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Abstract—In this work CaO-based catalysts were found to be efficient heterogeneous catalysts for the meth-
ylation of phenol with dimethyl carbonate (DMC) in a closed high pressure reactor. The optimization exper-
iments have been carried out to obtain best phenol conversion and the results showed that CaO catalyst mod-
ified with KCI had the best catalytic performance. When the reaction was carried out at 200°C, with phenol
to dimethyl carbonate molar ratio of 1 : 2, 15% KCI/CaO catalyst dosage of 3%, reaction time 9 h, 100% con-
version of phenol and 95% selectivity towards anisole have been achieved. The structure and properties of the
materials were thoroughly characterized by Fourier transform infrared spectrometry (FTIR), scanning elec-
tron microscopy (SEM), and Brunauer— Emmett—Teller (BET). The close correlation was found between
surface basicity of the catalysts and their catalytic performance for phenol conversion and anisole selectivity.
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INTRODUCTION

Anisole is an important organic synthetic interme-
diate that is widely used in industry for synthesis of
dyes, pesticides, pharmaceuticals, etc. [1—3], which
are conventionally produced by O-methylation of the
corresponding phenols with methyl halides or
dimethyl sulfate. However, these methods require not
only harmful reagents but also a stoichiometric
amount of a strong base to neutralize acid by-product.
Instead, the O-methylation of phenols can also be
conducted with methanol in the presence of a strong
acid catalyst or a zeolite at high temperature. In most
of the cases, total conversion of phenols was difficult
to attain and the C-methylation always occurred in
competition with the O-methylation [4—12].
Dimethyl carbonate (DMC), an environmentally
friendly methylation agent, is a substitute for tradi-
tional methylation agents such as methyl halides
(CH;X, X =1, Br, Cl) or dimethyl sulfate [13]. In
recent decades, an efficient, convenient, and green

Abbreviations and designations: DMC, dimethyl carbonate;
FTIR, Fourier transform infrared spectrometry; SEM, scanning
electron microscopy; XRD, X-ray diffraction; CO,-TPD, tem-
perature-programmed desorption of CO,; BJH, Barrett—
Joyner—Halenda method; BET, Brunauer—Emmett—Teller
method; AN, anisole; MPC, methylphenyl carbonate.

method has been developed for O-methylation of phe-
nol with DMC. DMC is a well-known nontoxic
reagent that has been used for many green applica-
tions. In fact, DMC gives only methanol and carbon
dioxide as byproducts when used as a methylation
agent [14]. With the enhancement of awareness that
people need environmental protection, more and
more research on this technology has been done.

Phase transfer catalysts, organic base catalysts, and
zeolite catalysts [15] are efficient catalysts for the reac-
tion of DM C with phenol to synthesize anisole. Thus,
the synthesis of anisole by O-methylation of phenol
with DMC had been extensively investigated and high
catalytic performance was achieved compared to
phase transfer and organic catalysts. However, the
reactions generally carried out homogeneously cannot
avoid the drawbacks due to a poor catalyst recovery
and complicated product separation. For zeolites,
higher reaction temperature (250—300°C) leads to
production of more side products of phenyl ring C-
alkylation. Although various heterogeneous catalysts
have been investigated, less effort has been made in the
methylation of phenol. Hence, there is a crucial need
to exploit highly efficient heterogeneous catalytic
materials for this reaction [16].
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Table 1. The activity comparison of supported CaO cata-

lysts™
. Yield, % Methylation
Conversation .
Catalyst of phenol. % reaction
p > | AN | MPC |gelectivity, %
CaO 19.5 2.7 14.0 13.9
KCl/CaO 36.8 17.2 1.1 46.8
NaCl/CaO 18.3 13.5 1.4 73.7
LiCl/CaO 23.2 13.0 1.3 55.8

* Reaction condition: #(phenol) : n(DMC) = 1 : 2, reaction time
10 h, catalyst 1.5%), temperature 180°C.

In this work, CaO loaded with alkali metal chloride
were adopted as catalysts for the O-methylation of
phenol with DMC and the effect of the reaction con-
ditions on the reactivity was also been investigated in
detail. The reaction routes to the major products and
the catalytic mechanism were suggested.

