CDT 1948 PROCESS FOR PRODUCI NG ORGANI C CARBONATES
BACKGROUND OF THE | NVENTION Field of the invention

The present invention relates to the process of
produci ng various organic carbonates by performng
chem cal reactions, which are Iimted by equilibrium
and separating various chem cal conpounds i nvol ved.
Achi evi ng hi gher conversion than equilibriumcondition
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The equilibrium for each of the above reactions lies on far left side, whereas itis an
object of the present invention that the equilibriums are moved to the right.

J. L. R. Williamsetal. (J. Org. Chem., 24 (1) pp. 64-68, 1959) discovered
that disproportionation of unsymmetrical carbonates such as methy! phenyl
carbonate (MPC) and symmetrical carbonates such as dibenzyl carbonate can be
performed in the presence of a suitable homogeneous catalyst, particularly metal

alkoxide. However, the reaction accompanies a number of undesired side reactions
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64- 68, 1959) discovered that disproportionation of
unsymmetri cal carbonates such as net hyl phenyl
carbonate (MPC) and symmetrical carbonates such as
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out in a reactor-distillation tower consisting of a
reactor and distillation tower with renoval of the
co-products by distillation. The publication by
Z.-H Fu et al. (J Mol. Catal. A Chem cal 118, (1997)
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(a) a plurality of reaction zones conprising a prinmary

and a secondary reaction zone; (b) supplying to
said prinmary reaction zone a dialkyl carbonate and an
aromati ¢ hydroxy compound; (c) maintaining the

primary reaction zone under dual phase and reaction
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by performing transesterification and disproportionation reactions in the presence of
solid catalyst in dual phase reactor. The present process is beneficial for performing
“equilibrium limited chemical reactions involving organic carbonates, where both gas
phase and liquid phase must coexist to shift the equilibrium position to right side of
an equilibrium reaction, thereby resulting in high conversion. The chemical reactions
are performed in the presence of one or multiple heterogeneous catalysts.

The preferred solid catalysts disclosed in this invention are mixed oxide
catalysts composed of two to four different elements from Group IV, V and Vi of the
Periodic Table, preferably Ti, Zr, Hf, Nb, Ta, Mo, V, Bi and Si supported on porous
materials such as silica, which have surface hydroxyl groups. Supported metal
alkoxide or mixed metal alkoxide catalysts of the Group IV and V metal alkoxides,
such as titanium alkoxides, zirconium alkoxides, vanadium alkoxides, niobium
alkoxides, VO(OR); or ofigomers of oxoalkoxide, and the like constitute a preferred
catalyst group. The transesterification catalyst and the disproportionation catalyst
utilized in the present process may be the same or different.

In general, heterogeneous catalysts are more desirable compared to



More preferably additional steps are carried out:

(1) separating diary! carbonate by distillation and
(1) recycling the aryl alkyl carbonate to the
secondary reaction zone. It is inportant that a
support should have surface hydroxyl groups. Silica is
a preferred support Preferably the support is a
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(b) supplying to said primary reaction zone a dialky! carbonate and an

aromatic hydroxy compound;

(¢) maintaining the primary reaction zone under dual phase and reaction
conditions conducive for the formation of alkyl aryl carbonate;

(d)transesterifying the dialky! carbonate with the aromatic hydroxy compound
in the presence of a solid catalyst selected from the group consisting of two to four
elements from Group IV, V and VI of the Periodic Table supported on porous
material which have surface hydroxy! groups;

(e) recovering a dual phase product stream from the primary reaction zone;

(f) separating the dual phase product stream from (e) to recover vaporous
alkyl alcohol and liquid alky! aryl carbonate:

(g) maintaining the secondary reaction zone under dual phase and reaction
conditions conducive for the disproportionation of alkyl aryl carbonate to diaryl
carbonate;

(h) disproportionating the alkyl aryl carbonate in the presence of a solid
catalyst selected from the group consisting of two to four elements from Group 1V,

V and VI of the Periodic Table supported on porous material which have surface



(7) essentially elimnating cold spots in the
catal ytic reaction zones; (8) elimnating catalyst
recycl e, catalyst separation, and continuous addition
of make-up catalyst; (9) effective m xing of
reactants and products; and (10) preferably
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(7) essentially eliminating cold spots in the catalytic reaction zones;



one may choose to use a |ower boiling solvent to
create better boiling condition in the catal ytic
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Exanpl es of organic carbonates produced by this

i nvention are DPC, EPC, MPG DEC, DMC,

bi s- (2-ethyl hexyl) carbonate; and fatty acid
nono- gl yceri de carbonates. The present invention is
particularly useful in producing di phenyl carbonate
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gi ven surface area for the preparation of the

catal ysts descri bed herein. Depending on how silica is
prepared, silica may not have a sufficient nunber of
surface hydroxyl groups in a given surface area. For
such a silica, the silica is treated to introduce
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al coholic solution and steam For exanple, a
deactivated catal yst may be treated first with al cohol
or al cohol solution and then with steamor in reverse
order. It is preferable to performthe catal yst
regeneration under sufficient pressure so that at
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rati o of phenol to DEC is mmintai ned higher than 0.2,
preferably higher than about 0.3, nost preferably

hi gher than about 0. 35. 10 An exanpl e of the
schemati ¢ process flow diagram for the production of
DPCis illustrated in the figure. There are two fixed
bed, dual phase reactors and five distillation
colums. The first dual phase reactor 38 is primarily
for the transesterification reaction to produce EPC
from DEC and phenol. The second dual phase reactor 37
is primarily for the disproportionation reaction to
produce DPC from EPC. Both dual phase reactors 38 and



