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Abstract : In this study, a vanadium catalyst study was conducted on the various characteristics of the exhaust gas in the
Selective-Catalytic-Reduction (SCR) method in which nitrogen oxides emitted from cogeneration using biogas are removed by
using ammonia as a reducing agent and a catalyst. V/W/TiO,, a commercial catalyst, was used as the catalyst in this study, and the
effect was confirmed according to the tungsten content under various operating conditions. As a result of the NH3;-SCR
experiment, the denitrification performance was confirmed at 380 ~ 450 “C more than 95%, and durability to trace amounts of
SO, was confirmed through the SO, durability experiment and TGA analysis. As a result of H,-TPR analysis, the higher the
tungsten content, the better the redox properties. Accordingly, enhanced oxidizing properties were confirmed in the oxidation test
for a trace amount of carbon monoxide emitted from the cogeneration. In NH3-DRIFTs analysis, it was confirmed that the higher
the tungsten content, the higher both the Bronsted/Lewis acid sites and the better the thermal durability when tungsten is added to
the catalyst. Based on the experiments under various operating conditions, it is considered that a catalyst with a high tungsten
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content is suitable to be applied to cogeneration using biogas.
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4NO + 4NH; + O, — 4N, + 6H0 (1)

kAol ol e QT WA W7|TRA LEE 400 ~ 450
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Ui O} V,04TiO; Sl Autaiel AL rmL 300 ~
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2.1. =0§9] M=

H HJFoJA+= DT51 (Millennium Crystalline Global Co.)
TiO, ARAE ARESI T Sl 58 IR (wet impregnation
method) 0% A2, BHFE wHHES wAS] H
o Tio: AA A PAHE Tio; BAT Y] 4, § w242t
A5t W[4]/TiO,, W[V TIOE AEF & Hhbg= W/TIO,
TAE) 1 wi%E B3] V[1/W4)TiO,, V[1J/WI8]/TiO;
e ERELT-C

W4/ TiO,, WISY/TIO S A Z5t= WHOREE= PAH A
A ammonium metatungstate hydrate ((NH4)sHyW1204°xH,O,
Sigma Aldrich Chemical Co.)E TiO, SHH|Z ZZF 4 wt%, 8
wt% AAFSH & ammonium metatungstatex= &3] =7} 2}7] o
2o TFTE 60 C= 7Fgsto] AR 11 F Tio.9} &
e §HS wHtste] S Glury)dEHz TEAT. Ax2H
<225 | h ol wRiet & 3144 23 F87](Eyela Co.
N-N series)® 65 CO & 65 mmHg? XFoA] 30 min ©]4t
S3e FWAAT. T T 0] Uo] Molre S
9lste] 103 €] @EofA 12 h o]} AZAIZ]l F 10 C min’!
9] £2&4w 2 73 2 (Lindberg Blue Co.)oA 600 C7}A]
S T 40 B BIRATINA 2450t BEFE
HUE9 39 ZTA|E ammonium metavanadate (NH4VOs,
Sigma Aldrich Chemical Co.)E& AREolgoH AAH
W4)/TiO,, W[BY/TIO0 thet FFH| = Hivbge] g3 1
wt%= 5] AAFSFSITE Ammonium metavanadate:= 83| %
7F 27] wgol SR5E 60 T2 7Hgsto] E3AX1 F, oxalic
acid ((COOH),, Sigma Aldrich Chemical Co.)& ammonium
metavanadate?} 1:1 mole ratio2 AAFsto] pH Fto| 2.571 &
74l @s] A 1 & AxE &S WAYTIO,
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Table 1. Atomic compositions of catalysts estimated from
SEM/EDX spectra of V/W/TiO, (A), V/W/TiO, (B)

catalysts
V/W/TiO; (A) V/W/TiO; (B)
Element Atomic (%) Element Atomic (%)
o 62.44 o 60.72
Si 3.26 Si 3.14
Al 1.12 Al 0.57
Zr 1.60 Zr 1.06
Ti 26.12 Ti 25.22
A% 1.12 v 1.15
W 434 W 8.14
Total 100 Total 100
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Figure 1. Schematic diagram a fixed bed SCR reaction system.
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qnlez NOz QJullal NO szuez NO, _quuez N,O
= X100 (2)
C:',nlet NOzx
C .,
. outlet CO,
COconversion (%) = ——x 100 3)
inlet CO

Table 2. Experimental conditions on reaction system

Particle size (um) 40 ~ 50 mesh (359)
Temperature (C) 380 ~ 450
NOx (ppm) 300, 1000
H,0 (%) 0,6
Inlet gas conc. NH3/NOx 1.0
(N balance) 0, (%) 0~8
SO, (ppm) 100
CO (ppm) 500
Space velocity (h™") 180,000
Total flow (cc min™) 600
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2.3.1. FE-SEM (field emission scanning electron

microscope)/EDX (energy dispersive X-ray)

Azt o] HE Z1Z A5te] JEOLAS] JSM-6500F
£ o]gsto] FESEMEDX B4& Fastairh. AHOR ¢
AR AL HAEA Fe A9E dulstel Al|o] ghant
oz ¥ FHAY|D WP WE4 Il SYaiolc
E3F SEMO] WA, 4B AR 1ge §A5] e
9.63x 107 Pa®] MFE=E 7H {oHt BEZE ARgsglrt

2.3.2. TGA (thermogravimetric analysis)
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2.3.3. Hx-TPR (temperature programmed reduction)
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2.3.4. FT-IR (fourier fransform infrared spectrometer)

Hoo] Fg-S shelsly] 915 FT-R BAE Saasich
FT-IR B-A41-2 Thermo Fisher Co.2] iS10 FT-IRE E5}0] $=3=]3]
O, A|&9] HEARE(reflectance) £41-2 3l Diffuse Reflectance
400 accessory= ARES}AT. A HHAF S 93t plateZE
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£ background= 24P, BRE B2 auto scan Y 8 cm’!
9] A} (resolution)of| A 4= =] AT}
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Figure 2. NH;-SCR efficiency of V/W/TIO, (A), (B) catalysts (S.V.
180,000 h!, NOx 1,000 ppm, NH3/NOx ratio 1.0, O, 8
vol%, H20 6 vol%).
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Figure 3. The effect of NOx concentration on NH3;-SCR over

V/W/TiO; (A), (B) catalysts((@) V/W/TiO, (A), (b)
V/W/TiO; (B)).
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Figure 4. The effect of O, concentration on NH;-SCR over
V/W/TiO; (A), (B) catalysts ((a) NOx conversion of
V/W/TiO; (A), (b) NOx conversion of V/W/TiO; (B),
(c) NOx conversion according to oxygen concentration
at 400 C of V/W/TIiO; (A), (B) catalysts).
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Figure 5. The effect of H,O on NH3-SCR over V/W/TiO; (A), (B) catalysts ((a) NOx conversion, (b) Outlet N>O concentration).
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