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PEfE, (HEFTUBE ZnO MG RE IR IE D

AR T AR SCHRIM M, SR - Bt e i 4% 1 4l
YK ZnO 45 Al ) ZnO, FF FHIE P+ ¥ XB-R(Reactive
brilliant blue X-BR){E A L B A, X AT Ttk
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LIBFE[Zn(CH3CO0),-2H,0], Jb 5t 25 FIKE 4l 4k 2 by
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FUIANT 23], bl 458 @A (AICI;6H,0), Jbxnt
A A E A R A, abrals BK 2B
(CH5CH,OH) 1 1F. & %t [CH3(CH,).CH3] ¥4 4 b 5t L T
I, Aebrals SEPEHSE XB-R, VLUK UETIAL T
2.2 BILFTIBHE SR

R RE R FIRA B . TR0 = T
I —E R AL 50 mL 4axd IoK LR (FHEE %
MICK CIEZETRENT), AWM, RGN CREE,
fEE R SR B 5 mmol, 80 CHEHiFEZ
LIREEATHR, PRI R R 50°C, ARG
0.29 g (7 mmol) LiOH-H,0 ) 50 mL Z5% TE/K L BE(HE 75
AR NN B AR R . 50 CRE I HERE 40 min J&, % %
SRR R BVHEI R, N 2 4% DA _EARRL A IE
JRANVKAE SR, 1B A R, B0 a5 5 B,
T TEBBERE, BB G433 A Gk oK. fEfm b B
FEN, fESirh bR 2 h, SRR 2 )
0, 1%, 2%, 3%, 5%, 7%(*5 LIREE I E IR LL).
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MPD £ & X SFEATHMUERAE ZnO ¥ dn A Zite, Cu 4
Ko s, & BRI I 3 40 KV F1 40 mA, 14
K 0.05°, 41317 [ 10°~90°. %11 Hitachi(H 37.)U-3310
AN 1] WA TEELT 200~800 nm (K IR BeA 4, W
ZnO I Ah—] WO, {31 Nicolet Nexus870 Y {#
SL AT MG (KB s ), 7E 400~4000 cm™ il
Pl A ER AT FT-IR D6i%%. K H] Perkin—Elmer Physics
Electronics 73 & ff] PHI 5300 #4348 XPS, 1%+ Mg Ko
#1(hv=1253.6 eV), Ih% K 250 W(12.5 kVx20 mA), 4
4 89.45 eV, ZEFH 44.75 eV, K450 1.0 71 0.1
eV, ZEAREBIE MR ZE N+0.2 eV, XA H AR T
JEM-2010 %437 5 o S S B WL 2 WOORE IR TE SR /DN,
HLHs ok 200 KV,

2.3 XBRTE

441 ZnO By AR 43 1 6 435 43 il A AN [k (200, 300
400, 500, 600 C) FREATHALEE, 35 6 FRFfSL. Letth
N 100 mL ¥R %k 20 mg/L (3H AL ARG
BN 10 mg ZeAN [l B A BT ZnO ks, 7= il
FOGMEAL AR 45 min, B0 e, INHOLEE, TSR
fift 2. I LEBO I A B 2, R B A ) FAKL BRI
F RN IB AR SR L AT AL B,

e N AE 200 mL GEMFHHEAT. 15 W IS 4MT
SR CYR, W EECIR A E 252924 10 cm, 7E 100 mL
— T VR JSE A T G B R NN — s AR, B
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Fig.2 HR-TEM image of pure ZnO particles
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Fig.1 XRD patterns of ZnO and Al-doped ZnO samples

1 TEFEmEY XRD £#E
Table 1 XRD data of the strongest single peak of
different ZnO samples

Sample Position, 260 (°) FWHMY, 26 (%) Intensity (CPS)
ZnO 56.6080 0.5845 3168.54
3%Al-Zn0O 56.5953 0.7144 3020.10
5%AI-Zn0 56.5872 0.7793 2932.96
7%Al-Zn0O 56.5931 0.6494 3414.79

Note:1) Full width at half maximum.

3 5%AI-ZnO ¥4 HE% TEM
Fig.3 HR-TEM image of 5%Al-Zn0O particles
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Fig.4 UV-Vis absorption spectra of pure ZnO and Al-doped ZnO
MG AL AE ZnO B R OB, 34T T XPS
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1
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R2 B2tmb Al F0Zn BIRTFELE
Table 2 The atomic ratios of Al to Zn in Al-doped ZnO samples
Sample 1%AI-Zn0  3%AI-Zn0  5%AI-ZnO  7%Al-ZnO
Al/Zn (%) 0.6 2.8 4.4 6.5

M 5 FI5E 2 v LU Y, TS50 o R
R ZE, ALFL Zn IR FE L 5 S te i 2, HAE
SRR AL HURAE T HEE A (73-576.6 eV). AP H
THiGREN 747 eV, BT HATEED, T giEEe
K, BT DAY S R AR B I A L3 A
3.2 gfEriEae
3.2.1 ARG BRI BEXT EAME A T 1k ()5 R

