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Abstract

Hexagonal Mg(OH), nanoflakes were synthesized via a hydrothermal method in the
presence of polyethylene glycol 20,000 (PEG-20,000). X-ray diffraction (XRD),
field-emission scanning electron microscopy (FE-SEM) were applied to characterize
the composition, morphologies and structure of the Mg(OH), nanoflakes.
Brunauer-Emmett-Teller (BET) analysis were performed to investigate the porous
structure and surface area of the as-obtained nanoflakes. The transesterification of

dimethyl carbonate (DMC) with phenol to produce diphenyl carbonate (DPC) was
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carried out over the hexagonal Mg(OH), nanoflakes. The evaluation results showed
that the hexagonal Mg(OH), nanoflakes had better activity and excellent selectivity to
target products compared with many conventional ester exchange catalysts. Compared
with other catalysts, such as AlCls;, ZnCl,, and irregular Mg(OH), synthesized via
hydrothermal method without PEG-20,000, which all have been widely used as
catalysts for this transesterification reaction, Mg(OH), nanoflakes were more stable
and showed a relatively high activity with a low catalyst amount. The
transesterification reaction process was also analyzed with the classic thermodynamic
theory, and when the reaction was carried out at 453 K, with a molar ratio of phenol to
DMC of 2:1, a reaction time of 13 h, and a catalyst amount of 0.2% (molar ratio to
phenol), the selectivity of the transesterification reaction reached 92.3%. Moreover,
the deactivated hexagonal Mg(OH), nanoflakes could be easily reactivated by
calcination under vacuum, and the regenerated Mg(OH), nanoflakes showed the
catalytic activity almost as high as that of the fresh sample.

Keywords: catalytic behavior, hexagonal Mg(OH), nanoflakes, transesterification,

DPC, DMC

Introduction

Transesterification is an important organic transformation and provides necessary
synthons for a number of applications in organic processes.” The synthesis of
aromatic carbonates from dimethyl carbonate (DMC) and phenols is one of the most
important tranesterification reactions. DMC is an important intermediate for organic
synthesis because its molecular structure contains several functional groups, such as
carbonyl, methyl and methoxy. Moreover, it is nontoxic for human health and
environment. Meanwhile, aromatic carbonates, especially diphenyl carbonate (DPC),

are precursors for the production of aromatic polycarbonates by the melt
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polymerization process which is now the highlight in the polycarbonate industry.®
DPC is widely used as a starting material for phosgene-free polycarbonates
production by interfacial polycondensation. Because of the increasing demand for a
safe and environmental friendly process of DPC synthesis, several non-phosgene
methods have been developed.’ Among them, the most suitable method route is the
oxidative carbonylation of phenol, which is a single-step process with water as the
sole byproduct.! This route is a two-step process, which involving the
transesterification of DMC and phenol to methyl phenyl carbonate (MPC) (Eg. 1) and
the further transesterification of MPC and phenol (Eqg. 2) or disproportion of MPC to
DPC (Eq. 3) and the O-methylation reaction (Eg. 4) shown in Scheme 1.

The synthesis of DPC by transesterification of DMC with phenol is usually
catalyzed by organometallic compounds containing titanium, aluminium, tin, and

conventional Lewis acid catalysts such as aluminium chloride and zinc chloride.**

16-19 titanium esters,®

The homogeneous catalysts such as conventional Lewis acids,
tin compounds,*® titanocene dichloride (Cp,TiCl,),?® samarium halogen,”?* and
mesoporous MCM-41% have been used as effective catalysts for the
transesterification of DMC with phenol. But the reuse of these catalysts is very
difficult because it is not easy to separate and recover these catalysts. Furthermore,
the titanium and tin compounds are so poisonous and harmful to the environment.
Consequently, many heterogeneous catalysts such as MoO3/SiO,,* Ti0,/Si0,,*
Mg-Al-hydrotalcite,?® PbO/Mg0O?®*?’, NNC?® and MCN-TiO,* were investigated for
this reaction. Disappointedly, these catalysts not only produce the byproduct anisole
more or less due to their alkalescency, but they also terminate the reaction in the first

step making MPC the main product, as shown in Eq. 1. Also, Tundo et al.*® reported

that the equilibrium constant for Eq. 1 was 3X10™ at 453 K. This indicates that the
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transesterification reactions are thermodynamically unfavorable, while the
O-methylation Eq. 4 is thermodynamically favorable due to the production of gaseous
CO,. To overcome the thermodynamic limitation of the transesterification reactions,
many processes have been proposed.' Therefore, it is desirable to find more
efficient, innocuous and cheap catalysts for transesterification of DMC with phenol in
the application of commercial production.

