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Abstract : In this study, the selective catalytic reduction (SCR) for NOx removal was investigated in the temperature range of 150
~400 C. XRD, BET and XPS analyses to determine the structural properties and valence state characteristics of the catalyst were
performed. Various ball mill method were shown to a difference in activity at a low temperature below 250 C. Based on the
catalyst with the highest denitrification efficiency, the ball mill time was the best result at 3 h. As a result of XPS analysis, the
presence of the non-stoichiometric vanadium species and the increase of the number of atoms were attributed to a positive effect
in the SCR reaction. it was confirmed that the correlation between the amount of lattice oxygen and the denitrification efficiency
through the O, on-off experiment, and it was in a proportional relationship to each other.
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Figure 1. Flow diagram for the procedures of V/G-5 catalysts and
G-5 by ball mill method.
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Table 1. Physical properties of various supports employed in the
present study
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%:%) | m'g) | (A (%)
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(500°C. BM) 100: 0 91.0838 15.12 WOs3 10%
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Figure 2. Schematic diagram a fixed bed SCR reaction system.



t}oka} Ball Mill Methodo]] 23] A %% V/TiO, 21 ] NH3-SCR 34 =

Table 2. Experimental conditions in a fixed bed reactor

Particle size (um) 359
Temperature (C) 150 ~ 400
NOx (ppm) 800
Inlet gas conc. NH3/NOx 1.0
(N balance) 0, (%) 3
H>0 (%) 6
Space velocity (h'l) 60,000
Total flow (cc min'l) 500

chgat 2ol Aol

Cinlet NOx -~ Coutlet NOx

NOx conversion (%) = x 100 1)
Cinlet NOx
B Aol M AAT P LHMSE 4719 Table 29}
Zy,

2.4. Z0i2| SN 24

2.4.1. Brunauer-Emmett-Teller

Zulj2] v xHZA 2 pore size =72 Micromeritics Co.2]
ASAP 2010CE A}8-519 2w Brunauer-Emmett-Teller (BET)
A1 o] g3lo] v EHAS L3} S, pore size distribution
& Kelvindl& 53] §4419] meniscus] 343 Arherel
oA el F2t Fo FAE ol&stol AEe A7E ALtst=
t o] Barrett-Joyer-Hanlenda (BJH)H ol &]5}o] AlAFs}S Lt
of wf Z-Zro] AJF = 110 TolA] 3 ~5AIZE St F/deH =2

degassing ¢t & HA3}t)

of

2.4.2. X-ray diffraction

ayew 9 A7)tk Helgk Eepiol ATAIY
AALZRE 2317 95he] AA)EHY 21, MAC Science Co.
o] MX18X HF-SRA¢| 2Js}o] EA5}9It}. Radiation source=
= Cu Ka (A = 1.5056 A)7} AF&E] 90, X-ray generator=
18 kWo]1l, monochromator= A}8-35}A] ¢kt 20= 10~
90°¢] HejolA 6 C min' o] FARES] oJ5te] A gir}.

2.4.3. X-ray photoelectron spectroscopy

X-ray photoelectron spectroscopy (XPS) £4]-2 VG Scientific
jite] ESCALAB 2102 A}83}91 21, excitation source 24
monochromate Al Ka (1486.6 eV)E ARE-5}% T ZuS 2F 100
Co] oA 24A1ZF Ax3t0] LFE o] = Tis ¢Hls
AATE F XPS 71719 AFEE 10~ 12 mmHgs §A/517] 9]
3}od EH sputtering L etchingS 3}A] &3l EA51Ich A&
WYoll 2A3}= Ty, V, C, O Y4 wide scanning spectrum ©. 2
FA3}o] binding energy?} intensitysS &H2l5t A TH

5
re
44
o~
|

N
SEEN
SO

. Oy on-off A&
A 2= NO+NH; + 05 441 A SCR HE
s A3 sl F FHEE 05 &R A
AHOR O A 1AZE F oA 05 S5t NO &
ZFA3th NO9| %% URAS 10EZ A}g3lo] 73]
m 812PG A/D converter board& F3Fo] Al 19
o}

930 b1 o o
%@ lo mu ) wo w

al =}

3. Zat & nE

P}

3.1. Ball mill method 2| &&f

AUuA © 2 ball mill method= &1 A& A] TiOo] BhU&
& GAE 24S 3 F ball mill L F713HE =, 94
H V/TiO, Zufjol ball mill Z-4E& F71gHo 24 Egf o} &
Aol vitEe] =3-E FEstk= Aot £ AolA= ball
mill Y7ol 4 LAY S}= high energyol 2Jsto] EA 9 SiE
A o™, 150 ~400 ‘C7FA] SCR A& AlA5le] Figure
3o 7 AE Ytk 2 23 ball mill methodo]] 2|3}
A zE 0 BE 250~400 THEo)A NOx H3HE-0] 100%
ofl 7}7+¢] ball mill methodol] 2J&k Fuf o] S/dx}ol= FrotE
T ST} SFA|RE 220 T 0|5t oA FHuljo] Mg 4
= 43} ol |q A7t gl whet ohekek AlRgol ofs) A
z24 Fujs9 AR o7t e A& wheba] 220
T ofef o] 2=ofA B4 vl 39S o, G-5& 500 T
A a/dsto] vhugS 94| g % ball millZ sko] 400 ToflA]
Aa/dt M4 Zu o] A9 thE FHuljof] H|sko] A2 HoflA
9] SCR &/go] FxIES gelstsiet. 1 A1} ball mill B
of whebA A2oA Q] Fgo] HEtA= ATE =5 5 U

At

100 -
80
v
|
60
] hY,
)

e
£
=
=
‘%
tS
@
-
5 40
@
[
s
—a—M1
20 —e—M2
—A—M3
—v—M4
0 T . T . T I T
150 200 250 300

Temperature (C)

Figure 3. The effect of temperature on NOx conversion over
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NO =756 ppm, NO, =42 ppm, O, = 3%, H,0 = 6%,
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Figure 9. Ti 2p spectra of G-5 milled titania by XPS analysis.
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Figure 10. Ti 2p spectra of M4 catalyst by XPS analysis.
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Figure 11. V 2p spectra of M4 catalyst by XPS analysis.
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