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TiO2 ����� �� �	
� �
�
� �� ���� �� �� ����� TiO2� ���� �� NH3� � 

NO� !"# �$(Selective Catalytic Reduction; SCR)� #%�& '() TiO2� 
*+,-# .	� TiO2 /� 0

V2O51 �23 ��� 4() NO �$ 56 7	� 89 :;<. = >��) ?%3 TiO2@ 500oC�) A	 B�C D

98 m2/g� EFG#� H2�IJK SO4
2− LM� N	O� ��FG� 1.72 wt% �C PQ�I<. TiO2FG� PQ�@

N	OR SCR 56� 7	SJ� 8TU Brönsted �S� �	� 7	, V WX 9YZ, NO �$ 56 7	� H* 

V2O5 ��� polymeric vanadate� �	� HC�@ [J� \�]^<. _Z) N	O� `H  �
�
� �J�ab

��3 TiO2 ��@ N	O� `H�2 cR TiO2� E( de  f� V2O5� �2��C gh  NOx �$ 7	� :�

iK j%SCR ��� ��� &43<.

Abstract − V2O5/TiO2 catalyst prepared from metatitanic acid (MTA) was examined for the use of SCR catalyst to remove

NOx by NH3. MTA is a production intermediate for commercial TiO2. Even after calcined at 500oC, the TiO2 contains 98 m2/g

of BET surface area and 1.72 wt% of sulfur. The sulfate species on the surface of TiO2 mainly form Brönsted acid sites on the

catalyst surface which are active reaction sites for SCR reaction system. The surface sulfur also enhances the formation of the

polymeric vanadate by the preoccupation of the surface of the catalyst. The sulfated TiO2 prepared in the present study seems

to be a promising SCR catalyst support for commercial use.
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1. � �

��� � ��� �	
 �� 
���� ���� �����(NOx)

� ���� �� �  !�� "#$�� %��& NH3' (�� )

*+ "# %�(Selective Catalytic Reduction, SCR) � , -. /

0+& 123 456 728, 9: 
����� ;� � 3 $��

�< => ?��
 7@[1]. ;� SCR � �� -. AB+& C�

� "#&D, ;� "#� EF� NO �� GH� I� 10 JK�

��-L� NOM NO PNQ SO2� �� RSH� IT<U �@.

9: TiO2� VWQ V2O5"#- EF� NO �� GH0 XY<

SO2� Z� [<\ RSH23 &] $�� "#3 -. => ?��

<W
 7@[2-3].

^� $�� SCR "#� V2O5M XY< _L`[4-5], a>bDc

[6,7]�� d"#e� f-�g ?���h �@.Zij� $�� V2O5-
597



598 ���������	
���
��������

G

WO3(or MoO3)/TiO2 ;� SCR "#� kE, lm GHn23 o�

�� pqr, 1-2 wt% (�3 VW�8, d"#e, s 6-10 wt% �

h PN��D (
� VWt, "#� ;� Hu v$ wx yz{,

SO2� ��lm( SCR |�� �� !C� }�(� ~}� f-�

� 123 456 7@. V2O5/TiO2 ;� SCR "#� 300-400oC �

�� lm �h�� �, NO �� GH0 EF� )*H� I� "

#(8, �( PNQ ^�� ��-L d���h "#� GH�� 9

$, �� ���W �� 123 456 7@[8-10].

V2O5/TiO2 "#- ;� SCR |��� EF� Hu� q�R� 1

, pqr( V� ����� EF� "#+ �H� Ih� �� TiO2

V�� 7@. TiO2� SiO2, Al2O3, ZrO2�� @� V�e� �]� SCR

lm� lm GHn& V2O5' "# ��$� polymeric vanadate S

d3 �h�g lmGH� �-K�8[11, 12], �� V� ��$���

�� Z� ��H� I� 123 �
�
 7@[13]. SiO2� -. �

, "# ��+� I
 7��h YS�
 "# ��� VW�� pq

r� j�h(dispersion)- $Z+23 EF�W ��g[14] �, ;�

Hu� �g�@. Al2O3' V�3 �� V2O5/Al2O3"#� ��-L�

PNQ SO2M Al2O3� lm� �� "# �| �� �23 GH��

- ���� 123 456 7@[15].