Here, hexagonal Mg(OH), nanoflakes with a thickness of about ~10 nm and a
lateral size of about ~100 nm in the presence of PEG-20,000 were synthesized via
hydrothermal process. More importantly, the hexagonal Mg(OH), nanoflakes showed
excellent catalytic activities for the transesterification of DMC and phenol. Although
the synthesis of Mg(OH), has been studied by many researchers, **to the best of our
knowledge, there is no report on discussing the catalytic behavior of Mg(OH);

nanostructures yet.

Experimental

Materials

Dimethyl carbonate and phenol were obtained from Alfa Aesar. Magnesium nitrate
hexahydrate(AR), sodium hydroxide (AR), Polyethylene glycol (Myw~20,000), ethanol
(AR), and Acetone (AR) were purchased from Beijing Chemical Reagent Company,
China. All of the materials and reagents were used directly without further
purification. Distilled water was purified using a Milli-Q system (Millipore, Billerica,
MA).
Preparation of hexagonal Mg(OH), nanoflakes

The hexagonal Mg(OH), nanoflakes were prepared by the classical methods. In a
typical synthesis, 0.2 g of hydrated magnesium nitrate (Mg(NO3), 6H,0) and 0.1 g of

PEG-20,000 were each dissolved in 30 mL of deionized water. Then the aqueous
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solution of PEG-20,000 was added dropwise to the aqueous Mg?* solution under
constant stirring. The mixture was stirred until a clear and homogeneous solution

formed, and 1mL of 1.0 mol « L NaOH solution was added to the homogeneous

solution. Then the new formed suspension was transferred to an 80 mL Teflon-lined
autoclave, which was sealed and maintained at 433 K for 12 h. After the autoclave
was cooled to room temperature, the resulting white precipitate was collected, washed
several times with distilled water and absolute ethanol and dried at 373 K for 4 h.
Characterization of Mg(OH), samples

The composition, morphologies and structures of Mg(OH), samples were
characterized by X-ray powder diffraction (XRD, Shimadzu XRD-6000, Cu Ka
radiation (A = 1.54 A)), field-emission scanning electron microscopy (FE-SEM,
Hitachi S-4800) with an accelerating voltage of 10 kV. The specific surface structure
of the Mg(OH), samples were determined on a constant volume adsorption apparatus
(CHEMBET-3000) by the N,-BET method at liquid nitrogen temperature. And the
catalytic properties of the Mg(OH), samples were examined on-line by
gas-chromatogram (GC) (Shimadzu GC-2014). The surface composition and structure
of catalyst were studied by X-ray photoelectron spectroscopy (XPS, ThermoFisher
Scientific, USA, ESCALAB 250) with Al Ko radiation (1487 eV) at a power of 300
W under a vacuum of 1.0 x 10 Pa. Data were analyzed by use of XPSpeak 41

software.

Typical procedure for transesterification

The typical procedure for the transesterification of DMC and phenol is as follows: All
transesterification reactions were carried out in a 100 mL four-necked
round-bottomed flask equipped with a magnetic stirring bar, a nitrogen inlet, a precise

plunger pump for DMC instillation, and a Vigreux fractionating column connected to
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a liquid dividing head. Typical conditions and procedures were as follows: phenol
(0.2 mol) and the catalyst (0.5 mmol) were charged into the reactor under nitrogen
atmosphere, and the temperature was gradually raised to and kept at 453 K. Then
DMC was added drop-wise into the reactor at a flow rate of 0.05 ml/min using the
precise plunger pump. The reaction mixture was under refluxing condition during the
period of reaction. The occurrence of reaction was indicated by attainment of
temperature of about 333 K at the top of the column. During the reaction, this
distillation was analyzed by GC one time per hour.”” The reaction mixture was
identified by the absolute retention time and quantified with ethyl benzoate as internal
standard method. After the reaction, the mixture was cooled to room temperature, the
catalyst was filtrated and washed. The deactivated hexagonal Mg(OH), nanoflakes
could be easily reactivated by calcination at 573 K under vacuum, and the regenerated
Mg(OH), nanoflakes showed the catalytic activity almost as high as that of the fresh

sample.