EXPERIMENTAL
Catalysts Preparation

In this experiment, a series of CaO-based catalysts
was prepared by an incipient wetness impregnation
method of CaO with an aqueous solution of metal
chloride. In all cases, 6 g of ~100—200 mesh commer-
cial CaO powder was preheated at 900°C for 6 h to
remove physically absorbed water and carbon dioxide,
and put it into a drying dish for use. After stirring at
room temperature for 10 h of CaO particles with vari-
ous metal chloride solutions, the precipitate was dried
in an oven overnight at 105°C. Prior to the reaction, all
the catalysts were calcined in air at desired tempera-
tures for 6 h. All the catalysts were named as x%
YCI1/CaO, where x is the loading amount of YCIL.

Characterization of Catalyst

The morphology of the prepared catalysts was elu-
cidated using a scanning electron microscope (SEM,
JSM-6390A, JEOL, Japan) with 20.0 KV of an accel-
erating voltage. The phase structures of the calcined
catalysts were analyzed using an X-ray diffraction
device (JDX-3530, JEOL, Japan), with an X-ray tube
having copper (Cu) as a target and released K, radia-
tion when accelerated at 40 mA and 40 kV, arranged at
5°—80° with a scanning speed of 2°/min. Surface area
and pore property measurements were performed by
N, physisorption using a instrument ASAP 2010
(Micromeritics, USA) at 77 K. The surface areas were
calculated using the BET equation in the pressure of
range P/P, = 0.02—0.2, and the pore size distribution
was calculated using the Barrett—Joyner—Halenda
(BJH) method. The base-strength distribution of the
catalysts was measured using a temperature-pro-
grammed desorption (TPD) of CO, with an instru-
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ment ChemiSorb2750 (Micromeritics, USA). The
catalyst sample was pretreated in Ar flow at 300°C for
1 h, and cooled to 50°C for 3 h in carbon dioxide.
Then, the temperature of the sample was increased
from 50 to 800°C at a ramp rate of 10°C min under He
atmosphere, and the desorbed carbon dioxide was
detected using a thermal conductivity detector. The
infrared spectra of the samples were measured in the
form of KBr (ratio 1 : 100) powder pellets on a Fourier
transform infrared (FTIR) spectrometer Nicolet 5700
(Thermo Electron Co., USA) under ambient condi-
tions.

Methylation Reaction of Phenol with DMC

The methylation reaction of phenol with DMC was
carried out in a stainless steel reactor. Phenol, DMC
and the catalyst were added into the autoclave (100 mL)
in proportion and heated to the settled reaction tem-
perature. After obtaining homogeneous mixture under
magnetic stirring for the desired time, the catalysts
were separated by centrifugation and the supernatant
was collected for analysis by gas chromatography. The
yield of anisole was quantitatively determined with
acetophenone as internal standard. The products were
quantitatively analyzed by gas chromatograph Agilent
6890 (Agilent, USA) equipped with a PONA capillary
column (50 m x 0.2 mm % 0.5 um) and a flame ion-
ization detector (FID). The conversion and selectivity
were calculated based on the phenol [17].

RESULTS AND DISCUSSION
Screening of Catalysts

The catalyst screening experiments were carried on
fresh CaO and various CaO supported catalysts with
15% amount of active components, i.e., LiCl, NaCl
and KCI (Table 1) summarizes the effect of the active
metal chloride on the catalytic performance of CaO-
supported catalysts (phenol conversation, methylation
reaction selectivity and anisole yield) with a 1 : 2 molar
ratio of phenol to DMC at 180°C. From the results it
can be found that after 10 h of reaction all CaO-based
samples exhibited favorable activity after modifying
with chloride salts, and the highest catalytic activity,
36.8% conversation of phenol and 46.8% selectivity of
anisole, was obtained on KC1/CaO. These results can
be partially related to the presence of K sites of the cat-
alyst surface which greatly enhance the adsorption of
phenol as suggested in previous research [18]. Consid-
ering the higher activity of KCI/CaO, the following
optimization experiments were carried out with this
catalyst.

Physical Adsorption Characterization

In order to explain the high catalytic activity of
CaO catalyst modified with alkali chloride, N,
adsorption-desorption experiments were carried out
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Fig. 1. N, adsorption—desorption isotherms of CaO based catalysts: (/) KCl/CaO; (2) NaCl/CaO; (3) CaO; (4) LiCl/CaO.

to obtain detailed pore size distribution information.
Figure 1 summarized N, adsorption—desorption iso-
therms information of all samples. It was observed that
except for LiCl/CaO, the nitrogen adsorption and
desorption curves of the samples showed hysteresis
loops within the relative pressure range of ~0.4—0.8,
that is, the addition of KCIl or NaCl greatly enhance
the pore size of CaO and the pore structure of CaO
modifying with KCI showed the largest hysteresis loop
indicating its mesoporous structure. Furthermore, the
relative pressure range (P/P, = 0.4—1.0) of KCl/CaO
and NaCl/CaO increased, and there was no adsorp-
tion limit in the higher pressure range inferred that
there are mainly two types of pore structures [19].