;� SCR "#Hu� 7< 9:�W ��  TiO2� �H� p¡2

3 ¢ £S��� �¤� TiO2�d0�� !¥ ¦H�& §�¨�©

�23iª TiO2' �d�
 (1� SCR "# V�3� +� -uH

� 4y �«@. ��¬23 �d�� ~}� TiO2 ��� �Hj� N

��
 7< �Hj( ­� TiO2(P25) V�M ® �H� �¯�°@.

TiO2 ��� �Hj( ��H� ±²� ³v� IR0 NH3-TPD3 (

]�°28, VWQ V2O5� "#����� Sd' Raman� ´] µ

&�°@. �� "# ��� �Hj� �� ��H0 V2O5Sd- NO

�� lmGH� ±²� ³v� ¶·�°@. 

2. � �

2-1. ��

�¤� TiO2� 10 m2/g (�� #E �, ���+� I
 728

TiO2� �H� ¸)�� �] f-�� K, P �� Y¹�( PN�<

7< "# V�3 ?����� i+º�@. »{� ¢ £S��� ¼

R� �¤� TiO2 �}¦���& ½�¼¨�c�� �|Q �¤¦�

|�� !¥¦H�& §�¨�© �[TiO(OH)2]� �¤3 �g TiO2

V�' �d�°28, ® �H, Table 1�� 4 F 7@. ¾
> $¿

� �K¤& §�¨�© �� �dÀÁ� (��g 110oC�� 10K¥

($ ÂjÃ �dKÄ TiO2 jÅ� ÆÇ@[16]. �¤� TiO2- ��¬

(sulfateroute)� �] �d�� ~}� �d È TiO2jÅ�� 2.3-2.7wt%

� �( ÉÊ�Ë Q@. TiO2 jÅ� 500oC�� 5K¥ �H�g SCR

"#� V�(MTA500)3 ?��°@.

¢ £S��� (M Ì( �dQ TiO2 V�� �H � "#+ �H

� �Í� $� TiO2(P25,DegussaCo.)M �̄ �°28 P25ÎK MTA500

V�M J	� d��� �d, �H�g ?��°@. ¢ £S��� �

� PN�
 7W �, P25 V�' 0.3% ��� Ï
 �d � �H

� 0�� �Ð 1.1 wt%� �Hj� PN�� P25S V�' �d�g

J	� V�� Z] �Hj� Í:� »� �H� �¯ 
� �°@.

V2O5' 2 wt% VW� "#� Table 2�� Ñ F 7� 1 Ì( 3̧

� "# V� ÒÒ� Z]� VW¬� �] �d�°@. pqr� �

S�3 NH4VO3(Aldrich Co.)' ?��°�D 60oC �h� 2Ó �Ê

F� NH4VO3M ÔÕ�[(COOH)2, Aldrich Co.]� Ög pqrF�×

� �d� Ø, V�M Ùº�
 ���d�' (��g Fj� ��K

Ú@. (M Ì, 0�23 �d� "#' 110oC�� 2K¥�h �d

� Ø 500oC�� 5K¥J� �H�g V2O5/TiO2 "#' �d�°2

8 �dQ "#� �>�Û+ �H, Table 2�� 4 F 7@. 

2-2. ���� 

¢ £S�� �dQ "#e� NO �� GH^Ü, $Ý d�� 


�Þ £ßà áâ lm��� Fã�°
, lm.²� Z� äå� S

H � æ�, � �[17]� �] (± �
�Ç@. "#� 20-30 mesh

ç�' �� µ� ³v� è���� �]� ?��°28 lm� |

¥ßh, 100,000/hr�� NO ��GH^Ü� Fã�°@. lm �È�

NOéh� jê, Thermo Environmental Instrument Inc.� Chemilu-

minescence NO/NO2/NOx analyzer(Model 42C)' (��g £ß+2

3 jê�°@. 

2-3. ��� �� 	


2-3-1. BET ��+ � å| ç� jP

¢ £S�� ?�Q "#� ��+, Micromeritics?� ASAP

2010� ?��g ×� �� j��(77K)�� BET¬� �] ���°


, K¤� 200oC�� 10K¥ J�  | d��� �ë>� È ��

+� ì��°@. 

