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Abstract : Major anthropogenic emissions of elemental mercury (Hg’) occur from coal-fired power plants, and the emissions can
be controlled successfully using NH3;-SCR (selective catalytic reduction) systems with catalysts. Although the catalysts can easily
convert the gaseous mercury into Hg2+ species, the reactions are greatly dependent on the flue gas constituents and SCR
conditions. Numerous deNOying catalysts have been proposed for considerable reduction in power plant mercury emissions;
however, there are few studies to date of elemental mercury oxidation using SCR processes with MW- and full-scale coal-fired
boilers. In these flue gas streams, the chemistry of the mercury oxidation is very complicated. Coal types, deNOxing catalytic
systems, and operating conditions are critical in determining the extent of the oxidation. Of these parameters, halogen element
levels in coals may become a key vehicle for obtaining better Hg’ oxidation efficiency. Such halogens are Cl, Br, and F and the
former one is predominant in coals. The chlorine exists in the form of salts and is transformed to gaseous HCI with a trace amount
of Cl, during the course of coal combustion. The HCI acts as a very powerful promoter for high catalytic Hg” oxidation; however,
this can be strongly dependent on the type of coal because of a wide variation in the chlorine contents of coal.
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Figure 1. Control options of gaseous mercury emissions in commercial coal-fired power plants.
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Figure 2. A typical multilayers packing of structured deNOyx SCR
catalysts.
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Figure 4. Concentrations of Hg species at the inlet and outlet of a
honeycomb SCR reactor in a pilot plant burning three
bituminous Illinois coals. Black: elemental Hg (Hg");
white: oxidized Hg (Hg”>"); grey: particulate-bound Hg
(Hgy). Reproduced from Ref. [13].
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Figure 5. Concentrations of Hg species at the inlet and outlet of a
honeycomb SCR reactor in a pilot plant burning a
subbituminous PRB coal. Black: elemental Hg (Hg");
white: oxidized Hg (Hg>"); grey: particulate-bound Hg
(Hgp). Reproduced from Ref. [13].
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Figure é. Effect of the coal blending on elemental mercury
oxidation in a SCR reactor at a pilot scale coal combustor.
“100% BIT”: a medium-sulfur, high-chlorine bituminous
coal (Pittsburgh #8); “100% PRB”: a low-sulfur,
low-chlorine subbituminous Powder River Basin coal
from the North Antelope, Wyoming. Reproduced from
Ref. [16].
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Figure 7. Effect of HCI and NH; on gaseous mercury oxidation in
a pilot-scale honeycomb-type slipstream SCR reactor at
a bituminous coal-fired utility boiler. Concentrations of
NO in the flue gas are NO 230 ~ 290 ppm (NH3/NO = 1
~1.07). Reproduced from Ref. [17].
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Figure 8. A schematic of a pilot plant SSR (slipstream reactor) test
for catalytic oxidation of elemental mercury vapor from a
PRB coal-fired 640 MWt power plant [20].
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oxidation in a commercial 720-MW coal-fired power
plant in the United States. Reproduced from Ref. [18].
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Figure 12. DeNO, SCR catalyst effect on elemental mercury
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subbituminous PRB coals. Reproduced from Ref. [22].
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Figure 13. DeNO, SCR catalyst effect on elemental mercury
oxidation at a 1,300 MWt power plant firing

bituminous coals. Reproduced from Ref. [22].
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Figure 14. Installation of a honeycomb-type Hg-only oxidation
catalyst reactor at the inlet duct upstream of a wet
FGD module in a 460-MWt coal-fired power plant
aftertreatment system with three FGD modules [24].
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Table 1. Case studies of gaseous mercury oxidation using structured catalysts for selective catalytic reduction of NOy by NH; in coals-fired electric power plants
with MWt-scale boilers

Case | Plant Coal Flue gas Q V. | SV T, Xrg

study|(MWO)| Type [ 5 cl He | Hg’ | HCL | NO Cast ey || ) | (O | e R
(%) (ppm) (ppm) (ngm”)| (ppm) (ppm)

