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ABSTRACT MCM-41 mesoporous molecular sieves containing heteroatoms (Zn, Ni, Fe, Al, Cu, Ce)
(T-MCM-41) were synthesized by direct hydrothermal process and were applied in the synthesis of dioctyl
phthalate (DOP) in this paper. The effects of different heteroatoms incorporation on structure, specific
surface area and pore volume, aciditity and catalytic activity of T-MCM-41 were investigated. The results
show that T-MCM-41 which still remains the well-ordered hexagonal mesostructure of MCM—41 has high
surface area (550-900 m?/g), large pore diameter (~3 nm). Meanwhile, it has high catalytic activity and
selectivity in DOP synthesis because heteroatoms incorporation can produce acid centers. When T-MCM-
41 (T=Zn, Fe, Al, Cu) is used as the catalyst, the conversion of phthalic anhydride (PA) reaches above
95.5% and DOP selectivity reaches above 96.5% in 5 h. Moreover, T-MCM-41 has good stability and
AlI-MCM-41 holds good catalytic activity after being reused five times.
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Fig.1 XRD patterns of T-MCM-41 (a) Fe-MCM-
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Table 1 digp values and unit cell parameters of T—

MCM-41

Samples d100/nm Unit cell/nm

MCM-41 4.167 4.812
Fe-MCM-41 4.417 5.100
Zn— MCM-41 4.289 4.952
Cu-MCM—41 4.507 5.205
Ce-MCM-41 4.462 5.152
Ni-MCM—41 4.462 5.152
Al- MCM-41 4.330 5.050
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Fig.3 Pore size distribution of T-MCM-41 (a) Al-
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Table 2 Pore parameters of samples

Catalysts Specific surface area/m?.g~1 Pore volume/cm3.g~! Pore diameter/nm
Al-MCM-41 552.9 0.4217 3.051
Fe-MCM-41 695.8 0.7407 3.071
Zn-MCM-41 625.4 0.6671 2.717
Ni-MCM-41 695.8 0.7411 3.065
Cu-MCM-41 727.8 0.8443 3.067
Ce-MCM-41 826.8 0.9443 3.065
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Fig.4 TEM images of AI-MCM-41 molecular sieve
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Table 3 Acidity of T-MCM-41 determined using NHs—TPD

TPD of NH3/mmol-g~*

catalysts LT-peak MT-peak HT-peak Totoal acidity
(150-180 C) (200250 C) (>300 C)
AlI-MCM-41 1.30 1.45 0.25 3.00
Zn-MCM-41 0.58 1.33 1.72 3.62
Ni-MCM-41 0.58 0.46 1.34 2.38
Cu-MCM—-41 0.64 1.25 0.74 2.63
Ce-MCM-41 0.36 0.32 0.55 1.23
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Table 4 Catalytic activity and selectivity of T-—
MCM-41 (reaction temperature <225 C,

reaction time 5 h)

PA conversion DOP selectivity

Catalysts
/% /%
Al-MCM-41 97.06 97.13
Fe-MCM-41 96.09 97.13
Zn-MCM-41 95.59 96.79
Ni-MCM-41 94.10 96.60
Cu-MCM—41 96.25 97.16
Ce-MCM-41 92.52 94.04
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