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Environmental Factors and Deactivation Mechanism of Au/a-Fe,O; Catalyst
during Storage in Ambient Air
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Abstract: Au/o-Fe,O3 catalyst samples were prepared by the deposition-precipitation method. By using CO oxidation as a probe reaction,
combined with characterizations such as X-ray diffraction, X-ray photoelectron spectroscopy, N> adsorption-desorption, Fourier transform
infrared spectroscopy, H, temperature-programmed reduction and CO, temperature-programmed desorption, the environmental factors, such
as irradiation and surface adsorption on the stored catalyst, resulting in the catalyst deactivation, were studied. The active Au species on the
catalyst and the deactivation mechanism were investigated. The results show that Au®* and Au’" (0 < J < 1) species were coexisted on the
surface of Au/u-Fe,O; catalyst treated at 110 °C, and the catalyst activity follows the order Au>"> Au®". When stored in ambient air, UV irra-
diation can cause the reduction of oxidative Au species and the growth of Au particles. Meanwhile, CO, and H,O in the atmosphere could be
adsorbed on the surface of a-Fe,Os to form some kinds of carbonates. Thus UV irradiation and surface carbonate adsorption may be the main
factors resulting in the deactivation of Au/a-Fe,O5 catalyst during storage in ambient air.
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Table 1 The catalyst samples pretreated by different methods

Catalyst name Treatment conditions

AF200 calcined at 200 °C for 2 h
AF300 calcined at 300 °C for 2 h
AF500 calcined at 500 °C for 2 h
AF140d sealed for 140 d
AF20d exposed in ambient air for 20 d
AF1dU irradiated by UV in N, for 1 d
AF3dU irradiated by UV in N, for 3 d
AF5dU irradiated by UV in N, for 5 d

*Irradiated in N, atmosphere by UV 254 nm with 7 =2.04 mW/cm®.
AF—Au/a-Fe,0;.
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Fig. 1. XRD patterns of Au/a-Fe,O; samples treated at different tem-
peratures. (1) AF140d; (2) AF200; (3) AF300; (4) AF500.
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Fig. 2. CO oxidation over Au/a-Fe,O; samples treated at different
temperatures. (1) AF140d; (2) AF200; (3) AF300; (4) AF500.
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Fig. 3. CO oxidation over Au/a-Fe,0; samples stored under different

conditions. (1) AF140d; (2) AF20d; (3) AF1dU; (4) AF3dU; (5)
AF5dU.
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Fig. 4. XRD patterns of Au/a-Fe,O; samples stored under different
conditions. (1) AF140d; (2) AF1dU; (3) AF3dU; (4) AF5dU.
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Fig. 5. XPS profiles of Au/a-Fe,0; samples treated under different
conditions. (a) Fe 2ps; (b) Au 4f. (1) AF140d; (2) AF20d; (3) AF3dU.
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Table 2 XPS analysis of Au and Fe on the surface of Au/a-Fe,O; samples treated under different conditions

Binding energy (eV) "
Sample - X(Au)/%
Fe 2[73/2 Au 4]%/2(21) Au 4f7/2(a) Au 4f5/2(b) Au 4ﬁ/2(b)
AF140d 710.85 87.87 84.20 90.04 86.37 32.6
AF20d 710.67 87.84 84.17 90.00 86.33 28.8
AF3dU 710.74 87.71 84.04 90.01 86.34 22.1
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Fig. 6. H,-TPR profiles of different Au/a-Fe,O; samples before and
after reaction. (a) UV irradiation: (1) AF1dU-B; (2) AF1dU-A; (3)
AF3dU-B; (4) AF3dU-A; (5) AF5dU-B; (6) AF5dU-A; (7) a-Fe,0s. (b)
Storage method: (1) AF140d-B; (2) AF140d-A; (3) AF20d-B; (4)
AF20d-A. B—before, A—after.
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Fig. 7. CO,-TPD profiles of a-Fe,O; and Au/o-Fe,O; samples. (1)
a-Fe,0s; (2) AF140d.
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Fig. 8. FT-IR spectra of a-Fe,O; and Au/o-Fe,O; samples stored
under different conditions. (1) a-Fe,0s; (2) AF140d; (3) AF20d.
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Fig. 9. XPS of fresh and stored Au/a-Fe,0; catalyst samples. (a) C
1s; (b) O 1s. (1) Fresh; (2) AF20d; (3) AF140d.
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