The textural properties of the sample are listed in
Table 2. It can be seen that catalyst modifying with
metal chloride resulted in considerable decrease in the
specific surface areas due to the second calcination
under high temperature. The pore size distribution of
the supported catalysts was mainly between 2 and
50 nm indicating typical mesoporous properties. The
increase in pore volume of the catalysts is of greatly

importance in heterogeneous reaction to improve the
diffusion limit of the reaction molecules and make it
easier for the reactants to enter the catalyst and contact
with active sites. At the same time, the internal pore
structure of the catalysts also affects the number of
alkaline sites. It can be concluded from the pore struc-
ture analysis results that the pore structure of solid cat-
alyst is one of important factor affecting its catalytic
activity as well as its selectivity.

Fourier Transform Infrared (FTIR)

The FTIR spectra of CaO and CaO modified with
different alkali metal chlorides are shown in Fig. 2.
The band at 3641 cm™! can be ascribed to the O—H
symmetric stretching mode of the hydroxyl group and
the broad band in the region of 3200—3600 cm~! can
be assigned to asymmetric stretching vibrations of sur-
face hydroxyl groups indicating that the moisture
effect cannot be avoided during catalyst preparation
process. The peaks observed at 1380 and 876 cm™~' are

due to CO? vibration. The formation of —OH and

Table 2. Pore structure properties of different alkali metal chlorides in CaO loading

Catalvst t ) A di ) Pore volume,
atalyst type BET area, m /g verage pore diameter, nm Cm3 gil « 1072
KCl/CaO 33.59 11.3 0.15
NaCl/CaO 30.41 17.7 0.13
LiCl/CaO 6.18 7.9 0.012
Commercial CaO 37.69 6.2 0.012
KINETICS AND CATALYSIS Vol. 62 No. 4 2021
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Fig. 2. FTIR spectra of CaO loaded with different alkali metal chlorides: (/) commercial CaO; (2) KCI/CaO; (3) NaCl/CaO;

(4 LiCl/CaO.

CO§_ indicates that the erosion by CO, and water
during the catalyst preparation process was intensified
especially using the initial impregnation method.
Compared with other samples, relatively low intensity

of the —OH and CO? vibration bands was found for
KCIl/CaO. This indicates that the presence of KCI
improves the stability of CaO in air to a certain extent
as well as its high catalytic performance as mentioned
above.

The Effect of Catalyst Amount
on the Methylation Reaction

The effect of the KCl1/CaO amount on the methyl-
ation reaction of phenol with DMC was first studied
with a 1: 2 molar ratio of phenol to DMC at 180°C and
the results are listed in Table 3. Under the reaction
condition used herein, only two products of anisole
(AN) and methylphenyl carbonate (MPC) were
detected. When 1.5% catalyst was introduced, the
phenol conversion and methylation selectivity were
36.8 and 46.8%, respectively. With increasing amount

of the catalyst to 3%, the phenol conversion increased
to 64.9% with high anisole selectivity of 83.2%, indi-
cating that more basic sites improved the conversion
of phenol to the target product anisole. However, fur-
ther increase in the catalyst amount caused the phenol
conversion to decrease, but the high anisole selectivity
still remained. Thus, it seemed that some combination
of base might lead to a high catalytic performance.