Results and discussion

The composition and purity of the as-synthesized Mg(OH), flakes were examined by

X-ray diffraction (Fig. 1). All of the diffraction peaks in Fig. 1a can be indexed as the

pure hexagonal phase of Mg(OH), [space group: P§m1[164]] with lattice constants
of a=b=3.144 Aand c = 4.777 A (JCPDS card No. 44-1482) and angle constants of
a=4=90"and y=120". As shown in Fig. 2, the hexagonal Mg(OH), nanoflakes have a
layered structure. Fig. 1b shows the amorphous structure of magnesium hydroxide
synthesized without the presence of PEG-20,000.

Representative field-emission scanning electron micrographs (FE-SEM) of the
as-synthesized Mg(OH), samples are shown in Fig. 3. An overview image (Fig. 3a)

discloses that the sample entirely consists of flake-shaped particles without the
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presence of other morphological structures. The higher magnification FE-SEM image
inserted in Fig. 3a clearly reveals that each particle consists almost entirely of
well-defined hexagonal nanoflakes with a thickness of ~10 nm and a lateral
dimension of ~100 nm. The overall hexagonal morphology of these Mg(OH),
particles is consistent with the hexagonal crystallographic characteristics of brucite.
The amorphous structures of magnesium hydroxide synthesized without the presence
of PEG-20,000 are showed in Fig. 3b, which are disorganized morphologies.

The stoichiometric equation for the transesterification of DMC with phenol is as

follows:

o catalyst _ o)
2 @OH + CH3;0—C-OCH; ——on——= Q}o—‘c‘;—o@ + 2 CH30H Eqg.5

(DMC) (DPC)

The chemical equilibrium and the reaction kinetics were probed in the expected

operating range of the transesterification process, during which the temperature was

varied between 298 K and 523 K. On the basis of references®*% th

e
thermodynamic data for Egs. 5 and 1 were calculated and shown in Table 1 and Table
2. According to Table 1, the transesterification Eq. 5 is endothermic at temperatures

below 453 K, and the equilibrium constant ( K?q) increases with the increase of

temperature. When the temperature is bove 453 K, phenol is vaporized, and Eq. 5

becomes exothermic. Between 423 K and 523 K, Keeq remains almost the same. Thus,

the suitable temperature for Eq. 5 should be 423 K~453 K. Because of the Eq. 1 is

endothermic, a higher temperature is preferable for this reaction (see Table 2). The
thermodynamic data in Tables 1 and 2 show that the transesterification of DMC with
phenol is thermodynamically unfavorable even at 523 K, while the reaction of
O-methylation of DMC with phenol is thermodynamically favorable at room

temperature. Thus, to choose a suitable temperature and to design an efficient reaction
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process are the keys to increasing not only the yields of DPC and MPC but also the
selectivities to them. According to Table 1 and Table 2, the temperature of the
transesterification of DMC with phenol was selected as 453 K, and the standard
enthalpy for the exothermic reaction of have been determined which was
subsequently integrated into the energy balances of the transesterification process
model accounting for the heat supplied by the chemical reaction.*®

The catalytic properties of hexagonal Mg(OH), nanoflakes for the
transesterification of DMC with phenol were also investigated (Fig. 4a). For
comparison, the catalytic behavior of irregular Mg(OH), flakes (Fig. 4b), AICI; (Fig.
4c¢) and ZnCl;, (Fig. 4d) for the transesterification were also provided. The yield of
ester, selectivities to MPC and DPC were shown in Fig. 4, and the detailed results
were summarized in Table 3. The synthesis of DPC is usually performed in two steps,
as shown in Egs. 1, 2, 3 and 4.

In the first step, phenol is converted into methyl phenyl carbonate (MPC), and in
the second step, MPC is converted into DPC by the reaction with phenol. MPC is the
intermediate product during the transesterification, which is also a valuable industrial,
and in some cases, the anisole (AN) may be produced as a byproduct during the
second step (Eq. 4).

As shown in Fig. 4 and Table 3, the transesterification selectivity for hexagonal
Mg(OH), nanoflakes is 92.3%, which is the highest of the four catalysts, while the
selectivities for AICl3, ZnCl,, and irregular Mg(OH); flakes range from 70% to 80%.
The selectivities to DPC for Mg(OH), hexagonal nanoflakes’ and irregular Mg(OH),
flakes’ selectivities toward DPC are 32.6% and 26.1%, but the selectivities toward
MPC are 59.7% and 49.6%, respectively. Table 3 is showing an overview of the

selectivities for DPC and MPC for the various catalysts tested. When compared, the
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hexagonal Mg(OH), nanoflakes have the highest selectivity towards MPC while
ZnCl; has the highest selectivity toward DPC. It is also worth noting that AICl; had
the highest yield of the byproduct anisole.

