppm of palladiumand 325 ppm
of cobalt. A 34-g sanple thereof was extracted for 30 mnutes at 90[err]C
20 with 23.7 g of 15% aqueous hydrochl O”l@ acid solution. After the
2

extraction, the organic phase contained 5 ppm of pall adi um and | ess
than 4 ppm of cobalt. EXAMPLE 4 The carbonyl ati on
reaction m xture contained 140 ppm of Z@é#t:%gal t, 24% di phenyl carbonate
and 70% phenol. A 10-g sanple t her S extraqt ed {w ce over 2
hours, at 90[err]C, wth 14&4‘&& a 14% aq@usnidinigm$aiton of trisodi um
nitrilotriacetate. After exEXyactions the Qr Qﬁlﬁﬁea,o'ﬁase cont ai ned 3 ppm
of cobalt. -

EXAMPLE 5 furt her 10-g sanpl 3 %1 the car bonyl ati on
reaction m xture enpl oyed4|n Exanpl e 4 was extltacted for two hours at
90C with 11.16 g of a 10. Gos aqueous sol uti on 888 di sodi um

i m nodi acetate. 5 After extraddion, the organic p®B%& contained 5 ppm of
cobal t. EXAVPLE 6 10 0.55

EXAMPLE 14

The carbonylation reaction mixture of Example 13 was
extracted twice at room temperature with 9% aqueous hydrochloric
5 acid solution to remove palladium and cobalt. It was then extracted
repeatediy with water as in Example 13. The results are listed in Table
il

TABLE Il
Guanidinium salt
Extractions content, %
0 4.08
1 1.99
3 0.19
5 0.10
EXAMPLE 15
10 A carbonylation reaction mixture similar to that of

Example 13, but containing tetra-n-butylammonium bromide as the
bromide source, was concentrated to a content of 67.1% diphenyl .
carbonate and 2.8% phenol and extracted 3 times with approximately
equal volumes of 9% aqueous hydrochloric acid solution. It was then

15 extracted 7 times with approximately equal volumes of water and
analyzed for tetraalkylammonium bromide content initially and after
each extraction. The results are given in Table HL.



The carbonyl ation reaction m xture contai ned 159 ppm of cobalt, 31.5%
di phenyl car bonate and 61.3% phenol . A 10-g sanple t her eof was
extracted for 2 hours at 90[err]Cwith 10.56 g of a 5.3% 10 aqueous gl yci ne
solution. After extraction, the organic phase cont ai ned 20 ppm of
cobal t. EXAMPLE 7 The carbonyl ation reaction

m xture contained 141 ppm of cobal t, %5 6% di phenyl carbonate and

61. 2% phenol. A 10-g sanple 15 thereof was extracted for 3 hours at
90[err]Cwith 10 g of a 10% aqueous I@&_{BQ chl oride solution. After
extraction, the organic phase cont di (fpm of cobalt.

EXAMPLE 8 The carbonyl at i on Quatemagnsaff xt ure cont ai ned
158 ppm of 20 cobalt and 3cdexdmctionsenyi car bonacentent, 6 -g _sanpl e ther eof
was extracted for 3 hours aj, 90[err]C with 10 % a 10% aqueous
[err]-al ani ne solution. Afté&r extraction, the gﬁm c phase cont ai ned
35 ppm of cobal t. EXAMPLE 9 25 The carbonyl ati on
reaction m xture contained 141 pgm of cobal t, 22%9% di phenyl carbonate
and 77.7% phenol . A 10-g sanple thereof was shdkh for 2 minutes at
90[err]Cwith 16.7 g of a 9% aquéous hydr ochl ortit8 aci d sol ution, after
whi ch the phase were allowed to settle

- 15 - EXAMPLE 16

A carbonylation reaction mixture similar to that of
Example 1, containing tetra-n-butylammonium bromide as the bromide
5 source, was extracted with hydrochloric acid solution and concentrated
to remove phenol as described in previous examples. It was then
extracted repeatedly with water, using various volume ratios of water
to organic phase. The results are given in Table IV.

