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PROCESS FOR THE ISOLATION AND REMOVAL OF UNWANTED
WATER FROM A CHEMICAL REACTION

FIELD OF THE INVENTION

This invention is related to an improved novel process for the removal of
undesirable water from a chemical reaction for producing products which
water is deleterious to the process and/or products produced therefrom. In
particular, the products are carbonate esters, and more particularly
diarylcarbonates, prepared by the carbonylation of alcohols, such as by the
reaction of an organic hydroxyl compound with carbon monoxide and oxygen
in the 'presence of a catalyst generally containing a noble metal of group VIII (b)
of the Periodic Table of Elements and a co-catalyst. The procesé of this
invention is a continuous process and employs a particular condensable water
si::ipping agent. The process basically comprises a chemical reaction for
prodﬁcing products such as carbonate esters, employing a particular .stripping
agent to remove substantial amounts of water (dehydration) from the residue a

chemical reaction and then recycling the balance of the residue back to the

- reaction step. In preparing a diaryl carbonate, for example, the preferred diaryl

carbonate is diphenyl carbonate.

BACKGROUND OF THE INVENTION

One method of preparing an organic carbonates is by a direct procedure,
which involves the oxidative reaction of an aromatic hydroxyl compound with
carbon monoxide and oxygen in the presence of a noble metal catalyst and co-
catalyst, is known. The noble metal catalysts are the elements of group VI (b)
with palladium generally being the preferred noble metal used. The co-catalyst
generally employed can be various manganese salts or cobalt salts in different

oxidation states. In addition to these co-catalysts, a base, a quarternary
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ammonium salt and a desiccant can be used. A solvent may also be employed

such as methylene chloride.

However, it has been determined that the removal of water from a
reaction system in preparing a diaryl carbonate by carbonylations of alcohols
leads to higher rates, higher selectively of the desired carbonate ester products

and reduced degradation of -catal_yﬁc-spedes.

Techniques for the removal of water from organic carbonate synthesis

_frem alcohols have been disclosed in the prior art. Several such processes

include adsorptidn onto solid desiccants (US. Patent 5,399,734 and EPO
.0085347), dlsnllauon (]P04257546 and IP04261142) and strlppmg within the

reactor with unreacted gaseous reactants or inert gaseous reactants (Us.

5,498,742). However, these pnor art processes have certain drawbacks

=.Adsorption onto solid desiccants such as molecular sieves is, by its very nature,
‘a batch process in which the sieves must be 'periodically replaced or

:'.regenerated at high temperatures to provide for water removal capacity. This

is economically undesirable in mdustnal pracnces

‘The use of distillation, while potentially continuous, is undesirable due

to the necessity of subjecting the reaction mixture to temperatures and

pressures so that the water may vaporize.

Gaseous stripping within the reaction vessel, as previously disclosed, has
disadvantages over this invention for several reasons: 1) stripping with inert
components dilutes the reactant gases resulting in lower reactor producnwty, 2)

stripping with inerts is further lumted to a 30% inert composition in the cited

‘patent which is inferior to stripping with up to 100% inert gas in a separate

~ vessel as per the disclosure in the present invention, 3) stripping within the

reaction vessel limits the overall productivity of the system because optimal

sfripping and optimal reaction temperatnlres and pressures conditions do not
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coincide, 4) teachings in the cited patent do not describe use of a condensable
stripping agent, thus requiring significant energy expenditure for
recompression of non-condensable stripping gas to reaction préssure after
water removal, and 5) absorbing or adsorbing or preferable condensing of
water from the stripping gas in the cited patent is not as economic to the
relatively low equipment and operating cost of the liquid-liquid separation of

