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Abstract: Different loadings of WO, /SBA-15 and WO,-ZrO,/SBA-15 are prepared by sol-gel method and
characterized by XRD, BET, TEM . The activity of photodegradation of rhodamine B and the adsorption of
ammonia ability are investigated. The results show that the rhodamine B is photodegraded easily by using
W./ SBA-15 (#x=20,30,40,50) and W,,Zr,/SBA-15 (y=3,5.,7,9). Photocatalytic activity from high to
low is W,,/SBA-15> W;,/SBA-15 > W,,/SBA-15 > W,,/SBA-15, while doped into ZrQO,, Photocatalytic
activity from high to low become W, Zr;/SBA-15 > W,, Zr,, SBA-15 > W,, Zr; /SBA-15> W, Zr; /SBA-
15. The rate of photodegradation with W,,/SBA-15 and W,, Zr;/SBA-15 are 73. 4% and 86. 6%
respectively, WO;/SBA-15and WO,-ZrO,/SBA-15 also have good cycle efficiency and the advantage of
reusability.
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1.1 LK F5EE

P123(PEO-PPO-PEQ) , IF ik /i PU £, Wi (|l 24 48 W Ak 22 X 70 A BR 24w o 3h R (I 25 42 A b 2 iR A FR A
D, KA RN (aladdin instructional corporation) , /\7K & & 4L #E (aladdin instructional corporation),

CEL-HXF300 ] FAT 6 . HI-6 A ¥ i 16 I %% ) 6 P 2% . DHG-9140A H FA1E IR 3 X T 48 47, JEM-
2100plus &4 HLF 6 8%, ASAP2020MP 4 [ 3l bb 3 17 B A il AL 4 B BFFA, UVS5100 48 40 1] UL 43 5% ot
FEit,

1.2 LR &

WO, /SBA-15 il £ :2.0 g P123 T 65 mL K& F/K P EEBFE 3 ho A 10 mL 2 mol/L By FR ¥
WT 40 CRIZUBERE 1 h, 20 9018 0.36 gGn (WO;) + m (Si0,)=20%, F[A]),0.54 g(30%),0.72 g(40%),0.9 g
(50%0) ZK AR T 10 mL KB FREMA LIRAER PB4 1 h J5 I8 B8 s W, 18 4.5 g 1F
RERR DU W, T 40 “CHIFE 24 h, MR 2K E P, 100 CrE MR 24 h BUR AR LB 7K, OB
BV 3 K, 60 ‘C T4 8h.550 ‘C ke 6 h, & 43 Bl #5id A W, /SBA-15, Wy, /SBA-15 , W,,/SBA-15 ,
W, /SBA-15,

WO,-ZrO,/SBA-15 il £ :2.0 g P123 I T 65 mL 228 T /K P& IRHEFE 3 ho A 10 mL 2 mol/L Ak
MR T A0°CRIZURFE 1 hy A 0.72 g(40 %0) Z/K G 8 IRENAY 10 mL /KW B HE 1 h J5 B B S W, 2%
N 4.5 g IERERR Y Z B8 . 43 S A 0.1283 g(3%),0.2139 g(5%),0.2995 g(7%),0.385 g(9%) /\IK G
SAALEE T 40 CHEFE 24 h, BRIEWREE R KT, 100 CRPEFRAE 24 by BUH AR 2285 7K . S BV %
3,60 C T4 8 h,550 CHERE 6 h, B a4 Sl dnic i Wy, Zr, /SBA-15, W,, Zr; /SBA-15, W,, Zr, /SBA-15,
W Zr, /SBA-15,

SBA-15 Byl £ :2.0 g P123 % T 65 mL g F /K EEMEFE 3 ho A 10 mL 2 mol « L™ By PR A W
F 40 CRIZIHEFE 1 h, Z12W M 4.5 ¢ IERER VU LB, T 40 “CHEFE 24 h, BEWFERE 2KAZE P, 100 °CH
B BRI 24 b B AR 25 B T K SRS 3 .60 C T 8 h,550 CHBbe 6 h.