TABLE IV
Quaternary saft
Extractions Watet/organic ratio content, %

- 7.61
7.28
6.37
4.45
247
0.56
0.34

OB WN-2O
N Dotk
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10 EXAMPLES 17-18

Carbonylation reaction mixtures containing about 66%
diphenyl carbonate, about 30% phenol and tetramethylammonium and
tetraethylammonium bromide (2.83% and 4.23%, respectively) were
extracted once with water at a 1:2 volume ratio of water to organic

15 phase. The respective organic mixtures after extraction contained
0.18% and 1.76% quatemary ammonium bromide respectively, for
extraction efficiencies of 93.6% and 58.4% respectively.



for 2 mnutes. After extraction, the organic phase contained | ess than
5 ppm of cobalt. EXAMPLE 10 The carbonyl ati on
reaction m xture contained 28.2% 5 diphenyl carbonate, 68.2% phenol, 286
ppm of cobalt and tetra-n-butyl ammoni um brom de as a brom de source. A’
12.4-g sanpl e thereof was extracted f£qg.10 minutes at 90[err]C with
12.4 g of wat er. The aqueous phase after extraction contained 6.75%

henol . The organic t ' i of cobalt.
10 EXAWPLE 11 ) pk@ﬁﬁn@r&%ﬁ%ﬁ%&é&@ﬁ,ﬁé@@p@ﬁﬁ%%ﬁg@%‘ﬁyl ation
reaction m xture effectivenesaefrsieps £0and B toxxremave palladiumiandcobalbfront a
90[err]C with 12. : ! j er
extraction, the a‘éalﬁ%%ag%%@zmur_e’ w‘ggﬁtﬁgil‘%'e%& Z‘ﬁmo%ﬂkedrﬁﬁ"%%g@é EXAMPLE 12
The car bonyl at i orfOnveEsionAf pajadiva tedhe actiwe catalyticgpecies palladismill) car bonat e
and 69. 2% phegol .2 Apehtarfedioridsl IExdniisies 4t 10\ifimish addROhBPEVIBENESbE H
m nutes at 90[err g/l th 11. kﬁn a ueousé&%gtl n caont ai ni 'gg 3%
hydrochl ori ¢ aci VaRR3Ss (ﬁtm &qtﬂ:@_ns?ﬁ "‘fggﬁbgénﬂhusé‘sd‘w r
extraction cont aigelxampli2) revedls the imptoveaient provided by tie usé of apnder

EWPLE 15 o SR taler i eI baress.of AR B RiaRer R "

concentrated by JAbe aguepus ghase. of phenol to an organi c phase containing
70% di phenyl carbonate and 18% phenol. A 29.3-g sanple thereof was

extracted 4o repeatedly aéxd"ﬂi“%ﬁ?ﬂ‘ﬁ?Er@m&%ﬁ??m&ﬁ%%f%tgﬁ?af t er_

anal yzed for hexaet hyl gua I n; tra

each ext r actingrticyiar, Examples 134 43haw theefiegliveness of multiple water
washes to remove hexaalkylguanidinium bromide, Examples 15-16

provide similar showings about the removal of tetra-n-butylammonium
chioride, and Examples 17-18 show the higher efficiency of bromide
15 removal with shorter alkyl chains in the quatemary bromides.



:16- - - TABLE |

GQuani di ni um sal t ’ Extractions content, %

0 4.08 R S

1.14 6 0. 6

8. 0.57 'u M m

0.55 EXAMPLE 14 ‘I]he car bony' w ” Mmu)m’m Xture
of Exanple 13 was extracted twice at room terrperature wi't h *99%* aqueous
hydrochloric 5 acid sol utmﬂ.{% .pall adium and cobalt. It was then
extracted repeatedly w tidck gﬁngs in Exanpl e 13. The results are
listed in Table 1. ) . TABLE I

Guani di ni um sal t 1. A method forpamoxat of natalytic materiale frosman %

g - organic rhafttial having limited solubility in water ahd gomprising a first

5 metal which js a Group MijiBpnetal Bavipg an atomic number ofat feast

carbonyl ation req4ta secatickinetal whioh iga tiansitioht mefat and a bromide source,
5 which method comprises at least one of the following:

{A) removing said first metal by extraction with an
aqueous solution comprising (1) ions capable of forming a stable
complex with said metal and (2) at least one strong inorganic acid,
thereby forming a complex of said first metal;

10 (B) removing said second metal by extraction with a
non-basic aqueous extractant; and

{C) removing tetraalkylammonium or
hexaalkylguanidinium bromide used as a bromide source by extraction
with water.

