Clean Technol., Vol. 26, No. 4, December 2020, pp. 321-328

.

VanadiumZ| Z012] NHs-SCR M &M HsF AL
OIEH, B

7 st duteshe o) 255tk
16227 A7\ & S2YA] FEL FWALR 154-42
‘7718t al g olu 2 g stat
16227 7|2 QA G5 JWALR 154-42

(20204 119 199 F2=; 20209 129 89 2242 2= 20204 129 8Q) X &H)

A Study on the Effect of Low-Temperature Activity on Vanadium Catalysts

Jonghyeon Yeo', and Sungchang Hong”*

"Department of Environmental Energy Engineering, Graduate school of Kyonggi University
154-42, Gwanggyosan-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do 16227, Republic of Korea
*Department of Environmental Energy Engineering, Kyonggi University
154-42, Gwanggyosan-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do 16227, Republic of Korea

(Received for review November 19, 2020; Revision received December 8, 2020; Accepted December 8, 2020)

Q o
2 99 48 2019 V/W/TIORh VMOTio; ZH1E 1] iste] SCR ¥HSo1A4 A& E4o] v)A: % A75 Agstsct
NH,-SCR §H8014 9] 28 FRE v]AE NH; 4H7} 4h4o] 3-8 2H91517] 18] NH,-TPD, DRIFT, Hy-TPR 34131
Or-on/off 318 M3t ¥k FAo] e L2l 250 T B4 A37E 27 Lrehhs 180 Tol A ¥Hg B4o] v A
Qe BT 250 ToIAE SCR §H80] Folshs NH, %, BAVATH LAH o] #hgo] Folshs AL shalet & glaom,
7140] 4147} ik o] Zotstol A kst Agro] A ek A SHe1a 4 QIGIek. ST 180 Tol A= BAS] ol A
Bk, 7144e] Akzo] OJ5F Aakake] o] Ho] Fie] Adtel Aoz Tt

ZH|0f : NH3-SCR, &1, A&, v )&

Abstract : This experiment compared V/W/TiO, and V/Mo/TiO; catalysts that were used for commercial catalysts. The effects of
SCR reactions on low-temperature activity were studied. NHs;-TPD, DRIFT, and H,-TPR analysis, alongside O-on/off
experiments, were conducted to identify the effects of NHj3 acid sites and oxygen participating in the SCR reaction, which had a
significant impact on the NH3-SCR reaction. The effect on activity was analyzed at 250 C, a high temperature of reaction
activity, and 180 C, which showed significant activity degradation. In NH; involved in the SCR reaction at 250 C, B and L acid
sites contributed to the reaction. In particular, the B acid site was found to have significantly participated in the reaction and
affected the NH;-SCR activity, which was reduced at 180 C to affect the activity degradation. Also, atmospheric oxygen
contributed to the SCR reaction, causing the active property to facilitate reaction activity at 250 C. However, oxygen did not
comprise the reaction at 180 C, indicating a drop inactivity. Therefore, the B acid site was reduced, and the activity was judged to
be degraded due to failure to share in the reaction and low effects by atmospheric oxygen.
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Figure 1. The preparation method of V/Metal/TiO; catalysts.
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Figure 2. The schematic diagram of experimental equipments.

Vanadium7] £t 2] NH;-SCR A2 24 g A 323
o] S WAL o] it FIFS WA fiRteltt
NO 5t H|EAMA Q)M 7EARM 7|(ZKI-2, Fuji Electric Co.)2
ARSI oM, NoO = H[BARE] A7 AR A 7|(ZKL, Fuji
ElectricCo.) & AHE-SHATH NOy= FRES7] SR04 AR
(9L, Gas Tec. Co.) ©]-&5}% 2™, NH;+= HA|ZH3M, 3La, 3L,
Gas Tec. Cog AHOIIEE sl 715 91517 4,
2 3271 WY & EFolA AASI] £A47]0 JFE 2
Eeate] 5 L e St A o) ‘_rF%l*éé FAske] A2 W 4
AA5HA s HOH FAZYAE ol&sIAH. o]HT U=
AL 5000 b 3L 7St —T‘,"— 00-360 um =F7]9] &Mj&
sievings}o] A

H AL %Z_}—/l,\—E 60,000 hr', 0, 8 vol.%, H,O 6 vol.%,
NH; 850 ppm, NO 744 ppm, NO, 72 ppm, N, balanceo| 4] 55§
shlom, 150~250 To] 2= floA 485kt ol 53l
Z1j 9] NOZAZE(conversion, %)= T2} Zo] AAFSF3 LY.