I |0.035| BCY 1.1 2,900 0.09 9.7% 246°9 8507 V,05-WOy/TiO," - - | 2,943 354 92 [[13]
I |0.035|SBC?| 03 <100 0.05 6.0 7.9 5259 | V,05-WOy/TiO,” - - (2943 | 380 | 9~20 [[13]
m | 1.2 | BC 1.4 973 0.134 8.99 - 625 V,05-WO,/TiO," - - | 1,900 | 385 75 |[16]
IV | 1.2 [SBC?| 025 35 0.042 5.89 - 580 V,05-WO,/TiO," - - | 1,900 | 385 0 |[16]
V | 200" | BC [139~1.89|570~1270 | 0.1~0.15 - 46~ 6007 | 230 ~290 - - - | 1,800 [300~350|-5~75"|[17]
VI | 720 |SBC? - - - - 1~7 - TRAC™ 3,400,000| - - - - N8
VIL | 5" | BC | 05~1 | 39~4047 [0.027~0.085| - 130 - TRAC™ 40,760 | 8 | 5,095 | 370 89 ([19]
vir| 5 | BC | 05~1 - 0.027 ~0.085| - 160 - V,05-WOy/TiO, | 40,760 | 8 | 5,095 | 370 82 ([19]
IX - |sBC?| 03 33 0.1 - 1~4 260 ~ 300 TRAC™ - - - - 80° {[20]
X - |SBC? - - 0.1 - 110~350 | 180~230 TRAC™ 40,760" | 6.7 - 370 - |[20]
XI | 640 |SBC?|0.27~036| 25~54 0.1 - |0.42~0.57| 297~336 TRAC™ 1,198,650 - - |380~395| 95 [[20]
XII | 650 |SBC®| 0.19 <60° 0.08 ~0.10° - - 775~927 | V,05-WOyTiO,"? - - | 1,800 [340~380| 10 |[22]
XIII | 1,300 | BC | 3.5~4.3 |573~1,910°| 0.13~0.21° - - - V,05-MoOy/TiO,™ - - | 2,125 | 349 43 |[22]
XIV | 460 |SBC?| 0.3 20 0.1 4.6/9.2 | 1.52/1.67" - 1% Aw/ALO;" - 33.3 /21,300 - 80/77 |[24]
Note. “-”: unknown; MWt: megawatt thermal; Q: flue gas flow rate; V.: catalyst volume; SV: space velocity; Ty: flue gas temperature; Xy,: elemental mercury

conversion; SBC: subbituminous coal; BC: bituminous coal
YA bituminous Illinois Galatia coal
Calculated from each corresponding element amount in coals
“'With a variation of £ 23 ppm
YAs a wet basis
9As a dry basis
DA commercial honeycomb type supplied by Cormetech
9L ow-halogen, low-sulfur Powder River Basin (PRB) coals
YA fter ca. 15,000-h deNO, service in a full-scale 300-MW power plant
In MW,
IConcentrations additionally fed to the flue gas
YVaried widely with additional feed concentrations of HCI, catalyst, temperature, and whether or not addition of NH;
YEquivalent slipstream in a 75-MW host unit
™A V,05/TiO,-based catalyst suitable for low-chlorine coals developed by Babcock-Hitachi K.K. (BHK)
"Calculated from an indicated flow rate = 50,500 Ib h™ at 370 C
“Even after ca. 8,000 h on-stream operation in a slipstream reactor
PWith 0.04 ~ 0.07 and 0.01 ~ 0.13 ppm for Cl, and HBr, respectively
90n-site-aged for ca. 8,000 h
YA commercial plate type provided by Siemens/Westinghouse
90n-site-aged for ca. 2,500 h
YA honeycomb type with a cell size of 64 cpsi supplied by Johnson Matthey
YWith 0.01 and 0.03 ppm for Cl, and HBr, respectively
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