L)

Check for
updates

Journal of Korean Society for Atmospheric Environment
Vol. 34, No. 6, December 2018, pp.759-771
https://doi.org/10.5572/KOSAE.2018.34.6.759

p-ISSN 1598-7132, e-ISSN 2383-5346

=
™

MO

Ce Z7t0 U2 W/TiO, Z0H2| NH;-SCR Ht35d A+
A Study on NH;3-SCR Reaction Characteristics of W/TiO, Catalyst

with Ce Addition

2ol4 0|53 _i_kliﬂ),*

[=] 1 o
77|t dutdietd gy getat, V() H 2

Min Su Kim, Seung Hyun Lee?, Sung Chang Hong?"*

Department of Environmental Energy Engineering, Graduate School of Kyonggi University

DTechwin

Z)Department of Environmental Energy Engineering, Kyonggi University

Abstract

FH4 20184 9% 20
2H 20184 10 18Y
FHEHQ 20181 1194 8Y

Received 20 September 2018
Revised 18 October 2018
Accepted 8 November 2018

*Corresponding author
Tel : +82-(0)31-249-9744
E-mail : schong@kyonggi.ackr

In this study, NH3-SCR experiment using W/Ce/TiO, was performed. The reaction activity of W/TiO, decreased

sharply at the temperature below 450°C. In order to overcome this problem, it was confirmed that the reaction activity was
enhanced by addition of Cerium. It was confirmed that the reaction activity varies depending on the added position and
amount of Cerium. In the temperature range of 350~550°C, the catalytic activity of W [13]/Ce [10]/TiO,(A) catalyst supported
on Tunsten in Ce [10]/TiO,(A) was found to be about 20% higher than that of Ce [10]/W [13]/TiO,(A) supported on Cerium in
W [13]/TiO,(A). When H,-TPR and Raman analysis were performed, W [13]/Ce [10]/TiO,(A) could not identify crystalline CeO,
and Bulk CeO, by forming W-O-Ce bond. On the other hand, it was confirmed that Ce [10]/ W [13]/TiO,(A) formed Crystalline
CeO, and Bulk CeO,. When the reaction activity was compared by varying the Cerium content, W [13]/Ce [4]/TiO,(A) with 4
wt.% Cerium content showed excellent activity over 82% in temperature range of 350~550°C. when W [13]/Ce [4]/TiO,
catalysts were prepared using commercially TiO, with various physicochemical properties and the correlation between the
reaction activity and the physicochemical properties were compared, it was confirmed that the larger the BET and the smaller
the average pore diameter, the better the reaction activity. Finally, a comparison of the reaction activity in various operating
conditions (Space velocity: 60,000~180,000h7", Oxygen concentration: 3~15%, NH3/NO, ratio: 0.6~1.2) and the thermal
durability of the W [13]/Ce [4]/TiO,(A) catalyst were carried out. When W [13]/Ce [10]/TiO,(A) catalyst was heat treated at 550°C
for 600 hours, it was judged to have thermal durability because it maintained the initial reaction activity.
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A= AA e ot Aa A 2y
Mg D ALFA] 9] Tz ofFt A F EEUH
B AZFA O] Ao oJRt A4 & S O A7t
2 U= 4 Stk o] &
g Ae7HsolH AAREo] 37t 3ol Qo
A7) 7V 73-8-3HE NO, A 2]7]& ot} (Karami
and Salehi, 2012; Copper and Alley, 1994; Busca et al
1985). HAEZ7]& 5 SCR (Selective Catalytic
Reduction) 7Hg g ] ARgSHH, 71 Fok= Sl
7 9 wES7] A Fokel Azl wE 34
N 59 Fokx vz 4= 9L, o) i F72o] %
¥ SCR 7]&9] 34 Fofo|d, Zuljo] B4 whet
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=2 ol Fag ATEolg & 4 o RHRE
of g Znll -8 Eok= vl F851Th(Jang et al,
2008; Armor, 1995; Nam, 1988). o]°f| w}2t & 712] &
Aol wjrtA 2L 5 ArHE W, Habibullah et al.
(2009) 2} Joshua et al. (2008)= HFo] @ 7}A Fxjgh vt
A0l A 350~550°C, Joshua et al. (2008)%} Pritchard
et al. (1995)= HAZ A 380~450°CEH F2HH
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3} (deactivation), &Y Al QA AP0 EHEH
2 2835t} (Giakoumelou et al., 2006; Nova et al.,
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2.1 S0 M=E 2