EXAMPLE 2 A m xed niobiumtitani um oxide

catal yst supported on silica was prepared according to
the invention. 0.592g of NNOC4 H94)5 was di ssolved in
80 m toluene. The granular silica used in the Control
Exanmple 1 |s dried at 320C for 2 hours in air. 25 m
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TEST 1 The purpose of this run is to denonstrate
the performance of a dual phase fixed bed reactor for
the transesterification reaction. The dual phase in
the catalytic reaction zone was created by a boiling
m xture of vapor phase and |iquid phase in the
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Other catalysts disclosed in this invention are supported metal alkoxide or
mixed metal alkoxide catalysts, which are prepared by bonding metal alkoxides to
porous supporting materials through oxygen bridge bonds. The porous supporting
materials must have surface hydroxyl groups, which react with alkoxy groups for the
formation of oxygen bridge bonds. The preferred support is treated silica, which has
less than about 0.05wt % Na, preferably less than about 0.03 wt % Na. Optimizing
the population of the surface hydroxyl groups on silica support is very important to
create stable, strongly anchored metal alkoxide active sites, since no high
temperature calcinations is involved to link active metal atoms to the surface of silica
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TEST 2 The purpose of this run is to denonstrate
the performance of a dual phase fixed bed reactor and
a m xed ni obiumand titani um oxi de catal yst according
to the invention for the transesterification reaction.
The dual phase in the catal yt| c reacti on zone was
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Pressure at btmof fixed bed reactor: 18.5 psig Fi xed
bed reactor tenperature: 327-330F Nitrogen flow rate
to the reboiler: 50 mM/mn O reflux fromreflux drum
After 6 hours operation, the analysis of product from
reboiler indicated 5.8 nol e% conversion of EPC with
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datie wpagratarr islackl Sdépdadirig bhathe odledree Usinpdigimee rdgpusition. The
degc::gtR/';tion rate for a given heterogeneous catalyst is much faster for a
disproportionation reaction than a transesterification reaction. It was discovered that
deactivated catalyst could be regenerated insitu by depolymerizing the polymers
deposited on the catalyst by contacting the deactivated catalyst with a compound
containing a hydroxyl group, such as steam, methanol, ethanol, phenol, or mixtures
of hydroxy compounds at an elevated temperature. Optionally one can use a solution
of hydroxy compound in a solvent. The preferred solvents are benzene, toluene,
xylenes, pentane, hexane, octane, decane, THF or any mixtures of solvents. The use
of a solvent for the depolymerization of polymers deposited on deactivated catalyst
is only optional and not required. The regenerated catalyst is preferably dried at
temperature from 200° to about 500°F in an inert gas (e.g. nitrogen) flow prior fo use.
The catalyst regeneration with hydroxy containing compounds was performed by
treating deactivated catalysts insitu in the flow of an alcohol or water-alcohol solution
or with steam at a temperature from 250° to 600°F, preferentially from 270° to
450°F. The treatment of the deactivated catalysts may be performed with both
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Recircul ation rate: 67 m/mn Pressure at top of fixed
bed reactor: 20.8 psig Pressure at btmof fixed bed
reactor: 19.2 psig Fixed bed reactor tenperature: 341F
Nitrogen flowrate to the reboiler: 60 mM/mn Reflux
fromreflux drum O Liquid level in reboiler: 81.04%

B

firstiwitiiafcoho! or alE3tdl pohuiun tanti then mithesteam b8 ih reverderorder. It is
pre%ggl%% tple(r)frc;rrr? the cata@@re&ene@atnon %@%Wen%’?&sure so that at
least, some liquid phase present in the catalyst bed. The preferred alcohol is
methanol, ethanol or mixture of these two. Optionally an alcohol solution may
contain water in amount of up to 80 wt%, preferably up to 20 wt%, most preferably
up to 5%. The stream from the depolymerization reactor contains phenol, DEC,
EPC and trace amounts of phenetole and heavies as depolymerization reaction
products.

To use a glycol ether to wash off the polymers on the catalyst and improve
selectivity, the solvent as described above, is introduced as a component of reaction
mixture to a catalytic reaction zone and separated from reaction mixture for recycling.
The examples of such ether solvents are ethylene glycol diethyl ether, ethylene
glycol dimethy! ether, diethylene glycol diethyl ether, diethylene glycol dimethyl ether;
etc.

The catalyst regeneration teéchniqgue disclosed in this invention can also be
used in any process for the production of aromatic carbonates, where a
homogeneous catalyst is used. For the regeneration of a homogeneous catalyst
system, an alcohol solution must be fairly dry so that water content may not exceed
about 0.2 wt %. Therefore, the catalyst regeneration technique disclosed in this
invention is applicable for any process for producing organic carbonates.

Itwas surprisingly discovered that this catalyst deactivation could be alleviated
by performing the disproportionation reaction in the presence of an aromatic hydroxy
compound such as phenol. Furthermore, there is an additional benefit by the
performing disproportionation in the presence of a trace amount of water in the
catalytic reaction zone in an amount of up to 0.3 wt%, preferably up to 0.10%. It
appears that the substantial portion of heavy polymers deposited on the catalysts are
polycarbonates. Performing disproportionation in the presence of an aromatic
hydroxyl compound or both aromatic hydroxyl compound and a trace amount of
water in the catalytic reaction zone results in acceptable stable catalyst performance.
However, it is understood that too much of an aromatic hydroxy compound results
in unacceptably low rate of producing DPC due to the equilibrium nature of the
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BTM Et hanol 3.5793 0. 0448 DEC 96. 1344 62. 5443
Phenetole 0.0176 Phenol

transesterification reaction. Therefore, maintaining the mole ratio of aromatic
hydroxy compound to DPC from 0.05 to 10, preferably from 0.1 to 8, in the
disproportionation reaction zone is essential to ensure both long acceptable catalyst
cycle time and good productivity of DPC. For the transesterification reaction, the
mole ratio of phenol to DEC is maintained higher than 0.2, preferably higher than
about 0.3, most preferably higher than about 0.35.

An example of the schematic process flow diagram for the production of DPC
is illustrated in the figure. There are two fixed bed, dual phase reactors and five
distillation columns. The first dual phase reactor 38 is primarily for the
transesterification reaction to produce EPC from DEC and phenol. The second dual
phase reactor 37 is primarily for the disproportionation reaction to produce DPC from
EPC. Both dual phase reactors 38 and 37 are loaded with either a heterogeneous
catalyst or optionally two different heterogeneous catalysts disclosed in this
invention. Optionally one may introduce additional fixed bed reactors (not shown)
in series between 38 and 37. The major objective of this additional reactor is to

