BEILARFEKFEAARER € ~ 7 —TFEHmE28 1 1-8, 2008.

2
x

INUILRISYARY T ETHRELT- Ru/a-ALO; 285 CO, DKFIEREG
mA W, SEEN, RAEL, BRBEL
AP NE Y E A FIVAYN & Sl 5 e

930-8555 & (L7l FifiH 3190

Study on the Hydrogenation of CO, over a-Al,0; Supported Ru Nanoparticles Prepared by
the Barrel-Sputtering Method
Akira Taguchi, Masaaki Tanizawa, Satoshi Akamaru, Takayuki Abe
Hydrogen Isotope Research Center, University of Toyama, Gofuku 3190, Toyama 930-8555

(Received December 26, 2008; Accepted February 23, 2009)

Abstract .

Catalytic hydrogenation of CO, over o-Al,Os; supported Ru nanoparticles (Ruw/Al,Os) prepared by
“barrel-sputtering” and conventional “wet impregnation” methods was investigated. Highly dispersed Ru
nanoparticles were obtained by using the barrel-sputtering method. The mean particle diameter of Ru
nanoparticles increased from ca. 5.5 to ca. 13.2 nm with an increase in the amount of Ru loaded. On the
other hand, Ru particles were agglomerated when the impregnation method was used. Mean particle
diameter of resultant Ru particles was 13.4 nm. Both catalysts showed selective methane production by
hydrogenation of CO,, and Ru/AL,O5 prepared by the barrel-sputtering method exhibited higher activity

than that of Ru/Al,O5 prepared by the wet impregnation method. The turnover number (TON) of methane

formation linearly decreased with an increase in the mean diameter of Ru nanoparticles.
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Table 1 Summary of the sample preparation and their characterization

Preparation Amount of Ru loaded  Mean particle diameter

conditions [wt%] [nm]
BS-Ru(0.16) 100 W, 15 min 0.16 5.5
BS-Ru(0.97) 100 W, 95 min 0.97 10.6
BS-Ru(4.95) 200 W, 240 min 4.95 13.2
IW-Ru(1.38)  Incipient wetness 1.38 13.4
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Figure 1. FE-SEM images of (A) BS-Ru(0.16), (B) BS-Ru(0.97), (C) BS-Ru(4.95) and (D)
IW-Ru(1.38). Particle size distribution was overdrawn.
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Figure 2. Change of the methane yield as a

function of the reaction temperature.
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Figure 3. Arrhenius plot for the hydrogenation of
CO; over Ru/Al,Oj catalysts prepared.
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Table 2 Activation energy for hydrogenation of CO, over Ru/Al,O4

catalysts prepared.

Mean particle diameter ~ Temperature range Ea
[nm] [°C] [kJ/mol]
BS-Ru (0.16) 5.5 150 —220 77.2
BS-Ru(0.97) 10.6 180 — 260 77.2
BS-Ru (4.95) 13.2 210-300 75.6
IW-Ru (1.38) 13.4 240 - 300 89.6
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