water as disclosed in this invention.
SUMMARY OF THE INVENTION

" This invention relates to an improved process for the continuous
removal of water in a continuous process for the preparation of chemical
products wherein the presence of significant amounts of water, partic;zlarly
where the water is a by-product of the reaction, causes deleterious effects in the
efficiency of the process and/or products of the reaction. The process of this
invention is broadly directed to the preparation of any products from a
chemical reaction where undesirable water is a by pfoduct of the reaction. Of
particular interest are carbonate esters, particularly diaryl carbonates, and more
particularly, diphenyl carbonétes, prepared by the reaction of an organic
hydroxyl compound, such as phenol, with carbon monoxide and oxygen in the
presence of a catalytic system followed by the substantial removal of water
from the reaction and then recycling the essentially water free materials back to
the basic reaction. The presence of significant amounts of water in the system
effects rates of reaction, selectivity of the desired end products such as
carbonate ester products and degradation of the catalytic species employed in
the reaction. The amount of water removed in the practice of this invention is
at least about 75% by weight and preferably at least 90% by weight of the
weight of the water present in the reaction medium prior to the stripping action

and more particularly at least 95% by weight.
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' The contmuous process of this invention compnses the steps of (1)
producing a chen-ucal product by a chemical reaction which has undesirable
water at least as a by product, (2) separatmg two phases formed in the reaction
consisting of a liquid phase and a vepof phase wherein the liquid phase
comprises the product of the reactants, water, catalyst, and other ingredients
and the vapor phase consists of volatile géises, (3) exhausting the vapor phase to
the atmosphere, (4) feeding the liquid phase to a water stripping means

wherein significant amounts of water are removed from the liquid phase by

~ employing a particular condensable stripping agent in the stripping means, (5)

separating the effluents from the strippihg means which consists essentially of a
dehydrated hqmd phase and a stripping agent/water rich vapor phase, (6)
recycling a portion of the dehydrated liquid phase to the reaction step (1)
above, (7) condensing the stripping agent/water rich vapor phase which forms
two phases, an essentially water phase and an essentially stripping agent phase,
L) separating the stnppmg agent phase, and (9) recychng the stripping agent
back to the s’cnppmg step ' o

DETAILED DESCRIPTION OF THE INVENTION

The invention relates to a continuous improved process for preparing

products by a chemical reaction wherein undesirable or deleterious water is at

_least a by product of the reaction. Pteferabiy, the reaction is for preparing an

organic carbonate of the following formula.
R-0-CO-0-R

Wherein R is.independently an unsubstituted or substituted C-6 — C-12 aryl
radical, preferably an unsubstituted or substituted C-12 aryl radical and more
particularly phenyl. The reaction is carried out by reacting an aromatic

hydroxyl compound of the formula

R - 0H
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wherein R has the meaning given above with carbon monoxide and oxygen in
the presence of a catalyst such as a noble metal catalyst from a compound of a
noble metal group VIII (b) of the Periodic Table. Optionally, a co-catalyst
and/or a quarternary salt may also be employed in the reaction for producing

the organic carbonate. The reaction residue comprises an organic carbonate,

' preferably diphenyl carbonate (hereinafter DPC) water and other ingredients.

The improvement in the process of this invention is the removal of undesirable

water by employing a particular stripping agent or confirmation of stripping

agents. A portion of the reaction residue is then recycled back to the basic

reaction process after removal of essentially most of the water.

This invention is directed to an improved continuous process for
continuously removing water from a chemical reaction wherein the presence of
water in a significant amount has deleterious effect on a chemical reaction
process and/or the end products produced therefrom. Preferably the
continuous process produces aromatic carbonate esters particularly diphenyl
cafbonate by reacting an orgahic hydroxyl compound with carbon monoxide
and oxygen in the presence of a catalytic system followed by the removal of
water wherein the improvement comprises the continuous removal of water by
employing a particular condensable water stripﬁing agent, recovering a
mixture of an essentially dehydrated aromatic carbonate ester, phenol, catalyst
and other ingredients, recycling a portion of the essentially dehydrated reaction
mixture back to the basic reaction step, removing another portion of the
reaction mixture in order to recover the carbonate ester, recovering and
condensing the stripping agent and recycling the stripping agent back to the
water stripping step. .