2-3-2. Temperature Programmed Desorption(TPD)

�dQ "#� Z]� ��H� d?�� �]� NH3' íîKÄ ï

� ;î ^Ü� ^K�°@. 0.5 g� "#K¤' Uäð� microreactor�

.î� Ø 500oC |�j���� 2K¥ �ë>' �
 @K $�23

�h' Rñ@. NH3� $��� 1.0% NH3(He balance)' (��g

s 30j¥ ÂjÃ íîK�
 2K¥J� purge�°@. ;î0�, $

��� 600oC�W 10oC/min� ßh3 ï�KÄ-8 100 cc/min3 


¹h òó(99.999%)� ô>�� ;î�� NH3� éh' jê�°�D

(~ ;î�� NH3� quadrupole mass spectrometer(MMPC-200D, V

Quadrupoles)3 µ&�°@.

2-3-3. X-ray Diffraction(XRD)0 X-ray Photoelectron Spectroscopy(XPS)

 
Table 1. Characteristics of metatitanic acid

Supplier Hankook titanium Co. Ltd.
Preparation Sulfate route
Concentration# ca. 40 g/liter
Phase§ Anatase and amorphous
Sulfur content 2.2-2.7 %
pH 1.0-1.2
SBET

§ 230 m2/g
Fire weight loss* 12.1�  0.3% 

#Slurry phase.
§The sample was dried at 110oC over 10 h.
*TG analysis.

Table 2. Physicochemical properties of TiO2 catalysts

Catalyst
V content

 (wt%)
 Sulfur content

  (wt%)
 BET surface area

(m2/g)

MTA500  -  1.72 98
P25  -  0 55
P25S  -  1.10 53
V2MTA500  2.1  1.15 66
V2P25S  2.0  0.12 48
V2P25  2.0  0 52

‘-’ Data not available.
���� �38� �5� 2000� 10�



����� ����� ��� V2O5/TiO2 SCR � ! "� 599
XRD3 TiO2V�� õ�H� µ&�°@. XRD� MAC Science ?�

M18XHF' (��°28, ö�, CuKα(λ=1.5405 Å)' ?��g 2θ=10-

80o� ì����� 4.0 deg/min� scanning speed3 ì��°@.

V� ��� Í:�� �Hj� ð¿' d?�� ��g XPŜ Ü� F

ã�°
, MgKα ö�� (��g KRATOS?� XSAM 800 CP ESCA

3 ì��°@. "# 0.2g� wafer3 xe< 10-12 torr� 
 | $¿��

10K¥ ($ �ë>� Ø jê�°28 XPS ^ÜK K¤� charging

effect� 284.6eV� ÷� 1s �²' ��23 �g ���°@.

2-3-4. Infrared and Raman Spectroscopy

¢ £S�� �dQ "#e� �� �h' d?�� �] NH3' í

îKÄ in-situ3 FT-IR̂ Ü� Fã�°
, V�� VW�� V2O5� S

d' (]�
ä Raman̂ Ü� K̂�°@. IR̂ Ü, 4 cm−1� spectral

resolution� I� Perkin-Elmer 1800 FT-IR spectrophotometer3 30 mg

� K¤' self supporting wafer3 �d�g ^Ü� �°
 beam line

( ´0�� cell� -.ä> ij�� CaF2 IR window' ø²�°@.

IR ^Ü� �]� ��Q K¤' 400oC�� 1K¥J� |�j���

� �ë>�°28 $��� NH3 ��' íîKù Ø 400oC�W ú

ûü3 �h' $ïK�8 ̂ Ü� Fã�°@. Raman ̂ Ü, Renshaw

Raman microscope(Model 3000)� Ar+ laser� �] S]  Lýþÿ�

?��°�D,^Ü�¬, IR ^Ü0 �� �?�8 beam( ´0��

ij� 2 mm �O� �, �>�23 �oQ in-situ cell� ?��°@.

