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Synthesis of hetero-atom MCM-41 mesoporous molecular sieve
under microwave condition
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Abstract: Silica MCM-41 and Ni (Co or Cu) MCM-41 mesoporous molecular sieve were synthesized by microwave
irradiation method using cetyltrimethyl ammonium bromide as template and sodium silicate, nickel chloride, cobalt
chloride and cooper chloride as raw materials, respectively. The synthesized samples were characterized by X-ray
diffractometry, transmission electron microscopy, specific surface area analysis, Fourier transform infrared spectroscopy
and N, physical adsorption. After hetero-atom (Ni, Co or Cu) was introduced into silica MCM-41 mesoporous molecular
sieve, the effects of hetero-atom (Ni, Co or Cu) on its specific surface area, mesoporous ordering and pore size were also
investigated. The results show that silica MCM-41 and Ni (Co or Cu) MCM-41 mesoporous molecular sieves are
synthesized. The template is effectively removed from the samples after calcinations at 550 “C, and the pore structure of
the synthesized samples is not damaged. After hetero-atom Ni (Co or Cu) is introduced into silica MCM-41 mesoporous
molecular sieve, its specific surface area and average pore size increase and mesoporous order becomes good.
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Fig.1 Nitrogen adsorption-desorption isotherms of samples
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Table 1 XRD and N, adsorption-desorption results of hetero-atom MCM-41 mesoporous molecular sieve

Sample dyop/nm ag/nm Surfazcei1 Avefage pore Total por}e L
area/(m™g ) size/nm volume/(cm™g )
c-MCM-41 3.70 4.27 774.4 2.46 0.55
c-CoMCM-41 3.79 4.37 1188.8 2.47 1.02
c-NiMCM-41 3.78 4.36 1161.3 2.75 0.97
c-CuMCM-41 3.71 4.29 1142.9 2.50 1.22
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Fig.5 TEM images of hetero-atom MCM-41 mesoporous molecular siece: (a) c-MCM-41; (b) c-NiMCM-41; (¢) c-CoMCM-41; (d)

c-CuMCM-41



5517 45 8 1Y) LIENMT, S WA T IS T MCM-41 /e 9La TR 15 1k 1395

F#B2% Ni(Cos CuMCM-41 /L4 Fiifi. 48 550 Ch:
BT BRI A bR, LA A BEIA .

2) fEMBE RS AT, RET B ik
MCM-41 S FL5r Tl L LR RO, I FLARIR
HK, H Cu. Co. Ni B S I 4Lor 1 iiiAT
FPPE.

REFERENCES

[1] Beck J S, Vartuli J C, Roth W J, Leonowicz M E, Kresge C T,
Schmitt K D, Chu C T W, Olson D H, Sheppard E W, McCullen
S B, Higgins J B, Schlenkert J L. A new family of mesoporous
molecular sieves prepared with liquid crystal templates[J]. ] Am
Chem Soc, 1992, 114(27): 10834—-10843.

[2] Sastre G, Catlow C R, Corma A. Influence of the intermolecular
interactions on the mobility of heptane in the supercages of
MCM-22 zeolite. A molecular dynamics study[J]. Phys Chem B,
2002, 106(3): 956~962.

[3] ML, BRT K, B ok, ERERE, M. SRR i

Wi es e M B LN TR ], RERR ER 244, 2006, 34(7):

805-809.

JIANG Ting-shun, CHEN Yu-fei, ZHAO Qian, LU Lu-de,
YANG Xu-jie. Preparation of Ni-mesoporous molecular sieves
of high stability by using saponite as a precursor[J]. Journal of
the Chinese Ceramic Society, 2006, 34(7): 805—809.

[4] Dorset D L, Kennedy G J. Crystal structure of MCM-70: A
microporous material with high framework density[J]. J Phys
Chem B, 2005, 109(29): 13891-13898.

[5] Banerjee S, Santhanam A, Dhathareyan A, Rao P M. Synthesis
of ordered mesostructured nickel oxide[J]. Langmuir, 2003,
19(13): 5522-5525.