Effect of Reaction Temperature on Catalytic
Performance of KCl/CaO

The effect of reaction temperature on KCl/CaO
catalyzed methylation of phenol with DMC is shown
in Table 4. The reaction was conducted at tempera-
tures from 160 to 220°C with 3% KCl/CaO and molar
ratio of phenol to DMC of 1 : 2. It can be seen that as
the reaction of methylation of DMC with phenol is
thermodynamically unfavorable and endothermic, it
should proceed at high temperature to increase the
yields for anisole. The methylation capacity of DMC
is enhanced with an increase in the reaction tempera-

Table 3. The effect of KC1/CaO amount on the methylation reaction of phenol with DMC*

Yield, % i i
Catalyst amount, % | Phenol conversion, % Methylat1.01.1 reaction
AN MPC selectivity, %
1.5 36.8 17.2 1.1 46.8
3 64.9 53.9 3.8 83.2
4.5 29.1 24.5 0.9 84.1
* Reaction condition: n(phenol) : n(DMC) = 1 : 2, reaction time 10 h, temperature 180°C.
KINETICS AND CATALYSIS Vol.62 No.4 2021
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Table 4. The effect of reaction temperature on catalytic performance of KCl/CaO*

Reaction temperature, . Yield, % Methylation reaction
o Phenol conversion, % .
C AN MPC selectivity, %
160 9.0 4.15 2.2 46.1
180 28.4 22.8 3.8 80.2
200 94.2 83.5 4.6 88.7
220 95.2 86.3 5.8 90.7
* Reaction condition:n(phenol) : n(DMC) = 1 : 2, reaction time 10 h, catalyst 3%.

Table 5. Effect of KCI/CaO catalysts with different calcination temperatures on methylation performance*

Calcination . Yield, % Methylation reaction
o Phenol conversion, % .
temperature, °C AN MPC selectivity, %

400 99.7 74.9 3.8 75.2

500 100.0 100.0 0 100.0

600 77.5 69.3 3.5 89.5

700 92.7 73.9 4.9 79.7

800 93.9 79.5 4.9 84.6

* Reaction condition: n(phenol) : n(DMC) = 1 : 2, reaction time 10 h, catalyst 3%, temperature 200°C.

ture up to 200°C. Further increase in the reaction tem-
perature does not raise catalytic activity noticeably.
Therefore, 200°C is taken to be the optimal reaction
temperature for the purpose at hand. The selectivity of
anisole increased with increasing reaction tempera-
ture, and in particular, the formation of anisole was
promoted most significantly at high temperature over
180°C. The results are similar to previous work which
indicated that a high temperature favored the O-meth-
ylation of phenol [20].

Effect of KCl/CaO Calcination Temperature
on Catalytic Performance

The effect of KC1/CaO calcination temperature on
the methylation reaction of phenol with DMC is
shown in Table 5. The reaction was conducted under
the same conditions as before. Aiming to increase the
activity of KCl/CaO, the calcination temperature was
varied from 400 to 800°C. The catalytic performance
enhanced with increasing calcination temperature
from 400 to 500°C, and conversion reached 100% at
500°C, anisole being the main product. Possible rea-
sons for the effect of KC1/CaO calcination tempera-
ture on its catalytic performance will be discussed in
detail based on the sample characterizations in our
following experiments.

Physical Adsorption Characterization

The textural properties of the catalyst sample are
listed in Table 6. It can be seen that high calcination
temperature caused a great decrease of the surface area

along with narrowing the pore size. The largest spe-
cific surface area (41.23 m?/g) and pore volume
(0.2097 x 1072 cm?/g) were obtained over KCl/CaO
calcined at 500°C. This treatment provided efficient
channels for the rapid diffusion of phenol and DMC
so as to reach almost 100% conversion of phenol and
selectivity of anisole as shown in Table 5.

Nitrogen adsorption—desorption experiments were
performed to obtain detailed information on the pore
size distribution of CaO modified with KClI calcined at
different temperatures. Figure 3 demostrates that the
N, adsorption—desorption isotherms of KC1/CaO cal-
cined at 500°C showed apparently different patterns
from other samples indicating that the porosity of CaO
has greatly changed after modification. The clear hys-
teresis loop for the sample calcined at 500°C at a high
relative pressure range indicates the formation of extra
(meso) porosity during calcination process, which was
consistent with its large pore volume [21] as shown in
Table 6. However, the samples calcined at higher tem-
peratures showed a poor hysteresis loop as a result of
the pore structure collapse. As suggested previously,
the pore diameter plays an important role in the meth-
ylation reaction. The highest catalytic performance
was obtained over 500°C of KCIl/CaO which has the
largest average pore diameter [22].

Fourier Transform Infrared (FTIR) Spectroscopy

Figure 4 is an infrared characterization of
KCl/CaO prepared by calcination at different tem-

peratures. In all spectra, there are obvious CO?