DR RS el 5 IR PR 225 FE A i 2, 2
FHIEReEE BRI AR, PO — AR, K 6 ]
DAEH, Rrbeii KT 300 CHE, BHFEIRZEMIF R,
A PE BEIZ WA S, {H =T 300 C I, Bl % 1A,
FEHEA R BRI N B, X JE IR ki RSEAE 1~10 nm
B, ey BIE RN, BOhE TR, HiHR AR
D=kA/(Scosfli H A TEM G AT LUE i, 300 C #ub B
(IR SRIARAE 10 nm 224, A7 2e0kL CL 480k 21 i 7 T
T RGP RNV AR TE, AT H = O A
SRIEE R I BE Ty, RSP A A AR
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Fig.5 X-ray photoelectron spectroscopic (XPS) spectra of
1%AI-Zn0 and 5%Al-Zn0O
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Fig.6 Degradation rate of reactive brilliant blue X-BR using ZnO
particles calcined at different temperatures
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Fig.7 Degradation rate of reactive brilliant blue X-BR
at different temperatures
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BARATAE— MR, KT 0N T IR R sk
AR, h IR — RIS ZRE SR v e
AT TS0, DAfE B, 18 8 & 30°CHf, A
[FA 45 22 B 1Y) ZnO AHEPEHE I XB-R (1) I [A]— [ A it £k
VS W VAR A 20 mo/L, SRR I 1Y
A 10 mg.

96 -

L * < N —4
o A= .
E o /
© L S—— ]
E 88 X I/.

g [ —m—ZnO
g 84r . 4 —e— 1%A-Zn0
@ —A— 29A1-ZNO
g 80 |- —v— 3%Al-ZnO
a I —&— 5%AI-Zn0
—4— T%AI-ZNO
76 + —
L | L | L | L | L | L | L | L |
10 20 30 40 50 60 70 80 90

Time (min)

& 8 AR A ZnO SV XB-R 1 FEAR A it 2
Fig.8 Degradation rate of reactive brilliant blue X-BR by
using different Al-doped ZnO samples
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Fig.9 Adsorption rate of reactive brilliant blue X-BR by
using pure ZnO and 5%AIl-Zn0 samples
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Fig.10 Effect of reactive brilliant blue X-BR concentration
on the photocatalytic degradation rate
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Fig.11 Effect of catalyst charge on the degradation rate of
reactive brilliant blue X-BR
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HEAN ZnO Wbk, HEA BRI EAH, S4h—r K,
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FeIIIBE N, AETEHGEE R R, B El
5%J5, BB T N TR SR AL, ek
PEREFRAR. 5% 2 eI 44

(5) 54l ZnO HHLL, BIMER TN ZnO 1E R el
e e I N S, A 0.18 g/ FF%E] 0.1 g/L. 1E
30°CF, A 300 CHALEE1IB A5 5% ZnO fiEAL 7
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Photocatalytic Degradation of Reactive Brilliant Blue X-BR with Al-doped ZnO Nano-particles

SU Su!, LU Shi-xiang?, XU Wen-guo®

(1. School of Chemical Engineering and Environment, Beijing Institute of Technology, Beijing 100081, China;
2. Institute of Chemical Physics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Pure ZnO and Al-doped ZnO particles were prepared using sol—-gel method with zinc acetate dehydrate [Zn(CH3;COO),-2H,0],
lithium hydroxide monohydrate (LiOH-H,0) and aluminum chloride (AICIl;-6H,0) as raw material. The samples were characterized by
means of X-ray diffraction, infrared absorption spectroscopy, UV-Vis spectroscopy, X-ray photoelectron spectroscopy and high
resolution transmission electron microscope. The photocatalytic performance of different ZnO samples was studied using ultraviolet
lamp as illumination device and reactive brilliant blue X-BR as stimulant pollutant. The effects of calcining temperature of precursor,
photocatalytic temperature, irradiation time, concentration of pollutant, dark adsorption performance of the samples, amount of Al doping
and content of catalyst on the degradation rate of reactive brilliant blue X-BR were investigated. The results indicated that when the
calcining temperature was 300°C, the ZnO crystals crystallized well and the size of ZnO particles was small. Al doping to ZnO improved
the photocatalytic performance of ZnO samples and the uniformity of the particles, but it did not improve the adsorption performance.
Moreover, the Al-doped particles became much smaller evidently. In the doped samples (Al doping range 1%~7%), 5%Al-Zn0O was the
most active. When the reaction temperature was 30°C, the degradation rate of reactive brilliant blue X-BR could reach 95% by catalyst of
0.1 g/L in 45 min.

Key words: sol—-gel method; zinc oxide; reactive brilliant blue X-BR; photocatalytic degradation; Al doping