NO conversion(%) =
NO. R NOHJ%-? - N02 Elaseen 2]\[2 O“P%‘Ef
> 100

2.2.2. O, on/off A&

Zuf 9] AkAZo] HSEHA] o) H|R|L ko] el E4517]
93] 0, on/off Aldlo] 2=FEQlth YHL LA Ny, 0, NO,
NH;ZS 84A]A SCR ¥FH2-2 {A|A|ZIt 209 =& Q] Ak
o] TR GRS 1] A SR FUSA G Y
t}. SCR Y32 Oel A 2L oA APA 7, ZFEH 0,2 F
1 ‘ﬁ"’ 60 & F O 5 THA| FYst= < HlEE = NO2
Aottt NO 7}A9] s =Ao u|HAl Z A 7pA
24 7](ZKJ-2, Fuji Electric Co.)2 AF&-39t}. o] of A7t
2 NO9| 5Lg palsh] Al NX9 25 ZEZ 79| RS485

AlSE ganamon programe 5519 signalS 5Tt

2.3 Z0 EMEM

= o

2.3.1. NHs-TPD (Temperature Progrommed Desorp’rion)

100 pm o]5t2 E5 300 mg?] £Mj& &4 & 24 50 cc
min™'9] ArZ §43tch 400 C7HA] 10 C min' 0.2 52 3t
3 30 min 7F A5l &) FHY FES A|ASIL EWE
AAE AFH. F 60 TOZ 313SE & 1 vol.% NHi/ArO 2
60 min 7t o] NH;& &2A|7]3, ArC & purgings}H

Zua A7 B9k 22 S NHE AR 0% 200
cc min'9 9FoT ArS FQstHA 800 TR 4251
Quadrupole Mass (200 M)E ©]-&35}o] NH; (m/z=17)9] 5%
£ 2Hsiar.

2.3.2. FT-IR (Fourier Transform Infrared Spectrometer)
SR BERESS EQI5H] §i5te] FT-IR 24 &
Y5tk FT-IREAS JASCOALS] FT-IR 660 PlusE %5}0]
$YE 0, solid? reflectance 42 93] DR (Diffuse



324 oFd - 2%

Reflectance) 400 accessory= AME5FTH DR &4& st
plate2 KBr window, CaF, & AF&3}l3 2™, MCT (Mercury
Cadmium Telluride) detectorS AR&5}0] spectras 3513 L.
A9 AHEEH 2E Fule 2E HEE7E AAE insitu
chamber®] sample panQto] rodE ©]-83F%] ground=| Uttt +&
% EeE0 I HiAISH] Aste] 371 &9171 shollA 400
C7kA] 10 C min' & 52 A7 ¥ 30 min 52t A2 g
AAISHATE 9] spectraE 517 fl5to] wlE] A A2
sample?] single-beam spectrum= background® =75} O™,

HE BX2 auto scan L 8 em'9] resolutiono| Al 4= %] T},

2.3.3. H-TPR (Temperature Programmed Reduction)

209 redox 59 B} @ Eoj Abshirele Selsh) Yt
o] HyTPRZAHZ 5F3IH. 100 pm 0|3tz 4H Z4 0.3
gZ Aot &, S HHS & I E¢E AAY hraos
ZA3HA717] Y3ted 5 vol.% O./He balance 50 cc min'g &
21 300 T7HA] 10 T min' 22 4$-23%F & 30 min 7+ 84|35}
At o]F 60 CZE 3l 3+ & 10 vol.% Ho/Ar balance 7}AE
SaotHA SUMEHY] §F, Z22 P A SHEVIE
=9t} 0]3 10 vol.% Ha/Ar balance 7FAS 50 cc min' .2
A&EAA FFE FEA 10 T min'9] 2 22 800 C7HA]
%251 TCD (Thermal conductivity Detector)Z AH % H,9
BEE 315t E447]& 2920 Autochem (Micromeritics)S
Argslg o, BEE2AHE St detector= TCD (Thermal
conductivity Detector)S AN2-5}T}.