2. A method according to claim 1 wherein the organic
material is a carbonylation reaction mixture comprising at least one
diaryl carbonate, at least one hydroxyaromatic compound and catalyst
constituents including a heavy Group VIIIB metal compound and, as

5 an inorganic cocatalyst, at least one transition metal compound.

3. A method according to claim 2 wherein the first metal
is palladium and the second metal is cobalt. .

4. A method according to claim 3 comprising step A.

5. A method according to claim 4 wherein the
complex-forming ions are halide ions.

6. A method according to claim 5 wherein the aqueous
solution is a hydrochloric acid solution.



Exanpl e. 13, but containing tetra-n-butylamoni um brom de as the

brom de source, was concentrated to a content of 67:1%di phenyl
carbonate and 2. 8% phenol and extracted 3 tinmes wit

equal vol unes of 9% aqueous hydrochloric acid sol ut [ﬂﬂm qmmﬁ“lﬁ
extracted 7 tinmes wth approxi mately equal ol unes

anal yzed for tetraal kyl ammoni um brom de con ent initiall y and after
each extraction. The results are given in Table II1.

-17 - B

Quat ernary salt 7. Amethod;geeprdioy fiygiim 3 comprising e 8.

0 3. 47 1

3.24 8. 8 method according to claim 7 whea2in the extractant

5 7

1.18 EXAIVPLEaf ql.i]eoz:@ solution of an lon'g Eet %r?f/jr ation reaction mxture

simlar to that of Exanpl.e 1, containi n%tetra n- but yl ammoni um br om de

as the bromide 5 source, %ad mgthodacsarding ﬂ?’mgcﬂ@%ﬁlfﬂ@cﬁ)@r@@#ﬂltlon
and concentr at ed s a soliitfori 6&Y A Beid drsaltahérebped i n previ ous exanpl es.

It was then extracted repeatedly with water usi ng various vol une
rati os of water to or i hase. The ults R |n Table | V.
TABLE IV 910! & hethidd accord: ¥ fo claim 8 wehec}emet ee fnary
sal t is a solution of an inorganic acid or salt thereof.

11. A method according to claim 10 wherein the
extractant is hydrochloric acid, sodium chioride or a combination
thereof.

12. A method according to claim 3 comprising step C.

13. A method according to claim 12 wherein the bromide
source is a hexaalkylguanidinium bromide.

14. A method according to claim 12 wherein the bromide
source is a tetraatkylammonium bromide.

15. An integrated method for removal of palladium,
cobalt and bromide source from a carbonylation reaction mixture
comprising diphenyl carbonate, phenol and catalyst constituents
including a palladium compound, a cobalt compound and said bromide

5 source comptising a tetraalkylammonium or hexaaikylguanidinium
bromide, which comprises: '

removing combined palladium and combined cobalt from
said reaction mixture by extraction at a temperature in the range of
about 20-100°C with an aqueous solution of hydrochloric acid and
10  sodium chloride to convert said bromide source to a corresponding
chloride compound and form an aqueous solution comprising divalent
palfadium and divalent cobalt and a first extracted organic mixture



Extractions V\aterlgrgini cratio . content-;-% - . - 1?

;28 7 1 ol (]ORN R

0. 56 6 24 231 éi: 34 10
Shout 66% - qi SBRYSng dinhenyl erBRARR bt BofiBE' il Shelhi Ry SR roni U
and t et r aet hgtomide souseebr oni de (2. 83% and 4. 23% respectively) were

extracted once with water at a 1:2 volune ratio of water to organic 15

phase. The rggpective or gankfiofhi'oiieR8l A Saictiist BrirhOBd AR Hiture
exdiRglRg ]

0.18% and 1. quaternary a rom de respectivel )
extraction effici@fefmaa ascond. organis,mixbie qomptising diphenyl