-produce additional EPE. The fresh phenol fesd stieam 1 and fresh DEC feed stream
2 are mixed with recycle streams 11 and 25, and then introduced to the dual phase
reactor 38 through line 3. Optionally a nitrogen gas stream is introduced to 38 via
line 4. The product EPC and the co-product ethanol are produced by performing the
transesterification in 38. In the reactor 38, the co-product ethanol is vaporized into
gas phase. The reactor effluent stream 5 is introduced to the first distillation column
30 via lines 5, 6 and 7. Ethanol is stripped off in the column 30 to overhead stream
8 with small amount of DEC. Stream 8 is partially cooled and then introduced to gas-
liquid separation drum 36, and the gas stream 9 is recycled to the Reactor 38 and
37. The liquid stream 10 (ethanol) from 36 is recycled to DEC plant to produce DEC.
A side-draw stream 11 from column 30, which is composed of DEC, phenol and EPC
;is recycled back to the reactor 38 through line 3. Optionally one may choose to place
a catalyst bed 101 at the bottom section of the column 30 below the sidedraw point
for the additional conversion of phenol to EPC. The distillation column 30 is
designed and operated so that the side-draw stream 11 is essentially free of ethanol.
The recycle loop for the dual phase reactor 38 comprises the lines 5, 6 and 7,
column 30, and lines 11 and 3. The bottom stream 12 from the column 30 is
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0.2208 17.5226 EPC 0. 0655 19.2401 DPC 0.6306 Phenol
Conversion (nole% 39.5 EPC Yield: 37.6 nol e%&PC
selectivity : 95.04 nol e% DPC Yield: 1.9 nol e¥®PC
Selectivity: 4.87 nole% Phenetole Selectivity: 0.05%

introduced to the second dual phase reactor 37 via lines 13 and 14. The stream 12
contains EPC and phenol. But it also contains small amounts of DPC and the by-
product phenetole. The column 30 is also designed and operated to minimize the
DEC in the bottom stream 12. The stream 12 is combined with recycle stream 19 to
stream 13. The stream 13 is combined with nitrogen gas stream 15 to the stream 14,
which is introduced to 37. The product DPC and the co-product DEC are produced
in the reactor 37 by performing disproportionation of EPC. DEC in the reactor 37 is
vaporized to gas phase. The reactor effluent steam 16 is introduced to the second
distillation column 32. The stream 16 is composed of mostly DEC, EPC, phenol,
DPC, and small amounts of ethanol and by-products. Ethanol and DEC in stream
16 are stripped off along with vapor in the column 32 as overhead stream 17, which
is introduced to the first column 30 via line 7. The bottom stream 18 from the column
32 splits to two streams 19 and 20. The stream 19 is recycled back to the second
reactor 37 via lines 13 and 14. The recycle loop for the second dual phase reactor
37 comprises the line 16, column 32, and lines 18, 19, 13 and 14. The other stream
-20 is intreduced to the third distillation column 34, where remaining DEC in the
stream is recovered as overhead stream 21, which is sent to the first column 30 via
the lines 6 and 7. A side-draw stream 22 from 34 is introduced to the fourth
distillation column 35 to remove the byproduct phenetole as the overhead stream 24.
The bottom stream 25 from the column 35 is recycled to 38. Optionally the bottom
stream 25 from 35 may be recycled to the first column 30 via lines 31, 21, 5, 6, and
7. The bottom stream 23 from 34 is introduced to distillation column 33 to recover
the product DPC. The overhead stream 26, which is mainly composed of EPC, is
recycled to the disproportionation reactor 37 via line 14. The column 33 is operated
under sub-atmospheric pressure. The bottom stream 27 from 33 is the crude DPC
stream. One may choose to use other material, such diethyl ether, dimethyl ether,
isopentane or butane, in place of nitrogen gas or to partially replace the nitrogen gas
for the operation of the two dual phase reactors, 38 and 37.
CONTROL EXAMPLE 1
A titanium oxide (9.2 wt %) catalyst supported on silica was prepared
according to the prior art (WO 03/066569). 3.839 Ti(OC, Hg-n), was dissolved in 90
ml dry toluene. Granular silica (+8 mesh, 655 ppm Na by weight, 300 m2/g BET SA
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EPC Productivity: 1.50 m h/kg catal yst Phenet ol e
was the only by-product detected in the product stream

by gc and gc-ns. This is a result superior to prior

art. Deactivation of the catal yst was observed. TEST 5
This test was perfornmed to denonstrate a conti nuous
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of Control Example 1 was used to prepare the treated silica of this example. The

granular silica(40.56 g) was treated with a sodium hydroxide solution prepared by
dissolving 8.059 NaOH in 226g water at room temperature for 7 minutes with stirring.
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Recirculation rate: 66 - 67 m/mn Pressure at top of
fixed bed reactor: 20 - 22 psig Pressure at btm of
fixed bed reactor: 19 -22 psig Fixed bed reactor
tenperature: 332 - 337F Nitrogen flowrate to the
reboiler: 60 M/mn O reflux fromreflux drum PhOH DEC
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the flask was again refluxed. After an hour reflux, the excess solution in the flask was
drained out. A titanium tetrabutoxide solution prepared by dissolving 3.67g of
titanium butoxide in 80 ml toluene was poured into the flask and then the content in
the flask was refluxed for 1 hour 45 minutes. The excess toluene in the flask was
distilled off from the flask. The material in the flask was recovered from the flask and
dried at 120° C in a vacuum oven for 1 hour. The dried silica was calcined at 500°
C-for to 2 hours.-The appearance of thé catalyst was more like granular silica
support. This is catalyst C.
EXAMPLE 4

A titanium alkoxide catalyst supported on treated silica was prepared
according to the invention. The same granular silica (80.55g) used in the Control
Example 1 was treated with a sodium hydroxide solution prepared by dissolving 8.3g
NaOH in 580 ml of deionized water at room temperature for 8 minutes with stirring.
The treated silica was washed with cold water and then hot water. The washed silica
was treated with ammonium nitrate solution prepared by dissolving 99g ammonium
nitrate in 2 liter deionized water at 80°C for 2 hours. The treatment of silica with
ammonium nitrate solution was repeated 13 times. Finally the silica washed with
deionized water at ambient temperature. The washed silica was dried at 110°C for
an hour, followed by caicination at 370 for 1.5 hours and then 375°C for 30 min. The
caicined silica contained 23 ppm Na by weight and 2.9wt% weight loss on
calcinations at 550°C. A titanium tetrabutoxide was prepared by dissolving 4.74g
titanium tetrabutoxide in 70 mi toluene. 10.44g (31 ml) of treated silica was refluxed
in the titanium tetrabutoxide solution with for 6 hours and then the excess titanium
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Hours on streamtine 31 61 85 115 Phenol conversion
(nP9 17.8 20.8 17.7 11.9 EPC productivity (m h/kg)
0.771 0.869

solution in the flask was drained out. The drained titanium solution contained 0.50
wt% Ti. The silica was washed with 90 ml toluene at room temperature. The washed
product was dried at 170°C for 3 hours in a vacuum oven. The appearance of the
finished catalyst looked like treated silica granules. A small portion of this finished
catalyst was calcined at 500°C for 2 hrs in air to determine Ti content on the catalyst.
The Ti content of the calcined catalyst is 3.25%. The appearance of the calcined
catalyst looked like treated silica granules. This experiment indicates a successful
support of titanium alkoxide on treated silica.
PERFORMING TRANSESTERIFICATION AND DISPROPORTIONATION