The aromatic hydroxyl compounds that may be used in the process of
preparing the carbonate esters of this invention are mono-, or poly-hydroxy
compounds such as phenol, 0 -, m - or p - cresol, 0 -, m - or p - chlorophenol, o -,
m - or p - ethylphenol, o -, m - or p - propylphenol, o -, m - or p -

5
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methoxyphenol, 2, 6 dirnethylpheno_l, 2, 4 - dimethylphenol, 3, 4 -

dimethylphenol, 1 - naphthol and 2 - naphthol, xylenol, resorcinol,

hydroquinone and bisphenol A. Aromatic organic mono hydroxy compounds
are particularly preferred with phenol being the most preferred. In the case of
substituents on the aroméﬁc hydrdxyl- compound, the substituents are generally
1 or 2 substituents and are preferably ﬁom C-1 to C-4 alkyl, C-1 to C-4 alkoxy,

fluorine, chlorine or bromine.

The catalyst employed herein may be the noble _metal catalysts suitable
for the reaction process and is composed of at least o_né metal of Group VIII,
preferably palladium.: ‘The palladiﬁrh fnaterial useful as a catalyst can be in
elemental form or it can be employed as a palladium compound. Accordingly,

palladium black or elemental palladium deposited on carbon can be used as

- well as palladium compbunds, such as halides, nitrates, carboxylates, oxides

and complexes involving such compourids such as carbon monoxide, amines,
phosphines or olefins. The preferfed palladium compounds are palladium (II)
salts of organic acids: induding carboxylates with C-2 to C-6 aliphatic acids.

- Palladium (II) acetate is particularly preferred. There also can be used in

combination : with the palladium catalyst, tetraalkylammonium halide or
tetraalkylphosphonium halide, such as the chlorides and bromides, particularly
the bromides. Alkyl groups of the alkyl ammonium halides are primary and

secondary alkyl groups containing about 1-8 carbon -atoms. - Tetra-n-

- butylammonium bromide is particularly preferred. There also can be used in

. combination with the palladium catalyst and the tetraalkylammonium halide at

least one quinone and aromatic diol formed by the reduction of said quinone or
a mixture of thereof. 1,4-benzoqﬁinone and hydroquihone are preferred. In
addition, compoundé such as 1,2-quinone and catechol, anthraquinone, 9,10- |

dihydroxy, anthracene, arlxd'phenanth':enequi.none.a'lso can be used.

. In instances where the formation of an aromatic organic carbonates, such

as diphenyl carbonate, is-desired, manganese or cobalt cocatalysts also can be

6
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used. For example, cobalt or manganese compeunds such as divalent or
trivalent compounci;, for example, salts such as hélides and carboxylates and
complexes with amines, diketones and carbon monoxide have been found
effective. Cobalt (II) acetate is particularly preferred. It has been found that
optimum selectivity i.e., optimizing the formation of aromatic carbonate and
minimizing the formation of aromatic salicylate is achieved using the cobalt (II)

catalyst.

An effective amount of the palladium catalyst is, for example, an amount
sufficient to provide about 1 gram-atom of palladium, per 800-10,000 and
preferably 5,000-10,000 moles of aromatic organic hydroxy compound. The
other components of the palladium catalyst are, for example, per gram-atom of

palladium, about 0.1-5.0, preferably about 0.5-1.5 gram-atoms of manganese or

‘cobalt and about 5 to 150 and preferably about 20-50 moles of the

tetraalkylammonium halide and about 10-60 and preferably about 25-40 moles

of quinone and/or reduction product thereof..

Another  catalyst that may be employed is lead
oxide/hexamethylguanidinium bromide (PbO/HEG Br).

The quaternary salts that may be employed in the context of the present
invention can be, for example, salts of ammonium or phosphonium substituted
by organic radicals. Armnoniuhm salts and phosphonium salts which bear C-6
to C-10 aryl, C-7 to C-12 aralkyl and/or C-1 to C-20 alkyl radicals as organic
radicals and a halide, tetrafluoroborate or hexafluorophosphate as anion are
suitable for use in the process according to the invention. Ammonium salts
which bear C-6 to C-10 aryl, C-1 to C-12 aralkyl and/or C-1 to C-20 alkyl
radicals as organic radicals and a halide as anion are preferably used in the
process according to the invention, particularly  preferably

tetrabutylammonium bromide.

