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Preparation of MCM-41 with High Nitrogen Content and Its
Catalytic Performance for Knoevenagal Condensation

JIANG Shaoliang SONG Yingjun ZHANG Fuxiang WU Guangjun GUAN Naijjia”

Institute of New Catalytic Materials Science College of Chemistry Nankai University Tianjin 300071 China

Abstract MCM-41 with high nitrogen content was prepared by nitridation of MCM-41 with NHj at high flow
rate and low temperature. The highest nitrogen content mass fraction of about 26.0% was achieved in NHj
with a flow rate of 400 ml min at 950 C for 12 h. The NH; flow rate and nitridation temperature were the key
factors that influenced the nitrogen content of the nitrided MCM-41 samples whereas the silicon source and
alkali source had little effect. The nitrogen content of the nitrided samples was stable when the nitridation time
was over 12 h. X-ray diffraction N, adsorption transmission electron microscopy X-ray photoelectron spec-
troscopy and *’Si MAS NMR results indicated that the mesopore framework of parent MCM-41 was well pre-
served after nitridation. Moreover nitrogen was incorporated into the framework of MCM-41. The nitrided
MCM41 with high nitrogen content exhibited high basic catalytic activity for Knoevenagal condensation of
malononitrile and benzaldehyde owing to the slight damage of nitridation at low temperature to the framework
of MCM-41.
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Fig 2 N, adsorption-desorption isotherms of MCM-41
before and after nitridation
1 MCM-41 2 N-MCM-41-950
The nitridation conditions are the same as in Fig 1 but §5=950 T .
The N before MCM-41 means nitrided MCM-41 and the 950 after
MCM-41 means nitridation temperature T .
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Fig 5 XPS spectra of N-MCM-41-950 sample N-MCM-41 300 950 12 23.9
a 1100~0 eV b 407—392 eV NMCM.41 350 950 12 256
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950 C N-MCM-41 MCM-41
MCM-41 24 h
400 ml min 950 C 26.3% 12 h
12 h 26.0%
2
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Table 3 Influence of nitridation time on nitrogen content
2 N-MCM-41 in N-MCM-41
Table 2 Influence of nitridation temperature on nitrogen — —
Nitridation conditions
content in N-MCM-41 Sample - w N %
gv NHy mlmin 60y C ¢y h
Nitridation conditions w N A
Sample NI T n o B N-MCM-41 400 950 6 18.0
; ot
v T mmm v N L. N-MCM-41 " 400 950 12 26.0
MCM-41 — — — 0 1150 .
N-MCM-41 400 950 24 26.3
N-MCM-41 400 600 12 3.0 1102
N-MCM-41 400 800 12 10.9 1007
N-MCM-41" 400 950 12 26.0 960 2.2.4
MCM-41
2.2.3 N-MCM-41
3 N-MCM-41 4.
6 12h
18.0% 26.0%
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Table 4 Influence of silicon source and alkali source on nitrogen content in N-MCM-41
Nitridation conditions
Sample Silicon source Alkali source - w N %
qy NH;  ml min On C ty h
N-MCM-41" WG Na,SiOy 400 950 12 26.0
N-MCM-41 SG NEt,OH 400 950 12 24.3
N-MCM-41 SG NH,OH 400 950 12 23.4
N-MCM-41 SG NaOH 400 950 12 24.2
The silicon source and alkali source were used for synthesis of parent MCM-41. WG — Water glass SG — Fuming silica gel.
2.3 N-MCM-41 N-MCM-41
5 N-MCM-41 N-MCM-41
Knoevenagal 0.5h 600 C
N-MCM-41 950 C
2~3h N-MCM-41
5 N-MCM-41 Knoevenagal
Table 5 Basic catalytic activity of N-MCM-41 for Knoevenagal
condensation
Y CN ,C=CHPh %
t
: 9x=600 T 6y=800 T 6y=900 T 6y=950 T
0.5 65.7 63.1 58.1 56.2
2 93.3 93.7 95.7 96.0
3 96.6 97.8 98.6 98.7
Reaction conditions »n CH, CN , = »n PhCHO = 25 mmol MCM-41

V PhCH; =40 ml m N-MCM-41 =0.4 g.
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