2006 445 64 % 2 R Vol. 64, 2006
% 41y, 313~319 ACTA CHIMICA SINICA No. 4, 313319

« WL IC -

BABRELEENEFASLEE MCM-41 1 FL o F il
H &SRR

ket ox #®® O % m*®
(RIS RIS S RSB i 200092)
e RRE B AR AR BTSORT i REMI VRIS X TS0 i 200050)

WE  DALEEE MCM-41 S AT IR, DAAim 2N B, BN E M TES5, #ils i TR S R A% 23.01
Wit%. LRI A 665.4 mPeg L, ~FIFL4E N 2.5 nm (R ALEELT F A FL4r FIRA KL SRHT CNH JGZE T NI
JBERR 23 HT . N XRD. S 43 HEE S BT (HRTEM) £04Mei LK S [ ARG L IR (MAS NMR) 254 A AR} 45
FIHEAT RGE MRS, H LI 2 PR R D i (0 408 & S SIS T %M BB AL T . IF9E &M, 78 30 "C M 3 h
S R R R IR A Ak 2k 2] 99.9%.

REW  AAAEE BIFAILMEL MCM-41; BRPEfELL

Preparation and Performance Study of Ordered Silicon Oxynitride
MCM-41 Molecular Sieves with Basic Catalytic Activity

ZHANG, Cun-Man*?  LIU, Qian® XU, Zheng?
(* School of Material Science and Engineering, Tongji University, Shanghai 200092)
(° Sate Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai Institute of Ceramics,
Chinese Academy of Sciences, Shanghai 200050)

Abstract The ordered silicon oxynitride mesoporous materials with nitrogen content 23.01 wt%, BET
surface area 665.4 m’sg * and mean pore size 2.5 nm were successfully prepared by controlling nitridation
process parameters. The changes in composition and structure of the silicon oxynitride MCM-41 were inves-
tigated by means of elemental analysis, nitrogen sorption measurements, low-angle XRD, S MAS NMR, IR
spectra and high-resolution TEM. The resulting materials showed high activity toward the Knoevenagel
condensation of benzaldehyde with malononitrile and the yield reached 99.9% after reacting for 3 h at 30 C,
which often acts as a probing reaction for base catalysis.
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Tablel Elemental composition, d spacing and textural properties of studied MCM-41 materials

Sample N content/wt%  dijo/nm  Ager/(mPeg ™))  Dgp/mm  Vgy/(cmeg b Thickness of pore wall/nm
MCM-41 — 4.285 828.2 3.07 0.81 1.88
950-8-NMCM-41 14.25 3.839 620.5 2.46 0.52 197
950-18-NMCM-41 19.12 3.871 640.9 2.44 0.53 2.03
1000-8-NMCM-41 22.20 3.773 642.3 2.39 0.49 197
1000-18-NMCM-41 22.97 3.805 649.0 2.45 0.45 1.94
1000-24-NMCM-41 23.01 3.709 665.4 2.52 0.48 1.76

& Ager: BET surface area; Dgyy: BJH pore diameter; Vgyn: BJH pore volume.
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Figure 1 (a) Adsorption-desorption isotherms of some samples
a 77 K; (b) BJH pore size distribution of some samples calcu-
lated from the adsorption branch of the isotherm
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Figure 2 Low-angle XRD patterns of the MCM-41 and
NMCM-41 samples
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Figure 3 Representative HRTEM images and electron diffrac-
tion of the sample 1000-24-NMCM-41
(a) electron beam parallel to the pore channels; (b) electron beam perpendicu-
lar to the pore channels
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Figure5 Infrared spectra(in KBr) of some samples tested
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Table2 Characteristic infrared absorption frequencies for S—N and Si—O moieties?® 22

Peak position/cm * Absorption mode

475 O—Si—O bending

800 Si—O—Si bending

850~900 S—N—Si

900 Si—NH—Si asymmetric stretch from bridging silazane
932, 938 Si—NH, from silylamine and disilazane groups

960 Si—O, nonbridging Si—O such as silanol

1170 N—H imide bending

1100, 1200 Three fold degenerative stretching of SiO, tetrahedra

1550 and shoulders Gemina Si(NH,),
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Figure 6 Si MAS NMR CP spectra for MCM-41 and some
silicon oxynitride MCM-41 samples
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Figure 7 Cataytic activity of the ordered silicon oxynitride
MCM-41 catalysts in the Knoevenagel condensation of benzal-
dehyde with malononitrile

(a) catalytic activity of different samples at 30 ‘C; (b) catalytic activity of the
sample 1000-24-NMCM-41 at different temperature
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