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Abstract — Various metal ions (transition and base metals) incorporated MCM-41 catalysts can be synthesized using
colloidal and soluble silica with non-sodium involved process. Transition metal ion—typically V>*, Co?*, and Ni*'~incor-
porated MCM-41 catalysts were synthesized by isomorphous substitution of Si ions in the framework. Each incorpo-
rated metal ion created a single species in the silica framework, single-site solid catalyst, showing a substantial stability
in reduction and catalytic activity. Radius of pore curvature effect was investigated with Co-MCM-41 by temperature
programmed reduction (TPR). The size of metallic Co clusters, sub-nanometer, could be controlled by a proper reduc-
tion treatment of Co-MCM-41 having different pore size and the initial pH adjustment of the Co-MCM-41 synthesis
solution. These small metallic clusters showed a high stability under a harsh reaction condition without serious migra-
tion, resulting from a direct anchoring of small metallic clusters to the partially or unreduced metal ions on the surface.
After a complete reduction, partial occlusion of the metallic cluster surface by amorphous silica stabilized the particles
against aggregations. As a probe reaction of particle size sensitivity, carbon single wall nanotubes (SWNT) were syn-
thesized using Co-MCM-41. A metallic cluster stability test was performed by CO methanation using Co- and Ni-
MCM-41. Methanol and methane partial oxidations were carried out with V-MCM-41, and the radius of pore curvature
effect on the catalytic activity was investigated.
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Fig. 1. Simplified mechanism of MCM-41 formation [S].
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Fig. 4. XANES spectra of V reference samples and V-MCM-41 samples having various pore diameters.
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Fig. 7. Radius of pore curvature effect in Co-MCM-41 detected during hydrogen TPR.

1.44 €10 Co-MCM-41

1.2 4

0.6 1 Co fail

0.4

0.2 H

0.0 4 after 30 min at 700°C

L B S e LA R e S e
7690 7700 7710 7720 7730 7740 7750 7760
eV

Fig. 8. Hydrogen TPR XANES of C10 and C16 V-MCM-41 samples.
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Table 1. Comparison of the coordination numbers of the partially and completely reduced Co-MCM-41 samples having various pore diameters

First shell average coordination number

Partial reduction

Complete reduction

After reduction at 700 °C by H,

After CO disproportionation at 800 °C

After TPR from room temperature to 900°C

Pore diameter (nm) for 30 minutes for 1 hour and soaked for 1 hr at 900 °C
Co-Co Co-O Co-Co Co-O Co-Co Co-O
1.90 (C10)* 1.15 3.35 6.13 2.03 9.90 0.55
224 (C12)* 2.97 2.76 6.56 2.01 9.37 0.59
2.57 (C14)* 4.65 1.81 6.98 1.54 8.47 0.56
2.85 (Cl6)* 4.86 1.73 7.17 1.36 8.04 0.55
3.10 (C18)* 6.31 1.24 7.43 0.70 7.52 0.61
()* : carbon number of surfactant
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a) Complete coverage

b) Partial coverage

c) Complete exposure

Fig. 9. TEM images of Co-MCM-41 samples after a complete reduction.
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Fig. 10. Deconvolution results of the C16 Co-MCM-41 samples with different pH.
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Fig. 12. Carbon yield obtained under the different reduction and reac-
tion conditions as a function of the initial pH of the catalyst
synthesis solution.
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Fig. 13. TEM images of the unpurified single-walled carbon nanotubes (SWNT) produced by using C10 Co-MCM-41 catalysts synthesized under

different initial pH values.
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