1.3 HEAXRE

HERE & B 100 mL10 mg/L (% PHU] B W TR . A 0.10 g AOMEAL R 7E R S TR 8 1 b HORE 48

J& LA 200 W BT S U5 B T, BE B 30 min BORE 1 WKL I 6 WRBE  FE S B0 40 B8 B L J2 VS, FH R AR T I

A,—A
XIS AE AR (552 o) b T B OB AR A0 D= X10000. Heth D g Befif, Ay

PG WBOCRE A TR AT WO S L TR 2 i I A SR ] 5C AR A
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2.1.1 XRD
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Fig.1 Small angle XRD pattern (a) and wide angle XRD pattern (b) of different samples
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Fig.2 Small angle XRD pattern (a) and wide angle XRD pattern (b) of different samples
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2.1.2 N, B W B o
F 1 JRFE S R IR FUAR TR 3 FLAR B . th 2 A . WO, L iE A SBA-15 5, [ & 1 1
B AR 0BG 0 SE 1 RS N Y, W, /SBA-15 1Y e 36 T AR SR R, B8 B Y R O 40 %I, WO, #EA
SBA-15 B2 W LBl L 3 T H LR m A, K 3 J& SBA-15. W, /SBA-15. W, Zr; /SBA-15 1) &< W Bt —
JI5E 6 A5 T M 2, Hh L 3 R T A it AR B AT A AL RHRRAE (9 Langmuir TV 7Y 0 B 58 B 45 3 i 4007, 156 9
SBA-15.W,,/SBA-15 W, Zr; /SBA-15 #8HEA H ¥ N L4514 . A8 W, /SBA-15, W, Zr; /SBA-15, SBA-
15 ¥ J5 T 328 7 ) A X R 0 R B O ) 3RS L B W, /SBA-15 A9 FL A8 e K ko2 W, Zr; /SBA-15,SBA-15
LR/,
®1 MHEMLRERLGCRUREHAR

Table 1 Surface area, pore volume and average pore size of mesoporous materials

FE R/ (m® « g™ ) LAEB/ (em® = g D) T 42 /nm
SBA-15 630 0.77 5.2
W, /SBA-15 500 0.51 5.4
W, /SBA-15 510 0.58 5.6
W, /SBA-15 625 0.97 6.6
W5, /SBA-15 571 0.57 5.5
W Zrs /SBA-15 518 0.88 6.0
W o Zr; /SBA-15 552 0.91 6.4
W Zr; /SBA-15 518 0.82 6.3
W Zrs /SBA-15 520 0.80 6.1
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Fig.3 Nitrogen adsorption-desorption isotherms of the samples

2.1.3 TEM

Kl 4 & SBA-15, W, /SBA-15 DL K AN [A] £ 48 & 19 W, Zr/SBA-15 § TEM K, K 4 ol LLAE H,
Wi /SBA-15 W, Zr; /SBA-15 ¥R FF T SBA-15 i EA P I FLIE 454 . X 5 AT 8/ M XRD AN, W BB
B AF 45 R — 3, LA Wi Zr, /SBA-15 Fil W, Zry /SBA-15 1] LRI, ZrO, 2 BEA FLFLIE P HEE S 21O,
B3 A B30 A FLAE R I A T BE R AR L IR A FL A5
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(a)SBA-15 (b) W,/SBA-15

(¢) W,oZr/SBA-15 (d) W,Zr,/SBA-15

B4 #mi TEM E
Fig.4 TEM images of different samples

2.2 RELMERERIE
2.2.1 REfi #HEF WO, /SBA-15 KA 4k & A2

& 5 J& SBA-15.W,,/SBA-15.W,, /SBA-15.W,,/SBA-15 W, /SBA-15 7£ 25 °C i it % & i ith 28 L) K f%
i SRl 2 . A A Ay I SR T S AR A 1 2 R B T L A B O B P B B VR B AN R AR . IR 5 R T LU
21 h W RS O A AR BE 1 B 55 R F R W, /SBA-15 > W, /SBA-15 > W, /SBA-15 > W,, /SBA-15,
W/ SBA-15 1) At Ak % A B8 ) e, 113K 73.4 %0, 35X & R SBA-15 44 % FHEH B W B 2 AL o 3 K T 2
BB Y5 WO, 3 il i £, 2 P B 5 WO, 19 36 2 ol 78 20 82 fil . e Ah H B H 2R T BUAH 25 8 R 1Y
SBA-15 FIW o /SBA-15, & I 74 W B E 3L A K 24, {2 W, /SBA-15 ¢ [ Mk fE A 8.7 T SBA-15, 58 3 Ui A
TG PEAL 70 WO, FECAHE A B i b E 2R .

—
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Fig.5 Photodegradation curves (a) and degradation rate curves (b) of the samples
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R B TR 5 i W R kX A R0 e A T T 1 T L 2 — 2P S R AR N B e AR D L B L-H Bl ) R
SR M R i 2 7 3 8 5 AL 6 T 7 o A5 AR TR B — SR I R F RO 2, DL 6 i) DAt — 2B UE B, WO,
TR, ARG MR R W, /SBA-15 HA el G AEAL TR P (HE L W, /SBA-15 YOG4 £k 15 AT BT
I, B R, BROAR T A A e, (L b SR A AL AR R L AR BB e W, /SBA-15 /N, S B SR B
5 LB 3z ok v RO /DN FLTE X6 ) S %) 4% B RN EBCRE 0 080 BRI OG A AR T M e W, /SBA-15 A BT/

T R Y T S AR PR RE K OL AL S B W, /SBA-15 PR BRBRE L OF B OB ALSIE 7 k. L
91 BOGHERRCE D 1002, 758 W, /SBA-15 MBI IE PR B & . anlEl 7, 7T LLE L BT 3 OB sl %
JUT- A TR AT 100 % FE 3 98.67 % , BB W, /SBA-15 [ FL I8 45 44 LA K P 35 17 28 45 #0054 0 i O , T 42
i 7T WG R L AL CR TR 2 88.44 %6, iX AT RESZ N A FL W, /SBA-15 1 ¥ M7 25 32 B IR .