It is known that the activities and selectivities of the various catalysts may be
influenced by the acidity or alkalinity of the catalysts.’’ AICI; and ZnCl, are typical
Lewis acid catalysts, which are known to accelerate Eq. 2 and 3 in Scheme 1, while
the hexagonal Mg(OH), nanoflakes and irregular Mg(OH), flakes are alkaline
compounds, which are known to speed up Eq. 1 in Scheme 1. It is generally accepted
that the more alkaline a catalyst is, the higher the yield and selectivity of the relevant
products will be. The appropriate alkalescence is also an important factor for
transesterification activity. As shown above, hexagonal Mg(OH), nanoflakes have the
highest overall transesterification selectivity, which may be due to its high alkalinity
on the surface of the nanoflakes. In addition, in the above catalytic process, the
hexagonal Mg(OH), nanoflakes are not dissolved or decomposed during the
transesterification and once collected, 97.8% of the nanoflakes can be recycled. The
transesterification catalyzed by hexagonal Mg(OH), nanoflakes is also an unpolluted
process. Hence, hexagonal Mg(OH), nanoflakes are more suitable for the
transesterification of DMC with phenol when compared with AICl;, ZnCl, and
irregular Mg(OH) flakes.

One of the important criterions for heterogeneous catalysis is the reusability. The
possibility and extent of catalyst deactivation was investigated by employing the
recycled catalyst sample washed by DMC and dried at 373 K in a number of reaction
cycles, which is given in Table 4. Table 4 showed that the hexagonal Mg(OH),
nanoflakes exhibited a decline in activity with reuse. According to the total yield of

the esters (MPC and DPC), the activity of the catalyst used once reduced only 5%,
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from 23.9 to 22.7%. When it was used for the fifth time, the activity of the catalyst
reduced about a half, from 23.9 to 13.1%. It was interesting that the total selectivity of
MPC and DPC increased slightly with the decrease of total yield of the esters, which
might suggest some structure sensitivity in terms of transesterification selectivity.
Moreover, the hexagonal Mg(OH), nanoflakes used fifth was regenerated by
calcination at 573 K under vacuum, the result is also shown in Table 4. The total yield
of the esters reached to 21.7%, which was a little lower than that of the fresh
hexagonal Mg(OH), nanoflakes. It presented that the catalytic activity could almost
be recovered by calcination of the used catalyst.

Based on above experimental results, the transesterification mechanism catalyzed
by the hexagonal Mg(OH), nanoflakes was suggested as the following procedure (Fig.
5).1% At first, the Mg® was exposed(l) in the crystal structure of Mg(OH),.
According to the charge distribution and the theory of coordination chemistry, the
weak interaction between the O atom of carbonyl in DMC and the Mg?* would make
DMC and Mg(OH), to form Mg(OH),(DMC)(I1). The transesterification of DMC and
phenol belongs to a reaction of soft base binding to hard acid, the active center
sp?-hybridized carbonyl carbon in DMC was regarded as a hard acid center. The
carbonyl carbon in DMC was affected by the carbonyl oxygen with larger
electronegativity, so that electrons would tend to carbonyl oxygen resulting in the
electron cloud density of carbon atom decreasing and the carbonyl carbon positively
charged. So the carbonyl carbon had a strong electrophilic activity and was the
electrophilic center. Meanwhile, the negatively charged oxygen atoms of CgHsO
contain lone electron pairs and the ability to attract electrons is stronger than the
carbon atoms on the benzene ring, the oxygen atoms prone to nucleophilic reactions.

As a result, the carbonyl carbon in DMC should be attacked more easily by C¢HsO™ to
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produce intermediate (I11). After the rearrangement, it might either demethoxylate to
give Mg(OH),(MPC)(1V) or dephenoxylate to yield Mg(OH),(DMC)(II). The DMC
or MPC can leave from the intermediate (I1) or (IV), respectively, agreed to Eq. 1 in
Scheme 1. The transformation of Mg(OH),(MPC)(1V) to intermediate (V) is similar
to the procedure of (II)—(111). The intermediate (V) may also demethoxylate to
produce Mg(OH),(DPC)(VI) or dephenoxylate to return Mg(OH),(DMC)(II). The
MPC or DPC also leaves from the (1V) or (V1), respectively, as showed in Eq. 2. The
intermediates (I1, IV and VI) can return back to (I) with the leaving of DMC, MPC or
DPC, respectively, resulting in the completed catalytic cycle. This mechanism
explains the high selectivity of ester in this transesterification.