2 Ao AREH FrE A2 ol Sigma aldrich
Are] A 4] (Ammonium metatungstate hy-
drate, >85% WOj; basis; HysN¢O, W ,xH,0) & A&
A (Cerium (II1) nitrate hexahydrate, 99% trace
metals basis; Ce(NO3); - 6H,0)5 H|EHZA 9 A
TFZ27F o o8 7HA] FE 9] A8 Tio,oll EAIste
A ZotHTt ohFeE A Ti0,9] 7%, Millennium
Al TiO,(A)€} TiO,(B), IshiharaAte] TiO,(C)%}
TiO,(D), Sigma Aldrich AF9] TiO,(E)2} TiO,(G),
Degussa AF9] TiO,(F)& AHgstoirh 24e459] o
F2 [ 122 Yo Wx]+= Tio,9 FAE
7102 W x wt%HE HA] skl ou|dith
e Zmf) Aze] Qlo] G- T3 (wet impregna-
tion method)= A8 A XWHE 17 19 L+
BRI SAeh |4 W/TIO, ZafjAlze]l glof, Z1AA¢
TiO,°l W 13 wt.%THE H7Fste] &£219 (Slurry)
o] EFEAE WEo] 147 o WG F 5
ARAFZE7] (Rotary Vacuum Evaporator) & ©]-8-5}
of 70°CoA SRE FLAG, 588 FUA7| 1
LHA] A= 9] ~r7} ZE fIste] %222 (Dry oven)

oA 103°CE 24A17F AZAIX] & 10°C/min®] 5-&
2 2 7H 2 (Tubular Furnace)©l| 4] 600°CollA] 84
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Al G215k B 71+ A% 559 1 HS W

24 WA 8 mm, =°] 600 mme! 4% (quartz) TS
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(quartz wool)& AHE-SF3AtE ¥H-57] L9 H-¢ AF
Fofl A2 K-type?] thermal coupled ©]-85}to]
PID 2E=A0)71E &3l =dEsglon, kA fod7
o 2&& S45t7] fIste] FuliE Aol thermal
couple~ S| ;q 8]—0:] z_uﬂz e z;es].odr,]. H]-g

=1 =0 =5 45 fIste] NO9t N,0

£ HIEA Aol 7EAE A 7] (Uras10E, Hartman &
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on] JrYote] sh= HAH (3L, 3La, 3M, Gas
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precursor + Cu precursor)

Rotary vaccum evaporation

(70, 65mmHg)

|

Drying
(overnight at 103TC)

y

Calcination

(600°C 8hr, under air conditions)|
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v _——
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Calcination
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o M- ’

Fig. 1. Flow diagram for the preparation of impregnation method: (a)W/TiO,, (b) W/Ce/TiO..
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Ce Z710l| [E W/TIO, Z0H2| NH5-SCRHISEH A7 763

L_=d Thermocouple

[nEnEs] 180°C

(815
B

NOx
L | Vent

Thermocouple
NH, o
Reactor
- B
NOy Analyzer

Refrigerator

Fig. 2. Schematic diagram of fixed bed SCR reaction system.

RHAAQ! NH; = 850 ppm, H,O+ 6%, O,-= 10%, 5 Table 1. Experimetal condition in fixed bed reactor.
7H& I (Space velocity; S.V.)+= 180,000 h™'2 SFiT. Paticle size (mesh) 40~50
T3 AEE, A SE T Ao NO,, NO (ppm) 749
_ NO, (ppm) 49
NH,= obd Ayl TasHA shg.er, H,0= 6%, Inlet gas conc. 0, (vol.%) 315
v 1 (N; balance) H,0 (vol.%) 6
= 3~15%, S.V.E 60,000~180,000 h™'2 F&5}o] 20 VOLT0)
NH3/NO, ratio 0.6~1.2
Al8]e 23] Al5].e obA A3
4912 Ao NHy/NO; ratio 4 Space velocity (hr™") 60,000~180,000
¥ FLSHA A4S NH;9 55 =45

O

6~1.29] HIER At B A7 €4 &
7501] gt o o] RS2 v E fote] oA A
= W [13]/Ce [4]/TiO, EME WF 2 oA 10°C/min

2.3 Z0i &4 24

O] F2ELE TP =oA 550°C 600417+ DA 2|5} 2.3.1 BET (Brunauer-Emmett-Teller)
o] A4S FPstrt. Zufjo] v-gE4del NO, Mg Znfj o] 7]5 Ko 2 8| %HA Z74-2 Micromerit-
£ o}t o] A 19 Holetgint. ics Co.2] ASAP 2010C HH|E A3, BET
. : 29 olas THS
NO  (ops OO N0yl 2liv 0, (Brunauer-Emmett-Teller) 45 ©]-8:5ko] M43
X conversion = [NoT+ N, 5tk o] ZHzhe] A2 = 300°Col|A] 2h ¢ X