-18- carbonate HESHiH chitidevonipouma: ead Exanpl es 1-3 show the
ef fectiveness of steps A and B to renove pal |l adium and cobalt froma

carbonyl ation m xture, wth Exanple_. ia riher denon {rati ng the

conversion of palladiumto "PH?VQEQW e PW‘%@ red iﬂ&ﬁ&&?ﬁ% 1) 5

2],c ;1 p ;a nt anedi on ?t extractedpiganicimbufelbyrextradtiddiwittowaterat iadtenyserature fire
ectivenes 5. gfaa(gg ﬁ&%

gs Exanpl e 1?,00r e@’tggﬁg&? Rfe\alﬁgrupr ovggrgm ﬁ%o}"ow ‘JS@G%{A e ust%%glﬁﬁgﬁ}l}@é& ionic

sol ution rather tp@tymater to suppress extraction of phenol into t he
aqueous phase. 10 Exanpl es 13-18 denonstrate the

effectiveness of step C. 1¢, A method according to claim 15 wherein the
aqueous solution comprising divalent palladium and divalent cobalt is
treated with a reducing agent to reduce the divalent palladium to
elemental palladium.

17. A method according to claim 16 wherein the
reducing agent is formic acid.

18. A method according to claim 16 wherein the
elemental palladium is oxidized to divalent palladium.

_ 19. A method according to claim 18 wherein the
oxidation is by a mixture of nitric acid and acetic acid.

20. A method according to claim 15 further comprising
the steps of:

evaporating liquid from the aqueous solution of divalent
palladium and divalent cobalt,

5 combusting the resulting residue at elevated temperature
under mildly oxidizing conditions and

treating the resulting solid with a reducing agent to
reduce the divalent palladium to elemental palladium.



In particular, Exampl es 13-14 show the effectiveness of nmultiple water _
. washes to renpve hexaal kyl guani di ni um brom de, Exanples 15-16 —- - provide
simlar show ngs about the renoval of tetra-n-butylammoni um

and Exanpl es 17-18 show the hi gher efficiency of br onmﬂm\l“mii%:‘mv: ?ﬁ
* 1. A

shorter al kyl chains in the quaternary brog‘yjes.

-19- What is clainmed 7§* . .
nmet hod for renoval of catalytic materials from an organic natelrlallh_ ]
having limted solubility in water and- conprising a first met a iC
is a Group VIIIB netal havi%’gmgrm%‘heﬁiaécﬁ to claim 20 wherein the 44, a

second netal whi aadusing dgenbis foralt 46id dk efdtleaPhfdfogénsource, 5 which

met hod conprises at |east one of the foll vilhng: Lt (A
removing said first netal extracti.on w n. . agueous_sol ution
conprising (1) ions capabl €%f m&ﬁf‘)ﬂgﬂmgog{i%?%clalm 29«:‘@3?@&(“\& th said
metal and (2) at elementadpalladiuomis axidizeghto divalent paltadiumt her eby formning a

conplex of said first nmetal; 10 (B) renoving said second net al
by extraction with a - | . _

(© renoving tetraal kyl a;rmﬁ?u%%zétﬁoa%%.eﬁ@naiﬁél?gﬁgg}‘{vﬁ%{é&}ﬁh@rom de used
as a brom de sourexidatipnds byambgure of nitrig agid aadeacetic acid. . 2. A
met hod according to claim 1l wherein the organic material is a

carbonyl ation reaction ni xszar. A (6TR6d 2cberdiig te@aim gEQvl%earleinsftP'ibadiVélent
carbonate, at | eash g, Byl QKRN AT L SabACER S i ¥

25. A method according to claim 20 wherein the divalent
cobalt is separated and converted to a catalytically active species.

26. An integrated method for removal of palladium, cobalt
and bromide source comprising a tetraalkylammonium or
hexaalkylguanidinium halide from a carbonylation reaction mixture
comprising diphenyl carbonate, phenol and catalyst constituents

5 including a palladium compound, a cobalt compound and said bromide
source comprising a tetraalkylammonium or hexaalkylguanidinium
bromide, which comprises:

removing combined cobalt from said carbonytation
reaction mixture by extraction at a temperature in the range of about
10 20-100°C with an aqueous sodium chloride solution to form an
aqueous solution of divalent cobalt and a first extracted organic
mixture comprising diphenyl carbonate, pheno! and said bromide .
source or its chloride analog;

extracting said first extracted organic mixture with an
15 aqueous hydrochloric acid solution at a temperature in the range of
about 20-100°C to remove palladium, convert said bromide source to a
corresponding chloride compound and form an aqueous solution of
divalent paltadium and a second extracted organic mixture comprising
diphenyl carbonate and the chloride analog of said bromide source;



constituents including a heavy Group VI| I B metal conpound and; as 5 an
. inorgani c cocatalyst, at |east one transition netal conpound.