In addition, the higher activity of the hexagonal Mg(OH), nanoflakes when
compared to the irregular Mg(OH), flakes can be ascribed to their relatively higher
surface area. The isotherms of nitrogen adsorption and desorption at 77 K for
hexagonal Mg(OH), nanoflakes and irregular Mg(OH), flakes are plotted in Fig. 6a
and Fig. 6b, respectively. The isotherms for the hexagonal Mg(OH), nanoflakes and
irregular Mg(OH), flakes are characteristic of a type IV isotherm with a type Hs
hysteresis loop. Also, the pore volume and pore diameter distribution plots of
hexagonal Mg(OH), nanoflakes and irregular Mg(OH), flakes were inserted in Fig.6,
which indicated the presence of mesopores in the size range 2-110 nm. The pore size
distribution testing presented that the average pore size of hexagonal Mg(OH),
nanoflakes and irregular Mg(OH), flakes were 10.39 nm and 17.67 nm, respectively,
Therefore, the number of holes per unit area of the hexagonal Mg(OH), nanoflakes
was more than the irregular Mg(OH), flakes. On the basis of the isotherms, it is
possible to calculate the values of the BET surface area (Sget); Sger Values of the

hexagonal Mg(OH), nanoflakes and irregular Mg(OH), flakes are 68.87 and 42.48
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m?/g, respectively. The Sger values of the hexagonal Mg(OH), nanoflakes are larger
than that of irregular Mg(OH), flakes, because the hexagonal Mg(OH), nanoflakes are
smaller than the irregular Mg(OH), flakes and the latter easily tend to agglomerate
(Fig. 3). On the basis of the catalytic tests and the surface area measurements shown
in Fig. 4, Table 3 and Fig. 6, it can be concluded that between these two samples, the
sample with the largest surface area may possess the highest amount of active centers
which then offers the highest selectivity towards DPC. So the hexagonal Mg(OH),
nanoflakes with a high surface area and suitable pores are more effective as a catalyst
than the irregular counterpart in the transesterification.

XPS results for the hexagonal Mg(OH), nanoflakes and irregular Mg(OH), flakes
were shown in Fig. 7. XPS analysis was used to determine the elements of the surface
of the samples.*"* Fig. 7a showed sharp peaks with a binding energy of 56.8 eV,
530.4 eV and 1309.6 eV. Taking the known binding energy of Mg(OH), into
consideration. The relative content of Mg(+2, 2p) and Mg(+2, 1s) were 27.13 and
25.13%, respectively. Fig. 7b also showed the similar peaks with Fig. 7a, the relative
content of Mg(+2, 2p) and Mg(+2, 1s) were about 18.44 and 10.40%, respectively.
The high-resolution O(1s) XPS spectra of the film surfaces revealed one component at
a binding energy of 530.4 eV associated with the OH . According to Fig. 7, the
content of the Mg(+2) ions on the surface of the hexagonal nanoflakes was higher
than that of the irregular Mg(OH), flakes, which was consistent with the BET analysis
and the appropriate catalytic behavior of themselves. Also, this further provided a
basis for the ransesterification mechanism (shown in Fig.5) that Mg? played a key
role in the process of the formation of intermediate products, such as
Mg(OH),(DMC)(1I), Mg(OH),(MPC)(1V) and Mg(OH),(DPC) (VI).

Conclusions
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The hexagonal Mg(OH), nanoflakes were successfully synthesized in large
quantities via a hydrothermal method in the presence of PEG-20,000. The
composition, morphology and structure of the hexagonal Mg(OH), nanoflakes were
characterized by XRD, FE-SEM, and BET. The hexagonal Mg(OH), nanoflakes were
an active catalyst for the synthesis of DPC from the transesterification of DMC with
phenol. The transesterification selectivity for hexagonal Mg(OH), nanoflakes is
92.3%. The selectivities to DPC for Mg(OH), hexagonal nanoflakes’ and irregular
Mg(OH), flakes’ selectivities toward DPC are 32.6% and 26.1%, but the selectivities
toward MPC are 59.7% and 49.6%, respectively. In general, the hexagonal Mg(OH);
nanoflakes were found to be one novel and efficient heterogeneous catalyst for the
synthesis of DPC by transesterification of DMC with phenol. Moreover, the
deactivated hexagonal Mg(OH), nanoflakes could be easily reactivated by calcination

under vacuum and can be reused.
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Captions of Figures, Tables and Scheme

Fig. 1 XRD patterns of hexagonal Mg(OH), nanoflakes (a) and irregular Mg(OH),
flakes (b).