(1) FAHR 7S AAste] BAstAt
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2.3.2 H,-TPR (Temperature Programmed
Reduction)

Sole] o] Bk o] Uty 9l
517] 915kl Hy-TPR 242 4-35H3Itt 0.1 mm ©]
stz 2% 0.3 g9 FUE T4 F 50 cc/min®] 5%
0,/He& 2™ 400°C714] 10°C/minl.2 52
T 3027 fAlske] Su ®HO| E-S A At &

b Z)g B ALE o] F 100°CoE BHl
50 cc/min®] 10% H,/Ar 7}A5 FU45H Zuj2H
%l-x L SFAZIA AL 0|5 10% H,/Ar IAE 7]
o= WA 10°C/ming] 5T 2 850°CT}
= slolstgt,

-

)
s

E

T 6}04 TCDE AR H, %
A7]%= 2920 Autochem (Micromeritics)= A&}
Fom, s Z4-S 3 detector= TCD (Thermal

conductivity Detector) & AH-8-5F .

e e N P g

2.3.3 Ramman spectroscopy

SpexAte]
1404p 5 A& Laser Power+= 300 mW©] 1, scan
2 100°] ! resolution< 10 cm™' 2 SFTE.

Raman spectret= Argon laser”} A E{H

2.3.4 XPS (X-ray Photoelectron Spectroscopy)
XPS 24-2 ThermoAt2] Alpha-KE A}-8-51%1 0™,
excitation sourceZ 4] Al Ka monochromatic (1486.6
eV)E ARESIATE SIS 2F 100°Co] 2ol A 254]
xSk 23 o] Qe e S| AlA &
XPS 71719] AFEE 107 Pa2 FA|517] $5te] 9
sputtering & etching= oF%] &1l B4t A7
Ujel) EAfsh g
HE-495}o] binding energy2} intensitiyE <15 AT

£ wide scanning spectrum =

3. 3% R 1%

3.1 Ce &710] = W/TiO, 02| HI2EM
B Lol A& W/TiO,(A), Ce/TiO,(A), W/Ce/

TiO,(A) ZME ©]85t] W & CeE EHI5H3 o

100
80
A
S
60
£
g
£ 404
S
“Z 2]
—=— W[13]/Ce[10)/G-5
—e— W[13]/G-5
—A— Ce[10/G-5
0 T T T T T T T

250 300 350 400 450 500 550
Temperature (C)

Fig. 3. The effect of prepared method of W-based and
Ce-based catalyst on the SCR reaction (180,000 h™' of GHSV,
749 ppm NO, 49 ppm NO,, 850 ppm NH3, 10% O,, 6% H,0).

SCR 3245 Hlwstglon 11 7344~ % 39
ettt AdAT, W/TiO,(A) 119 A$,
450~550°C2] 1.2 A 2F 87%°] ‘f‘Jva*é o] Lt
W 7P 45t oH, 11 olske] koA SR
e AokE UeEtle 2297 mile S22 A
S &QI5tSth WHH, Ce/TiO,(A) ZUH—J 3%,
350~500°COf| A 75~82%°] A4S H 21} 550°C
ol A 49%= FAH A A= 9l o} At W/Ce/
TiO,y(A) FH2] 7%, 550°Coll4] W/TiO, i<} H]
WSHE off oF 14%9] /a7t Uebt A9 400°C
oAl <F 16%, 350°CNA] <F 47% BH-&-E4do] S7Fst
= AS AT 4 Ak
3.2 Ce H7IIX| ¥ EX|ZF0l [HE SCR
Liang et al. (2011)°] =™ Ce7} H7HE Zuj 9
735, TiO ol thsto] Ce9] b, H7He1A], &4 21
59 ofe] 742 Al zHHol whet g/dof| 2tol & HEr
Wopa? B s gt mheba 2 Ao A= Cedl
A7H9) 2] 9 o] w2 sCR HHSEHA HUE 49
Stelom 19 4of eIk v Bl E ¢
stof Az 0 o] -9, TiOy(A)oll CeE EAI5H
AZEZE Ce/TiOy(A)ell WS FAITE W/Ce/TiO,(A),
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g
= 404
S
Z 0l —=— W[13]/Ce[10)/TiO(A)
—e— Ce[10)/W[13/TIO(A)
—a— W[13]-Ce[ 10/ TiO,(A)
0 T T T T T T T

250 300 350 400 450 500 550
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Fig. 4. The NO, conversions of W-based catalyst on the
selective catalytic reduction: Ce loading =10 wt .%. (180,000
h™" of GHSV, 749 ppm NO, 49 ppm NO,, 850 ppm NHs, 10%
0,, 6% H,0).

