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NO_ BB, AN A FAN SR 2GR T
THfL%, A ES 5 NO IR, <M 0,
Bl AAALHE A GRS, SIS TR S B B2 ] B4
ik, I, AFEME PR R T A
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AR, FeATEE G I SCR &9 5 ML BE, M4 Ak
BB R EA T, T F BUR ALY G 4

Mass flow controllers

S, WFFE T NH,F X NH, IR 2E £ P i {5 NO
USRS ARTEL SCR AL ) B4 BIF 2 32 1 — Tl i B9
B

1 LI EH

1.1 EEFIHE
LL1 SRR g AR Hil 48 R P i
ik, —FORE R, RURIFHERRR 5 T FRAE M Bk
B, IMA—E & LA CBERNER, - mEs A
—SEREALE TR (F-Ti) , Sl i e 78
S 2 h )R, INA KRB, FERE 30 min,
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Fig.1 Schematic diagram of experimental apparatus
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HFEEE R 2.1 em. IR K B 9 72 7 T
T e, AR R R R R (e 2l
i3 ) 4. BEUE AR 150 mL/min, H2H AL
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fi, LAgiZb NH, X NO M 520, NO FEAE R 12
XM = (NO, - No,,)/NO, .
1.3 EAFIRES NI

X SFERAT % (XRD) 43 B >R F G 5038 B i@ A
ONHEIAEFER XD-3 XS ZRAT SO Ak 7] ) 2R
ER A TINR. A AREH Cu ¥, Ko MEFLETR, A =
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0.04. fHA 7 i FURLTE S5 R H AR oL 728\ /Y JEM-
2100 TEM i S L BE E AT 40 A7, Hb 2% i - FL 45 44 43
BIFIF V-Sorb 2800 L2 i AL 40 M (SO0 i 11 L 6
T FURFLES PR B Tl a2, DL He RS, N, oA
W RS, I HIDRE FE S ZE 200 C R ALEE 12 h,
FBREE S A W K ) S, R Brunauer-Emmett-
Teller (BET) J7FETHRFE S0 LL R TR, FLAFIAL
12534 % B8 Barrett-Joyner-Halenda ( BJH) #8115
3. XPS R K H A ULVAC-PHI A& A 721y,
RIS K Quantera I1 X [ HH2R ' L RETE (U0 £k 571
FESh R A e R M ST, WA,
Al Kafft2k, C 1s inifEZE G HE R 284.8 eV 1EAFLIE,
MRS E M £0.2 eV. H, 7 T+ I (H,-TPR)
LI AE H B4k 2 W [ ( Quantachrome Instruments
CHEMBET-3000) I #47, HAKRKEL|M T, &
Jg, 4 0.100 g HEILFIFE S LR AE RV AR, 78 N,
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J& LA 70 mL/min (1) i 35 8 S (H, © N, =3¢
17) 38 A SR BN, o i 3 1 30 3 f i iy R &
E515 TPR 1%, R CuO ARUEY R E RE A A FE
At

2 BFREITIE
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F AR 228 9 IR SCR IG PR an &l 2 fr
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Fig.2 Low temperature SCR activity diagram of

different F-doping modes in the catalysts

N, MSEEEE AT LIAR Y, NO [ 55 Ak R B 2 0 I
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J F-Ti, F-Ti+F-V RCR AR, F-V 5XF 1
FIAHEL, 76 210 CHF, FRATE I 410 7] A0 16 1 2
BT 35%, 240 °C I} NO (i B Rk 2 T
98.6%. Ui F 15 7%t E AL B/ A AL BR A AL 70 A IR
NH,-SCR A W 2 iy 42 FAE . T F-Ti+F-V B%
PERCRAERTRES FIUMARAR X, dZ2mMiBda
SRR R H AR LS AR, DT ZE A AL
FIFLIE, T8 m BURE T R L, I F-V
BT J5 22 S BRA5E .
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Fig.3 Low temperature SCR activity diagram of catalysts

with different preparation methods
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NO FEALRCRAE 120 ~240 °C IR G B 448 T
IK AR AR BOAEA TR, 5 I 1k o A5 1 Ak R 7E 180
°C I NO #4635 K 76.6% , 210 F1240 °CHf NO Jii
BRI 97% , iK1 A5 A AR 770 19 NO %54k
RS ZHH2E 20% 247, #E 240 °C B A KI5
90%. PIFP T LT AL A A R 22 R RE S %
AR FLARFR | 2R 1 43 105 DL B M o S 3
IR Z Il AE BAE A G, L EAR R R T it —
AT R AR T AR .

