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 E DUUEERSIE T EE M Zn0 442K A (nanobushes , ZNB) , LK #4545 75 31 3558 ZnO 44 K J50kL
(nanoparticles , ZNP) . FIlF X FFEATHHMY(XRD) 5 B 8% (TEM) F5 45 B 4% (SEM) | B3 1 AU 22 43 ( BET)
AR EERE (PL) 55 T Bkt ZNB il ZNP #E 4T 7 RAE, I L8R 1 HoG ARG PR 22 5. 25650 (A <
387 nm) fE4F 40 min J5 ZNB (i HLYLEL S P+ B(Rhodamine B, RhB) 5% 4 # 5, , 1fij AH 6] 2% {7 & ZNP (L BE
RhB 840, 53% . il 11 S A5 HLEw (TOC) B AE , F9% T ZnO % RhB IR A b5 b F2 ), 68 6 h 5 ZNB %} RhB
WALFR I 92% , i ZNP X RhB A6 bR A 77% . BREFINE T G0 M i A5 e 3 vk AL B Rl 0 3
(AR AL, FE B R AMEB R ZF T, Zn0 SEHEAL N HLEE =B v SRR [ i ( -OH) iR, HL ZNB 7= A 3 P 41
AL Fp R T ZNP.

KR Zn0, Gk, Sk,

L TiO, #l ZnO S ARG AE A HOARTE IR H T 21T RERs A= WU MERE i 1 22 A HLTS B
Epq T Y AN S I i i I N S QW N e O Y L2 L 7 NS N (1 v SSE SRR A S (101508 &) P )
JEAEALTR TiO,AH EL , ZnO Xof St rAwig Jb A% B2 B8R, 76 o gk 5 S8 A5 2 A5 AL T S 0 I B0 o O o ) ™
IR B A A EIE SR RS AR ZnO , 2B 5 B SR AL IS . R, 38 5 ZnO S fEfk
FIRY AT 42 o LU ST A T A LTS B WA R B8 7 1 B B8 S HET, 72— AR, T il 5
Zn0 GRAEN GURAES A0 4 5 Zn0 GO He 5 LA SR B REALTE T i 4T 56 ZnO 4
KM\ (nanobushes , ZNB ) S A AL A AIFSE A UL SCHRAE - 442K Mt b 9 K IO AL SR T JS0 A0 P BRAS 44, 5250
BR ARAESEH B TE SR U PT REHAR T Y F R AR, T i1k R B i Fa 1t R B 7 45 U 0 B TR AE
IAJITE=Sae

ASSCUATE B EFIBR R U5 0 JEURE SR FHUCTE I 4 1 ZNB, 7E 50515 (A <387 nm) BT, HUEL T
ZNB i1 ZnO ZK UKL ( nanoparticles , ZNP , LA R 4 F11 7S IR HH 6 DU Jre Sy TRk 22 7Kk 3 R g il 45 ) B fie A L
Yupl % P18 B( Rhodamine B, RhB) fIJGfE /Ny T 2 ,4- "5 7K H3 (2 ,4-Dichlorophenol , 2,4-DCP) 15484k
PERERY 22 5, 38 BRER I 7 DG A0 SOy i A v s M S A D RR 28, PR T O T AT LTS e ) A0 5
HLIE.

I SLar

L1 F 20 S f s
RhB:5.0 x 10 ™* mol - L™";2,4-DCP:1.0 x 10 > mol - L ™" ; 3 #R 1 44k ¥ i ( Horseradish Peroxidase,
POD):1.0 mg-mL™",5 °C ZE 45 #EYEARAE; N, N-— 2 3 %F 28 — i (N, N-diethyl-p-phenylenediamine , DPD )
10.0 mg-mL ™" ; 2 :0. 01 mol - L™" ; DA VTR VA 77 1 S50 /K o0 R ZE K L e iR 4 i 4.
Ultima [V A X SFFZA7 S ( HAS, B2 B AR ) 3 Teenai G220 S-Twin #5755 v W 345 ( 36 [E, FET) 5
JSM-6700F A3 4% ( H A, JEOL) ; b 31 AL E /3 i ( 3£ E , ASAP 2020 Micromeritics ) ; Lambda
25 eAh-] OGS EE T (S5 [, PE) s F4500 25643006 EE T ( H A, H 37) s N/C 2100 TOC il 7 4

2011 4£8 A 4 H YA,

* [E 5% H AR 24 (20877048 ,21177072) 5 ) AL 4 BB BEAR 10 H (2009CDA020) 5 #1648 155 457 2 AL 8 75 v 75 4F B T A1 BA T3]
(T200703) ¥ H).
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(fllE HEE) .
1.2 ZNB'™ 5 ZNP™! il 4% S F4F

FERCHEAAE T 6 50 mL 0. 1 mol - L™ BEFRAF TR N #] 110 mL 0. 1 mol - L™ BRER SV,
TEZIR (20 °C) NARZniE 10 h J5HhuE, DIVE LKV T4, F & T S brrh 200 °C 23 U5 H T R
3 h, RiI1§ ZNB.

