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Abstract : In this study, we investigated the activity of Pd and Cu co-incorporated on mesoporous silica support such as MCM-41
and SBA-15 for catalytic nitrate reduction in water. In pure hydrogen flow, nitrate concentration was gradually decreased with the
reaction time, but nitrogen selectivity was too low due to very high pH of reaction medium after the reaction. In order to acquire
high nitrogen selectivity, we utilized carbon dioxide as a pH buffer, which resulted in higher nitrogen selectivity (about 40%). For
the above reaction conditions, Pd-Cu/MCM-41 showed better performance than Pd-Cu/SBA-15. The physicochemical properties
of both catalysts were investigated to figure out the relationship between the characteristics of the catalysts and the catalytic acti-
vity on the catalytic nitrate reduction by N» adsoprtion-desorption, X-ray diffraction (XRD), H,-temperature programmed reduc-

tion, X-ray photoelectron spectroscopy (XPS) techniques.
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Figure 1. Nitrogen adsorption-desorption isotherms of mesoporous
support materials. (A) Original mesoporous supports: (a)
MCM-41 and (b) SBA-15; (B) 3 wt% Pd-1 wt% Cu load-
ed mesoporous supports: (a) Pd-Cu/MCM-41 and (b) Pd-
Cu/SBA-15.
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Table 1. ICP-AES results and BET properties of the prepared mesoporous support materials

Sample Palladium, . BET surzface Pore Vg)lume BJH mean pore size
copper contents (Wt%) area (m’/g) (cm’/g) (nm)
MCM-41 - 939.4 0.784 33
SBA-15 - 925.4 0.973 5.6
Pd-Cu/MCM-41 (before reaction) 2.96, 0.99 899.7 0.761 3.1
Pd-Cu/SBA-15 (before reaction) 2.97,0.97 720.6 0.820 5.0
Pd-Cu/MCM-41 (after reaction) - 565.2 0.470 3.1
Pd-Cu/SBA-15 (after reaction) - 415.1 0.487 4.6

* Palladium and copper contents were analyzed by ICP-AES.
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Figure 2. Pore size distribution of mesoporous support materials
before reaction. (A) Original mesoporous supports: (a)
MCM-41 and (b) SBA-15; (B) 3 wt% Pd-1 wt% Cu load-
ed mesoporous supports: (a) Pd-Cu/MCM-41 and (b) Pd-
Cu/SBA-15.
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Figure 3. Pore size distribution of mesoporous support materials after
reaction. (a) Pd-Cu/MCM-41 and (b) Pd-Cu/SBA-15.
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Figure 4. XRD patterns of the prepared catalysts. (A) Calcined ca-
talysts: (a) Pd-Cu/MCM-41 and (b) Pd-Cu/SBA-15; (B)
Reduced catalysts: (a) Pd-Cu/MCM-41 and (b) Pd-Cu/
SBA-15 (@: Palladium oxide, O: Metallic palladium).
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Figure 5. H,-TPR profiles of (a) Pd-Cu/MCM-41 and (b) Pd-Cu/
SBA-15.
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Figure 6. XPS spectra of Pd 3d over the prepared catalysts. (A)

Calcined catalysts: (a) Pd-Cu/MCM-41 and (b) Pd-Cu/

SBA-15; (B) Reduced catalysts: (a) Pd-Cu/MCM-41 and
(b) Pd-Cu/SBA-15.
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Table 2. Nitrate conversion and selectivity toward nitrite, ammo-
nium, nitrogen for catalytic nitrate reduction with CO, bu-
ffer after 330 min of reaction time

X(NOs), | S(NOy), | S(NHs), | S(No),
Sample % o % %
Pd-Cu/MCM-41 89 0.5 41 59
Pd-Cu/SBA-15 73 0.8 42 57
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