The catalysts were tested in a unit having a fixed bed reactor, a distillation
column and a reflux drum. The dimension of the fixed bed reactor was % inches
diameter and 15 inches long. It had three thermocouples to monitor temperatures
at three positions just above the catalyst bed, the middie of catalyst bed, and just
below the catalyst bed. The top half and bottom half of the reactor temperatures are
independently controlied. The unit also had a feed preheater at the top of the fixed
catalyst bed, whose temperature is separately controliéd. The fixed bed reactor was
operated in down flow mode. The distillation column consists of a 2 liters capacity
reboilerand 42 “x 1" OD (0.870" ID) column. There were three pressure transmitters
to control and record the column overhead pressure, the top and bottom of the
catalyst bed. Also the reboiler had a liquid level transmitter. The fixed bed had a
recirculation loop; the stream to the reactor from the liquid medium in the reboiler
was pumped through the reactor in down flow and then returned to the reboiler. The
fresh feed DEC was pumped into the recirculation loop prior to the reactor. The fresh
phenol feed solution was separately pumped into the recirculation loop prior to the
reactor. Nitrogen gas was introduced into the system as necessary. The vapor from
the distillation column was condensed and removed as an overhead liquid stream.
Uncondensable gas was discharged from the condenser.

Forthe continuous run for the transesterification, the phenol feed solution was
continuously fed at a given rate, while continuously removing product stream from
the reboiler at a predetermined constant rate and continuously removing overhead
product. The DEC feed rate is a cascade to maintain a constant liquid level in the
reboiler.
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0. 754 0.502 DPC productivity (m/kg) 0.008 0.013 0.013
0. 0092 Phenetol e productivity (nfh/kg) .0016 0.0018
0.0018 0.0017 Test 6B

TEST 1

The purpose of this run is to demonstrate the performance of a dual phase
fixed bed reactor for the transesterification reaction. The dual phase in the catalytic
reaction zone was created by a boiling mixture of vapor phase and liquid phase in the
catalytic reaction zone.

The catalyst A (25 ml; 9.67g) was loaded in the reactor. 167.6g phenol and
737.4g DEC were charged in the reboiler.
The testing was performed at the following conditions:

The overhead column press: 18 psig

Reboiler temperature: 335°F

Distillation column temperature: 300 - 310°F

Recirculation rate: 66 mi/min

Pressure at top of fixed bed reactor: 24.6 psig

Pressure at btm of fixed bed reactor: 20.5 psig

Fixed bed reactor temperature: 338-342°F

- Nitrogen flow rate to the reboilef ; 60 mi/min

O reflux from reflux drum

Run hours started when the fixed bed reactor temperature reached the target
temperature of 340°F. During the run, DEC was continuously pumped in to maintain
a constant liquid level. After running for 45 hours, 23g phenol was charged into the
system as a 20.92 wt % phenol solution over a period of 55 minutes at 2 ml/min flow
rate. The run was continued to 77 hours on stream time. The average overhead
liquid flow rate was about 0.3 mi/min. The overhead stream was composed mainly
of DEC and a small amount of ethanol. Samples were taken from the reboiler and
overhead stream for analysis. Atthe end of 77 hours run time, 64.8 mole% of phenol
charged to the unit had been converted. The yields were 63.1 mole% EPC; 1.52
mole% DPC and 0.26 mole % by-products based on the total amount of phenol
charged into the system. Phenetole was the major by-product, which accounted for
33.6 mole% of byproducts. The average productivity was 1.81m/h/kg of catalyst for
EPC; 0.041m/h/kg of catalyst for DPC and 0.01m/h/kg of catalyst for by-products.
The productivity of EPC in this example is superior to those disclosed in prior art,
demonstrating the superior productivity of the process disclosed in this invention.
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The performance of the Catalyst C prepared in the
Exanple 3 was tested for the transesteriflcation of

DEC with phenol. 8.4g (25 nl) catalyst C was | oaded in
the fixed bed reactor. 287g phenol and 530g DEC were
charged in the reboiler. The testing was perforned at
the follow ng conditions: L%’%F overhead col um press:

17- 19 psig Reboiler tenpe & 346 - 348F

Di stihel pirpose ofcthisiran li@mxtemdmatme the(perfazBiahce of a dual phase

rcul ation, rat.e: m n Pr sSsur t to o
e bl Teaddot GikL6 BivacyMobism gnd itaBui oK SabRsfedorfing o the
inféntiof foveRe fraRsdstdrificafon rRdctitsh. driel duatipReed ir ﬂ?@Qiatalytlc reaction
Zomgn\gerature 331 - _335F Nltr g’en flowrate to, th

7§ createsh byia Rpjling rpixiure, ©f VABRK PRASE, RN r'GHﬂdPH'@*’veDEdhe

c@gmﬂegat,gdgyﬁerate 0.18- 0.19 mM/mn Btmflow rate:
the run, _the flow of

0.
DiC Gty st B2l 32 wasdgRdec g e reafton g eetvas aarjormed
undefhife xdéhttt:él EB?Hd‘tkfi‘\' 100) %QOPStﬁﬁtGd Rﬁé‘f‘xdﬁ 4V e37. 4(%5 NSEE Uere

or ned cont i nuousl dr al reactli on
chargacﬁn éhe rebtoH@r r%lbbhq)lé's stammv@qmnp.fngd bﬂd smctoniemperature
foth
roflRRrhe Mt s e (10303 o LOEE el Biduously
pusnpaskim toasaioiain e vedstant rmid lgvebEAfterrunaingl forAd honvs, 91.62g

PRI Rl BR R0l AE e 3R, pHBAS Sl cherEafit o
2 hwsﬂﬂemmute;s aly2mlmitufiaw iratet Iil”mebmnrnwascsmtrremm tb r7@nhours on
suP B T8 By Srefler W ' B e 08 Tre
oveliaGadtadays wad cminﬂdsed Tﬂahlyﬁﬁ DEC and d bmaﬂeﬂwunt@‘f ethanol.
* S Motk e R hE gL Oerhs Stann Riaanlygs. 4 the end
of 7B avuishan &4.8 mtié%Af phenol charged to the unit had been converted. The
yields were 63.1 mole% EPC; 1.4 mole% DPC; and 0.27 mole% by-products based
on the total amount of phenol charged into the system. Phenetole was the major by-
product, which was accounted for 55.9 mole% of by-products. The average
productivity was 2.567 m/h/kg of catalyst for EPC; 0.059 m/h/kg of catalyst for DPC
and 0.022 m/h/kg of catalyst for by-products. The major by-product was phenetole,
which was accounted for 33.6 mole% of the total by-products. The productivity of
EPC in this example is superior to the catalyst disclosed in prior art and Test 1.

