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Table 1 The composition of the dust from glass furnace
SO, Na, O K,O Ca0 MgO Al, 0, Si0, P,0; Fe,0, (C)

Gl 54.574 39.255 2.852 1.011 0.280 0.129 1.303 0.129 0.146 0.321
G2 53.722 36.949 3.296 1.827 0.489 0.311 2.411 0.148 0. 608 0.239

2.2 XRF. XRD #1 BET 4% AT, BEAE IR AR N, AR 2 B P R R AR
22 MR V-W/Ti AL A3 51 712K Na, SO, BT T .
H1 NaCl JG AL FI A X BFER28 0 brah R, sk 2

% 2 V-W/Ti, NaS_V-W/Ti #1 NaCl_V-W/Ti L FIHE K
Table 2 The composition of V-W/Ti, NaS_V-W/Ti and NaCl V-W/Ti catalysts

Samples % V,0, WO, TiO, Na,0 S0, ny/ny
0 4.183 9.236 86. 581 0 0 0
0.2 4.073 9.392 85.957 0.286 0.292 0.205
0.5 4.204 9.562 84.728 0.726 0.780 0.507
NaS, V-W/Ti 1 3.998 9.489 83.504 1.427 1.582 1.048
2 3.879 8.982 81.680 2.623 2.836 1.985
3 4.046 8.904 78.573 4.136 4.341 3.001
Samples x V,0, WO, TiO, Na,0 cl na/ My
0 4.183 9.236 86. 581 0 0 0
0.2 3.943 9.159 86.307 0.274 0.317 0.204
0.5 4.297 9.144 85.034 0.712 0.813 0.486
NaCl V-W/Ti 1 4.026 9.043 83.520 1.554 1.857 1.133
2 4.060 9.120 81.351 2.594 2.875 1.871

3 4.289 8.913 77.173 4.489 5.136 3.072




550

7 S S

e 5530 %

K2 AL B 435l it Na,SO, F1 NaCl 17 2%

mnTE 260 4 25.3°,37.7°, 50.0°, 53.8°, 55°, 62.6°

JEAEAEFI R XRD 318 drlE 2 nlgn, AL B EfPRE ARV T RRAEAT S I T RO R T BB A A

Se - 2 -~ .
(A) ?, ér % E E - o-TiO,
s 8 3
NaS,V-W/Ti . e o bS]
M AR P
NaS,V-W/Ti
S A N A
£ | NaS,V-W/Ti
.‘i W N M A ~]
=
£ | NaS,V-W/Ti
= Arn
NaS,,V-W/Ti
BN A N, W N |
V-WI/Ti
1 n 1 1 " 1 1 1
10 20 30 40 50 60 70
200C )

(B) -TiO,

(101)

~ ~
= o
S S
S Q
< -
Y L]

NaCLV-W/Ti

s
\c:) NaCLV-W/Ti e T
&
‘2 [NaC1,V-W/Ti
§ ! M N ra e N
=
= [NaCl, V-Wrti

INaCl, ,V-W/Ti

ally, 1 e A
V-W/Ti k
1 1 1 1 1
10 20 30 40 50 60 70
20/(° )

€] 2 NaS V-W/Ti( A) Fl NaCl V-W/Ti( B) fi#{LFI#Y XRD &%
Fig.2 XRD patterns of NaS V-W/Ti(A) and NaCl V-W/Ti(B) catalysts

TiO, (% (101), (004), (200), (105), (211),
(204) i (JCPDS No. 71-1167). RWMELH] V,0, .
Na,SO, 1 NaCl AT 506, BeAh, M B & FmT L
BB NaCl S AUHG N, BLERH™ TiO, MYFIT5T g
W Z IG5, Sk RO R, TiO, 45 Ak B o, iX
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TN S L TR Na, SO, 17 R AL,
WA A Wi A B TR 7 S A B n & A i 2 ARk, X
FERARAES T RI 5200 Na* 54070 A AH 11 .