3. A nmethod according to claim2 wherein the first I |M madi um
and the second netal is cobalt. Zﬂ Mlll*“ll _ H ing to
claim3 conprising step A .oq. 9. A nmethod accardisng*to
claim4 wherein the conpl ex-form ng i"ons are halide |on|s. . .

[ ' i.n the aqueoys solutjon is a
ﬁydf\ogﬁ |t gfﬁgﬁ;g?&d; g?u: ?Oﬁ!st%'pg}n% HWeer‘? I1‘rr<]>m said s%cong extracted organic
- 20- mixture to fofm a’thirek éxtracted orglinfgmiboue! @%@siﬁ@ _amﬁtez,yng step
B. ' 0 aim erein e
extract ant ?asrbgrqagéq%&%ﬁgﬁ%ﬁ%ﬁéﬂbggﬁ&i %r%c conmpound. _
9. A nmethod according to claim@8 wherein the extractant is a solution
of an amino acid or salt t¥emeNing said chloride analog from saichthird exttactst

according to cl apigabid\bitGie by BRtr&tiorAWk Water at a letngBrafld i inga"
171, ,& met o 3

' ' ' I h . L C cordi ng
Lo crai m 10 2aer o abaut 0 TOGC ta yigld dinbend cajkanstepbenbansadpuriydi um
chloride or a conbination t her eof .

27. A method according to claim 26 wherein the
aqueous solution of divalent palladium is treated with a reducing agent
to reduce the divalent palladium to elemental palladium.

28. A method according to claim 27 wherein the
reducing agent is formic acid or elemental hydrogen.

29. A method according to claim 27 wherein the
elemental palladium is oxidized to divalent palfadium.

30. A method according to claim 28 wherein the
oxidation is by a mixture of nitric acid and acetic acid.

31. A method according to claim 30 wherein the divalent
palladium is converted to a catalytically active species.

32. A method according to claim 26 wherein the divaient
cobalt is converted to a catalytically active species.

33. An integrated method for removal of palladium,
cobalt and bromide source comprising a tetraalkylammonium or
hexaalkylguanidinium halide from a carbonylation reaction mixture '
comprising diphenyl carbonate, phenol and catalyst constituents

5 including a palladium compound, a cobalt compound and said bromide
source, which comprises:

removing combined cobalt and said bromide source from
said carbonylation mixture by extraction with water at a temperature in
the range of about 20-100°C to form a first extracted organic mixture

10 comprising diphenyl carbonate, phenol and pafladium;



12 A nmet hod according to claim3 conprising step €.~

13. A nethod according to claim 12 wherein the bro
hexaal kyl guani di ni um br onm de. n‘i ﬁ ‘MWE di ng to
claim 12 wherein the brom de source is a tetra r~om de.

15. An integrated nethod for renoval of pald4adi um cobalt and brom de
source froma carbonyl ation reaction m xture conpri si ng di phenyl
carbonat e, phenol and catal h@‘fﬁ' @gh Witk ! adi um
conpound, a cobalt COWpOUﬂd)éa('lglgEﬂH?E rOQtt%drqogle ce corrprl SI ng a

t et r aal kyl anmoni uAfleoysRydPRRIPHG Acidfoemave elemghighand cophined conpri ses:

:n e)r(r?\ljlr ggbcogi)f()it p:g ia?ndraﬂle?a @aﬂefrggﬁmeé&% s“d?@tﬂiﬁoffd‘%nt pauamtrﬁ e&ﬁa&t i on
20.100[ er1] G wi ¢S %qpngﬁ et S Braatic mogre Saieing firbeny cRbARSEbAd odi urm

chloride to ci®vephenal] dndr om de source to a corresponding chl ori de
conmpound and form an aqueous sol ution conprising dival ent pal | adi um

and dival ent cobalt and a fi r

-21 - conprising di s@ﬁéﬁ'ﬁékhgﬁ @fhrR éﬁoﬂh%ﬁteedc(ﬁrgg (%e anal 0og
of said brommgr%mneu diphenyl carbonate emaﬂcpg pWithhenol from said
first extracted organtc m xture to forma second extracted organic

m xture conprising di phenyl a4 A mefiidatdrding t6!claith 33aithéreirfithes onpound;  and
- aqueous sofution of divalent palladium is treated with a reducing agent
to reduce the divalent pailadium to elemental paltadium.

35. A method according to claim 34 wherein the
reducing agent is formic acid or elemental hydrogen.

36. A method according to claim 34 wherein the
elemental palladium is oxidized to divalent palladium.

37. A method according to claim 36 wherein the
oxidation is by a mixture of nitric acid and acetic acid.

38. A method according to claim 36 wherein the divalent
palladium is converted to a catalytically active species.

39. A method according to claim 33 wherein the divaient
cobalt is separated and converted to a catalytically active species.



renmovi ng said chloride conpound from said second extracted organic

m xture by extraction with water at a tenperature in 20 the range of about
20-100[err]C to yield di phenyl carbonate of enhanced purity.

16. A nethod according to claim 15 wherein the aqueous sol ution
conpri sing dival ent palladium and dival ent_cobalt is treated with a
reduci ng agent to reduce the dival ent parﬂgd'un1to el enent al

pal | adi um 17. A nmethod according to claim 16 wherein
t he reducing agent is f MENHORKF@R RECOVERING AND 18. A net hod

according to claim16 wher ggIcYREING CATRM?S‘F'G@NSHWUENFFS“ is oxidized to
di val ent pal | adi um . A nmethod according to claim 18

wherein the oxidation is by a mxture of nitric acid and acetic acid.
20. A nethod according to claim15 further conprising t he steps of:
evaporating i qumggmp(cq'he aqueous sol ution of dival ent pal I adi um
and di val ent cobalt, conbustl ng the resulting residue at

elevat ed temperature «or bl ek Shal Bl oAl Buhhditiy 210
di val ent pal |5di compoualdsdivaieht q:nbdliacbmpnunds and bromide sources such as
tetraalkylammonium and hexaalkylguanidinium bromides are removed
from organic carbonylation reaction mixtures comprising said materials
in combination with diaryl carbonate and hydroxyaromatic compound.
The removal steps include extraction with an aqueous complexing
10  solution for palladium, extraction with an aqueous non-basic and
preferably ionic extractant for cobalt, and extraction with water to
remove bromide source. These steps may be combined into an
integrated process. Further steps of recycle of the palladium by
reduction to elemental palladium and conversion to a catalytically
15 active species, and conversion of cobalt to a catalytically active
species, may be included in the integrated process.

FIGURE 1



-22- 21. A nethod according to claim 20 wherein the

-reduci ng agent is formc acid or elenental hydrogen. 22.
A nmet hod according to claim20 wherein the el enental palladiumis
oxi di zed to dival ent palladium 1/ 23. A nethod according
to claim22 wherein the oxidation is ﬂy a mxture of nitric acid and
acetic acid. 24. A method according to claim 22 wherein
t he dival ent palladiumis converted to a catalytically active speci es.
25. A nethod according to claim?20 wherein the dival ent cobalt is

separated and converted to a catalytically active species.
26. An integrated nethod for reno of palladium cqgbalt and brom de
source conprising a tetraal kyl a ni u@r&émc Mixt xaalfkyl guani di ni um hal i de

froma carbonyl ation reaction m xfjure dsi ng di phenyl carbonate,
phenol and catal yst constituents |5 Pﬁ E a'pal fadi um conpound, a
cobalt conpound and said br on1 de onprisfng a

t et raal kyl amoni um or heKa ani di n| um brom de, which conpri ses:
removi ng conbi ned cobal t fpanbaa &t.bony! % reaction m xture by
extraction at a tenperatjure’1n-tfe rangﬁ{if gut 10 20-100[err]C with an
aqueous sodi um chl ori de ! to for aqueous sol ution of

di val ent cobalt and a first extra m xture conpri sing
di phenyl carbonate, phenol and sajd brom de sojirce or its chloride
anal og; extracting gpcjmﬁt extracted organic mxture
with an 15 aqueous hydrochloric pcid sol gigjon 'at a }enperature in the
range of about 20- 100[err] C o renove palladiu convert said brom de
source to a corresgonaimy—T form an aqueous
sol ution of PhOH
DPC, SCL
SOl B9 40
Org.
Y
DPC

