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Z ol AASENOx)-2 estaddas] A4gHor F2 Ttz G849 NOx AA7}
g oot AHo|c}, B Ao Meid Zof g1 (Selective Catalytic Reduction, SCR)-& ©]-€%F NOx
AAANA TiO, FZEwe] NO AAZEL I+ttt NO AAGEES H7Ish] 8] SEA7 Wi
ALO; 713 EHO| TiO, et A4tA L] HaF viRItlE Egcto] T2t & ARE 7|5 A 2[5HHA
AYE Fgotdrt. ko o2 Ewje] NO AAEEES Hrietda, Fuje] Erjstshs E4S $5td]
XRD, SEM, TG-DTA, BET 4% 485ttt NOx AlA &8 A7t w2 £ 5#3H250C ~500C)
2 20894 AATEL 58.7%~65.9%°1H, 30EAA 63.7%~66.0%= et ALASHE AAE
SCRZ AHEEE TiO= 300C7t AlAREEC] 71 &82d Aoz H|utH),

FAo] © TiO; NO A7, 7|2 %, di4spE, 350

Abstract : Fine dust in air pollutants is recognized as one of the most serious social environmental
problems. Most of the NOx is generated in a combustion process such as that of a coal-fired power
plant, and therefore efficient elimination of the NOx from the coal-fired power plants is needed. This
study investigates the removal efficiency of using TiO,, a photocatalyst, to remove NOx by Selective
Catalytic Reduction (SCR). To evaluate the NOx removal efficiency, TiO, catalyst and phosphate
binder were mixed on the surface of the Al,O3 substrate with the exothermic agent, and the substrate
was heat-treated. The NOx removal efficiency of the catalysts was evaluated according to the
temperature, and XRD, SEM, TG-DTA and BET analyzes were performed to investigate the
physicochemical properties of the catalysts. NOx removal efficiency was 58.7%~65.9% at 20min, 63.7
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~66.0% at 30min with temperature change according to time(250°C ~500°C). The TiO; used in the
SCR for NOx removal is judged to have the most efficient removal efficiency at 300°C.
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2.2.1. XRD (X-Ray Diffraction)

Al&e] A4 Fx2+ Aidls X-ray 3d724
71(D/Max-2500, Rigaku, Japan)Z ©]g3te] 2
0 7ol 5~80° WA 2° /min9 £z A
Alstgem,  X-ray generator=  40kVoll,
Radiation source2E Cu Ka (A=1.54059A)5
ARg-sto] Z = QI

TiO2 Powder

1hr

Stirring

Spraying

—

TiO& o83 AaitskE AA B4 371 3

XRD ®AoME= Zt Zuje] mieg 7]&E9)
reference®t Hlwsto] Zufjo] A4 x5 el
= oot (0]9-A4, 2010). TiO, 2A Fx9o &3t
H|-&-2 AXSH] 54 anatase 9} rutile TiO;
ol = EA m3AQl 20=25" ¢ 27.5° 2 5}t
BHJAA7IE A Stk o9
Scherrer’s A& ARgste] AgHIE Altstalt
BE wHE, 0+ FHEZE, A+ 0.1506 nm(Cu

Ka)olH, 412 o33} 2t}
D=09 %X A /B-cosb 1)

2.2.2. SEM (Scanning electron microscope)

Zuje] mH FEE W] sl FARIAE
]34 (JSM~-6300, JEOL, Japan)= ©]-&3sto] A
Shelek SEM2 g Foll &<l Al BHE 1~
100nm FEo] mlAg Ao R x-yo] ol
Weko g FAfste] Alm BHOA WS 23}
AR, WRARARE, BEARE 7RG, A QA X-A,
Y& 7188 59 43§ HESt RUE &
o S BAISH, Alze] JH|, vAdlFxe] B
ojuf 4 Y4e] o] digt AR #AE SFA

.

TiO2 powder : Binder : Methanol =1:1:1

+———————— 100°C, 1hr

Drying

«——————— 400°C, 50°C/hr

Calcination

Characterization

Fig. 1. Flow chart of experimental procedure by process.
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2.2.3. TG-DTA (Thermo Gravimetry/
Differential thermal Analyzer)

TiO;, 2% A=f dafety Adde xAkSH]
st EEF  EAV)(STA409PC, Netzsch,
Germany)& ©l-8sto] A4kt 242 7]
Z704 0~1000C9] 2= #lel4 10C/min
o] & &£z SHsIH

2.2.4. BET (Surface Area Analyzer)

Aol AMRE TiO,o dxjed H|mHA
pore volume HlW EA435}7] 95t 4 &2
2A19] H|EHAZA7](ASAP-2020, Micromeritics,
USA)E o]gsto] 245kt

