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Abstract 
The supercritical carbon dioxide (scCO2) for the impregnation and deposition of metal nanoparticles are effective for uniformly 

decorating and impregnating porous materials. In this work, Cu-Ru bimetallic nanoparticles were successfully immobilized in the 
mesopores of hierarchical porous SiO2 by using scCO2-acetone solution. STEM-EDX mapping measurements demonstrated that 
Cu and Ru atoms were homogeneously scattered in mesopores of hierarchical porous SiO2. The resulting Cu-Ru@SiO2 exhibited 
high activity. The catalytic activity of bimetallic Cu-Ru@SiO2 for CO oxidation was higher than that of monometallic Cu@SiO2, 
Ru@SiO2 and Rh@SiO2. 
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Table 1. Properties of gas, supercritical fluid and liquid. 
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Fig. 1. Phase diagram of pure substance and supercritical fluid. 
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Fig. 2. Principle of the formation of bimetallic nanoparticle 

catalysis. 
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Fig. 3. SEM images of dual-pore monolithic SiO2 (left; lower 

magnification, right; higher magnification). 
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Table 2. Properties of dual-pore monolithic SiO2(DPS). 

BET surface area 
[m2 g-1] 

Pore volume 
[cm3 g-1] 

Pore diameter 
[nm] 

587 0.642 4.4 
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Fig. 4. Adsorption amounts of Cu and Ru precursors on dual-pore 
monolithic SiO2. 
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Fig. 5. Effect of Cu precursor on the temperature dependence of 

the CO oxidation reaction by Cu@SiO2. 
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Fig. 6. Effect of Ru precursor on the temperature dependence of 

the CO oxidation reaction by Ru@SiO2. 
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Fig. 7. (a)HR-TEM, (b)HAADF-STEM of CuRu@SiO2, (c)Ru-L 

STEM EDX map (red), (d) Cu-L STEM EDX map (blue), 
(e)overlay image of the maps shown in (c) and (d), (f)EDX 

spectra. 
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Fig. 8. Effect of the precursor ratios in the reaction feeds on the 
final composition of CuRu bimetallic nanoparticles in the 

mesopores in the hierarchical SiO2. 
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Fig. 9. (a)Effect of the metal composition of CuRu nanoparticles 
on the temperature dependence of the CO oxidation reaction, 

(b)relationship between the amount of Cu inCuRu@SiO2 and T50 
(temperature at which the conversion of CO to CO2 reaches 

50 %). 
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Fig. 10. (a)Temperature dependence of the oxidation of CO 
promoted by CuRu, Rh, Cu, Ru, and Cu + Ru nanoparticles 

immobilized on hierarchical porous SiO2, (b)relationship between 
the CuRu, Rh, Cu, Ru, Cu + Ru nanoparticles immobilized on 

hierarchical porous SiO2 and T50 (temperature at which the 
conversion of CO to CO2 reaches 50 %). 

 

4.  

SiO2 Cu Ru
Cu-Ru

HAADF-STEM
EDX Cu Ru

CO
Cu-Ru

1:1 T50 140 

Cu-Ru
Rh

 
 

5.  

2019
 

 

(1) , , Vol.63(1), pp.21-30(2013) 
(2) , , , , , 

, “ ”  
, J. MMIJ, Vol.131, pp.648-655(2015) 

(3) , Bao Zebin, , , , 
, J. Japan Inst. Metals, Vol.75, pp.10-20(2011) 

(4) Q. Zhang, K. Kusada, D. Wu, T. Yamamoto, T. Toriyama, S. Matsumura, S. 
Kawaguchi, Y. Kubota, and H. Kitagawa, Nature Communications, Vol.9, 
510(2018) 

(5) F. Wang, K. Kusada, D. Wu, T. Yamamoto, T. Toriyama, S. Matsumura, Y. 
Nanba, M. Koyama, and H. Kitagawa, Angew. Chem. Int. Ed., Vol.57, 
pp.4505-4509 (2018) 

(6) C. Rosler, D. Esken, C. Wiktor, H. Kobayashi, T. Yamamoto, S. Matsumura, 
H. Kitagawa, and R. A. Fischer, Eur. J. Inorg. Chem., Vol.2014, pp.5514-
5521(2014) 

(7) K. Kusada, H. Kobayashi, R. Ikeda, Y. Kubota, M. Takata, S. Toh, T. 
Yamamoto, S. Matsumura, N. Sumi, K. Sato, K. Nagaoka, and H. Kitagawa, 
J. American Chem. Soc., Vol.136, pp.1864-1871(2014) 

(8) K. Sato, H. Tomonaga, T. Yamamoto, S. Matsumura, N.D.B. Zulkifli, T. 
Ishimoto, M. Koyama, K. Kusada, H. Kobayashi, H. Kitagawa, and K. 
Nagaoka, Scientific Reports, Vol.6, 28265(2016) 

(9) B. Huang, H. Kobayashi, T. Yamamoto, S. Matsumura, Y. Nishida, K. Sato, 
K. Nagaoka, S. Kawaguchi, Y. Kubota, H. Kitagawa, J. America Chem. 
Soc., Vol.139, pp.4643-4646(2017) 

(10) I. Ushiki, K. Matsuyama, R.L. Smith, Chapter 15 - Sustainable Approaches 
for Materials Engineering with Supercritical Carbon Dioxide, in: G. 
Szekely, A. Livingston (Eds.) Sustainable Nanoscale Engineering, Elsevier 
2020, pp. 395-414. 

(11) S.E. Bozba , and C. Erkey, J. Supercritical Fluids, Vol.96, pp.298-
312(2015) 

(12) M. Türk, and C. Erkey, J. Supercritical Fluids, Vol.134, pp.176-183(2018) 
(13) S.N. Tripathi, S.R. Bharadwaj, and S.R. Dharwadkar, J. Phase Equilibria, 

Vol.14, pp.638–642(1993) 
(14) H. Okamoto, J. Phase Equilibria, Vol.13, pp.440(1992) 
(15) K. Matsuyama, S. Tanaka, T. Kato, T. Okuyama, H. Muto, R. Miyamoto, 

and H. Bai, J. Supercritical Fluids, Vol.130, pp.140-146(2017) 
(16) K. Matsuyama, M. Motomura, T. Kato, T. Okuyama, and H. Muto, 

Microporous and Mesoporous Materials, Vol.225, pp.26-32(2016) 
(17) K. Matsuyama, N. Tomiyasu, K. Inoue, R. Yokomizo, T. Okuyama, and 

H.Muto, J. Supercritical Fluids, Vol.160, 104818(2020) 
(18) T. Yamada, A. Ogawa, H. Masuda, W. Teranishi, A. Fujii, K. Park, Y. 

Ashikari, N. Tomiyasu, T. Ichikawa, R. Miyamoto, H. Bai, K. Matsuyama, 
A. Nagaki, and H. Sajiki, Catalysis Science & Technology, in press 

(19) Y. Ashikari, K.Maekawa, M. Takumi, N. Tomiyasu, C. Fujita, K. 
Matsuyama, R. Miyamoto, H. Bai, and A. Nagaki, Catalysis Today, in press 

 

 

-  5  -