~1
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The amount of such a quaternary salt is 0.1 to 50% by weight, based on
the weight of the reacﬁgn mixture. ‘This amount is preferably 0.5 to 15% by
weight, particularly'pre_ferably 1 to 5% by weight.

In the process according to the invention, if desired, either organic or

. inorganic bases or mi>__cﬁ;:es thereof may be employed. Examples of inorganic

bases which may be m_e'nﬁoned, without restricting the process according to the
invention, are alkali metal hydroxides and alkali metal carbonates, alkali metal

carboxylates or other salts of weak acids or alkali metal salts or aromatic

hydroxyl compounds of the formula (II), e.. alkali metal phenolates. Obviously,

_the hydrates of alkali metal phenolates can also be used in the process

according to the invent_iori. An .-e_xémple of such a }iydrqte which may be

mentioned is sodium’ phenolate trihydrate. However, the amount of water

- added must preferably be measured in such a way that, per mol base, at most 5
" mols of water are added.: ‘Higher ‘water concentrations lead, inter alia, to poorer
_conversion rates and decompositidri of carbonates- formed. Organic bases

. _wh1ch may be mentloned without restnctmg the _process accordmg to the

nventlon, are tertlary ammes whlch bear as orgamc radlcals C6-C10 aryl, Cé6-

c1n2 aralkyl and/or C1-C20—a1kyl or represent pyndme bases or hydrogenated
 pyridine bases, for example triethylamine, tripropylamine, tributylamine,

- trioctylamine, benzyldlmethylarmne,  dioctylbenzylamine,

dimethylphenethylamine, -dlmethylammo-2pheny1propane, pyridine, N-
methylpiperidine, 1,2,2,6,6-pentamethylpiperidine. The base used is preferably
an alkali metal salt of an aromatic hydroxyl compound, particularly preferably
an alkali metal salt of the aromatic hydroxyl compo_ﬁnd which is also to be

converted to the organic carbonate. These alkali metal salts can be lithium salts,

_sodium salts, potass'iu:m salts, rubidium salts or caesium salts. ' Lithium

phenolate, sodium pheholate-and potassium phenolate are preferably used,

particularly preferably sodium phenolate.
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A base maybe .added to the reaction mixture as a pure compound in
solid form or as a melt. In a further embodiment of the invention, the base is
added to the reaction mixture as a solution which contains 0.1 to 80% by
weight, preferably 0.5 to 65% by weight, particularly preferably 1 to 50% by
weight of the base. The solvents which may optionally be used here are both
alcohols or phenols, such as the phenol to be reacted, and inert solvents.
Examples of solvents which may be mentioned are dimethylacetamide, N-
methylpyrrolidinone, dioxane, t-butanol, cumyl alcohol, isoamyl alcohol,
tetramethylurea, diethylene glycol, halogenated hydrocarbons (e.g.
chlorobenzene or dichlorobenzene) and ethers. The solvents may be used alone

or in any combination with each other.

A base, if used, is added in an amount independent of the stoichiometry.
The ratio of palladium to base is preferably chosen in such a way that, per mol
of palladium, 0.1 to 500, preferably 0.5 to 200, particularly preferably 0.9 to 130

equivalents of base are used.

While' the above description is directed to the reaction process for
producing the aromatic hydroxyl compound, such as and preferably diphenyl
cafbonate, this invention is directed to the unique continuous removal of
undesirable water in a process for preparing products by a chemical reaction
wherein the presence of water is undesirable having an effect on the process
and/or products produce'd from the reaction. The advantages of removing

water have been disclosed above.

The improved continuous process of this invention comprises the steps
of preparing a chemical product by initiating a chemical reaction wherein the
reaction residue of which contains water at least as a by-product; contacting the
water containing reaction residue with a particular condensable water stripping
agent having a boiling point less than the operating temperature for any given

pressure employed in the stripping step and which is further immiscible with
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water; condensing the stripping agent; recycling the condensed stripping agent
back to the stnppmg step; recycling a major portlon of the essentially
dehydrated or substantl_ally water poor reaction res_1due mixture back to the
basic chemical reaction step;-and -recoveting a minor'portion of the essentially
dehydrated reaction residue in -order to isolate the product of the chemical

reaction.