3. � �

3-1. ���
� �� TiO2 ��� ��

�¤� TiO2¦�0�� !¥ ¦H�& §�¨�© �23iª �d

� TiO2� �>��Û+ �H� �H�h 900oC�W Ò �h�� 5

K¥J� �H È TiO2� ��+0 RPQ �Nt� $��û' Table3

�� 4 F 7@. 100oC�� �H� TiO2� ��+, 233 m2/g �h

(q,�H�h- �-N� »{ nÓ+23 ���Ë �< 800oC

($��� �� ��+� IW �� 123 µ&�Ç@. �� V��

��� Í:�� �� Nth (M �?�Ë ���� 1� ���

F 7�D, 600oC($� �h�� ��Ã ���g �Ã, 800oC  (

$�� ë>� kE �H� �] ��+( �� �^�� 10 JK

� V� ��� �( �� Í:�W �� 123 µ&�Ç@.

($0 Ì( §�¨q© �23iª �dQ TiO2� �H�h� »{

�>�Û+ �H( 	 ³v� 
� 123 µ&�Ç28, ��� Í:

�� � �� �H�h� �� ³v( 	 123 ���Ç@. Fraenkel

[18], Ti, Zr, Al �� �ß���� Í:�� � ÎK �H �h�

»{� ���� 1� ¢ £SM �?�Ë µ&�°28 (~ "#�

��+h ���� 1� ���°@. õ¼, V�� �H �h� »�

��- SCR VW "# �d K�h "#� �H� õ�
� !C�

&ä�� �g�� õ03 ¦ÒQ@.

3-2. TiO2 ���� ��	� �� ��

Fig. 1, TiO2 ��� Í:�� �Hj� �+ �H� 
��� �]

� He-L' ô>�� 600oC�W �h' �-KÄ �Hj� �&�g

�3 ;î�� SO2' mass spectrometer' (��g jê� õ0(@.

�H� �W �
 úW 100oC�� �dx Kù TiO2� kE(MTA100),

250oC��iª SO2- ;î�� Ko�g 600oC�W 330, 390, 525,

600oC($� 4̧ � ;î �H �ç' I� 123 µ&�Ç@. (�

TiO2 �� �H� »{ @�� �+ �H� I� �Hj( Í:N�

�g�� 1(@. 400oC(MTA400)M 500oC(MTA500)�� 5K¥ �H

� TiO2� kE� �H�h ($� �h��x SO2- ���� 1�

µ&� F 7Ç@. (� (± ø�� pM Ì( �H0��� ��+

��� »{ �Hj( (± ;î�Ç� ~}(@. 

TiO2 ��� Í:�� �Hj� �H� ���� �] XPS' ?��

g ��� �� ��$¿' µ&�°28 Fig. 2� MTA500� Z�g

Fig. 1. SO2 desorption profile of MTA catalyst with respect to the calci-
nation temperature.

Fig. 2. XPS spectra of S (2p) of TiO2 and V2O5/TiO2.

Table 3. Sulfur content and BET surface area of MTA catalyst with
respect to the calcination temperature§

Temperature
(oC)

Sulfur content
(wt%)

BET surface area
(m2/g)

100  2.29  233
400  2.10  121
500  1.72  98
600  1.46 77
700  0.24 32
800  0.03  9
900  -  5

§Samples were calcined for 5 h.
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000



600 ���������	
���
��������
XPŜ Ü� ^K� õ03� MTA500, V2MTA500 ®>
 P25S� S

(2p) binding energy- 169.5 eV' I� 123 µ&�< "# ���

�� �, +6- ��$¿& sulfate(SO4
2−)� Sd' I� 123 µ&

�Ç@[19]. V2P25S� P25S V� ��� Í:�� �� Zij(

V2O5 VW0��� �^�
 	ix Í:�� 123 ���Ç@. (�

Table 2�� Ñ F 7� 1ëÿ "#� ��+( 	 Ó(' �(W �

� ~}� ��+� ��� �� 1({� �@� V� ��� �( V2O5

' VW�� 0��� ��Q 123 ¦ÒQ@. 

	l+23 �( Í:� F 7� $¿& �� �, sulfite, SO2� ]

��� 164, 166, 167 eV� ]��� binding energy��� XPS peak

- ���W �y MTA � P25S� "# ��$�� (e ð¿� Í

:�W �, 1� 4 F 7Ç@. �Hj( sulfate Sd' I� 1(

XPS3 µ&�Ç2q "#����� �@ S�+& Sd� Z]��

�( 7� £S- �C� 123 �úQ@. �Hj� �� �ß���

"#� �H0 ��� £Se, 
� ���(solid superacid) "#��

G��Ë £S[20]-  ã�
 728, Zij NH3, pyridine ��

probe ��' (�� IR �¬� ?��g Sd]ê� �
 7@. 