BrE V-W/Ti A £k 77 A1 43 0l £ 38 Na, SO, Al
NaCl J5 Ak 09 L 2R 1 AR FLAR B A ok R ST 571
TR 3. MR 3 ATH, 12k Na,SO, 1 NaCl Z J5 ff
AR LR AR A BT R, (BT BEAR B FgAER 5 &
IR R, LEBALE R —Er B shtE, =
FEARNEA — R, X F I B 2k i Ak i
FLAFNFLAR A= B s, 2 BH b3 i
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Table 3 S;;.;, pore volume and average crystallite size of the samples

Samples N Sper Pore VOlurjle Average pore Crystallite
/m’ - g™ /em® - gt diameter/nm size/nm
V-W/Ti 0 72.69 0.302 13.69 17.9
0.2 70.22 0.357 14.32 21.2
0.5 68.93 0.299 14.46 20.4
NaS,V-W/Ti 1 69.74 0.345 13.97 20.3
2 66.59 0.296 12.89 20.8
3 68.43 0.263 13.72 21.2
0.2 65.87 0.297 13.31 21.3
0.5 63.78 0.275 13.43 21.5
NaCl, V-W/Ti 1 60. 69 0.197 16. 42 21.9
2 59.58 0.232 14.53 22.5
3 53.81 0.178 15.95 22.7
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Fig. 3 Conversion of NO over the V-W/Ti catalysts impregnated with Na,SO,( A) and NaCl(B) respectively
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AT Ti 2p B9 XPS 3EE. Ml IAE H, Ti 2p
XPS L SE AN A Y, 464. 19 ~464. 88 eV Fl
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Fig. 4 The variation of the catalytic activity with
different ratio of Na/V at 320 C
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Fig. 5 XPS spectra of Ti 2p (A), V2p (B) and O 1s (C) over different catalysts

&4 EAFE XPS HiE
Table 4 XPS data of the catalysts

Samples Peak BE - ence AV ARy R BE o AC0,)/A(0,+ 0,)
/eV /eV
V-W/Ti 516.38 v 0.67 530.41 0, 0.51
517.79 v 531.66 0,
NaCl, V-W/Ti 515.90 v 0.92 529.72 0, 0.35
516. 84 v 531.08 0,
NaS, V-W/Ti 516.23 v 0.72 530.27 0, 0.50
517.33 v 531.69 0,

A5 -NH, e, BRARIT ) V™ =0 EALIERE-NH, ", [H]
I V3" =0 Bd 5 HO-V* . #RJ5-NH, "5 NO S ik
BB HE8-NH, "NO, Z 5 #5434 N, #1 H,0, HO-
VHLE O, TEF R EBH A L Vo =07 Al I, v -
OH Il V™" =0 SR B A 1E PR, S gk

Je V7T HB R R, X AR T AR R S
JEHIE T NaCl J5 , 467 NO $54b 3T 4R B AR
PG, FEIS5(C)JE 0 1s 1Y XPS 3. e 454 hE
(531.08 ~531.69 cm™ ) 4b 3% 16 9 J& F 3% i fb
WA (0, ), FERARES &gkt (529. 72 ~ 530. 41
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Fig. 6 FT-IR spectra of V-W/Ti catalysts impregnated with Na,SO,( A)and NaCl(B) respectively
a-V-W/Ti catalyst, b-Na: V=0.2:1, ¢-Na: V=0.5:1,d-Na: V=1:1,e-Na:V=2:1,f{Na:V=3:1
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V=0 Fa b, RIAEWoK G R V-OH & &
LS AH L AU /. A FT R S A SR DR A A5
T, Na* 2 (588 V-OH {7 1, AL V-ONa'®’,
PRI 7 £ 28040 46 J5 A K 3R 19 NHL,-TPD & Sk K45
580 R A X IO Y 06



554 a4 f# f 5530 &
@) (B)
V-W/Ti
g
s .
= =
E NaCl,V-W/Ti =
20 =
@ & NaS,V-W/Ti
) 2
2 NaS,V-W/Ti 3
-
100 200 300 400 100 150 200 250 300 350 400 450
Temperature/°C Temperature/°C
©)
.1 peakl §§
peak2
peak3 §
g
E
g § ?
< E
V-W/Ti NaS,V-W/Ti NaClL,V-W/Ti
7 1€ 100 ~460 CHLlE N NH,-TPD ik
Fig7 NH,-TPD curves in the 100 ~460 °C region of different samples
bined with selective catalytic reaction of NO by CH, over
3 i :
= Cu0/Ce0,/Ti0,/y-Al, O, catalyst( /i~ J5i BHL$4 %5 25 11k

KRB 4 T Na,SO, M1 NaCl 7% 1
V,0,-WO,/TiO, #EALFI, PiRpgER 1 28035 (4 1k 7
LR AR, LRI SR V' = O By s i AR
55, AR 2% T R A6 a5 R T I B AR B R
B, SRR NO F b SRk, MR =
AR, GRER TP AT ES T-R2 M Na® 55410 7 ) AR
HAEH, 5 Na,S0, #Lt, T4k NaCl ZJ5 i fb 55
TiO, A fbkr R SF 3K, NaCl # Na,SO, FfRAE1k 5
TEPERRE K