2.3, ALEE M 4t
A z2t TiO, &9 N

SR
O AAEES B7IsH]
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A8l Fig. 20 yvetd 24 F7F FAE AHESHA
ot RS AE JtA TR, §hg7], §hE Tt
—‘?—@' HEo=z FAsHrt whgrle] F55= 7t
NH3, NOE Ahgstdlem 7tA9] {2

FAE AHgote] st BEE X0 A
%% zx4dsto] gt 949 7tae TR
FHollA EFH F 72 Yottt vk
= Y5 377k 712 126mm, A2 21lmm, =
o] 23mm¢! iron®% Zﬂﬂ'ﬁ} om ALO; 7|%
< 1317 fste] Sl AXAZE U= FH
ot} Wk &= A1203 712 slidacsE ©]
&ote] 4 s XS 4+ A =45k
Table 1¢f 7|®9] 259 dlidacs A¥ES UEHY
9, Table 20] SCR2 AAASES AAS 9
2t 2AL UEdew, olE =43 {5ty

temperatures ¥H&7| Fdol Aotk ¥

Reactor

NH; | | no

Slidacs

NOx Analyzer

Fig. 2. Schematic diagram of De-NO reactor.

Table 1. Temperature by voltage

Slidacs Voltage (V) 55 70 80 90 100 110 120
Temperature (C) 200 250 300 350 400 450 500
Table 2. Experimental conditions in the reactor
Temperature NO Concentration NH;/NO Space Velocity
250 ~ 500 C 500 ppm 1.2 20,000/hr ™!
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3.1. S0 54 24

3.1.1. XRD &47a3}

400CAIA &A% TiOo 24 £z WHsls
#4517] 98 XRDRigaku, Japan) 248 A
AEtgal, 11 AT Fig. 3o Uehfgich gyt
Ao =7 TiO,= anatase, rutile, brookite®] 37}
AR 7FA 1 ot Anatasel:= EHAA EX
2 9159 47 ouyxle] o5 HwA <QFATt
rutile2 Ao|sHA =W, rutile +RET A
=2 Aoz dHA Aok ET et 23
37], TiO, &He E4E 9 BHEEY 24
2 S04 9 Si09 EAlE AHolg AAleH: A
oz ATt TS SCR ZujoA] anatase®]
Al rutile2o] AdHole APHoZ 2o oJF
stedl 2 AY 2k s 400C7HAZ Fig. 3
oA Hd mart FEzt 252000 € #f TiO,
Zj7} Jebhgon, WitAgE 35311409tk

N N L

o lo, S

)80mm  100nm

KNU CRF

TiOy& o83 AaitskE AA B4 F7F 5

Tt 847 53.800° 9 ) WihAe] 1.8396A%
$O5 W=7h LhEpgt.

(1102 row] TI02 - Standard

® TiO,
ool @505

Fig. 5. X-ray diffraction patterns of standard
catalyst.

3.1.2. SEM E4Z1t

Fig. 4& Wx%x9] TiO, ZFufel 4ty il
g7t A7 Amel EA 49 SEM(Scanning
Electron Microscope) ©]o]z]e]t}. (a)&= 100C2
Azt TiO, Powder, (b)= 400TC <GA =gt
TiO; Powder HH-E TSt J7f Apelof mj%]
L g TESIAL TiO, e 100ToA
Az & ZY3t SEM AT 400C7HA] 44
Fo] SEM A1 Fig. 4 UeER
ok 400C7HA] A2/ Alme] 79 100TCAA

st
oe!
@
Az
=]

0 WD80mm 100nm

KNU CRF

Fig. 4. Scanning electron microphotograph (X 30,000) of catalyst.
(a) TiO, Powder, (b) 400C TiO, Powder
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3.1.3. TG-DTA ¥4Z+}

TiO, A&Q] d3}etd HIE ofH 7] ot
TG(Thermo Gravimetric)/DTA(Differential
Thermal Analysis) 423 359t SH2E
HOE= AF2oA  1,000TC7HA]elt}.  Fig. 62
TiO, 9] TG-DTA EXAxtt ZHL=7}
F2olA 110C7HA] 0] Fdd4a 0.45%= A=
W sEol ZHE PS Zeold, 110TeA 20
0C7HA9] FHHA 0.25%= ko] A7)
dle g werdch Iy 200C o]& 9] FaFgt
& 344%= 9] Alx A A7bE kel §7
HEQIY Aol Yoloz worect T3 106.0C
oA FEES FE FHU=R Qg §Rgo=
TEE, 200C~5001C2] HERkg-2 HiQIH 9
Aoz WA Zolw, 774.0TC9
anatased TiOy7} 2EAso=w Qls] Ardolzt
o]Fo|A rutiled TiO,2 Ho] H= AR Hoh
Hrt

6% DTA (mWimg)
Texo

Mass Change: 045 %

100.00 —
4
{ Mass Change: 025 % 200
9950 v/

Peak:774.0 °C

100 200 300 400 700 800 900 1000

500 600
Temperature °C

Fig. 5. Thermogravimetric—differential thermal
analysis of standard catalyst.

