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Phenol etherification with methanol to anisole over supported Cs catalysts
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( National Institute of Clean-and-Low-Carbon Energy, Shenhua Group, Beijing 102209, China)

Abstract: The effect of acid and basic sites, support, cesium precursor and cesium loading on the performance
of supported Cs catalysts in the etherification of phenol with methanol to anisole was investigated. The results
illustrate that the cations of basic sites play an important role in the selective conversion of phenol to anisole; the
basic sites give higher selectivity to anisole than the acid sites. The catalytic activity in phenol etherification
decreases with the increase of the cesium ion binding energy, which is related to the support used. Moreover, the
support also has an influence on the amount of strong basic sites, which is related to the selectivity to anisole;
high amount of strong basic sites may promote the side reaction and decrease the selectivity to anisole. Cs/SiO,
catalysts prepared with various precursors are different in the surface Cs/Si atomic ratio, which may also
influence the catalytic activity in phenol etherification; if the cesium loading exceeds the monolayer dispersion of
cesium on SiO,, which is nearly 1.0 mmol/g, the average activity of Cs/SiO, in phenol etherification decreases
greatly.
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Table 1  Phenol conversion and product selectivity on different SiO, supported catalysts
Conversion Selectivity s/ %
Catalyst ; D D

x/ % anisol 2-MAY  3/4-MA“®  o-cresol m/p-cresol  xylenol others

H,Si(W,0,,),/SiO, 9.0 22.7 1.2 0.6 36.7 8.4 5.7 24.7
AlCL/SiO, 71.9 33.9 6.9 2.9 20.0 4.2 16.2 15.9
K/SiO, 6.3 95.4 0.7 0.3 1.5 0.3 0.2 1.6
Cs/SiO, 36.0 98.7 0.2 ~0.0 0.3 0.1 ~0.0 0.7
Ba/SiO, 15.0 88.0 0.5 0.3 7.0 1.6 0.4 2.2
Sio, 1.4 63.6 4.0 2.0 13.7 3.8 5.1 7.8

D 2-methylanisol(2-MA) , 3-methylanisol(3-MA ) , 4-methylanisol(4-MA) ;
note;: 400 T, LHSV=1.0 h™', N, flow of 20 mL/min, TOS=5 h, H, Al, Ba, Cs, Rb, K, Na loading of 0. 5 mmol/g

(CH,COOCs as the precusor)
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Table 2  Phenol conversion and product selectivity on the cesium catalysts with different supports

Selectivity s/ %

Support Conversion x/ % ; o) o
anisol 2-MA"~  3/4-MA®  o-cresol m/p-cresol  xylenol others

Cs/HY 52.0 97.7 0.3 0.1 0.7 0.1 ~0.0 1.1
Cs/Si0,-Al, O, 52.6 67.8 4.6 1.9 16.8 2.6 3.8 2.5
Cs/SiO, 76.3 98.9 0.2 0.1 0.2 0.1 ~0.0 0.5
Cs/Al, O, 13.2 93.3 1.4 0.6 2.6 1.0 0.4 0.7
Cs/MgO-Al1,0,(3:7) 12.4 90.1 0.4 0.2 6.1 2.0 0.2 1.0
Cs/MgO-Al,0,(7:3) 10.3 84.8 0.4 0.3 8.2 3.8 0.4 2.1

D 2-methylanisol (2-MA) , 3-methylanisol(3-MA ) , 4-methylanisol (4-MA) ;
note; 400 C, LHSV=1.0h", N, 20 mL/min, TOS 5 h, Cs loading 1.0 mmol/g( CH,COOCs as the precusor)
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Figure 1 CO,-TPD profiles of the cesium
catalysts with different supports
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Table 3 XPS results of the cesium
catalysts with different supports

Catalyst Cs 3d,,,/eV
Cs/SiO, 725.0
Cs/ALO, 724.6
Cs/ MgO-Al,0,(7:3) 724.5
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H/‘;
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]
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Figure 2 Schemtic description of phenol etherification
with methanol on the cesium catalysts
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Figure 3  XRD patterns of the Cs/SiO, catalysts
with different cesium loadings
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Table 4 Phenol conversion and anisol selectivity
on the catalysts prepared with different precursors

Conversion Selectivity s/ %
Precusor -
x/ % anisol others
CH,;COOCs 36.0 98.7 1.3
CsNO, 50.7 99.0 1.0
Cs, CO, 53.1 98.8 1.2

note: 400 C, LHSV=1.0h™", N, flow of 20 mL/min, TOS
=5 h,Cs loading of 0.5 mmol/g

(b)
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04 . 1 . 1 . | . L
200 400 600 800 1000

Temperature  ¢/°C

A IR AL B TG 2%

Figure 5 TG curves of the catalysts prepared with different cesium precursors
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Figure 6 Relationship between phenol etherification
conversion and the surface atomic ratio of Cs/Si
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Figure 7 Relationship between the surface atomic

ratio of Cs/Si and the cesium loading
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Figure 8 Average activity of the cesium catalysts
with different loadings
(reaction conditions: 380 C, LHSV = 2.0h™", N, flow of
20 mL/min, TOS = 5 h, phenol conversion of 20% —-35% )
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Table 5 Conversion of different reactants
and product selectivity

Conversion Selectivity s/ %
Reactant
x/ % target product others
Phenol 86.7 98.9 1.1
o-cresol 84.4 95.1 4.9
m-cresol 89.5 97.6 2.4
p-cresol 91.0 97.8 2.2

note: 400 C, LHSV 0.5h™", N, flow of 20 mL/min, TOS =
5 h, Cs loading of 1.0 mmol/g
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