Preferably, the 1mproved contlnuous process of thls invention is d1rected

to prepanng an essent1a11y dehydrated or substantxally water poor aromatic

| hydroxyl compound composmon Wthh 1mproved process ccomprises the steps

of (1) producing an organic hydroxyl compound by reactmg an aromatic

- hydroxy compound w1th carbon monoxide and oxygen in the presence of a

- catalyst, (2) contactmg the reaction residue of step (1) containing water and

other ingredients with a condensable v_vater stripping'agent that is essentially
gaseous at the temperature and pressure employed in the stripping step, (3)

. recovering from the stripping step a liquid phase which is essentially a
.. dehydrated reaction residue and a gaseous phase' which is essentially a

stripping agent/ water rich phase, (4) separatmg the two phases of (3) above, (5).
condensing the strlppmg agent/water rich phase wherem two phases are

formed, a stripping agent phase and a water phase, (6) recychng the stnppmg

agent back to the stnppmg step, 7 recychng a major portron of the essentially
dehydrated reaction re51due back to reactlon step (1), and 8) recovermg a
minor portion of the essentlally dehydrated reacuon re51due for further

recovery of the orgamc hydroxyl compound.

In the stnppmg step of the preferred unproved process of this invention,

a liquid phase and a vapor phase exit the water stnpplng step after contacting

the reaction re51due w1th the strlppmg agent The hquld dehydrated reaction

residue Pphase comprlses a mixture of organic hydroxyl compound preferably
d1pheny1 carbonate (DPC) catalyst some water and other ingredients, a major

portion of which is recycled to the basic reaction step and the balance is
10



10

15

20

25

WO 00/18719 ot o PCT/US99/13966

removed from the process for recovery of DPC. The gaseous vapor phase is
comprised of vapofiéed stripping agent, water and minor amounts of other
vaporous products. The vapor phase is condensed wherein two phases are
formed, a stripping agent rich phase and a water rich phase. The stripping
agent rich phase is returned to the stripping step. Each phase may also contain
tracel amounts of other components, particularly the water rich phase. It may
be desirable to recover these trace amounts of ingredients such as phenol and
other water soluble components from or entrained in the water rich phase.
Subsequent processing of the water rich phase may be made by those processes
known in the art to recover the material and render the water suitable for
disposal. Such other materials in the stripping agent rich phase may be
removed by known processes to those skilled in the art or allowed to
accumulate and/or removed by a purge stream with concurrent stripping

agent make-up.

The stripping agent phase recovered from the stripping step may also
have additional stripping agent added thereto before recycling back to the
stripping step with or without prevaporization of the stripping agent which can
be achieved, if desired, through a heat exchanger or optionally dried to a lower
total water content in order to achieve the highest s&ipping performance in the
stripping step. Drying may be achieved by such means as passing the stripping
agent over a physical drying agent such as molecular sieves or by contact with a

chemical drying agent, such as anhydrides, or by distillation.

The above water removal process or dehydration process of this
invention has the advantage over the prior art of (1) being coupled to the
reaction system such aé a carbonate ester reaction as a loop in that both-
withdrawing and discharging reaction mixture from and to the reaction system,
which loop flow may be advantageously varied to achieve optimal extent of
drying, (2) being an independent system from the reaction system, the process
conditions of each may be individually optimized, and (3) being an essentially

11
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condensable stripping agent when in the condensed form, the system is then

able to-use pumps ‘and not compressors which makes lower capital and

operating costs.

The stnppmg agent/ water nch vapor phase may then be separated into
a stripping agent rich phase and a water rich phase by condensmg at a
reasonable condensmg temperature of from about -25°F to about 90°F
depending on the co_ndensmg medium employed such as brine, glycol or
cooling water and the _.h'ke. .Cooh'n.g water may be preferable becao_se of lower

cost.

The stripping agent employed in the process of this invention is such
that (1) it does not lead to undesirable reactions in the water removal system or
in the reaction system when recycled back to the reaction process, (2) it is
essentially immiscible with water in the liquid phase, and (3) it is essentially a

vapor at the temperature and pressures maintained in the stripping process.