TEST 3

This test was performed to demonstrate the disproportionation of EPC to DPC
in batch operation. The fixed bed reactor was operated in boiling point mode by
using the same equipment as described.

A crude feed was prepared as in the Test 2 and then the excess of DEC in the
crude feed was distilled off to concentrate EPC and then toluene was added to it.
The purpose of toluene addition to the concentrated crude feed was to perform the
disproportionation under the dual phase mode in the down flow reactor. Boiling
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The run was continued to 360 hours of on-streamtine.
Conti nued catal yst deactivati on was observed. On
streamtime of 360 hours, the reactor operation for
the synthesis of aromatic carbonate was terminated to
perform catal yst regeneration. The catal yst

regenerati on was f d.at, 340F and 230.psi g by.
reBOI eI O YRPOs BNaHeARd [AVIK HasseerpySeatag rEihe deadion gne.
RE MAOA stdeaUikerd % fRGE bR rfeBttol feriperature TleBchdtRH®Y target

products of depol ynerization reaction w th ethanol

tempeeatiieeafoi0° IDEChE tept wasRERormee with fhe same cedalyst Heed iithe
TR, CXAHTER, ) A 08N bAoA onsan
liggid level andthe oveehelad flow raiwas gbevteami/ninierbe overhead stream
i oSS LRy f FelS SRAERREal S DRORRE gk ount o
etbanall ybe total weightokthg fee ¢ relppiler waa 53bi3ge B® @Enposition
of the feed was 44.19 wt% toluene; 8.42 wt% DEC; 0.07 wt% phenetole; 0.29 wt%
by-products; 11.21 wi% phenol; 31.88 wi% EPC and 3.94 wt% DPC. The testing
was performed at the following conditions:

The overhead column press: 16.3 psig

Reboiler temperature: 311°F

Distillation column temperature: 295 - 305°F

Recirculation rate: 67 ml/min

Pressure at top of fixed bed reactor: 32.8 psig

Pressure at btm of fixed bed reactor: 18.5 psig

. Fixed bed reactor temperature: 327-330°F

Nitrogen flow rate to the reboiler: 50 mi/min

0 reflux from reflux-drum-

After 6 hours operation, the analysis of product from reboiler indicated 5.8
mole% conversion of EPC with 95.2 mole% selectivity to DPC. The productivity of
DPC was 0.614 m/h/kg of catalyst.

TEST 4

This test was performed to demonstrate a continuous run for the production
of EPC with a fixed bed reactor operated in boiling point reactor mode under a
steady state condition.

Another batch of the catalyst identical to the catalyst B in the Example 2 was
prepared. 9.04g (about 25 ml) of this catalyst was loaded in the reactor. 200g
phenol and 610g DEC were charged in the reboiler for a continuous run. Run hours
started when the fixed bed reactor temperature reached the target temperature of
340°F. During the run, DEC was continuously pumped in to maintain a constant
liquid level. After running for 23.25 hours, 85.58g phenol was charged into the
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94 160 216 234 Phenol conversion (nP9 23.5 38.5 34.7
31.9 29.1 25.0 EPC productivity (mh/kg) 0.686 1.119

system as 31.38 wt % phenol solution over a period of 2 hours 15 minutes at 2
mi/min flow rate. The continuous run at a steady state condition was performed by
continuously pumping in 32.2 wt% phenol solution in DEC at 0.18 ml/min and
continuously removing the product stream at 0.15 ml/min. DEC was pumped in to
maintain a constant liquid level 81% in reboiler. At 242.5 hrs on stream time under
at steady state operation condition, the following result was obtained:

On stream time: 242.5 hrs

The overhead column press: 19.6 psig

Reboiler temperature: 354°F

Distillation column temperature: 330°F

Recirculation rate: 67 mi/min

Pressure at top of fixed bed reactor: 20.8 psig

Pressure at btm of fixed bed reactor: 19.2 psig

Fixed bed reactor temperature: 341°F

Nitrogen flow rate to the reboiler: 60 mi/min

“Reflux from reflux druim: 0

Liquid level in reboiler: 81.04% _

Feed rate of 32.2 wt %PhOH/DEC solution: 0.15 mi/min

DEC flow rate: 0.28 mi/min

Ovhd flow rate: 0.269 ml/min

BTM product flow rate: 0.185 mi/min
Composition of Streams (wi%):

COMPONENT OVHD BTM
Ethanol 3.5793 0.0448
DEC 96.1344 62.5443
Phenetole - 0.0176
Phenol 0.2208 - 17.5226
EPC 0.0655 19.2401
DPC - 0.6306

Phenol Conversion (mole%) 39.5

EPC Yield: 37.6 mole% EPC selectivity : 95.04 mole%

DPC Yield: 1.9 mole% DPC Selectivity: 4.87 mole%
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1.027 0.976 0.556 0.510 DPC productivity (nmm kg) 0.008
0. 020 0.019 0.019 0.012 0.012 Phenetol e
productivity(n h/kg) .0018 0.0019

Phenetole Selectivity: 0.05%
EPC Productivity: 1.50 m/h/kg catalyst

Phenetole was the only by-product detected in the product stream by gc and
gc-ms. This is a result superior to prior art. Deactivation of the catalyst was
observed.

TEST 5

This test was performed to demonstrate a continuous run for the
transesterification reaction between propylene carbonate and ethanol to produce
DEC and propylene glycol coproducts by using a fixed bed reactor operated in boiling
point mode.