2.3 |2 XL T IR L F S R RN

2.3.1 ALK AL b TR RIB I
BN ZEF B2, it XRD XFASTE] F #8421
FI I it A 45 A8 S AT R AE . (R4 R A Rh AL 70 RE Y

Sample @ m © @
Crystallite size/nm |23.77 19.75 2224 21.72
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>
=
=
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20/(° )

B 4 AR B AU AR B XRD 723
Fig.4 XRD patterns of the catalysts of different F-doping modes
(a) COM; (b) F-V; (c) F-Ti; (d) F-Ti+F-V

A anatase; R rutile

XRD MEAZESR, FTLAIE 1, B e Sl a2 3R 814k
W1 TiO, BFSRHE AT ST (20 = 25.2°, 38.0°, 48.1°,
53.9°, 55.1°, 62.8°, 70.3°F1 75.3°). XF X Bk
# COM FESTE 27.4°, 36.0° Lk 2 41.2°38 HUBL 138
PRFENE , T8 T4 404 AL Tio, IE . X i &
BAR) V, 04/ TiO, AT Y & 78 R BBk ™ AR 42 21
ARG A, 2 BB IS B R h B— 1Y
Bk AR, RIS 230 T BLEk T A ) 4 41 4 A 1Y
AR X AIREE R, #NE 2 42(0.136 nm) 5
07 B TF42 (0.140 nm) #HiE, MiEFBACEH &
TSI FIRE AL SR, TG T Bk 1) 4
LA REAE T HEA AT LR, F-Ti+F-V ik
TR A FRARRIEATT G 0 1) 5 B R 2B T RRAIK. X R
FOLRBENIEM, SEEEZNEE FIHEAT

TiO, dnfg 2, it Z B8 T4 5 5 R AL
FLIERPEEIE. J350, FEahh A RS V, 0, BYRHIE
W, X R WL P AL AR 5 R e R MR R T DL
JE o BB A AT AE.

2.3.2 MEARIRES A T EEE BB
XHEAFTIE SR RZ R, R TEM T B i 16 75 2
17 RAE, G0 5 BT 78 . COM A AL 1) 2 S # Ak,

5

,‘*’ -
200.nm ?f

K5 COM (a) Ml F-V (b)HEALFIB TEM &
Fig.5 The TEM photographs of COM(a) and F-V (b)

KEERZA N 70 ~ 150 nm, 1 F-V 4ELFI R 12 ~
30 nm/NBURL. SXULHT, SRS RBAE I R A
P, 0B S 4ifk. X T BB A2 i F a5 I A
ST I AR PR, A5 UKL [R] Y HE R 4R A )
T

2.3.3 iRl Ry A ARRBECT Ak
FUBE S L e m AL, AL M fLAR ik 1 fr
TN AAEAH LR T A/ NIF 5 COM<F-Ti+F-V<
F-Ti<F-V.%f &40 cOM 4 1k 7 /Y kb 2 i FL >

R 1 AEEBFEXTHEUFIMERERMALLENER
Table 1 Surface area and pore structure results of the

catalysts with different F-doping modes

BET surface  BJH total BJH mean

Samples area/ pore volume/  pore size/
(m’-g") (o’ -g") nm
COM 11 27 4.3
F-Ti+F-V 15 43 4.3
F-Ti 28 65 4.8
F-v 36 68 6.5

11 m*/g, MGYERAER F-V AL B b & Lk
F]36 m*/g, 2y COM f 3.2 5. 254 XRD Fil TEM
FAELR, FTLAEWTR B TR 24 Tio, 2k
ek M A GZ i T TiO, BBk 2 4 21 A I AHAS o
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Fig.6 V 2p spectra of the samples
(a)COM; (b) F-V

K, ARG AR P ) TR S A i VL S
PIELERKE, COM (a) MIF-V (b)Y VY / VI
%5354 0.33 F10.36, ULEHHRBIA F T A v
&, SERPUE ALY S BUAR M B AR AL B4R
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SCR SN[ il 25 38, Br L, VB9 77 16 RE 0% Jin sk
SCR R RE. J34b, V¥ ¥ inA 1T 6 NO ik
NO,, Bl NO + 1/20, = NO,, M i€ # T SCR
.

2.3.5 H,-TPR 73 ¥ WE PR, COM (a) fil F-V
(b) BB JEIE , X T COM (a) EALF], P
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AN e IR IR AW AL, 53 S 2 480 i 540 °C it
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Fig.7 H,-TPR profiles of COM(a) and F-V(b)
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NPT 1 A 2 B i3
2.4 H,0 71 SO, 75 e Xt NO L R A 0
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Fig.8 Effect of H,0 and SO, on NO, conversion
over COM and F-V
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The Effect of NH, F on the Selective Catalytic Reduction of
NO by NH, at Low Temperature

WU Li-cheng', WANG Qian', ZHAO Wei'
(1. School of Energy and Power Engineering, Jiangsu University, Jiangsu 212013, China)

Abstract: A novel fluorine doped vanadium oxide/titanium oxide catalyst was prepared. The effect of F-doping
modes and preparation methods were discussed. The results showed that the F-V catalyst obtained by the sol-gel
method could perform the best in denitration. By comparing with COM catalyst, the F-V catalyst activity increased
by 35% at 210 °C, and its conversion reached 98.6% at 240 °C. The results of XRD, TEM, BET, XPS, H,-TPR
techniques showed that the superior catalytic performance was attributed to the highly dispersed active species, the
particle size reduction, the specific surface area increase and the stronger redox capacity. In addition, The modified
F-doping catalysts not only owned terrific SCR activities, broad range of active temperature, but also achieved good
resistance to SO, and H,O0.
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