FIG. 1



di val ent pal |l adium and a second extracted organic m xture conpri sing

di phenyl

-~ 23 - 20

chloride analog fromsaid third

extraction with water at a tenperature in the range 25
carbonate of enhanced purity.

20-100[ err] C to yield di phenyl

stri ppi ng phenol
m xture to forma third extracted organi
carbonate and said chloride conpound; an

extract ed

QR

carbonate and the chloride anal og of said brom de source;
fromsaid second extracted organic
xture conprising di phenyl

removi ng said

organi c m xture by

27. A method according to claim26 wherein the

divalent palladiumis treated w
di val ent palladiumto el enental

according to claim27 wherein th

el emental hydrogen.
wherein the el enent a
30. A nethod according
m xture of nitric acid
according to claim 30

pal |

nd
er

ceti
I'n t H

alleﬂbank

DPC, ]

diun1|g 0
29 wherein

a catalytically active

@‘gture
zed t

| NaCl

ag

Age

to claim26 wherein the dival ent Lt is co
catalytically active species.
DPC, PhOH,
Pd, SBR
A Aq.
Pd |2t HCI
Org.
Y
DPC, PhOH,
SCL
PhOH |e—— Strip
Y
DPC, SLC
Aq.
SCL [&—— Hy0
Org.
Y
DPC

FIG. 2

of about

aqueous sol ution of
to reduce the
28. A net hod
nt is formc acid or
according to claim 27
di val ent pal | adi um
oxidation is by a
31. A nethod

pal l adiumis converted to

32. A nethod accordi ng
verted to a



33. An integrated nmethod for renoval of palladium " -~ cobalt and brom de

source conprising a tetraal kyl anmoni um or hexaal kyl guani di ni um hal i de
froma carbonyl ati on reaction nixture conpri si ng di phenyl carbonate,
phenol and catal yst constituents |nc3ﬁg|ng a pal | adi um conpound, a
cobalt conmpound and said brom de e, which conprises:

renmovi ng conbi ned cobalt and said brom de source from sai d

carbonyl ation m xture by extraction with water at a tenperature in t he

range of about 20-100[err]Cto forma first extracted organic m xture 10
conpri sing di phenyl carbonate, phenol and palladi um

- 24- extrac acted organic m xture
W th aqueous hydrochloric a¢id o re e, el emeptal and conbi ned

pal | adi um and form an aqueous so uti Qﬁﬂ nt palladium and a

second extracted organic m xturejc eny| carbonate and 15
phenol ; and strlpdaﬂ noI ffom said second

extracted organic m xture to y|e|d'd|@éq$ yI car bonat e of enhanced _
purity. — A net hod &7 ding to claim33 wherein the
aqueous sol ution of diw \ diAguis |treated with a reducing agent

to reduce the divalentixﬂé i nert al pal | adi um

35. A nethod according | 34 mheﬁ%g' t he : reduci ng agent is
formc acid or elenmental hydrogen.

Pd  |e—B% | \ac

DPC, PhOH

PhOH Je—— strip

DPC

FIG. 3



36. A nethod according-tq 'claim34 wherein the el enental palladiumis
oxi di zed to dival ent palladium 37. A nethod according
" to claim 36 wherein the oxidation is by a mxture of nitric acid and
acetic acid. 38. A ngygpod according to claim36 wherein
t he dival ent palladiumis converted to a catalytically active species.
39. A nethod according to claim 33 wherein the dival ent cobalt is
separated and converted to a catalytically active speci es.

Pd, Co

Aq.
Agq. |
Y

Co

FIG. 4

Aq. Pd, Co

Combustion

Solid Pd,
Co

Aq.
Pd° jee———HCOOH

Y

Co

FIG. 5



