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Preparation and Characterization of Rh-Au/y-Al,O3; Three-Way Nanocatalysts
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Abstract: Rh/y-Al,03 and Rh-Auly-Al,Oj3 catalysts were prepared by the ultrasound-assisted membrane reduction (UAMR) and the incipient
wetness impregnation (IMP) methods. The properties of the catalysts for three-way catalytic model reactions (CO and CsHg oxidation, CO +
NO, and C3Hg+NO+0O,) were investigated. The catalysts were characterized by inductively coupled plasma-optical emission spectrometry,
H,-O, titration, N, adsorption, and transmission electron microscopy. The metal dispersion of the Rh/y-Al,O;-UAMR and Rh-Au/
1-Al,0s-UAMR catalysts was 45.3% and 40.1% with the metallic surface area of 199.6 and 133.0 m%/g, respectively, and the average metal
particle size was smaller than 3 nm. Compared with Rh/y-Al,O3-IMP and Rh-Au/y-Al,O5-1IMP, the Rh/y-Al,03-UAMR and RhAu/y-Al,Os-
UAMR catalysts possessed much higher catalytic activity for the model reactions. However, the activity of the Rh-Au/y-Al,O3- UAMR cata-
lyst was higher than or similar to that of the Rh/y-Al,Os-IMP for the model reactions, indicating that the UAMR is a promising method for
fabrication of three-way catalysts. The catalysts were deactivated to some extent by hydrothermal pretreatment at 1 000 °C.

Key words: three-way catalyst; rhodium; gold; alumina; membrane reduction; impregnation
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Fig. 1. Schematic diagram of the ultrasound-assisted membrane reduction (UAMR) device.
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Fig. 2. CO conversion over different catalysts for CO oxidation. (1)
Rh/y-Al,03-UAMR; (2) Rh-Auly-Al,03-UAMR; (3) Rh/y-Al,03-IMP;
(4) Rh-Au/y-Al,Os-IMP. Reaction conditions: feed 1%CO-1%0,-
98%N,, SV = 60000 h™*. UAMR—ultrasound-assisted membrane re-
duction; IMP—incipient wetness impregnation.
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Fig. 3. CsHs conversion over different catalysts for CsHg oxidation.
(1) Rhiy-Al,03-UAMR; (2) Rh-Auly-Al,03-UAMR; (3) Rh/y-Al,Os-
IMP; (4) Rh-Auly-Al,05-IMP. Reaction conditions: feed 0.1%C;Hs-
5%0,-94.9%He, SV = 60000 h™.
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Table 1 Physical properties of different catalysts

Surface area Metal content (%)"

Metal surface area (m?/g) Rh particle

Catalyst ) Rh dispersion (%) .

(m?/g) Au Rh 1 g sample 1 g metal diameter (nm)
Rh/y-Al,0;-UAMR 196.6 — 0.40(0.50) 45.3 0.80 199.6 2.4
Rh/y-Al,03-IMP 180.6 — 0.37(0.50) 6.2 0.10 27.1 17.8
Rh-Auly-Al,0;-UAMR 199.7 0.23(0.33) 0.14(0.17) 40.1 0.49 133.0 2.9
Rh-Auly-Al,05-IMP 186.0 0.22(0.33) 0.15(0.17) 6.3 0.08 21.1 185

“The number in parentheses refers to the theoretical metal content.
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Fig. 6. HR TEM images of different catalysts. (a) Rh-Au/y-Al,0s-UAMR; (b) Rh-Au/y-Al,O3-IMP; (c) Rh/y-Al,03-UAMR; (d) Rh/y-Al,Os-IMP.
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Fig. 7. Three-way catalytic activity of different catalysts aged hydrothermally at 1000 °C for 5 h. (a) CO oxidation; (b) CsHg oxidation; (c) CO+NO
reaction. (1) Rh/y-Al,Os;-UAMR; (2) Rh-Auly-Al,05-UAMR; (3) Rh/y-Al,03-1MP; (4) Rh-Au/y-Al,O3-1IMP.
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