KINETICS AND CATALYSIS  Vol. 62 No.4 2021
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Table 6. Pore structure properties of KCl1/CaO at different calcination temperatures*

Catalyst type BETZarea, Average pore diameter, PO;CS_ \lfolumi?2
m-/g nm cm’ g X 10
400°C—KCl/CaO 29.15 26.58 0.19
500°C—KCl/CaO 41.24 20.34 0.21
600°C—KCl/CaO 33.59 11.33 0.14
700°C—KCl/CaO 12.01 8.28 0.025
800°C—KCl/CaO 8.76 10.64 0.023
Commercial CaO 37.69 6.16 0.012

stretching vibration peaks at 1450 and 876 cm™! mainly
due to the chemical adsorption of CO, from air. They
gradually weakened with increasing calcination tem-
perature. In addition, the intensive peaks at 3652 and
3440 cm~' from the stretching vibration of surface
hydroxyl groups indicated that KC1/CaO is inevitably
corroded by air during the preparation process [23].

The Effect of KCl/CaO Loading on Catalytic
Performance of Methylation

Under the same reaction conditions given above,
the activity of calcined KCl/CaO (at 500°C for 6 h)
under different KCI loadings were investigated and
shown in Table 7. When the KCI loading amount
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increased from 5 to 15%, phenol conversation
increased from 74.9 to 100% and then somewhat
decreased at the KCl content above 15%. Anisol selec-
tivity showed the same tendency as the phenol conver-
sion: the highest selectivity (almost 100%) was
reached at the phenol conversion of 100%. On the
contrary, the selectivity to methyphenol was higher at
lower KCI contents. This indicated that a low KCI
content was advantageous for C-methylation conver-
sion of phenol, while a high content of KCl favored the
conversion of phenol by O-methylation, illustrating
the importance of KCI on the formation of anisole. To
give a reasonable explanation for the effect of KCI
loading on the performance of KCl/CaO, further
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Fig. 3. N, adsorption—desorption isotherms of commercial CaO (7) and KCI/CaO at different calcination temperatures: 500 (2),

600 (3), 700 (4) and 800°C (5).
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Fig. 4. FTIR spectra of commercial CaO (/) and KCI/CaO prepared with different calcination temperature: 400 (2), 500 (3), 600

(4, 700 (5) and 800°C (6).

characterizations were carried out using SEM, XRD,
CO,-TPD and FTIR.

Scanning Electron Microscopy Characterization (SEM)

Figure 5 depicts scanning electron micrographs of
CaO and KCI/CaO samples. It can be seen that the
surface of CaO before loading mainly appeared in a
spherical aggregate state with smaller particle size,
which gradually increased with the introducing of
KCl, and it appeared as relatively dispersed flake parti-
cles. It was illustrated previously that the inorganic salt
addition could be used to adjust the pore diameter of
mesoporous materials, and could result in the transfor-

Table 7. The effect of different KCI loadings on methylation™

mation of the mesophase, which is directly dependent on
the concentration and nature of salt added [24].

Fourier Transform Infrared (FTIR)

Figure 6 shows the infrared spectra of KCI/CaO
with different KCI loadings. As suggested before, the
characteristic stretching vibration peak of the physical
adsorption of water and CO, still could be found over
all samples indicating the formation of —OH and

CO§_ mainly due to the effect of the moisture and car-
bon dioxide in air on the catalyst during preparation
and storage. The results showed that the intensity of

the —OH and CO? vibration peaks were significantly

Yield, % Methvlati i
KCl loading, % Phenol conversion, % cyla 1.01.1 reaction
selectivity, %
AN MPC
5 74.9 53.1 16.2 71.0
10 91.1 63.3 28.3 69.5
15 100.0 100.0 0 100.0
20 96.4 83.4 8.8 86.5
* Reaction condition: n(phenol) : n(DMC) = 1 : 2, reaction time 10 h, catalyst 3%, temperature 200°C.
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Fig. 5. SEM pictures of CaO (a) and KC1/CaO (b).
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Fig. 6. FTIR spectra of commercial CaO (/) and CaO modified with KCI: 5% KC1/CaO (2), 10% KCl/CaO (3), 15% KCl/CaO

(4),20% KCl1/CaO (5).

weakened for 10 and 15% KCl/CaO compared to
unmodified CaO, indicating that the presence of KCI
improved the stability of CaO in air as well as its cata-
lytic performance in methylation.