[6]  ZIEML, &, BRI A RS A AL o O AR T A
LA, EAT 48 F R, 2006, 16(9): 1621-1627.
JIANG Ting-shun, ZHAO Qian, YIN Heng-bo. Pore structure
and stability of Ni (or Co)-containing mesoporous molecular
sieves[J]. The Chinese Journal of Nonferrous Metals, 2006, 16
9): 1621-1627.

[77 Zhao D Y, Feng J L, Huo Q S, Melosh N, Fredrickson G H,
Chmelka B F, Studcky G D. Triblock copolymer syntheses of
mesoporous silica with periodic 50 to 300 angstrom pores[J].
Science, 1998, 279(5350): 548—552.

[8] Selvaraj M, Panduragan A, Seshadri K S, Sinha P K, Lai K B.
Synthesis, characterization and catalytic application of MCM-41
mesoporous molecular sieves containing Zn and Al[J]. Appl
Catal A: Generral, 2003, 242(2): 347-365.

[91] Song C S, Reddy K M. Mesoporous molecular sieve MCM-41

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

supported Co-Mo catalyst for hydrodesulfurization of
dibenzothiophene in distillate fuels[J]. Appl Catal A, 1999,
176(1): 1-10.

Kapoor M P, Ichihashi Y, Kuraoka K J, Shen W J, Matsurnura Y.
Catalytic methanol decomposition over palladium deposited on
mesoporous cerium oxide[J]. Catal Lett, 2003, 88(1/2): 83—87.
Y EoR, o, 55O, x%ER, ORI MCM-41
N AL53 i G I (1D ——BR I & A [T]. A 2R,
1999, 20(3): 251-255.

XU Lei, WANG Gong-wei, WEI Ying-xu, QI Yue, LIU

Xian-chun, BAO Xin-he. Study on synthesis of mesoporous
molecular sieve( Il )—Microwave synthesis method[J]. Chinese
Journal of Catalysis, 1999, 20(3): 251-255.

WAL, g, MR, TR s AT S &
ZnCL/MCM-41 EALT R SCAELPERET]. PRLALE- 2R, 2004,
20(9): 1150~1154.

YIN Dong-hong, QIN Liang-sheng, LIU Jian-fu, YIN Du-lin.
Preparation of ZnCl,/MCM-41 catalysts by the solid-state
interaction under microwave heating and their catalytic
performances[J]. Acta Phys Chim Sin, 2004, 20(9): 1150-1154.
PR, wOME, OB, B8, KRB MUEAHREK L
&8 AL R MCM—48 B A FLIARLT]. e 225441,
2002, 18(11): 1101-1106.

YAN Xue-wu, HAN Xiao-wei, CAO Yi, WEI Yi-lun, ZHU
Jian-hua. Preparation of basic MCM—48 mesoporous materials
loaded alkaline earth oxides through microwave radiation[J].
Chinese Journal of Inorganic Chemistry, 2002, 18(11):
1101-1106.

Lim S Y, Ciuparu D, Pak C, Dobek F, Chen Y, Harding D,
Pfefferle L, Haller G. Synthesis and characterization of highly
ordered Co-MCM-41 for production of aligned single walled
carbon nanotubes(SWNT)[J]. J Phys Chem B, 2003, 107(39):
11048-11056.

Gao X T, Wachs I E, Wong M S, Ying J Y. Structural and
reactivity properties of Nb-MCM-41: Comparison with that of
highly dispersed Nb,Os/SiO, catalysts[J]. J Catal, 2001, 203(1):
18-24.

Okumura K, Nishigaki K, Niwa M. Prominent catalytic activity
of Ga-containing MCM-41 in the Friedel-Crafts alkylation[].
Micropor Mesopor Mater, 2001, 44/45: 509-516.

Barrett E P, Joyner L G, Halenda P P. The determination of pore
volume and area distributions in porous substances( I ).
Computation isotherms [J]. J Am Chem Soc, 1951, 73(1):
373-380.

(%RiE EIRH)



