Clean Technol., Vol. 27, No. 4, December 2021, pp. 315-324

HIO|27tA BEE TTHUM 2 dot= NOx HHZE /et
SAH SHZ0]| [ NHs-SCR BiLEEAH Z0H S+

1 = qzpR*
Ho|, s8R

775t Artste g of v x| g5t
16227 A7\ & QA BT FWAIR 154-42
277 djsti 2ol 1| et
16227 7= QA B FWALR 154-42

(2021 9¢¥ 17 AH<4s; 2021 109 19€ A E <45 20219 119 19 A=)

A Study on NH3-SCR Vanadium-Based Catalysts according to Tungsten Content for
Removing NOx Generated from Biogas Cogeneration

Min Gie Jung', and Sung Chang Hong™*

'Department of Environmental Energy Engineering, Graduate school of Kyonggi University
154-42, Gwanggyosan-ro, Youngtong-ku, Suwon-si, Gyeonggi-do, 16227, Korea
2Department of Environmental Energy Engineering, Kyonggi University
154-42, Gwanggyosan-ro, Youngtong-ku, Suwon-si, Gyeonggi-do, 16227, Korea

(Received for review September 17, 2021; Revision received October 19, 2021; Accepted November 1, 2021)

S

ot
Of

£ AFofAl L vlo] @7k AT o] 85k GH T WA oA Wi EEE A AASHE-S SHUAIQ] Y o} Zul 5 o] 8-5to] A A
Bt= A Al 8- H (selective catalytic reduction, SCR)O|| 3lo] A TheFet vij7tA E/Jo) th gl vhvtks Sl A5 35t
At Aol ARESE = ARE-Z Q] V/W/TIOE ARSst o thoafst Az oA | A ghefo whet - E2lst
ATt NH;-SCR A8 A3} 380 ~ 450 CollA] 95% o142 24 452 &2lstaon SO, W3 A3 2 TGA E4-Z B4f 1]
29 SO, gt Fufj o] W3S SISt B Hy-TPR £ 23} § Al dfo] 245 943 A5t T (redox) &
< AT 5= ATt ool whet @R E WA A MiE == v]=e] dAkSter A gt ASHEE S S35t o JA] 94
Argber Ao k5L 3101 4= 91 QIth NH3-DRIFTs E-4] o A= ] AHl S}eko] =84 Bronsted/Lewis acid sites 2.
7tstg o BHAHS Sujjof] H7} Al 58 & WS 2 A0 2 FRIE Q). whebA] thefst 22 A0 mE A
A A3}, g A o] 52 Suj7} Hlo] 7t A E o] -8-6k= I Aol 4-8517] viEAsftta W

Hof : el A ufjeh Ay, Aaqtshs, vho] @7, Zof, vivks

ot 4 ok ox
ofy e Mo

M

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.

Keywords : NH;-SCR, NOx, Biogas, Catalyst, Vanadium
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4NO + 4NH; + 0, — 4N, + 6H,0 (1)
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2.1. 0j9| M=

H JFoJA= DT51 (Millennium Crystalline Global Co.)
TiO, AAAE ARE01 0T Sl 58 T35 (wet impregnation
method) 2. & A 235k et. E4FHQ vitwS A5 A
of TiO, A XA o] FAES TiO, FATH] 4, 8 wi%=E Z}Zt
GASt] W4/ TIO,, W[S|/TIOE A £33 & vhbES WITIO,
SA ] 1 wi%2 SRI8ke] V[1/W[4)/TiOs, V[1J/W[8)/TiO;
soj2 Azt

WI[4)/TiO,, W[8)/TIO,Z A Z5l= WHOEE= §AH A+
Al ammonium metatungstate hydrate ((NH4)sHyW1204°xH,0,
Sigma Aldrich Chemical Co.)& TiO, SHH|Z Z+ZF 4 wt%, 8
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7F 27] tigoll SRS 60 T2 7HEste] §3AX1 F, oxalic
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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
\Y% 1.12 \Y 1.15
W 4.34 w 8.14
Total 100 Total 100
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Figure 1. Schematic diagram a fixed bed SCR reaction system.