3-3. ��� ���

Fig. 3, (
� �� Í: ��� »� V� � 2 wt% V2O5/TiO2

"#� � �H� d?�� �]� NH3 TPD̂ Ü� ^K� õ0(@.

500oC�� 1K¥J� |�j���� �ë>' � Ø, @K $���

NH3' íîK�
 �h' 600oC�W ï�KÄ (~ ;î�� NH3'

mass spectrometer3 µ& ���°@.�Hj� N��
 7� MTA500

0 P25S- �Hj� PN�W �, V� P25�@ ��h ����

�, �t� I� 1� 4 F 7Ç@. �Hj� Nt( ��F� ��

h ���� �t( �-�� 123 µ&�Ç�D (� TiO2 ���

�Hj( �n� �-KÄ NH3 íît� �-K�� ~}23 ¦ÒQ

@. V2O5- VWQ kEh �?� õ0' �g�8 �ß VW� »�

"#��� �h ��� çW �, 123 µ&� F 7@. 

¢ £S��M �?� õ0e( (± IR[21] � TPD[22] ̂ Üe�

´]� µ&�<�
, è  £S�
� ���[23-24], "# V�3 =

> ?��� TiO2, Al2O3, SiO2, ZrO2 � MgO �� �� ë>� Ø

"#� @�� � �H� d? �
�°@. ����� �t� �-

� lmGH0� �û� IR̂ Ü� ´]� d?� õ0 Brönsted �n

� �-- lmGH� �g�� 123 456 7@. 

Fig. 3�� ��Q �t0 XY< "# ��� jPQ �� !Ê'

µ&�� �] NH3- íîQ "#� Z]� IR̂ Ü� ̂ K�°@. Fig.4

� ÒÒ� TiO2 V� wafer' 10−4 torr�  |d��� �ë>� È

$��� NH3� íîKÄ IR̂ Ü� ^K� õ03� NH3 ��� N-

H  J"#� �$W ³Î& 1,200-1,700 cm−1���� �ç- ���

<W� 1� µ&� F 7�D[25], (
� �H, 1,220, 1,610 cm−1

��� Lewis �n0 1,440, 1,670 cm−1 ³Î��� Brönsted �n2

Fig. 3. NH3 TPD profiles of supports (a) and V2O5/TiO 2 (b) catalysts. Fig. 4. Infrared spectra of supports (a) and V2O5/TiO2 (b) catalysts.
���� �38� �5� 2000� 10�



����� ����� ��� V2O5/TiO2 SCR � ! "� 601
3 ZüQ@. ¢ £S��h �� PN�
 7� MTA500, P25S "

# V�e, Lewis �n0 Brönsted �n( JK� ���Ç
, �Ã

�� Nt( �-�� Brönsted �n� $Z �H peak- �@ %£

]&� µ&� F 7@. �Hj� PN�
 7W �, P25 V�� k

E� Lewis �n� �3 NH3- íî�<W� 1� ��� F 7Ç
,

V� ��� �, ��� Brönsted �t� �-K�� 1� �@ µ^

�Ë 4 F 7@. �?� õ0- V2O5- V�� VW�Ç� kE�h

NH3 TPD ëÿ ���Ç@. 

3-4. NO �� ��

�� PN�� TiO2� kE V���� �Hh- �� PN�W �

, kE�@ '�Ã EFN� µ&� F 7�D (M Ì, "# ��

�h �-- SCR-NH3 lm� õ�+& Î�� �� 1, �W� ?