2 BHIN—RREREELH

Table 2 First-order reaction rate constant of samples

i SBA-15 W, /SBA-15 W, /SBA-15 Wi /SBA-15 W, /SBA-15

k/min ! 6.385 96E 0.002 34 0.002 41 0.003 46 0.002 79

_ 100
0.6 = SBA-15
® W,/SBA-15
A W, /SBA-15
v W,,/SBA-15
o 04 [ < Wy/SBA-IS <
;% fg 50
=
0.2 #
R
0.0 n s = 0
0 60 120 180 1 2 3 4 5 6 7
t/min [EIR7S 1
6 HRmPXENHEREGHE 7 W, /SBA-15 BI St LB IR R B E
Fig.6 Photocatalytic power fitting curve of the samples Fig.7 Photocatalytic cycles of W, /SBA-15

2.2.2 FRFE i HET WO, ZrO,/SBA-15 F AR P48 & AE

P& 8 JEHE A 0 G A il 2k AN R i R k. Pl TR S () ] LU HY 4% Ak ) 1% B 18 o AR AR ) L 7 49 %6
B 51002 18] 3k A& T WO, T i A [R], b A e EE 55 2% A ] e 45 ) 4 1 ke % 4 Ak 300 H A A B 1 b 3K T
L FLAAR LA B LA DT X 2 PRI B A W B o FEAS AR W] . F BT 01, Wy Zrs /SBA-15 (9 G Ak T M B,
P P B AR AR %GR 87 %, L W /SBA-15 MMEALIEPERE N T 13.6 %0 . A ik — 20 5 5 i b ) 1 o fi Ak 7%
PE R L-H 3l R UG 1 H 8 Iy 27 i 42 an i 9 s, He— 900 I 32 Bcan = 3 o,

10 -
- I8 VR —=— W,Zr,/SBA-15 100
Iﬁ sl ~o— W, Zrs/SBA-15 %0
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= L N 04Ty
= 6 SepAk, @ 60
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Fig.8 Photodegradation curves (a) and degradation rate curves (b) of the samples
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Fig.9 Photocatalytic power fitting curve of the samples

R3 BFERE—REEEREH

Table3 First-order reaction rate constant of the samples

FE G Wi Zr; /SBA-15 W, Zrs /SBA-15 Wi Zr; /SBA-15 Wi Zry /SBA-15

k/min"" 0.005 0 0.007 0 0.006 0 0.006 0

e 9 K 3 iR, Bl ZrO, 548 0 1IN . 4 Ak 00 36 P 52 5 3 KR U/ i) s 35, W Zrs /SBA-15 ) 44
PRI f b, L K F [ S5 50 F W /SBA-15 A Ak 6 1 .

BAEEN ZrO, WO, G e FE2FERNE ZrO, WFEEB /D THESRERR N EBR TES W ES
JU B0 ZrO, [R] i BE s B A AL 70 19 R RS, )7 A B Z R L SE T AT 5 7= A B 2 )« OH F Hi 2k,
M« OH A i 2 YR 19 B2 . RIS 84 ZrO, il LUl W, /SBA-15 X1 2 FHE B 11
AL TGRS SR . (HJE L A ZrO, M B 2L T BE S S 80 WO, Bt BE A9 38 hn . i ZrO, U L F R 28 X B A
OB AR - O S BB E A H Y ZeO, il RT3 R 46 31 rpo0 3 b AR F 7 6 A 300 19 43
B E WO, BOCMALTE PERRAR . tboh, i 56 ZeO, i LS A FLAL I BB IR L DA T 6 41 50 54 355 1 e A1
T LA S ) ZrO, B 24 BEHE 1 W /SBA-15 [0 A0 16 4 , 1T i 25 45 2% 0 (4 38 in, 328 B 1 B0 344 588 0 559 119
%

SRRV 7o = s =R S K = R L | L =l L) 100
W, Zrs /SBA-15YE ¥ FR BT dt, OF B ZOU ML S5 7 k., U
51 UOLMEARECE R 100% , 15 8] W, Zr; /SBA-15 19 A
RPE SR A . sl 10, 20t 7 WG RS G AR T
FEZ 91.5% . X4 He W, /SBA-15 14 Y64 1k 98 2R 1 fiE L % B
T ZrO, J5 G PEAL R 52 00RE B L R BET b .
W0 Zrs /SBA-15 1 8 & A JHBCRWAT B4 &

SeHEALER %
W
=]

3 & it 1 2 3 4 5 6 1
A REL
it — LA T B A LA R R 10 Wy Zrs /SBA-15 IS i 4L B3R % 0
W()S/SBA*IS u& VV()S,ZI()2 /SBA*]5 . Eﬁ%i{f% , ﬁj ﬁ Fig.10 Photocatalytic cycles of

ZrO, J5 » B RE G S M AL VE RE A5 3 T 4R 5, o, W, Zr, / Wao Zrs /SBA-15
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