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Abstract : Catalytic activity of V,0s5-WO5/TiO,-based SCR catalyst was examined for the oxidation of gas-phase elemental
mercury to oxidized mercury. Mercury species was not detected on the commercial SCR catalyst after the oxidation reaction of
elemental mercury, regadless of the presence of HCI acting as oxidant and the reaction conditions. This suggests that elemental
mercury oxidation by HCI could occur via a Eley-Rideal mechanism with gas phase or weakly-bound mercury on the surface of
V205-WO3/TiO, SCR catalyst. The activity for mercury oxidation was significantly increased with the increase of V,0Os loading,
which indicates that V,Os is the active site. However, turnover frequency for mercury oxidation was decreased with the increase
of V1,05 loading, indicating the activity for mercury oxidation was strongly dependent on the surface structure of vanadia species.
The activity for oxidation of elemental mercury under SCR condition was much less than that under oxidation condition at the same
HCI concentration and reaction temperature.

Keywords : SCR catalyst, Mercury oxidation, Eley-Rideal mechanism, Turnover frequency
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Table 1. Chemical compositions and BET surface area of commer-
cial and prepared SCR catalysts employed in this study

Content (wt%) | BET surface area
Catalysts 2
V205 | WO (m’/g)
Commercial SCR 1.68 7.60 794
V205 (0) - - 85.5
V105 (0.5) | 0.52 - 82.1
V205/
To. V,05(2) | 201 - 70.6
V105 (4) 3.98 - 66.5
V>05(8) 7.82 - 60.1
V1,05 (0) - 9.09 83.7
V,05(0.5) 0.51 9.07 78.9
V20sWOs/ 775, 6, @ | 192 | 922 69.3
TiO,
V105 (4) 3.96 9.15 65.2
Vo0s(8) | 7.78 | 9.16 55.6
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A2 X“%b‘x} 3] % SCR &7 oA NH;ol ofsf 44>
=98] A9l HCL &2 ez Qe 2 B/do] ¥ A
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Figure 1. TEM images of corrllme.rcial SC.R. cata‘lysts after the a1 T2E ZoTto] ukgo] ojaf AWEE Ao B ZHF} 2
rea.ctlo.n under (A) 0x1(.1at10n condition without HCI, (B) olt}. whba] SCR Zujo] =¥ TR V,05 3HkS W3}
oxidation condition with HCI 50 ppm, (C) SCR condi- = = Ho= v
tion without HCI, (D) SCR condition with HCI 50 ppm. AlF A28 V,05TiO, = H% F3l HClof| o5t YA A3}
Table 2. Elemental analyses of commercial SCR catalyst measured by TEM-EDAX
Reaction conditions
Elements Oxidation without HC1 Oxidation with HCI SCR without HCI1 SCR with HCI
Weight % Atomic % Weight % Atomic % Weight % Atomic % Weight % Atomic %
(0] 22.5 50.7 24.5 54.0 27.2 56.1 244 53.2
Ti 60.5 45.6 56.8 42.0 59.9 413 59.8 435
v 0.7 0.5 0.8 0.5 0.7 0.4 0.6 0.4
W 16.4 32 17.9 34 12.2 22 15.2 2.9
Hg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Figure 2. XPS spectra of commercial SCR catalysts after the reaction under various kinds of reaction conditions (A) V 2p, (B) W 4f, (C) O
1s, (D) Hg 4f region; catalyst = 1 g, Gas flow rate =2 L/min, Temperature = 350 C, [Hgo] =50 pg/ m’, [O2] = 3% in N, balance.
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Figure 3. Effect of V,0s loadings of V,0s/TiO; catalyst on Hg’
oxidation rate at various HCI concentrations under oxi-
dation condition; catalyst = 1 g, Gas flow rate =2 L/min,
Temperature = 350 C, [Hgo] =50 ug/ms, [02]=3% in
Nz balance.
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Figure 4. Turnover frequency of V20s/TiO; catalyst for Hg’ oxi-
dation at various HCI concentrations under oxidation con-
dition; catalyst = 1 g, Gas flow rate =2 L/min, Temperature
=350 C, [Hg"] = 50 pg/m’, [O2] = 3% in N; balance.
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Figure 5. Effect of V,0s loadings of V,0s/TiO; catalyst on Hg’
oxidation rate at various HCI concentrations under SCR
condition; catalyst = 1 g, Gas flow rate =2 L/min, Tem-
perature = 350 C, [Hg'] = 50 pg/m’, [02] = 3%, [NO] =
[NH;] = 500 ppm in N; balance.

—v— HCI 0 ppm
—A— HCI 10 ppm
40 - —&— HCI 30 ppm
—&— HCI 50 ppm

10

V,0; loadings (%)

Figure 6. Turnover frequency of V,0s/TiO; catalyst for Hg” oxi-
dation at various HCI concentrations under SCR condition;
catalyst =1 g, Gas flow rate =2 L/min, Temperature =
350 C, [Hg'] =50 pg/m’, [0] = 3%, [NO] = [NH;] =
500 ppm in N; balance.
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Figure 7. Effect of V,0s loadings of V,0s/TiO; catalyst on Hg” oxi-
dation rate at various reaction temperatures under oxidation
condition; catalyst weight = 1 g, Gas flow rate = 2 L/min,
[Hg"] = 50 pg/m’, [HCI] = 50 ppm, [O2] = 3% in N, balance.
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Figure 8. Effect of V,0s loadings of V,05/TiO; catalyst on Hg’
oxidation rate at various reaction temperatures under SCR
condition; catalyst weight = 1 g, Gas flow rate = 2 L/min,
[Hg'] = 50 pg/m’, [HCI] = 50 ppm, [O1] = 3%, [NO] =
[NH;] = 500 ppm in N balance.
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Figure 9. Effect of V,0s loadings of V,0s-WO5/TiO; catalyst on
Hg0 oxidation rate at various HCI concentrations under
oxidation condition; catalyst = 1 g, Gas flow rate = 2 L/min,
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Hg" oxidation rate at various HCI concentrations under
SCR condition; catalyst = 1 g, Gas flow rate = 2 L/min,
Temperature = 350 C, [Hg"] = 50 pg/m’, [0,] = 3%, [NO]
= [NH3] = 500 ppm in N, balance.
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