The process of this invention is a- continuous process and as such
achieves a material balance at steady state equilibrium.” Output must equal

input, i.e. that liquid phase removed from the system (stripping step) must

" equal that which is concurrently fed into the reaction step other than the
recycled liquid phase from the stripping step. In one embodiment, The process

comprises reacting an organic hydroxyl compound with carbon monoxide and
oxygen in the presence of catalyst system, contacting the mixture of the
reactants from the reaction w1th a partxcular stripping agent to remove water,
recovering two phases compnsmg a vaporous phase and liquid phase, which
liquid phase is compnsed of DPC, some water and other mgredlents recycling

a major portion of said liquid phase to the reaction step and the balan_ce of said

| liquid phase is removed to recover DPC, oondertsing_the stripping agent/ water

rich vaporous phase wherein a stripping agent rich 'phase and a water rich
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phase if formed and E'_.'_.separating the stripping agent rich phase from the water

rich phase. Other materials may also be present in the vaporous phase.

In a preferred embodiment, the process is a continuous water removal
process comprising the steps of (1) forming a carbonate ester by charging a
reactor with reactants comprised of an aromatic organic hydroxy compound, a
catalyst in an amount sufficient to catalyze the carbonylation of the hydroxy
compound, oxygen and carbon monoxide, (2) reacting the reactants at a
temperature of about 40°C to about 175°C and of a pressure of about 1 to about
150 bar, (3) contacting the residue of the reaction which contains unwanted
water with a condensable water stripping agent in a stripping column and at a
temperature that is less than that which degrades the catalyst and which is
above the freezing temperature of the residue of the reactants of step (2) above
and wherein two phases are forrhed, a vapor phase and a liquid phase, (4)
removing the two phases from the stripping column which vapor phase
comprises a stripping agent/water phase and may contain other volatile
components and which liquid Ishase is essentially dehydrated and comprises a
carbonate ester, phenol and a minor amount of water, (5) recycling’a major
portion of the dehydrated liquid phase back to the carbonate ester reaction step,
(6) removing the other portion of the dehydrated liquid phase to a recovery
system for recovering carbonate ester therefrom, and (7) condensing the
stripping agent/water rich phaée wherein two phases are formed, a stripping
agent phase and a water phase which stripping agent phase is then returned to

the stripping column.

Preferably, the stripping agent has a boiling point of about 0°c to less
than about 100°, preferably less than 70°c and, more particularly, less than the
operating temperature for any given pressure employed in the stripping means

or step, and is selected from, but not limited to:

1,2 -dichloro 1, 2, 2, 2 tetra fluro

13
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n-butane

1, 1 dichloro 1, 2, 2, 2 tetra fluro
dichlorofluoromethane
neo pentane

florotrichloromethane

iso pentane

n-pentane .

dichlorethylene

1,2- dibrorhotetraﬂuoroetl‘nan :

cyclo pentane

_ hexane -4

iso hexane
hexane - 3
hexane - 5

n — hexane, or

mixtures thereof

The preferred stripping agent is n-pentane.

14
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In another embodiment of this invention for the removal of water
consists of a unique combination of a stripping column, a liquid-liquid

separation stage and a stripping solvent with special properties. A liquid
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stream comprised of reactants, inerts materials, homogeneous catalysts and
reaction products inclb.ding undesirable water from a reaction vessel are fed to
a column in which the liquid stream is brought into contact with an essentially
gaseous stripping agent. Water, and other materials of high volatility under the
pressure and temperature in the stripping column, are removed overhead in a
vapor state. The vaporous materials comprising stripping agent, water and
other stripped components enter a condenser, operated in such a manner that,
at a minimum, the vaporous materials comprised of water and siripping agent
are condensed into two immiscible liquid phases a stripping agent phase and a
water phase. The water containing phase is removed and the stripping agent
phase is recycled to the stripping column. The condensed and  isolated
stripping agent, which may contain some water, may preferably be dried prior
to its applicatioh as a stripping gas by passing over a physical drying agent
such as molecular sieves or contact with a chemical drying agent such as
anhydrides or distillation or other commonly known means. The preferred
embodiment is the use of a distillation column for drying the stripping agent. It
also may be prevaporized before returning the stripping agent to the stripping
step.