Fig. 2 Crystal structure of hexagonal Mg(OH),.

Fig. 3 FE-SEM images of hexagonal Mg(OH), nanoflakes (a) and irregular Mg(OH),
flakes (b).

Fig. 4 Catalytic activity of hexagonal Mg(OH), nanoflakes (a), irregular Mg(OH),
flakes (b), AICI3 (c) and ZnCl; (d).

Fig. 5 Plausible mechanism over hexagonal Mg(OH), nanoflakes.

Fig. 6 Sget values of hexagonal Mg(OH), nanoflakes (a) and irregular Mg(OH),
flakes (b).

Fig. 7 XPS spectra for hexagonal Mg(OH), nanoflakes (a) and irregular Mg(OH),
flakes (b).

Table 1 Thermodynamic data in the transesterification of DMC with phenol at
atmospheric pressure.

Table 2 Thermodynamic data in the O-methylation of DMC with phenol at
atmospheric pressure.

Table 3 Transesterification of DMC with phenol catalyzed by hexagonal Mg(OH),
nanoflakes, irregular Mg(OH), flakes, AICIl3 and ZnCl..

Table 4 Numbers of catalyst reuse®.

Scheme 1 Transesterification of DMC with phenol to DPC catalyzed by different

catalysts.
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Fig. 1
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Fig. 2
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Fig. 4
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Fig. 5
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Fig. 7
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Table 1

Inorganic Chemistry Frontiers

AHE A, SS A, GS

T/K KJmolt JmoltK?! KJmol KS

298  64.4 -3.6 654  35%x10™2
373 496 65.3 252 29x10%
423 459 56.0 222 1.8%10°
453 430 49.1 20.8  4.0x10°
493 -452  -146.1 26.8  1.4x10°
523 -412  -133.9 28.8  1.3x10°




Table 2

Inorganic Chemistry Frontiers

AHE A, SS A,GS

T/K KJmolt JmoltK?! KJmol? KS

298 259 192.9 -326  51x10°
373 107 151.1 -45.7  25x10°
423 134 158.2 -53.5  4.1x10°
453 525 247.6 -59.7  7.6x10°
493  10.7 154.9 -65.7  9.1x10°
523 14.8 165.6 -71.8  15%x10’
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Table 3

Catalvst Yield of  Yield of Yield of Selectivity  Selectivity  Transesterification
aalyst  mpc® (%) DPCY(%) Anisole(%) to MPC(%) to DPC(%)  Selectivity (%)

Mg(OH)," 6.1 178 13 59.7 32.6 92.3
Mg(OH),” 4.3 8.9 3.7 49.6 26.1 75.7
AlCI; 3.2 15.1 1.1 20.3 51.1 71.4
ZnCl, 15 11.0 1.2 8.8 61.5 71.3

* Reaction conditions: molar ratio of phenol-to-DMC 2:1, reaction time:13 h,
temperature:453 K. DPC yield was based on the amount of DMC.

% hexagonal Mg(OH), nanoflakes.

> irregular Mg(OH), flakes.

¢ MPC: methyl phenyl carbonate. DPC: diphenyl carbonate.

4 DPC: diphenyl carbonate.
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Table 4

Numbers of Yield of Yield of Total Yield  Transesterificatio
Catalyst Reuse MPC® (%) DPC® (%) of Esters (%) n Selectivity (%)

1 6.1 17.8 23.9 92.3
2 5.2 17.5 22.7 95.4
3 4.4 14.1 18.5 95.2
4 3.9 13.0 16.9 95.0
5 3.6 12,5 13.1 94.9
6¢ 5.5 16.2 21.7 91.8

 Reaction conditions: molar ratio of phenol-to-DMC 2:1, reaction time:13 h,
temperature:453 K.

® MPC: methyl phenol carbonate.

¢ DPC: diphenyl carbonate.

d Catalyst used fourth and then calcined at 573 K under vacuum.
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Scheme 1
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