^(@[26]. Fig. 5� TiO2 V�M VWQ V2O5- NO ��GH� ±

²� ³v( #E ç
 V� ��� �� Í:� »� NO ��(�

Ó(' �g�
 7@. V�x� SCRGH� ��� kE �� Nt�

»� GHÓ(' )*+23 4 F 7�D �� PN�
 7� MTA500,

P25S V�� 300oC ($� lm�h�� GH( ���� Ko�°


 �� PN�
 7W �, P25� 400oC($� �h�� NO- ��

�� Ko�g 500oC��h s 50%� �, NO �� GH� �g�


 7@.

�Hj Nt( �¯+ �, MTA500( P25S �@ X �, NOx

�� GH� I� 123 ����D (� Fig. 30 4� NH3 TPDM

IR ì�� �] µ&Q pM Ì( ¢ lmû� GH0 )*+& $�

H( 7� Brönsted �n( "# ��� �Hj( ��F� �-��

~}(@. Chen0 Yang[22], sulfated TiO2- unsulfated TiO2�@ NO

�� GH( �-�� 1� ���°28, (� Brönsted �n( �-

�� 123 ø��g ¢ £S� õ0M 	²N� 4 F 7@.

V2O5- 2% VWQ "#� TiO2 V�� �] 200oCR+� �, �

h ³Î��h NO �� GH( çË ¸)�8 SCR lm� |´+2

3 ���� lm�h� »� èZ NO �%(� �g �
 7@. l

m�h 300oC (���� �Hj� N��
 7� V2MTA5000

V2P25S- �?� GH� �(q �Hj� N��W �, V2P25 �

@ NO �%( ì��� s 15% �, NO �� GH� q�RÇ@.

®
q 300oC ($� 
�� �h³Î��� �Hj� -. �( N

��
 7� V2MTA500( -. �, GH� q�, l�� V2P25S

M V2P25"#� NO �� GH, 	 Ó(- q�qW �«@. Fig. 5

� lmGH0 Fig. 3M 4� "# ��H� Ó(��h µ&Q pM

Ì( V2O5- VWQ "#� kE�h "#� ��H( NO �� G

H0 )*+23 ³v� ±²� 123 ¦ÒQ@.

4. 	 


9:�W -"zy� �� NO� ��lm0 ��]� V2O5/TiO2

"#� �( PN� kE� Z]� ��Q £S �
[27]��h �?�

õ0- 
��ÇWx �µ� (�� ø��
 7W �@. Zij NH3,

pyridine �� probe��' (�� IR ^Ü� ´]� "#� GH �

-(�' "#� acidityM ���g ø��°@. ®
q TiO2 V�x

23� ® ��� �� PNN�h YS�
 300oC(��� �� NO

�� GH� ��� F ­�� 
5�� 300oC(��� �Hj� N

�� V2MTA5000 V2P25S- �Hj� N��W �, P25�@ �,

NO �� GH� q�R� 1, "#���� GHHj& V2O5� Í

:M ® SdM ��( 7� 123 �úQ@. �� 300oC($��h

�?� �� V2O5- "# ��� Í:N�h YS�
 SCR GH(

%£� Ó(' �g �� 1� "# �� �h�x �&�� 1x23

¦Ò���� @� �>- 7�� 4 F 7@. (
� ì��� ��

PN�� "# V�� NO �� GH� EFH� "#� �n �-M

�!Ê, ®>
 �ß� ��Sd� »{ (]] �� 1, #E -²

7@
 ¦ÒQ@. è � V2O5� Sd ÎK SCR lm�� NO ��

GH0 ��( 7� 123 �
�
 7@[28-30].

TiO2� VWQ V2O5"#� GH� "# ��$� V2O5� Sd+

�H� »{ (]�
ä �� �, £S- �
�
 7@[28, 30]. V2O5

� V� !Ê� »� �� �H0 VWt� »{� V� ��� mono-

meric vanadyl, polymeric vanadate � crystalline� Sd' I� 123

(]�
 7@[28, 30]. VWt( �� kE V2O5� Zij monomeric

vanadyl� Sd' IË �8 VWt( �-�F� polymeric vanadate�

SdM $Í�Ë Q@. VWt( ú	Þ(monolayer)($ VW. kE�

crystalline� Sd- ¦H�< "#� SCR GH, ���� 123 4

56 7@[31]. 