71(ZKJ-2, Fuji Electric Co.)E ARE3IH O™ N,09] Hr+= H]|
BA H Q) A 7} BEA7)(ULTRAMAT 6, Siemens)E ©]-8-5}19]
Z4olgick NO, Bl Wg7] ZulE FElolx AABOL,
Gas Tec. Co)g olgalo] Z4algon] Ymyjol AAP
(3M, 3La, 3L, Gas Tec. Co.)& Ar&sto] =45}t

S 23 Y3 VIW/TIO; (A), (B) F+ W& Z+Z 13=
Hg7lol % &, o] &43 H Sl W B AAE
A 500 ColA HAelE SRSk B2 ofF ]
255 74 AR 57| SPEAIRL & AAAHEE sl 1 h &
b AN Aol BEe HE ojue] srg =
gskeleh. & Aol Al AAIRE NH;-SCR Ago] et 24
L Table 29 YeFJ9loH, ZF Zu]9] NOx conversion, CO
conversion> Th3} -2 A0 =2 A4t

NOx conversion (%)

Cntet vox ~ Coutier vo ™ Crutier NO, —2C et N,O
= <100 (2)
QIIICT NOzx
CDutlet o,
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
(N2 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. E0io| E4 24
2.3.1. FE-SEM (field emission scanning electron
microscope)/EDX (energy dispersive X-ray)
Az Frjo] A& 1L 95kl JEOLALS] JSM-6500F
£ o]8&3d}lo] FE-SEM/EDX £A4g £85}9tt AlHo=z ¢
AP AR WA e A9 djulstel Ame) shagt
o7 A3 FFATIL H“:LOE AEA Fgste] 2H5c}
T3 SEMO] AAE, A5H AHAe] AFE fA5] 9
9.63 x 10 Pad] 73#5 7bA 93kt Wune Apesielh

lﬂl ﬂll

2.3.2. TGA (thermogravimetric analysis)

Zu9] FHo| Q1= ABS (ammonium bisulfate)7} E-3] &=
22 0I5y 95ta] TGA EAS 435ttt EA7=
TGA N-1000 (SINCO Co.)& AF23}9901, TGA B4S 23]
Zu FAHHE] 10 wt% ABSE SRR Frjjo] g5t
o] 103 CoflAl 12 h ARSI A 2H Al=E WMol 20 mgS
FA31a, A4 BV 5245 5 T min' O& 800 C7}

) NN AR BA AAE AR

2.3.3. H-TPR (temperature programmed reduction)
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C7HA] 5-25to] 30 min &<t FAISHAT. 71 & 60 T7HA] o
23t & 10 vol% Hy/Ar 71425 F3otHA Sujrde] -
Z-S orASA AT THeoe 2 10 vol% Hy/Ar 7FASE 50 cm’
min'& |&H 02 el oA 10 C min'9] 52 £&
2 800 CT7HA] $235lH TCDE ARYE $£49 & 39
Sttt B4 7]= 2920 Autochem (Micromeritics Co.)2 A&
son, FE2HL 9% AE71E SUEE A7 (thermal
conductivity detector, TCD)& AR5} cH

2.3.4. FT-IR (fourier fransform infrared spectrometer)
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O, A|7 9] HFARE(reflectance) 42 ¢J3f| Diffuse Reflectance
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WIS Siskel B7] 29171 StolA 400 ToIA] 30 min E9
AT RS A Sl9] spectraS 35H7] #I5to]
gl A A A5 AZH AW EH(single-beam spectrum)
£ background= 2P, BE 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/NOXx ratio 1.0, O, 8
vol%, HyO 6 vol%).
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Figure 3. The effect of NOx concentration on NH;-SCR over

V/W/TiO; (A), (B) catalysts((a) V/W/TiO, (A), (b)
V/W/TiO; (B)).
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o W34l o2t Atk
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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/TiO; (A), (B) catalysts).
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(B) SHi9] A¥-S Figure 4byoll, & Zufo] 400 CoAT Q] Ak
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A% wEo] oE E"“iﬂﬂ«l e A AT £ E
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Figure 5. The effect of HO on NH;-SCR over V/W/TiO; (A), (B) catalysts ((a) NOx conversion, (b) Outlet N,O concentration).