Another batch of the catalyst identical to the catalyst B in the example 2 was
prepared. 9.6g (about 25ml) of this catalyst was loaded in the reactor. 280g
propylene carbonate and 635g ethanol were charged in the reboiler for a continuous
run. Run hours was started when the fixed bed reactor temperature reached the
target temperature of 335°F. During the run, the product stream was continuously
- removed from the reboiler at a constant rate of 0.14mi/min. To maintain a constant
liquid level of 85%, a 23.1 wt% propylene carbonate solution in ethanol was
continuously pumped in to the reactor cascade mode. The run was continued for
162 hours. During the run, the conversion of propylene carbonate was fairly
constant. The average conversion of propylene during the run was 14.5 mole%.
The average DEC productivity was 1.81 mole/h/kg of catalyst.

Test 6

The objective of this experiment is to demonstrate a superior performance of
the mixed oxide catalyst supported on treated silica to the conventional catalyst
disclosed in prior art. A slower deactivation rate, higher activity of the Catalyst C and
the catalyst regeneration by depolymerization of deactivated Catalyst C were
demonstrated. The test of a conventional titanium oxide catalyst supported on silica
(The Control Example 1) was performed in Test 6A. The test of the mixed Ti/Nb
oxide catalyst supported on treated silica (Catalyst C in the Example 3) was
performed in the Test 6B.

Test 6A
Another Ti oxide catalyst similar to the Catalyst A in the Control Example 1
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0. 0014 0.011 0.0006 0.0006 Table 3 Hours of on stream
time: 360Cat al yst 393 Regenerati on The over head cot
press(psig):18.219.5 Reboiler tenp ( F):347344 428
18.1 344 Distillation cot tenmp ( F):273

was prepared. The only difference from the Control Example 1 was the calcination
of the same silica at 340°C for 4 hours in air. 25 ml (9.0g) catalyst was loaded in the
fixed bed reactor described. The appearance of this catalyst is white sugar coated
silica granules the same as the catalyst of the Control Example 1. 285g phenol and
530g DEC were charged in the reboiler. The testing was performed at the following
conditions:

The overhead column press: 19 - 21 psig

Reboiler temperature: 345 - 347°F

Distillation column temperature: 270 - 285°F

Recirculation rate: 66 - 67 mi/min

Pressure at top of fixed bed reactor: 20 - 22 psig

Pressure at btm of fixed bed reactor: 19 - 22 psig

Fixed bed reactor temperature: 332 - 337°F

Nitrogen flow rate to the reboiler: 60 mi/min

0 reflux from reflux drum

PhOH/DEC solution flow rate: 0.17 - 0.18 mi/min

Btm flow rate: 0.18 - 0.19 ml/min

During the run, the flow of DEC was cascaded to a liquid level of 88%
(arbitrary scale) in to maintain a constant liquid level. The run was performed by
continuously draining the reaction mixture in the reboiler, while pumping in 40.4 wt.%
phenol solution in DEC at a constant rate of about 0.19 mi/mint The run was
continued for 115 hours without interruption. The overhead stream was composed
of mostly DEC, ethanol and small amounts of phenol and EPC. Samples were taken
from the reboiler and overhead stream for analysis. Phenetole was the only by-
product in the bottom product stream from the reboiler. The results are listed in Table
1.

Table 1
Hours on stream time 31 61 85 115
Phenol conversion (m%) 17.8 208 17.7 11.9
EPC productivity (m/h/kg) 0.771 0.869 0.754 0.502
DPC productivity (m~/kg) 0.008 0.013 0.013 0.0092

Phenetole productivity (m/h/kg) .0016 0.0018 0.0018 0.0017
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285 273 - 286 271 - 285 Recirculation rate (mM/mm: 65
66 67 Press at top of reactor (psig): 20 22.2 20.4
Press at btm of reactor (psig): 19.2 22.1

Test 6B

The performance of the Catalyst C prepared in the Example 3 was tested for
the transesterification of DEC with phenol. 8.4g (25 mi) catalyst C was loaded in the
fixed bed reactor. 287g phenol and 530g DEC were charged in the reboiler. The
testing was performed at the following conditions:

The overhead column press: 17 - 19 psig

Reboiler temperature: 345 - 348°F

Distillation column temperature: 270 - 285°F

Recirculation rate: 66 - 67 mi/min

Pressure at top of fixed bed reactor: 19 - 21 psig

Pressure at btm of fixed bed reactor: 19 - 22 psig

Fixed bed reactor temperature: 331 - 335°F

Nitrogen flow rate to the reboiler: 60 mi/min

0 reflux from reflux drum

PhOH/DEC solution flow rate: 0.18 - 0.19 ml/min

Btm flow rate: 0.18 - 0.20 mi/min '

During the run, the flow of DEC was cascaded to a liquid level of 88%
(arbitrary scale) in to maintain a constant liquid level. The run was performed by
continuously draining the reaction mixture in the reboiler, while pumping in 36.5 wt.%
phenol solution in DEC. The result of the 234 hours time-on stream is listed in Table
2. The overhead stream was composed of mostly DEC, ethanol and small amounts
of phenol and EPC. Samples were taken from the reboiler and overhead stream for
analysis. Phenetole was the only by-product in the bottoms stream from reboiler. The
result of this run in Table 2 clearly indicates slower deactivation and higher activity
than the Catalyst A of the Test 6A.

The result of this run in Table 2 clearly indicates slower deactivation and
higher activity of the Catalyst C than the Catalyst A.

The run was continued to 360 hours of on-stream time. Continued catalyst
deactivation was observed. On stream time of 360 hours, the reactor operation for
the synthesis of aromatic carbonate was terminated to perform catalystregeneration.
The catalyst regeneration was performed at 340°F and 230 psig by depolymerizing
polymers on the catalyst by circulating ethanol through the reactor for 17 hours. The
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20 Fi xed bed reactor tenp ( F): 330 - 330 330 - 331
331 -330 PhOH/ DEC soln flowrate (mM/mn): 0.18 0.18
0.18 Btmflowrate (mM/mn): 0.16 0.18 0.18 Phenol

Conversion (nmg: 17.5

major products of depolymerization reaction with ethanol were phenol, DEC and
unidentified by products. The run was resumed with the regenerated catalyst. The
test result of the regenerated catalyst is listed in Table 3.