In a preferred embodiment, the process cbmprises the continuous
isolation or removal of a significant portion of water from the process can be
described by referring to FIG. 1 a flow drawing of a preferred embodiment of
this invention. While this invention is directed to the continuous removal of
undesirable water from a chemical reaction process, the preferred chemical
reaction is the preparation of a carbonate ester, preferably diphenyl carbonate.
In FIG. 1, reactants pl{enol, oxygen, carbon monoxide and catalyst are fed to
reactor vessel A wherein the reaction of the additives is carried out at a
temperature of about 30°c to about 200°c, preferably about 40°c to about 120°¢
and at a pressure of about 1 to about 150 bar, preferably about 5 to about 100
bar. Stream 1 consisting of a mixture of essentially diphenyl carbonate, phenol,

15
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water, catalyst, dissolved carbon monoxide, oxygen, carbon dioxide and other

* inert materials is fed to a vapor-liquid disengagement _Vessel B operated at a

reduced pressure to separate gaseous phase from liquid phase which gaseous
phase is removed from vessel B through stream 2. 'I"he liquid phase containing
the liquid materials less volatile gaseous materials is pumped by pump 4 from
vessel B through stream 3 which is fed to vessel C, a gas-liquid stripping vessel
or column. Substantially, simultaneously therewith stream 5 is also fed to
vessel C which vessel is maintained at pressures and tentperatures for stripping
water from feed stream 3. The selected stripping agent is as - disclosed
previously herein. In vessel C, gas-liquid contact is made between gaseous
stripping agent ‘and liquid components of stream 3. Stream 6 consists

essentially of gaseous products comprising stripping agent and water existing

- vessel C through stream 6. Gaseous stream 6 is condensed and separated into a

- liquid water rich phase and a liquid stripping agent rich phase in condensation

vessel D. - Liquid stripping agent rich phase stream 7 is returned to vessel C
while liquid water rich phase is removed from the system via stream 8. Liquid
stream 9, essentially a' dehydrated liquid' stream,. is comprised: of crude

diphenyl carbonate, phenol, catalyst, low amounts of water and other inert

~ ingredients and may contain some residue of other volatile components the

major portron of such volatiles is removed through stream 6, and may include
some stripping agent Stream 9 is separated mto stream 10 and stream 11 with
a majority of the contents of stream 9 bemg recycled back to reactor vessel A
through siream 10. Stream 11 essentially compnses crude drphenol carbonate
and is low or essennally free of water due to the stripping of water in vessel C
from the residue of the reactants fed to vessel C through stream 3. As stated
previously, the amount of Water removed is at least 75% by weight of the water, .
preferably at least 90% by welght and, more partlcularly, at least 95% by weight

of water is removed

- 16
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In addition, the preferred embodiment may ophonally employ means
for further drying the condensed stripping agent rich phase to a lower water
content before recycling to vessel C. The drying may be achieved by employing
drying means such as a molecular sieve or a chemical drying agent such as
anhydrides or by distillation.

The water rich phase stream 8 may also contain some quantities of
phenol and other water soluble components stripped or entrained from
stripping vessel C. Subsequent processing of the water rich stream 8 may be
employed as known in the art to recover any materials of value and to render

the water suitable for disposal.

It was determined that by employing penf:ane as the strippihg agent, the
stripping vessel (vessel C) could be run at a lower.pressure (about 20 psig)
resulting in a higher percentage of watei' being removed with less stripping
agent. About 90% by weight of water was removed namely from 2,000 ppm to

about 200 ppm of water. This further results in a reduction in costs.