Chemical Adsorption Characterization (CO,-TPD)

Figure 7 shows CO,-TPD profiles for CaO and all
modified CaO with various KCl amounts recorded
from 25 to 800°C. It is worth noting that only one large
broad desorption peak was found for all the samples in
the temperature range of 660—800°C attributed to the
Vol. 62 2021

KINETICS AND CATALYSIS No. 4

strong basic sites of O>~ anions. Furthermore, the
desorption peaks of all KCl/CaO samples moved to a
higher temperature compared to that of CaO (desorp-
tion peak at 664.4°C); i.e., the incorporation of potas-
sium increased the basic strength. However, excessive
KCl1 will cause the alkaline sites on the surface of CaO
to be covered so as to the small number of basic sites
was reflected by the small desorption peak area. Thus,
the relationship between the basic properties and the
catalytic activity for this base-catalyzed methylation
reaction was found.
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Fig. 7. CO,-TPD profiles of CaO-based samples: (/) commercial CaO; (2) 5% KCl/CaO; (3) 15% KCl/CaO; (4) 20% KCl/CaO.

o Ca0 o
A Ca(OH),
A CaCo, %
o |
¢ KClI ll °
| J: ° 1
ol | JU "
A
o)
A ¢l o A o 2
. A JJ LA.)‘J‘\.JM..JL._JUL....WA - —n
o
A
o e o
S { BTN VDY S S
A o OA (e} o
o
jl\— J'WA—JVLW A — 4_.
o
A o o
A OLJ A |‘ o ﬁ 0o 0 5
A | U DN | Y GNPV SV U U
10 20 30 40 50 60 70 80

20, deg

Fig. 8. XRD patterns of CaO and KCl/CaO: (1) commercial CaO; (2) 5% KCl/CaO; (3) 10% KCl/CaO; (4) 15% KCl/CaO;
(5) 20% KCl/CaO.

KINETICS AND CATALYSIS  Vol. 62 No.4 2021



SELECTIVE O-METHYLATION OF PHENOL

505

Fig. 9. Possible reaction mechanism of phenol with DMC catalyzed by KCI/CaO.

X-ray Diffraction Characterization (XRD)

The XRD patterns of the CaO samples modified
with different amounts of KCI are shown in Fig. 8.
Addition of KCIl weakened the CaO diffraction peak,
but the diffraction peak intensity of CaCO; and
Ca(OH), increased with increasing KCI loading.
Obvious characteristic diffraction peaks of Ca(OH),
for all CaO-based samples modified with KCI indi-
cated that the surface hydration of CaO particles could
not be avoided as already mentioned above. For CaO
modified with 15% KCI, diffraction peak intensity of
CaO reached a maximum value indicating a higher
dispersion of CaO particles in line with the uniform
morphology as suggested by SEM results.

The Possible Mechanism of Methylation
of Phenol with DMC

The possible reaction mechanism is shown in
Fig. 9. It can be deduced that phenol was activated by
the KCI/CaO catalyst to phenol salt (PhO.A) at first.
The oxygen anion of the phenol salt is a strong nucle-
ophilic reagent, nucleophilic substitution reaction was
carried by phenoxy anions of phenol salts which
attacked the methyl carbon of DMC and then formed a

KINETICS AND CATALYSIS  Vol. 62

No.4 2021

six-membered ring, which was rearranged to anisole and
methyl carbonate. Methyl carbonate was further decom-
posed into carbon dioxide and methanol which makes
the reaction more difficult and takes a long time [25].

CONCLUSIONS

In summary, a series of CaO supported alkali metal
chloride catalysts were prepared and showed the excel-
lent catalytic activity and selectivity for the methyla-
tion reaction between phenol and DMC. Among the
obtained catalysts, an appropriate amount of KCI
(15%) supported on CaO gave the best results to pro-
duce anisole. And the phenol conversion and the
selectivity to anisole were found to increase in parallel
with the amounts of the KCI and strong basic sites.
When the reaction was carried out with a phenol to
DMC molar ratio of 1 : 2 at 473 K (200°C) for 8 h, the
phenol conversion could reach 100 with 100% selec-
tivity towards anisole over 15% KCl/CaO. Further-
more, the mesoporous structure promoted the selec-
tivity by improving O-methlytion reaction. Thus, typ-
ical environmentally hazardous homogeneous
catalysts such as alkaline solutions could be replaced
with KC1/CaO catalysts, which are able to signifi-
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cantly improve the industrial process for the produc-
tion of anisole from phenol.
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