SE

a. Xue Wen-bo ( f# 3CH), Xu Yan-ling (7 #:3%),
Wang Jin-nan( £4:# ), et al. Ambient air quality im-

(1]

pact of emissions from thermal power industry ( 4= [ K H,
Tl RATG B HE O 2 BB B9 520E ) [J ], Chin
Environ Sci( HEIREIRI) | 2016, 36(5) : 281-288.
b. Li Hui-juan( 222 4H) , Jiang Xiao-yuan ( 5 JR) |
Zheng Xiao-ming ( FE/NET Y. Non-thermal-plasmacom-

(2]

L B CuO/Ce0,/Ti0,/y-AL O, AL 7 i & NO
WBF5E) [J1. J Mol Catal ( China) (4% FHEAL),
2014, 28(2) : 157-164.

c. Liu Peng-fei (XM &), Lou Xiao-rong (B3R ),
He Kai ({7 &), et al. Effects of surfactants on the
structure and catalytic performance of Fe-Mn/ZSM-5/CC
monolithic honeycomb catalyst ( 2% 1 15 PR X Fe-Mn/
ZSM-5/CC 2R ML RS54 K NO, b8 R g
B ) [T]. J Mol Catal ( China) (45> FE1L),
2014, 28(3) : 227-233.

d. Wang Shu-jie( E&FHE) , Zou Gu-chu(ZF4AH#]) , Xu
Yao(#% 58), et al. Ce-based catalysts for simultaneous
removal of both diesel soot and NO_( Ce HE S5
IR A b 25 B B S -NO, By PEREBSE) [J]. J Mol
Catal (China) (53 THEFL) , 2015, 29(1) : 60-67.

a. Liu Yun( X!l =), Zhang Zhao-shun( 5§JKJIT) | Xu Li
(% 1) , et al. A study on storage-reduction of NO,
over Pd/Mn/Ba/Al catalyst ( Pd/Mn/Ba/Al 4 1k 7 i)
NO, Bft- IR PEREFSE) [T]. J Mol Caial ( China)



%6

FOEME . BIERXT V,05-W0,/TiO, AL NH,-SCR SR 16 14 1 5 i

555

(3]

(4]

(5]

(6]

(5 TEfk) |, 2011, 25(3) ; 226-232.

b. Xu Yao( 58), Zou Gu-chu( 4f%#]) , Wang Shu-
jie( E&FHE) , et al. Solution combustion synthesis of Li-
Co0, for simultaneously catalytic removal of soot and NO,
(MR BeTh il £ LiCoO, Ko L [R] i £k 25 ik e K An
NO, PEREBFSE) [J]. J Mol Catal ( China) (4311
k), 2015, 29(1) : 52-59.

c. Wang Jian ( E ##), Zhang Hai-jie (3KVEZ%), Xu
Xiu-feng( £k 7505 ). Catalytic decomposition of N,O over
Cu Fe,_ Fe,O0, and Ni Fe,_ Fe,O,
(N,O f£ Cu Fe,_ Fe,0, fl Ni_Fe,_ Fe,0, B A& E LY
HEAEH] st ni) [J]. J Mol Catal ( China) (43
FHEfL) , 2015, 29(1) : 75-81.

a. Gao Rui-rui(F&&), Lou Xiao-rong( Z50%5¢) | Bai

composite oxides

Wen-jun( FHCE) , et al. Influence of preparation tech-
nology on the activities of Mn-Fe/ZSM-5 catalysts for se-
lective catalytic reduction of NO with NH, ( il & T. 25 %t
Mn-Fe/ZSM-5 #4651 7E NH, BEHEpEALIE I NO 2
REALPEREREIN) [J]. J Mol Catal ( China) (43
fi1k) , 2015, 29(6) : 563-574.

b. Tang Fu-shun( FEE M) , Zhao Hui (i#X #%), Liu Jin
(X #Y), et al. Effect of dispersion structure of Co con-
stituents on the activity of the supported Co/ZSM-5 cata-
lysts for the De-NO, of diesel vehicles( FHZR A Co/ZSM-5
AR TET Co 2H 73 51 15 583 4 NO, HrfbPERE )
[J]. J Mol Catal (China) (73 THEAL) , 2015, 29(3) :
256-265.

c. Sun Sheng-nan ( ) E ), Li Chun-hu(ZHR),
Yang Wei-wei (#10#) , et al. Photocatalytic removal of
NO from flue gas by TiO, loaded on semi-coke prepared
by sol-gel method ( %5 5 —%E BE VA il 4% TiO, 120 fb 2
SIS BEEE) [T]. J Mol Catal ( China) (43
fiE#fk) , 2015, 29(2) ; 188-196.