While variations of this invention will be suggested to those skilled in
the art, in view of the above disclosures, it is understood that they fall within
the scope of the claims appended hereto.
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‘WHAT IS CLAIMED IS
1. An improved cohtinuous process for the pr__éparatioh of

~ products by a chemical reaction wherein undesirable water is present at least as

a by-product which process comprises the continuous removal of the
undesirable water from the residue of the chemical reaétibn, the improvement
comprising the steps of (1) contacting’ water containing residue of reactarits
from a chemical reaction with an inert essentially-: gaseous condensable
stripping agent, (2) recovering from the stripping agent contact step an
essentially dehydrated liquid phase comprised of the residue of reactants and a
gaseous stripping agent/water rich phase, (3) removing the stripping
agent/water rich gaseous phase, 4) 'condensing the stripping agent/water rich
gaseous phase which forms two immiscible phases, a stnppmg agent rich phase

and a water rich phase, (5) separatmg the stnppmg agent rich phase and water

- rich phase, () recycling the stripping agent phase back to stnppmg step (1),and

V4] recyclmg at least a ma]onty of the essentlally dehydrated liquid residue of

-reactants back to the chermcal reacuon.

2. The process of claim 1 wherein the chemical reaction is the
preparation of an organic carbonate by the oxidative réa_cﬁdn of an organic
hydroxyl compound with carbon monbxide and oxygen in the presence of a

catalyst.

3. The process claim 1 wherein the stripping agent is dried before

recycling to the strippihg step.

4. The process of claim 2 wherein a minor portion of the

dehydrated liquid residue of reactants is removed from the process and the

- organic carbonate is recovered by purification of the dehydrated liquid residue

containing the organic carbonate.
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5. The process of claim 2 wherein the organic carbonate is a
carbonate ester. . |

6. The process of claim 4 wherein the carbonate ester is diaryl
carbonate.

7. The process of claim 6 wherein the diaryl carbonate ester is
diphenyl carbonate.

8. The improved process of claim 1 wherein the inert stripping agent

(1) does not lead to undesirable reactions in the water removal phase or in the
dehydrated liquid is recycled back to the reaction step, (2) is condensable at a
temperature above the freezing temperature of the components with the
stripping agent, (3) is essentially immiscible with water in the liquid phase, and
(4) is essentially a vapor at the operating temperature and pressures in the
stripping step. ’

9. The improved process of claim 1 wherein "the improvement
comprises the steps of (1) preparing an organic carbonate by reacting an

aromatic hydroxy compound with carbon monoxide and oxygen in the

- presence of a catalyst, (2) feeding the reaction product of step (1) to a stripping

column, (3) contacting the reaction residue of step 1 in the stripping column
with an inert condensable water stripping agent that is essentially gaseous at
the temperature and pressure erhployed in the stripping column wherein a
dehydrated liquid phase and a gaseous stripping agent/water phase is formed,
(4) separating the dehydrated liquid phase and the stripping agent/water rich
phase, (5) condensing the gaseous stripping agent/water rich phase wherein
two immiscible liquid phases are formed one of which comprises a stripping
agent rich phase and the other comprises a water rich phase, (6) separating the
stripping agent phase formed in step 5 and recycling the stripping agent phase
back to the stripping step, (7) recycling a major portion of the dehydrated liquid

19 —_—

L T



WO 00/18719 _ PCT/US99/13966

phase of step 3 back to reaction step 1, and (9) separating a minor part of the
dehydrated liquid phase of step 3 for fufthelf recovery of the organic carbonate.

10.  Theimproved process of claim 9 wherein the stripping agent is n-

pentane.

5 11.  The process of claim '9 wherein the reaction for preparing the
organic hydroxyl compound is at a temperature of about 30°% to about 200°
and a pressure of about 1 bar to about 150 bar, and the water stripping step is at

" a pressure of about 0.1 to about 20 bar and a te_mpefature_ of less than about
100°c. |
10 12. The process of claim 9 wherein at least about 75% by weight of
- water is removed in the water stnppmg step. '
13.  The process of claim 11 wherein at least 95% by weight of water is
" removed.

14.  The process of claim 9 wherein the condensed stripping agent is
15 - further dried to a lower water content by distillation before recycling back to
 the stripping stép_. -

15. The process of claim 9 wherein the minor amount of the

essentlally dehydxated liquid phase is chst:llled to recover the orgamc carbonate.

16.  The process of claim 15 wherein the organic carbonate is diphenyl

20 carbonate.
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