Fig. 5. NO removal activity of TiO2 and 2% V2O5/TiO2 catalysts.: Reac-
tion conditions; NO 500 ppm, NH3 500 ppm, O2 5%, N2 carrier
gas and catalyst weight 1.0 g. Fig. 6. Raman spectra of 2% V2O5/TiO 2 catalysts.
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 E.
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G.

tent

, V.:

lier,

.:
V2O5� V�$� ��Sd� Raman23 ��� F 7�D, V2O5-

polymeric vanadateM monomeric vanadyl Sd' -� ~ V=O terminal

stretching mode� ]��� �ç� ÒÒ 1,030, 900-1,000 cm−1³Î�

� q�q8, ®>
 994 cm−1� crystalline �H �ç' -W� 123

456 7@[28]. 

Fig. 6, ¢ £S�� ?�Q TiO2 V�e� 2 wt% V2O5' VWK

ù "#e� Raman peak' ��� õ0(@. "/ "#�� 1,030 cm−1

i 0 900-1,000 cm−1?(�� �H�ç- q�028 crystalline V2O5

� ]��� 994 cm−1� �ç� �� ���W �«@. V2O5 VWt(

J	N�h YS�
 �Hj� N��� V2MTA5000 V2P25S- �

Hj� N��W �, V2P25 �@ monomeric vanadyl Sd� ]�

�� 1,030 cm−1i � �H �ç- �̄ + oË q�028, polymeric

vanadate� ]��� �çh 915 cm−1�� 930 cm−13 (J�°@. Poly-

meric vanadateðH� »{ terminal V=O õº( V-O-V õº23 �

%.F� 900 cm−1�� 1,000 cm−123 Raman shift- 	<\@� 1

, 	l+23 456 7� ?^(@[32]. »{� "#��� �Hj(

Í:� kE J	� VWt��h polymeric vanadate� Sd- $Z

+23 X �( �1�Ë �� 1� 4 F 7@. ® (�� "# �

��� ��(� ð¿� �Hj( TiO2 ��� Í:� kE �Hj(

�� F���(-OH)� Í:� �] V2O5- ÓW� ��+( ����

~}� $Z+23 polymeric vanadate� ¦H( �yW� 123 ¦

ÒQ@[30, 33]. 

Polymeric vanadate� Sd- monomeric vanadyl Sd�@ NO �

� lmGH� X �>�@� n� 
5� ~[9, 30, 31], Fig. 5�� Ñ

F 7� pM Ì( �Hj� PN� 2 wt% V2O5/TiO2"#- �Hj

� PN�W �, "#�@ NO �� GH( ¸)�� 1� "#��

� �n �-wx yz{ V2O5- polymeric vanadate Sd3 V�

��� X �( Í:�� ~}& 123 (] � F 7@.

5. � �

TiO2�d0�� !¥¦H�& §�¨�© �� �¤3�g �dQ

TiO2' NH3� �� NO �� lm� �� SCR"# V�3 +���

�]� ® �>��Û+ �H� Õ2�«@. ��¬� �]� �d��

TiO2 V�(MTA500)� "# ��� SO4
2− ð¿� �Hj� PN�


728, (M Ì, �Hj( "# ���� Brönsted �n� ðH�

�hN23� SCR lmû� lm�& NH3� íît( �-�< NO

�� lmGH( ¸)�� õ0' �g �Ç@. TiO2��� Í:��

�Hj, VW�� V2O5� Sd�h ³v� ±²Ë �< �Hj( 7

� kE V2O5- ÓW� ��+� ��3 &�g V� ��� $Z+

23 polymeric vanadate� ¦H( �yW� 123 µ&�Ç@. NO

�� lm� �>� polymeric vanadate� ðH23 �Hj� N��

� TiO2 V�- J	� V2O5 VWt��h X EF� NO �� GH

� �°@. ($0 Ì( TiO2 ¦H0�� !¥ ¦H�& §�¨÷©

�23iª �d� TiO2� ;� SCR "# V�3� EF� �H�

I
 7� 123 µ&�Ç@.
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