Y= TiO,(A) ol W2 FA|5H] A 23 W/TIO,(A)
o] CeZ HR|SH= Ce/W/TIiO,(A), Wi CeS TiO,(A)
of FAlof| FA5H= W-Ce/TiO,(A) ZUHE AHE-5H
O™ Cef| T 10wt %2} 4wt %= Ze|oto] vk
/35 BlwskeITh Ce F7HAAE A A}, wl13)/
Ce[10]/TiO,(A) Z1fe] 2442 350~500°CllA] <F
88% = T3t /2 YEH /1o ™, 550°Coll A= oF
73%= W[13]/TiO,(A) E.T} 14% A LFER]E, Ce[10]/
W([13]/TiO,(A), W[13]-Ce[10]/TiO,(A)2} H] 15}
= o, A FHjelA 7P S5t Yehv= Ae &
o151t W[13]-Ce[10]/TiO,(A) Z112] 7%, W[13]/
Ce[10]/TiO,(A) Zufje} B W3}9-S wf 350~400°C2)
2 QoA o] o] oF 1% HAH whet B4
Zpo| 7} mlH]sFRI AL, 450°C O)/do] oA oF 3~7%
o] g 7HAS VPR QT Ce[10]1/W[13]/TiO,(A)Z
o] -, W[13]/Ce[10]/TiO,(A), W[13]-Ce[10]/
TiO,(A)¢} H| W3S o) 1 2= 1ol 4] 10% ©]/4
o] & &G AE Ustligith 91 3714 S9E vl
Sk © Ce®] Z7H91A el whet Bh-g2HAd o] Afolst
O™, Ce[10]/W[13]/TiO,(A)= HH-SEHAo] T4
skt Ce7t A7He f1Aof whet §ES

JRSEAdo] A
olsigon ol utet A7H9IAI7} WS T 1]

Ce &710]l = W/TiO,

Z0§9| NH;-SCRHISEN 7L 765

cdto-ct

A
Cc4+ ) £e4+

WI13)/Ce[10)/TiO (A)

W[13]-Ce[10/TiO,(A)

Ce[10)/W[13|/TiO(A)
Bulk CeO,

H, consumption (a.u.)
_ & %E‘

200 300 400 500 600 700 800
Temperature (C)

Fig. 5. H,-TPR profiles of the W[131/Ce[101/TiO,(A), W[13]-
Ce[10]/TiO,(A) and Ce[10]/W[13]/TiO,(A) catalysts.

—— Ce[10)/WI13]/TiO,A)
—— WI13]-Ce[10)/TIO(A)
WI13]/Ce[10]/TiO,(A)

—— WI3|/TiOA)

Crystalline CeO,
463 cm’

\

Intensity (a.u.)

—_
620 600 580 560 540 520 500 480 460 440 420 400
Raman shift (cm™)

Fig. 6. Raman spectra of the W[13]/Ce[101/TiO,(A), W[13]-
Ce[10]/TiO,(A) and Ce[10]/W[13]/TiO,(A) catalysts.

& Lol 12} H,-TPR, Raman spectra &
ow 1 AvE 19 5 11 6] YE

ATh H,-TPR 415 43451 51S o, 37F2] Zufjol
500~700°C HelellA 3709 H, &8 137} F4==
ZAE AT 4= ATt Peng et al. (2012)7} Liang et
al. (2011)°f ©J5}H 500°C F-ZLol|A] LAY sh= 3 H
A T+ SFSIFREA Ce & (Cett-0-Ceth) o2 M
A o] Sl 4tA7t SHETha 61907, 600°C
oA A SHE F A 13 v]SEFEA Ce F
(Ce**-0-Ce*h)o2H] ZHEo] Q= AtAo] SHele]
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OJgt Zolztal Hetn Al |7 B 3=
Bulk CeO, &o]at1l Od,—;%}ﬂ UTH 2 Aol A
W(13]/Ce[10]/TiO,(A) F9li+= 537°C, 571°Cof|A] 1
A7} FAE L W([13]-Ce[10]/TiOy(A) ZHof A=
524°C, 560°Col| A T 27T FA = ATt Ce[101/W[13]/
TiO,(A) Zufoll A& 515°CollA T 37 A= e
™ 700°COlA] Bulk CeO,°l 2|3t H, A% w37} 3
AES RIS AT 3 37ER] A F 2]
7V 9=ot™ W([13]/Ce[10]/TiO,(A) ZriolA
H, 2% 937} 7P 37 dAEE AS 3l 4
UL 37E2] Fwfjo]| Histe] &4do] 7 5k
© W[13]/Ce[10]/TiO,(A) ZUoll A H, A& 37}
71 QEZ O & Shift He 1T 4 %=, ©f

£ Eibl et al. (2001)°] AF3E ZAAH W[13]/Ce[10]/
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