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Table 1 Summary of performance of different catalysts in toluene side chain alkylation

Catalyst Molar ratio T/C WHSV X/% X/% SST SST+EB Refe.
Toluene/methanol /(h™) methanol  toluene 1% 1%
ZrB/CsX 6:1 410 1 452 3.1 93.2 99.4 [42]
Mo0,/CsX 1:1 410 0.48 253 1.9 79.2 - [45]
Zn0/CsX 1:1 410 0.48 42.4 4.6 76.1 - [45]
Cu0O/CsX 1:1 410 0.48 54 23 59.0 - [45]
CsX 6:1 425 2 41.9 23 39.8 65.1 [7]
71B,04/CsX 1:2 410 1 - 5.4 372 - (48]
K,PO,/CsX 5:1 425 1 84.1 - 36.5 92.8 [64]
BPO,/CsX 3:1 435 2 - 9.6 35.9 59.0 [44]
RbX 3:1 420 2 40.1 1.8 28.3 574 [7]
ZnKX 1:2 450 0.5 - 11.0 23.0 88.0 [34]
Zn0/Cs,0-CsX 1:1 410 0.48 40.1 7.0 19.0 - [45]
KX 3:1 420 2 40.3 4.7 18.8 51.7 [34]
KCsX 3:1 415 2 35.1 - 12.5 96.9 [38]
KRbhCsX 3:1 415 2 49.5 - 10.5 95.8 [38]
BaO/NaX 3:1 450 2 - 18.1 8.0 54.0 [40]
SrO/CsX 3:1 450 2 - 20.1 8.0 38.0 [40]
Cs,0/CsX 1:2 425 2 - 8.6 7.7 85.5 [55]
MgO/KX 1:1 429 4 61.0 - 6.5 16.3 [ 40 ]
Cat-NH(C,Hy), 5:1 400 2 459 - 97.6 97.6 [ 64]
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gR1
Catalyet Molar ratio " WHSV X /% X/% SST  SST+EB N
Toluene/methanol /(h™) methanol  toluene 1% 1%

CsX-(Cu-ZSM-5) 6:1 430 2 59.1 2.9 65.3 94.4 [56]
Cat-NHC,H,NH, 5:1 400 2 30.9 - 56.8 75.5 [64]
CsX-Cu0/Si0, 6:1 430 2 76.0 33 39.1 98.3 [56]
KX/KZSM-5 5:1 420 1 68.0 21 23.8 95.2 [37]
MgO 1:1 300 1.3 - 10.6 19.8 943 [65]
Co/Al LDHs 1:1 300 1.3 - 25.1 - 60.7 [55]
Mg/Al LDHs 1:1 350 1.3 - 48.7 6.8 38.7 [55]
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Fig.2 SEM pictures of KX catalyst before (a) and after (b) the toluene-methanol side chain alkylation reaction
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Progress of Synthesis of Styrene by Toluene—Methanol Side Chain
Alkylation

HOU Zhen-jiang', ZHAO Yu', DONG Peng', LI Ning', LI Gui-xian', SHEN Jian-yi’
(1. School of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. School of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210093, China )

Abstract: The side chain alkylation of toluene with methanol for the synthesis of styrene has attracted much attention
for both the academic and industrial interests. In this paper, the background and progress of the titled reaction have
been reviewed. Four kinds of catalysts for the reaction have been summarized, including modified X-type molecular
sieves, composite molecular sieves, porouscarbons and metal oxides, and other types of catalysts. The reaction
mechanism was also analyzed, focusing particularly on the reason for the deep decomposition of formaldehyde and the
drawbacks of currently studied catalysts, based on which solutions are reasonably envisaged. Finally, suggestions are
proposed for the future researches in this field to develop the better and more stable catalysts for the high conversion
of reactants with high selectivity to styrene.
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