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Abstract

In this study, we investigated the cause of the decrease in activities of VO«/TiO, SCR catalyst used for the burner reactor
at a scale of 150000 Nm’/hr using X-ray diffraction (XRD), brunauer-emmett-teller (BET), atomic emission spectroscopy in-
ductively coupled plasma (AES ICP), H, temperature programmed reduction (H>-TPR), and NH; temperature programmed de-
sorption (NH3-TPD) analysis. Since the crystallization of the VOx and phase transition of TiO, did not occur, it was concluded
that the catalyst was not deactivated by the thermal effect. In addition, from the elemental analysis showing that a large quan-
tity of calcium was detected but not sulfur, the deactivation process of the VO,/TiO, SCR catalyst was mainly caused by Ca
but not by SO,. The calcium was also found to decrease the catalytic activity by means of reducing NH; adsorption.
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2.3.1. XRD (X-Ray Diffraction)

TiO; A W PUTIO, 19 725 B&3sl7] f1éte] XRD &
A& 733l on, XRD pattern<> Rigaky Co.°] D/Max-III (3 kW)
diffractometer®l] 2]3}o] &A1 ¥ $Ic}. Radiation source®=+i= Cu Ka (A=
0.1506 nm)7} AHE-E]1 07, 20 = 10~90°2] WlelA] 4 °/min®] F
ARl eJske] 24 glch

2.3.2. BET (Brunauer-Emmett-Teller)

Zul 9] pore size 73> Micromeritics Co.2] ASAP 2010CE AF
3131 2™ pore size distribution Kelvin2]-2 53l 732 meniscus 2]
PR AdEelx e F259 FAE ol&ste] Alee 24
A= W<l BJH (Barrett-Joyer-Hanlenda)H el 2Jsto] Akt
Slet, olu] ZF2+e] Al5= 300 CTolld 2 h 59 WF el = degassing

F pAsr,

i

&

2.3.3 Ho-TPR (Temperature Programmed Reduction)

100 um ©J3t2 418 30 mg?] FME T & 94 50 cc/min

S E2]9 300 C7H4 10 C/minC 2 F&3 5 30 minZt 445}
o] Fujste] ¢S AAS T3 FE S ek
30 T)o.= 3133t 5 5 vol% Hy/Ar 50 co/ming Z2m FHvl| ko]
FaAS QPgAIFITE ©1F 5 vol% HyAr 50 ce/ming A|5H 02
27 10 T/min®] £E® 800 T7HA] S&3tH Ho] w5 573t
St} #2471+ 2920 Autochem (Micromeritics)= AHE-31310H, F%
=45 Y3t detectors= TCD (Thermal Conductivity Detector)E AR

sict.

2.3.4 NH;-TPD (Temperature Programmed Desorption)

100 pm ©]3k2 % 30 mgd FE T & 4 50 ce/min
Arg 29 300 CT7H4 10 C/minl 2 &3 3 30 min 7+ 418}
o FZujEwe] S AASA 3 FulE S Th Ak
30 C)O.= 31743 5 1 vol% NHy/ArS.2 30 min 7+ ZFvjjol] NH;Z
FHAI7]12, ArSZE purgingdt Ttk AIZE B E2] S am-
monias BIAAFTE ©]F 50 co/min® FHOE Arg FYFAEA
600 C7H %231 Quadrupole Mass (200M)Z o|-&3}o] EFxlu]=
NH; 2 WA ES S48tk

3. A1} gl &t

3.1. SCR 2H0f 2 VOUTiO, Z0ie| EMXI5}

B Aol A= 150,000 Nm¥/hr TR0 AAZ oA VOUTIO, Z1)
£ o] &3] SCR 9711 &4 Al Alzte]l wE Sl a8 SCR $-wtell
A8 2YREE 574510 Figure 10 YERSIT

71 A3, 870 ofdelis 2 x40R] SCR 4257t Wgtel] ket
SCRE] WHEEAW sy}t Aste] 22571 W of SCR W32
o] Yol 227} & v SCR WA o] $-afix = Ay
eRITE 28, 871 o)F Al 2P E B8t &



Ca °]-2°] VO/TiO, SCR HF-gof nx]+&= JF A 167

100

80

60 1

40

NOx conversion (%)

SCR out Temperature {C)

20

—— NOx conv.
—é&— SCR out Temp.

o1 a2 03 04 05 06 o7 08 ]
Time on stream (month)

Figure 1. NOx conversion and outlet temperature for the SCR of NOx
by NH; over VO/TiOs.
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Figure 2. X-ray diffraction of VO,/TiO;, catalysts.
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Table 1. Surface Area, Total Pore Volume, Mean Pore Diameter and
Crystallite Size of Catalysts

Total pore Mean pore  Crystallite
SBET - . a
Sample b volume diameter size
) (A) (nm)
Fresh cat. 55.4 0.1097 59.884 22
Used cat. 50.9 0.1030 60.135 21
-3 month
Used cat. 533 0.1062 60.863 2
-5 month
Used cat. 483 0.0892 66.054 23
-9 month

* Size of crystallite size calculated from XRD pattern (2 theta : 25.3, 101 plane of
anatase)
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Figure 3. Pore distribution of VO/TiO; catlaysts.
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Table 2. Elemental Composition of Catalysts by ICP-AES
Catalyst Ti w Si Ca Mg Al Na K S v Ca/Ti
Fresh cat. 44.9 6.3 42 2.6 0.05 1.2 0.1 0.16 1.1 0.2 0.057
Used cat. -3 month 45.6 6.2 3.8 2.7 0.08 1.3 0.1 0.12 0.9 0.3 0.059
Used cat. -5 month 432 6.5 43 3.7 0.01 1.5 0.1 0.2 0.7 0.2 0.086
Used cat. -9 month 42.6 6.9 5.1 6.4 0.07 14 0.1 0.18 1.0 0.3 0.15
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Figure 4. Ca contents (%) and NOy conversion (%) of VO/TiO; time
on-stream.
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Figure 5. NOx conversion (%) of the VO,/TiO; catalyst with different
Ca loading at 300, 350 C.
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Figure 6. H,-TPR profiles of VO,/TiO, catalyst with different Ca
loading.
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Figure 7. NH;-TPD profiles of VO/TiO, catalyst with different Ca
loading.
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