The result in Table 3 clearly demonstrates that the catalyst can be
regenerated by performing depolymerization of the polymers deposited on the
catalyst.
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23.4 27.2 16.47 22.8 26.2 EPC Yield (n®): DPC
Yield (ng: 0.95 0.610 1.017

Table 2
Hours on stream time 33 56 94 160 216 234
Phenol conversion (m%) 235 385 347 319 291 250
EPC productivity (m/h/kg) 0.686 1.119 1.027 0976 0.556 0.510
DPC productivity (m/h/kg) 0.008 0.020 0.019 0.019 0.012 0.012

Phenetole productivity(m/h/kg) .0018 0.0019 0.0014 0.011  0.0006 0.0006
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EPC sel ectivity (nP9: 94.35 97.3 96.3 DPC Sel ectivity
(nm9: 5.44 2.60 3.73 Phenetole Selectivity (n#g: 0.21

0.13 0. 10 EPC Productivity (mh/kg):

Table 3

Hours of on stream time:

360 Catalyst
Regeneration

The overhead cot press(psig): 18.2

Reboiler temp (° F): 347
Distillation cottemp (° F): 273 -285
Recirculation rate (ml/min): 65

Press at top of reactor (psig): 20

Press at btm of reactor (psig):  19.2

Fixed bed reactor temp (° F): 330 - 330

PhOH/DEC soln flow rate (ml/min): 0.18

Btm flow rate (ml/min):

. Phenol Conversion (m%):
EPC Yield (m%):

DPC Yield (m%):,

EPC selectivity (m%):

DPC Selectivity (m%):
Phenetole Selectivity (m%):
EPC Productivity (m/h/kg):
DPC Productivity (m/h/kg):

0.16

17.5
16.47
0.95
94.35
5.44
0.21
0.452
0.013
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0. 452

393

19.5

344

273 - 286
66

22.2

221

330 - 331

0.18
0.18

234

22.8
0.610
97.3
2.60
0.13
0.681
0.009

428

18.1

344
271-285
67

20.4

20

331 -330

0.18
0.18

27.2
26.2
1.017
96.3
373
0.10
0.830
0.016



0.681 0.830 DPC Productivity (m h/kg): 0.013 0.009
0.016 The invention clained is: 1. A process of the
production of diaryl carbonate conprising: (a) a
plurality of reaction zones conprising a primary and a
secondary reaction zone, (b) supplying to said
primary reaction zone a dial kyl carbonate and an

aTiwiaventiomyekzimed is:onpound,; (c) maintaining the

' ti | . ph d ]
Ponar it dhrehuaLheEedition el diank B BaReBronS by
car bo'@é‘)taepluqa!itg of rdz@liéri 2nes 66rRpfiding & prifnBey ahidal segondary reaction

carbonate with the aromatic hydroxy conpound in the
#%88ence of a solid catalyst selected fromthe group

consi fﬁ)i)?\ﬂ%;f&gn ‘f@_s'ggjl E)ﬁbriégﬁlfe‘é&ﬁ@ﬁ Sohk MNdidIBN Ratbdnaté and an

and V eri abl e supported on porous
raserartichydipxyceornpeunds ur f ace hydr oxyl groups; (e)
recov &) man@ifh tnd BiRenPreatksH 254 AR 4G chae and reaction

prima reac
conditions conducive for the formation of alkyi aryl carbonate;

(d) transesterifying the dialkyl carbonate with the aromatic hydroxy compound
in the presence of a solid catalyst selected from the group consisting of two to four
elements from Group IV, V and VI of the Periodic Table supported on porous

material which have surface hydroxyl groups;
(e) recovering a dual phase product stream from the primary reaction zone;

(f) separating the dual phase product stream from (e) to recover vaporous

alkyl alcoho! and liquid alky! aryl carbonate;
(9) maintaining the secondary reaction zone under dual phase and reaction

conditions conducive for the disproportionation of alkyl aryl carbonate to diaryl

carbonate;
(h) disproportionating the alkyl aryl carbonate in the presence of a solid

catalyst selected from the group consisting of two to four elements from Group IV,
V and VI of the Periodic Table on porous material which have surface hydroxyl

groups;
(i) recovering a dual phase product stream from the secondary reaction zone,

and
(i) separating the dual phase product stream from (i} to recover a vaporous

component comprising aryl alkyl carbonate and liquid product comprising diaryl

carbonate.

2. The process according to claim 1 wherein the dialkyl carbonate is DEC, the
aromatic hydroxy compound is phenol, the alkyl aryl carbonate is EPC and diaryl

carbonate is DPC.
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(f) separating the dual phase product streamfrom (e)
to recover vaporous al kyl alcohol and |iquid al kyl

aryl carbonate; (g) maintaining the secondary
reacti on zone under dual phase and reaction conditions
conduci ve for the disproportionation of alkyl aryl

carponate to diaryl, carbonat.e; . ) .
i 58 SBePrICRREPTRINGLD BB ey s b FREbonats )RDEC. the
alkil R§EGHFBortite & BPCI ghditab akotiticsigldesityasbrigoumdtis phealup
conSisting of two to four elenments fromGoup IV, V
and VI of the Periodic Table on porous material which
havg FHE R sEUEEEMHIHg B PARS3 wherein in (h§ the MBRA%ES bNEhéhol
dual phase product stream fromthe secondary reaction
to PBRdSs imthg range of 8P5d@d8r ati ng t he dual phase product
streamfrom (i) to recover a vaporous conponent

conprising aryl alkyl carbonate and |iquid product .
condr i Ehengragieas pecardingda siaim 1 whereipin theesofid satalyst of (d) is

o BB o S Skt Ao

oun eno
Gradips/lV, &rarid \ar bonate is EPC and diary! carbonate is
DPC. 3. The process according to claim?2

wherein the al kyl carbonate is DEC, the alkyl aryl
car 6Thatpeodess BECoing to lokiraboviearein i e suppod copprises freated

.].giqenol . 4. The process according to claim3
Sltffrerein in (h) the nole ratio of phenol to DPCis in
the range of 0.05 to 10. 5. The process

[ t laim,a1 in_in the .sqlid cat .
(o 71 thefraress Sioaiebia Bedamh 2 kAP By que Soif kBt of b i
oxidey t Hdesxiddis bRtydebxicds; Bfkokides b MixtiRsRerelf of\elameantél from
6. Th@ Q/rocess according to claim5 wherein in the
¥b t

Grauypsy ¥k i ses treated silica. 7. The process
according to claim5 wherein in the solid catal yst of

(h) is_oxides, hydroxides, oxyhydrqgxides, g]koxides .
mi xBurid® RIREPELACEHIIBOdREIRI® § ORISR dL f‘%td_ Rl o (Dis
selség’jei-&gﬁ)rﬂf S8p 8655y a lnfotsll M dRide AtEmBledl mdtaldioxides of

catal'yst  of (d)I's selected fromthe group
Groumb/ 8nd Ng of a metal al koxi de and mi xed netal
al koxi des of Goup IV and V.