Gao Yan( 1 &), Luan Tao(ZE ¥), Peng Ji-wei( 75
1’%) , et al. DeNO, performance of SCR catalyst for ex-
haust gas (KRB ELSEH AR PE T SCR AL i A
PERE) [J]. Ciese J (FLT244) , 2013, 64(7) : 2611~
2618.

Tang Zhi-Xiong ( JE & #E) , Chen Chao-ping ( A#8F) ,
Chen Xiong-bo ( < HE)% ), et al. Pilot-scale study on
SCR technology applied in flue gas de NO, of flat glass
furnaces at low & middle temperatures ( SEAR BRI Tk &
PR AR SCR WA il 5E) [J]. Chin J Envi-
ron Eng( FREE THE2AIR ) , 2015, 9(2) ; 827-822.
Wang Cheng-yu ( £ 7K ), Chen Min (& %), Chen
Jian-hua( BEEE4E) . Glass Manufacturing Process ( Il 38
Ml TZ) [M]. Chemical industry press (k2% Tl i

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

JiAL) , 2006.

Shen BX, Yao Y, Chen J H, et al. Alkali metal deacti-
vation of Mn-CeO_ /Zr-delaminated-clay for the low-tem-
perature selective catalytic reduction of NO, with NH,
[J]. Micro Mes Mater, 2013, 180 262-269.

Olsen B K, Kiigler ', Castellino F, et al. Poisoning of
vanadia based SCR catalysts by potassium: influence of
catalyst composition and potassium mobility [ J]. Catal
Sci Technol, 2016, 6. 2249-2260.

Huang Z W, Li T, Gao J Y, et al. Alkali-and sulfur-re-
sistant tungsten-based catalysts for NO_ emissions control
[J]. Environ Sci Technol, 2015, 49(24). 14460 —
14465.

Dahlin S, Nilsson M, Bickstrom D, et al. Multivariate
analysis of the effect of biodiesel-derived contaminants on
V,0,WO0,/TiO, SCR [J]. Appl Catal B, 2016, 183
377-385.

Jiang Ye (3% ) , Gao Xiang( 15 #1), Wu Wei-hong( 5%
T4T). Kinetic study on selective catalytic reduction of
NO with NH; over V,0,/TiO, catalysts(V,05/TiO, f#fk
R NH, deReER R NO S sh 1240158 ) [T].
Appl Chem Indus( RLFHALT.), 2013, 42(1) ; 1-7.
Reddy B M, Rao K N, Reddy G K, et al. Characteriza-
tion and catalytic activity of V,0,/Al, 05-TiO, for selec-
tive oxidation of 4-methylanisole [ J]. J Mol Catal A
Chem, 2006, 253(1/2) ; 44-51.

Haber J. Fifty years of my romance with vanadium oxide
catalysts [ J]. Catal Today, 2009, 142 (3/4) . 100 -
113.

Yang S X, Zhu W P, Jiang Z P, et al. The surface
properties and the activities in catalytic wet air oxidation
over Ce0,-Ti0, catalysts [ J]. Appl Surf Sci, 2006, 252
(24) . 8499-8505.

Dupin J C, Gonbeau D, Vinatier P, et al. Systematic
XPS studies of metal oxides, hydroxides and peroxides
[J]. Phys Chem, 2000, 2(6) : 1319-1324.

Hong S H, Hong S J, Hong S C, et al. US [P],
20050069477, 2005.

LuQY, LuZY, LiCY, et al. Adsorption and activa-
tion of NH; during selectiv catalytic reduction of NO by
NH, [J]. Chin J Catal, 2006, 27(7) : 636—646.
Forzatti P. Present status and perspectives in de-NO,
SCR catalysis [ J]. Appl Catal A; Gen, 2001, 222 (1/
2) . 221-236.

Min K, Kim D J, Park E D, et al. Two-stage catalyst
system for selective catalytic reduction of NO_ by NH, at

low temperatures [ J]. Appl Catal B-Environ, 2007, 327



556 a4 f# f 5530 %
(2):261-269. 1k), 2015, 29(5) ; 422-430.