3. 71 Y nF
3.1. VIMetal/TiO, Z012| &2 2 H|W A7

NOxi= THFeh 7] oJsf A= 9lom 11 F NH:-SCR
o] 714 mEZol1 AAZHSI &2 ¥¢¥A Q. 1 F
VOX/TIOZ 7|50 2 o1 Zufjoll 4] 958 B 782 Ut
Wi gloy, FAE(W)S AMESE VOx-WOX/TIO, F17} of
‘Ao|th FAR(W) H7F Al Sdf ®HO] BARE 9 LAY
S S7HAA A4 E44E Eol, S| redox 54
S FAAIA TOFHE Z7HA1ZT B3 A3 g 4do] &5
Sto] TiO 9] Aol AAAA Fuje] A& WS TFAI
Z1TH7,9]. TS, @2 AFAE0] BAR(W) Sjet 3 £
(Mo) Zufjof] T3t A5 ZIPatal Qlct. Rehder [9]0] =
E7(Mo)y= WOxe} H|S:3t 315H4 B3} 24 7]5-& YE
Wi glom, AAZoA Mo9] 45t JFOZ VOXTIO, &
oo H7tEE A AL 4 S7o) IS Rtk F3o}
RATH10].

£ AFoAs A20049] ¥he E4S st Ao dA
48 R dHX AW E2(Mo) FWiE Alx5to]
L& skt VIW/TIO, SHi9] -, 250 Tl 4] 95%2]
e JEPHIARE 220 ColshiE &4 Asts YERRY
o} V/Mo/TIiO, 11 2] 79 200 CollA] oF 88% &/d-& Lt
9lom, 190 C o]a}RE <k 10% &4 Aol Yersttt. what

100

10 -

Conversion %

20
—®—V/W/TiO,
—4— V/Mo/TiO,

04

T T T T T T T T T
170 180 190 200 210 220 230 240 250

Temperature ‘C

Figure 3. The effect of temperature on NOx conversion over
V/Metal/TiO; supports. (NO : 744 ppm, NO; : 72 ppm,
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Figure 4. NH;-TPD profiles of V/Metal/TiO, catalysts.

A Zufje] 24 oo A AL B/goll mAe FFE st
918 250 T} 180 TollX 9] BAE AYstgct. whS Eigo]
100% ERRI== 2291 250 €2 &4 #J5k7t Yefk= 180 T
M9 &, 3oty B4 H|wstgith

3.2. V/IMetal/TiO, £0H2| NH; St
Nova et al. [11]9]] @29, vanadiumA| Z1}E 0]-8-5F NH;-SCR
W32 S #HO| NH; F2Ho 2 7E ¥h-go] AlZtEeh. &2
H NHipe= 7189 NOyy = S0 EHO| F2E NOyuwE
3} Hh-3of 93] SCR ¥-g-o] MaFgrt. webA NH;-SCR HHg-
olA NH; S&F E= 2 A7l 9 vH8/d2 AAAHQ 2
S AAAL Z93F @ 0|th Lietti et al. [13]°] 2@ Zuj
Aol &2F=] NH;:= Lewis AH4 2 Bronsted AFH 0 2 JLEE]
), Mo TiO,9 Ajtoto] A2 LAMEE PAdots Ao=
T EI ek LAFES FAA717E Fote] 9oz QhH
E4E& YEdo] €40 X AR BEuEI QITHI2]).
F 7Y Suol tigt =Yol F& 540 2da &
FEF= FRlst7] Y3l NH:-TPDEAS S 5to] g
ZAIE Figure 40 YERA O™, NH; F&He] HAH|E 7

e

18
oo
Jm
0%
re
-

I

el

FTF

¥



Table 1. The amount of adsorption on V/Metal/TiO, catalysts.

Ratio of umole NHs/g
V/W/TiO, 1.00
V/Mo/TiO, 1.72
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Figure 5. FT-IR spectra of NH; adsorption on V/Metal/TiO,
catalysts on different NH; adsorption temperature at
180,250 C.
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Figure 6. FT-IR spectra taken at 250 “C upon passing 1000 ppm
NO + 3% O, over 1000 ppm NHj pre-adsorbed on
V/Metal/TiO, catalysts. (1000 ppm NO + 3% O, over
1000 ppm NHj3 pre-adsorbed)
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Figure 7. FT-IR spectra taken at 180 C upon passing 1000 ppm
NO + 3% O, over 1000 ppm NH; pre-adsorbed on
V/Metal/TiO; catalysts. (1000 ppm NO + 3% O, over
1000 ppm NHj pre-adsorbed)
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Figure 8. O,-on/off profiles V/Metal/TiO, catalysts at 250, 180 C.
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