9. The process according to claim 5 wherein in the solid catalyst of (d) is
TiO,/Nb,O5 supported on treated silica, said treated silica having less than 0.05wt.%
Na.

10. The process according to claim 1 wherein in the solid catalyst of (h) is
oxides, hydroxides, oxyhydroxides, alkoxides or mixtures thereof of elements from
Groups IV, V and VL.

11.The process according to claim 10 wherein in the support comprises

treated silica.
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9. The process according to claim5 wherein in the
solid catalyst of (d) is Ti02/N b205 supported on
treated silica, said treated silica having | ess than

0. 05wt . % Na. 10. The process according to claim
1 vvherein in the solid catalyst of (h) is oxides,

hydr droxi des,, ai koxi,des, or. m xt.yres .
{ herZot 1% PEREREHEEPG BB I3 WHpreIq Taihe sl catavet o) i
oxiddsg hpdr@ﬁﬁ§§ AGhPdrakiaes,! AkaXics BrHixiAes thbl‘édf 2 bié?nents from
rt conprises treated silica.
G'ﬁ”ggz\és éﬁg&ldl ng to claim1l wherein in the soI id
catal yst of (h) is oxides, hydroxides, oxyhydroxides,
al koxi des or m xtures thereof of el enents from G oups
| v, 13- dA@ pppcess according togleinpt 2 whsreinindbe gplidjcatalyst @f(h) is
seie?eté‘tf‘ﬁérﬁ'tﬁb bfoubltBnsietindorcihatay éﬂ(m@fi éh@ Ehx?edjﬁéﬁféc}ﬁ&ldes of
fromthe roup consisting o nmet al al koxi de an
GroupdY apgtMal  al koxi des of Group IV and V. 14. The
process accordi ng to claim210 wherein in the solid

catal yst of (h) is 1i02/ Nb205 supported on treated
si | ilda, Thegirdcesserceonling o alaimhtl whereireinghe Isalid Gat@lyst o) is

rdi ng.to, cl.aim1. wh LN,
TiORNo2Qs suprbited bR RS S7dBefled bR niviab Bsgitd 6ot
Nehydr oxy conpound in a nole ratio of aromatic hydroxy
compound to DPC in the range of 0.05:1 to 10: 1.
16. The process according to claim15 wherein (h) is

car be dTheltprocresélmcmcﬂﬁ@m elaiin @ Whedeif @Yo %brﬂ&i S&tiarthe
rocess

prégheBR A it TSk carapendin 3 mole,tiouer Sariath ToRERy
coPtpeaAd &@ DPT idth@ FaiR of®.08:4teng:1conpound in a nol e

ratio of aromatic hydroxy conmpound to DEC i s above

0. 2. 18. The nmethod of reactivating a solid

cat 3by Sthe® praRass tecedrdh Ry %Célﬁi@'n f1‘5qm1érﬁﬁl Q4! F?:amed out in the
consi sting of oxides, hydroxides, X@T%IOCQOXI des or

pregersR ichadrase anpunt of vvatﬁr inspR AEAUSL Ol 3w %V, V and
VI of the Periodic Table supported on porous materi al
whi ch have surface hydroxyl groups, which has been

dead{i vEhe @rasess Aogarting ép slaimet wheeindd) i epriedi ouf in the
pr&éﬂ&@%'éﬁ%rﬁhﬁtlﬁ‘ﬁﬁ?&% o%g?o‘?ﬁlh%yaﬂno‘f& J(}loaoff ér‘dh‘%ﬂs Dygroxy

conprising a ni ng conpoun
CO%@DEB@EHDEGUﬁfbhEeQébup consi sting of benzene,

tol uene, xyl enes, pentane, hexane, octane, decane, THF

and mixtures thereof at a tenperature in the range of

25008t Bheésmethod of reactivating d selidroetdiyst campositiomgelected fraimthe

' . d t d
N W N
eleamahtsrifpotn I?ra;p He| &bnd (}/I of the Peribde mﬁblg@r?@@ﬁéd ?brnporous

er.ei sa| suppor e ha e. surface
el bRl gD A Ga YR ELGTO B ishhas e o e ety oty polymer
depeiteti terdcn @bﬁ'@h@mbh@)n‘!@éﬂnﬁufﬁenﬂmﬁ/a@d Bé(ﬁly%l()(/hth a fiuid
t hout de%r adi ng dpIn ysical integrity and

co ppgﬁgﬁ‘q‘l‘nmm%gorg e Qompoun a solvent selected from the group

consisting of benzene, toluene, xylenes, pentane, hexane, octane, decane, THF and
mixtures thereof at a temperature in the range of 250° to 600°F.
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21. A solid catalyst conposition selected fromthe
group consi sting of oxides, hydroxides, oxyhydroxi des
and al koxi des of two to four elenents fromGoup 1V, V
and VI of the Periodic Table supported on porous

mat eri al whi ch have surface hydroxyl gr oups.

anol%; I ATEh3 el HEIS Sl %%irﬂ%eo%ﬁ%o?gﬁm?mg

cotnpound ﬁseaekctddefrmunthergromp ls;@btwyfromfwalﬂs dlésHigtophenol and

‘B lid catal yst conposition accor di ng to claim
m:ﬁ‘gr% sai d treatment conprises contacting said
support with a basic solution. 24. The soI i d

tal yst o tion according to c]aim23 whe
gg, % yf : Qci:@ﬁénprg@g to; ¢l q:qaighq wherein said support have had the

surface hydroxyl groups increased by treatment with a base solution to obtain the
maximum number of hydroxyl groups without degrading the physical integrity and
strength of the support.

21. Asolid catalyst composition selected from the group consisting of oxides,
hydroxides, oxyhydroxides and alkoxides of two to four elements from Group IV, V
and VI of the Periodic Table supported on porous material which have surface
hydroxyl groups.

22. The solid catalyst composition according to claim 21 wherein said support
- has- been-subjected to a treatmenit to increase the number of hydroxyl groups

thereon.

23. The solid catalyst composition according to claim 22 wherein said
treatment comprises contacting said support with a basic solution.

24. The solid catalyst composition according to claim 23 wherein said support
comprises silica.
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