o W V/W/TIO, (A) &1jo] A9 400 C 7|ZCF 80.64%,
V/W/TIO, (B) &1 88.16%2] 2rA 582 UehyQict E3t
Figure 4(c)9]A] 400 C 7]Z2.& V/W/TIO, (A), (B) Zufjo] 1t
SHYL HTS B ) F Fu) BEF Ak 57} oy
of wet SEEEe] Fade AL AT & Yglod,
V/W/TIO; (B) 27} V/W/TIO, (A) Zuof] H]8] Abh %%
0 vol%ol A 8%2] WFSEA Fol7} e 2L Eeldt 5 U9
o weba] Sl HAEl o] EoFISE slow SCR HHS:
o] § & Yofthz Ao FHHEITh E3H Akd BETH 0 vol%
AW F Eu) BE NO7FBASH e ZoE SelE gl
Ak 527} Fobel whet N,OZk HAYSHELH, 5 vol% ol
oA N,O7F Aol A9 Hol7h LekibA] gkgker.

3.2.3. 2 a0 ME EEF02| v3EH It

SCR ¥HgollA] 79 E= A2 = i 44
A yote} A Fabeto] A aE 749 Yllo] HH, v
2 I20A = dEYol] tEASHE JA|St] SCR 5&2
SRIAZ171 % REEH15]. WAl VIW/TIOx (A), (B) FH9] &
of thgt JFE F2sty] Asto] & F% 0, 6 vol%ol THE
NH;-SCR AT S FPstlon 2o e 2dasds
Figure 5(2)° WERH AT
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Zu9] AL 450 C 7]& H,0 6 vol% K70 A 94.9%9] &2
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Aot} V/W/TIO; (A) SRt gd880] ¢ oAl AL
2 ZRIFE It o]7gt FAELY] 7FA0] IS ERIsH] ¢
stof, Hj7EA F N,09] 5%E Figure 5(b)o]] UEFH ST At
Ao & N0 SHAE Y49 dEYot v ¥He2 &5
of BEoZ AksltE|o] AJgHTt

2NH; + 20, — N,O + 3H,0 7

Figure 5(b)ollA] UehvRo] 2 ago] Z4adol wet N,O
o IPFE F7oke Ag FRIT 4 Ut 53], Ao
& g & 22882 HIE V/WTIO: (B) 19 3% N.0
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BUoto] @EASHE Aot 12 FAoA ] EHaLS
S Aoz dH

3.2.4. HEXOHO| Ltot- 2t E4 2XA

A Zuf Ao ¥ 7S ARESte SO &
S} g% ol whet chfahm Z9] redox-base sited}
acid-base site 52 FoJFwo] what wj EsioH12). HA
SCR ¥h&-2 4tguh-g-a SHauh-a-29] vHEE = cycleZ 551
w30l FP=7| mizo] siFFufo 452 (redox) S43S
gRI5}7] 913k H-TPR -41& 3513l om, 1 A= Figure
707 WER it

H,-TPR £-4] A3} V/W/TIO, (A) €} V/W/TIO, (B) 1)
L 450 ~ 480 C FZoflA A A peak”t HEE|RUCH, 540
~ 580 Co|A = WA peak”} HEE 3T} V/W/TIO, (A) F1j 2]
A WA peak7} 477 C, T WA peak7} 580 CTollA HEH UL,
V/WITIiO; (B) Z1ljo] A WA peak”} 454 C, = WA peak”}
544 ColA HEET V/W/TIO; (B) S99 Z peak”}
V/W/TIO; (A) 9] 2] peako] H]8] A-20.2 o] 54t A0
& Hol, gAH ggo] EoldE FiY redox E4J0] 95
8 1 Aoz wWokEch wekA V/W/TIO, (B) 217} 32340
Al 8ol glis 249 1204 Yo} Atgtof| wet gEa
o] At Zow waEo

3.2.5. BEF0HC LZLIO §2F EH 2A

Engweiler et al. [16]> W %7} A] Bronsted acid sites/Lewis
acid sites W0 H|7} 27}3S &916t9 0 o] SCR ¥
4 5719 YRl ® FAsIith o]of w7 A= |
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Figure 6. The effect of SO, on NH3-SCR over V/W/TiO, (A), (B) catalysts ((a) NOx conversion of V/W/TiO, (A), (b) NOx conversion of
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3.2.6. EEFQ| YrtatEHA Lot BI}
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3.27. 2= Liekd B7t
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