3.1.4. BET 2433}
A 2xo wE TiO, Zujo] H|EHZA T}
pore volumeS olH7| 5t} BET ZZHHo

olsl MEAAL ZAs}dct. Table 3& TiO, %

Table 3. Specific surface area by temperature
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mjo] dxje] erxd HEHZ BEAAuolr}, 25
0CeflA1e] BETARS 6.90 m?*/gelm, 3007 elA1 2]
BETZFE 6.36 m%/g, 350CelAel BETZZ
550 m%g, 400CoIA<e BET#HS 4.61m%g,
450°ColA12] BET#S 2.98 m¥g, 500TolA
1.94m¥/g o2 vehdth dAe] Lxst 2k
of wel TiO, Zufe] vlmHA o] ZAagih

3.2. NO H7{&&8 Zut

NO AAGZEL ool A3} o] ALtstglo
H, NOp= ¥ A NO BZo|H, NOg,~= %t
< % NO Bsko|t}.

NOin — NOout

NOin 7100 &)

NOAANEE (%) =

NO AAEZEE &3] el Azre whs
71 o]43ste] NO/NH; EH|E 1.2, 3&E,
20,000hr !, ¥F2ml 250~500C, ¥HS AZF
< 20, 30min®=® FFE2Leol AIZHE W37
HA AEE FPotct

NO A7 && ZIZ Table 4o LebTt

Fig. 72 2k 9 ¥t AZFE 20min %
30minofA FFHE2ko] w2 NO9o| AALES
YeRATE. 20min §HgollA 250CE 58.7%, 30
0CE 64.9%, 350CE 65.0%, 400CE 65.1%,
450CE 65.7%, 500CE 65.9%= vLrepgtth
30min  ¥F2OlA  250CE  63.7%, 300C:
65.2%, 350CE 65.2%, 400Cx 65.8%, 450°C
L 65.8%, 500CE 66.0%= UeRdth TiO2
o]-g3t A4ASE A|AE SCRECZE 300C7H
AA ex g o)

4. 2 E
Agz Zof SASCR) 22 AHEEE TiO,

Bkt ALO, 78S o|gste] Axe] 2Aw A
zro] Wste] wiE AAMEE AARES BA5

250C 300C

350C

400°C 450C 500C

Specific Surface

Arca (m¥/g) 6.90 6.36

5.50 4.61 2.98 1.94
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Table 4. NO removal efficiency results

TiO & o83 Aaitsks AA &4 371 7

Temperature (C) 250 300 350 400 450 500
NO In 500
(ppm)
20Min O Out - Hae6 175.5 175.2 1745 1715 170.7
(ppm)
Efficiency  5¢ 64.9 65.0 65.1 65.7 65.9
(%)
NO In 500
(ppm)
30Min VO Ot g4 174.1 174.0 171.2 170.8 170.1
(ppm)
Efficiency ¢ 5 65.2 65.2 65.8 65.8 66.0
(%)
e 6.90m?%/g, 300CeollA  6.36m*g, 350CIA
R 550m¥/g,  400ColA 4.61m?/g,  450°CollA
2.98m%/g, 500ClA 1.94m%goltt. NO A7 &
22 20min HFO)A 250CE 58.7%, 300CE
64.9%, 350C: 65.0%, 400CE 65.1%, 450°C
_ L 65.7%, 500CE 65.9%% vrERGT 30min
«——* *—= Ed - upo. e T
dHS oA 250CE 63.7%, 300CE 65.2%, 35
0CE 65.2%, 400CE 65.8%, 450CE 65.8%,
500CE 66.0%= LFERETE. 20mindt 30mino] Al
AAEL 64.9~66.0%=2H HAAA}E AAL

Fig. 6. NO removal efficiency by reaction

time by temperature.

At Aol AbgE ARo] XRD B4 #H¥t 2
0=25° oA HHFZQl anatase Ti0,2] AAA=
B2k B2 TiO,oF 400C dA =%t TiO, A&
o] mNTxE AR Al=es 9A Alel7t o
£ 2XEoQE HES Btk TG-DTA £4
A3 100C B9 FFdae &8 S 9%
o2 QIgt Heln, Zull A Al 400C7HARE A
Aste=, 400C~700C 9] Sz nl=ke] HE
QE7t AAEHA A7]lE ®Wstoltt, 774.0C9
HFIES O gnatased  TiO} @& ASoR
rutile® TiO,2 9] Aolo] g Aot HIZHA
He TiO, Zuje] whgL2To] uwah 250°CoA

SCRZ AMEEE TiOE 300C7 AATEo] 7}
4 agAQ Ao Wbt

el =

201795 ZUdjstin dietelA) shedagH
2 A7sion] (@5 -620170058), 2 AT
ol £ FA SFEAG)C] FAT
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