[20] Bin G, He L, Lin Z, et al. Effect of ignition temperature [25] Huang Z G, ZhuZ P, LiuZ Y, et al. Formation and re-
for combustion synthesis on the selective catalytic reduc- action of ammonium sulfate salts on V,0,/AC catalyst
tion of NO_ with NH; over Ti; 4Ce; o5 Vo 05 0,., nanocom- during selective catalytic reduction of nitric oxide by am-
posites catalysts prepared by solution combustion route monia at low temperatures [ J]. J Catal, 2003, 214
[J]. Chem Eng J, 2012, 181/182(1385-8947) . 307— (2):213-219.

322. [26] Kamata H, Takahashi K, Odenbrand I. The role of K,O

[21] Jing L Q, Sun X J, Shang J, et al. The surface proper- in the selective reduction of NO with NH; over a V,0;
ties and photocatalytic activities of ZnO ultrafine particles (WO, )/TiO, commercial selective catalytic reduction
[J]. Appl Surf Sei, 2001, 180(3) . 308-314. catalyst [ J]. J Mol Catal A-Chem, 1999, 139 (2/3):

[22] Shan W P, Liu F D, He H, et al. A superior Ce-W-Ti 189-198.
mixed oxide catalyst for the selective catalytic reduction [27] Busca G, Lietti L, Rami G, et al. Chemical and mecha-
of NO, with NH,[J]. Appl Catal B-Environ, 2012, 115/ nistic aspects of the selective catalytic reduction of NO,
116(4) ;. 100-106. by ammonia over oxide catalysts: A review [ J]. Appl

[23] Liu Jian-dong( X% 45) , Huang Zhang-gen ( #5KAR ) | Catal B-Environ, 1998, 18(1/2) : 1-36.
Li Yao-zhe (ZEFEH7), et al. Ce modification on Mn/ (28] Du Zhen (#: #%), Fu Yin-cheng ({148 i), Zhu Yue
TiO,/ cordierite monolithic catalyst for low-temperature (& BK). Study of poisoning mechanism for V,05/TiO,
NO, reduction( Ce X Mn/TiO,/ H5 A1 FARAR IR AR fiF & catalyst(V,0,/TiO, f# 4k 5 o 35 #1219 3 56 AF 9%)
B LA F AL R B ) [T ], Chem J Chin Univ- [J]. Acta Scien Circum ( %fﬁtﬂ'??‘%ﬂi) , 2013, 33
er( RAERERALZ AR |, 2014, 35(3) ; 589-595. (1):216-223.

[24] Song Zhong-xian( %) | Ning Ping(T* ), Li Hao [29] Nicosia D, Czekaj I, Krocher O. Chemical deactivation

(%= &), et al. Effect of Ce/Mn molar ratios on the low-
temperature catalytic activity of CeO,-MnO, catalyst for
selective catalytic reduction of NO by NH,( A [A] Ce /Mn
FEIRHEXT CeO,-MnO, fEALFIRIE NH, BE£E i kit
JENO B8 ) [J]. J Mol Catal ( China) (73 ¥ 1

of V,0,/WO0;-TiO, SCR catalysts by additives and impu-
rities from fuels, lubrication oils and urea solution; Part
II. Characterization study of the effect of alkali and alka-
line earth metals [ J]. Appl Catal B-Environ, 2008, 77
(374) . 228-236.

The Effect of Sodium Salts on Catalytic Activity of V, O, -WO, /TiO,
over NH, -SCR Reaction

GUO Zhi-min', YUAN Jian"*, PENG Xiao-jin', YANG Xiao', Xu Bo’
(1. State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology ,
Wuhan 430070, China;
2. Glass and Technology Research Institute of Shahe, Shahe 054100, China)

Abstract: The effect of different sodium salts on catalytic activity of V,0,-WO,/TiO, over NH,-SCR reaction was

investigated in order to observe its selective catalytic reduction and alkali resistance. Fresh V,0,-WO,/TiO, cata-

lysts containing different amounts of sodium compounds were prepared by means of impregnation method. The cata-

lysts were characterized by X-ray diffraction, N, adsorption-desorption, X-ray photoelectron spectrometer, fourier

transform infrared spectroscopy and temperature programmed desorption of ammonia. The results showed that the

addition of sodium lowered specific surface areas, allowed the decrease of the number of V>* =0 and V-OH acidic

sites and resulted in a reduction of chemical adsorption oxygen on the surface, and therefore, leading to a lower

catalytic activity and a narrower reaction temperature window.

Key words: nitri-oxide; selective catalytic reduction (SCR) ; V,0,-WO,/TiO, catalysts; poisoning



