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Abstract—Side-chain alkylation of toluene with methanol was studied over cesium-modified zeolite X to
produce styrene. Cesium-cation exchanged catalysts were prepared from the parent NaX(commercial Linde
13X) by ion-exchange method with various cesium acetate and nitrate solutions. And boron-added catalysts
were modified with boron-added cesium acetate and nitrate solutions. Reaction products were styrene, ethyl-
benzene and small amount of xylene isomers. And yield and selectivity of styrene were enhanced in proportion
to the concentration of the exchanged cesium solution. Acidity and acid strength of a catalyst were decreased,
while basicity and base strength of a catalyst were increased slightly as the concentration of ion-exchange
solutions was higher. Boron-addition resulted in great increment of styrene yield and selectivity because
of considerable decrease of acidity and acid strength and a little increase of basicity and base strength.
It was suggested that the increase of styrene yield requires suitable ratio of the acidity and acid strength
to the basicity and base strength into the catalyst.
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g. 1. Yield change of styrene with time-on-stream in the
alkylation over a series of Cs-acetate solution-mod-
ified catalysts.

(a) CsX-Ace-1.0N, (b) CsX-Ace-0.7N, (¢) CsX-
Ace-05N, (d) CsX-Ace-0.3N, (e) CsX-Ace-0.1N
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Fig. 2. Yield and selectivity changes of styrene with concen-
trations of cesium acetate solution in the alkylation.
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Table 1. Acetone and water yield in the [PA decomposition
(reaction temp.=425C , W/F =154 gcat-hr/gmol)

Acetone Water
yield(mole%) yield(mole%)

CsX-Ace-0.7 N 2.40 45.31
CsX-Ace-1.0N 2.00 51.34
CsX-Nit-0.8 N 2.26 52.75
CsX-Nit-1.0 N 2.33 49.76
CsBX-Ace-0.7N 4.81 34.44
CsBX-Ace-10N 5.21 3341
CsBX-Nit-0.7 N 6.93 29.11
CsBX-Nit-1.0 N 7.53 8.61
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Fig. 3. Yield change of styrene with time-on-stream in the
alkylation over a series of Cs-nitrate solution-mod-
ified catalysts.

(a) CsX-Nit-1.0N, (b) CsX-Nit-0.8 N, (¢c) CsX-Nit-
06N, (d) CsX-Nit-04 N, (e) CsX-Nit-0.2N
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g. 4. Yield and selectivity changes of styrene with concen-
trations of cesium nitrate solution in the alkylation.
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Ace-0.7N, (d) CsX-Ace-10N
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Table 2. Alkylation activity of various Cs-modified zeolite catalysts

(Unit : mole%)

Styrene Ethylbenzene p- m-Xylenes o-Xylene

yield selec. yield selec. yield selec. yield selec.
CsX-Ace-0.1N 0.30 0.77 1.16 297 0.06 0.15 1.34 343
CsX-Ace-0.3N 048 1.12 0.14 0.32 0.12 0.27 0.21 047
CsX-Ace-0.5N 1.06 294 0.33 091 0.25 0.70 0.09 0.26
CsX-Ace-0.7N 1.58 4,74 0.97 2.93 0.58 1.74 0.10 0.29
CsX-Ace-10N 1.24 2.68 0.60 1.30 0.34 0.73 0.11 0.23
CsX-Nit-0.2 N 0.62 2.25 0.44 167 0.10 0.36 0.30 1.09
CsX-Nit-0.4 N 0.83 284 0.15 0.52 0.17 0.59 0.15 0.50
CsX-Nit-0.6 N 1.07 3.06 0.19 0.54 0.19 0.54 0.11 0.30
CsX-Nit-0.8 N 1.14 401 0.25 0.87 0.20 0.72 0.08 0.33
CsX-Nit-1.0 N 1.44 4.57 0.34 1.09 0.24 0.78 0.07 0.22
CsBX-Ace-0.7 N 16.01 58.35 2.18 2.89 0.16 0.58 0.00 0.00
CsBX-Ace-1.0N 16.31 52.19 491 15.72 0.19 0.60 0.00 0.00
CsBX-Nit-0.7 N 1142 41.06 7.36 26.69 0.29 1.06 0.00 0.00
CsBX-Nit-1.0N 7.50 15.80 19.60 41.20 0.62 1.29 0.00 0.00

el A7 ARET & AoE vlwslel 2 o b
Fae 2ue AR Q 7% w3

J1}, £3] Table 1 2 Fig. 1394 £ 4= 9]0 Zu)
A EHThe AEE 427)E B S
b,

Agol AR BE Fofo] 4] B0 Sjalyst
g3 A7E Table 20 vhehlisich. Tablesl 4] % -
94%o] CsK-NitZoh 4ol 2] Zefolale] o] CsX-
Aceole) A5ur} o} of oo, E47} b 7
$oll alox= CsBX-AceZul7} CsBX-Nit&u R}l o
A E e 2efoldl s g vehi 1 sick %8 CoBX Nit-
1ONZoh ol 4 2] 2efo]al s g-o] bera) 7hasl ol
U589 WAY Bk ol ZERE BalS 2540
Aol 9 ge) AT FaA ehbs AR (ach
dity) ] 4% 3 5| TPD 2AsH(Fig 19) 24e)
F obg Abwe] FAR Gast e B
o] A& Aoz Y7 n, ol2 g A= (acidity) & 47t
Zetolle] ofduial ez o] i Fadh qlzt
2 A8shs 713 YzhEe vpolch

o] ”3] Aol A Z oA} vh-E-2 Ful o] 17|z
o] oj&ata gl AR Holn, B3] ~elelalle) &
% gfol 7 fatels A (acidity), 53] oFg 4= 2
%4712 (basicity) 7} 2=} ol 24 Wl&-2 43 ol o}
gohx g7k o= Itoh S3,5)0) olatol Aarsl
cooperative action®. 2 &3] ub-go] AlPHActa
sk Ashoh Metg o) s e ¥ 4 glnk e}
2203} ol chb |7h E3) etel el 4

R A71= SAae] 43 9 AL A7) Bl tEte] £
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