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Scheme 1 The organic amino functionalization of MCM-41
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Table 1 Surface area and N content of MCM-41 before and after functionalization

Sample BET surface area (m’/g)

N content (% , g/100 g

Amount of tether agent

catalyst ) 3 (mmol/g)

MCM41
MCM41-(CH, ),NH,

923.00
397.740

0.00
1.64

0.00
1.17

LRI 923.00 m*/g I /&l 397. 74m*/g. TTE
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Fig.2 Weight loss of MCM-41 before functionalization,
after functionalization and after immobilization
a: MCM41; b: MCM41-(CH,),NH,;
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Table 2 Weight loss (Am), range of temperature( AT) over which this occurs

and assignment of the weight loss for the MCM-41 before functionalization,

after functionalization and after immobilization

Sample AT (°C) Am (%) Assignment
MCM-41 30-125 8.9952 H,0
320-500 4.7571 OH
MCM-41-( CH, ),NH, 30-100 0.4292 H,0
300-520 6.3148 Organic and residual OH
MCM-41-( CH, ) ,NH,-RuCl, 30-100 3.6579 H,0
300-600 6. 6405 Organic and residual OH
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Fig. 3 Infrared spectra of MCM~-41 before functionalization,
after functionalization and after immobilization
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Fig.4 TEM image of MCM-41 before functionalization, after functionalization and after immobilization
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Table 3 Catalytic activity of the ruthenium catalyst before and after immobilization

HCOOH
Entry Catalyst - } P .
Yield (mmol) TON * TOF’(h™") Selectivity (% )
1 RuCl, + PPh, 9.24 462 462 100
2 MCM-41-(CH, ) ;NH,-RuCl, + PPh, 20.44 1022 1022 100
Reaction conditions; ruthenium content = 0.02 mmol; reaction temperature = 80 °C ; H, pressure = 4.0 MPa;

total pressure = 16.0 MPa; reaction time = 1 h; ligand = PPh,; PPh,;/ Ru(mol ratio) = 10: 1;

solvent = 20 mL ethanol; base = 5 mL N(C,Hy),; stirring rate = 250 r + min "'

*TON: turnover number, mol of HCOOH/mol of Ru

" TOF; turnover frequency, TON/ h, mol of HCOOH/mol of Ru/ h
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Scheme 2 The production of immobilized Ru catalyst
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Table 4 The catalytic results of CO, hydrogenation with reused immobilized catalysts

PPh;/ Ru HCOOH
Entry Catalyst = .
('mol ratio) TOF (h™) Selectivity (% )
1 MCM-41-(CH, ) ;NH,-RuCl; + PPh, 10: 1 1022 100
Recycle-1 0 876 100
3 Recycle-2 0 851 100

Reaction conditions: ruthenium content = 0.02 mmol; reaction temperature = 80 °C ; H, pressure = 4.0 MPa;

total pressure = 16.0 MPa; reaction time = 1 h; solvent = 20 mL ethanol; base = 5 mL NEt,;

stirring rate = 250 r » min "'
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TOF (KKK 656 h™' 612 h ™" F1600 h '),

FH ICP-AES Yl 22 1 1% = & 0 1 () 4 4k 5510 - iy
Ru &8, 515, wLIEH, Ru NERIA R
] L Z .

PATBAHEEE T S JE BAH, B A Ak ) 2ot
TR WIUB VR Y SN RE , BT COLm H, S Y
TEVEVESY, SR oG PE, X g5 RAIESE T

PETRI AR PT LA 22800
RS ICP-AES MEMESERNELFT LM RuEE
Table 5 The Ru content of reused catalyst measured by ICP-AES

Ru content
Sample )
( x10 "g/g catalyst)
Fresh catalyst 0.339
Filtered catalyst after first run 0.306
Filtered catalyst after second run 0.298
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Surface Amino Functionalization of Mesoporous
Molecular Sieve MCM-41 and Application

ZHANG Yi-ping"?, ZHOU Chun-hui', FEI Jin-hua®, YU Ying-min’, ZHENG Xiao-ming’
(1. School of Chemical Engineering and Materials Science, Zhejiang University of Technology, Hangzhou 310032,
China; 2. Department of Chemistry, Zhejiang Education Institute, Hangzhou 310012, China;
3. Institute of Catalysis, Xixi Campus, Zhejiang University. Hangzhou 310028 , China)

Abstract; The amino-functionalized mesoporous molecular sieve was prepared by using y-aminopropyltrimethoxysi-
lane to react with MCM-41. The results of XRD, surface area, elemental analysis, TG, FT-IR and TEM indicated
the successful tethering of organic amino group to the MCM-41 while the hexagonal structural character was mostly
retained. We prepared ruthenium based catalyst supported on functionalized MCM-41, and use it to the CO, hydro-
genation to formic acid. The results indicated that the immobilized ruthenium catalyst not only overcame the disad-
vantage of difficult separation from the reaction system and can be reusable, but also obtained higher activity than
homogeneous counterparts.

Key words: Functionalization; Silylanization; Mesoporous molecular sieve MCM-41; Formic acid