TR A S v P TR R A A1 7S U R 6 DU GV (0. 10 mol - L™") | 2236 (20 °C) R4k 30 min J5 54 RS 51 S
S 1E 125 CHMFEFKIRSN 2 b, AR AN I8, DIV LK M T, & T 59 300 C25 K,
SUE T BE 2 h, BN15 ZNP.

KA XRD .TEM .SEM F1 BET %} ZNB fil ZNP 47 1iE.

1.3 St bR A 55 5

1650 mL A3 P AR A 30 mL 1.2 x 10~ mol - L™" RhB % /i 5% 30 mL 3 x 10 ™* mol - L™
2,4-DCP VAN — & = OGHEA ], ] NaOH = HCI0, 3475 pH, B T W5 AL 45 4E 30 min L35 3 W B 56 BT~
5, PRI ANERIME (A <387 nm) FEAT G REAR SN, I IBORE | 500 B 37 30 e LR O B {1
1.4 SEECENOGIE (PL) B E

K F-4500 5253643 66 A LURKT AR GIR , AEJGHUE R 400 VI BB )24 0.5 s, A, =280 nm
KARAEY N 10 nm (550F T, % ZNB FI ZNP 4744 , 0 5608
1.5 SBAEAR R AR A R i 1 R AL ol ) o

H,0, By 78 He a8 AR YA 30 wL POD %3 .1 mL KH,PO,-NaOH 2% % 3 ( pH 6. 80)
F150 L DPD S A 1 mL GOV AE S, 25 % 5 mL, 48 10 min J57E 510 nm Kb
TE WG

- OH"" AT A A < 76 LA H A T mL 0.01 mol - L™ 2 H R, SR 5 57 R A Ak )
NEFE SRR 1 mL, S E] 5 mL; i ] F4500 28560 G EEAXAE AL, =300 nm, A, =410 nm, FEE 34K
5 nm P EAE T I 2865 B
1.6 EAHLER(TOC) il &

TEAVER A 30 mL 3.0 x 10 ° mol - L.™" RhB ¥ 1 15 mg ZNB % ZNP, & T-I5 b4+ 60 min , 14 %]
W RIS TP ) , 5 ) AN A AT A B i , I ERURE , 850 I SR I ZZ 00 8 I TOC R

2 4iR5iE

2.1 ZNB #1 ZNP §yiil 45 5 FAF

TEM A ZNB 3 R, SOn i) i BE s () AT R L A0 7 A — g 52 e, 2 1T 552 W) D' A A 3 Pk, AR 5
55 DA —8 S5 F T RE S TE S MG X RhB R4 21 0 2 8 BOR FRAEFE S DO GAEA TG V. 15848 TR
XTGP B s R R RIS ] ] 5 A 10 b, J3 307 20 °C .50 °C (80 °C (100 C 4 M T i#E 4T
il 25 G5 AR, SO IR BE XA b A A AT M2 AN K PR e 7E 20 °C T 25 52 SO B[] 6] 7 4 0
PEAG IR P M. 23 364 2 h 15 h 20 h 30 h 4 /NIFJE] A, 25 2R AR B, 5 e [) X6 HC 6 AR A 136 12 1) 2 Wil
FLACHT . fER 1 RIS SOWRLEE A 20 °C, SO )2 10 he B, il 48575 2 1Y ZnO SGAHEATE PERAT. (BAE
AR NI RI Zn0 JE 752 ZNB 3 55 58 52 7 W) 9 A K EIE.

Kl 1a.b.c 20 CF, e A E] 4354 2 h (10 h 130 h B frs ZnO #5489 SEM &, HAHMN ) XRD
Wi le, & 1d Sy 00 10 h =45 TEM &L 1 sha] DUE S, ROV 2 h ARG RORCIR , B ICHL N HERR,
JNE 10 b TE NAREE Y , & B — UM KR4 B 412 B0 AR, P8 I AR, {HL Bt 52 1 Bsf i) 1) S
1K, PARGEAEE BN, SO 30 h AR i FOTESR 5 B 2 h 7= ) A9 TE A AR (L. XRD &1 3% B BT A7 B i (8]
TR RS A B SR Y ZnO A A T S B B A S BT ) Y S R gt P A S U AR B Sl
TG R, 10 b FE S AT S A R R AR, L b B e ey 3Rl SR B S By ) [R) X ZnO (4 TR 35 RN 45 it A
FEARBAGEM, K 10 h Fr il 28 59 7= 90 S 4 oKk AR, B ZNB. SR Scherrer 53035 ZNB (1 RS 2554
14 nm.
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Table 1 Catalytic activity of as-obtained ZnO under different temperature and time

Erie S I ]/ b N/ °C R x107%) /min ™!
1 10 20 11.5
2 10 50 10.8
3 10 80 9.8
4 10 100 11.1
5 2 20 6.2
6 15 20 6.0
7 20 20 11.0
8 30 20 7.4

40
200(°)

B 1 REHX ZNB il 20 : (a) (b)) L (c) RBEF 435025 2 h 10 h 30 h 74§ ZnO K SEM &
(d) B E] 2 10 h A% ZnO A5 1) TEM [Bl; (e) AN [A) S0 E] T 745 ZnO #§59 XRD [&
Fig.1 Effect of reaction time on the as-obtained ZnO: (a), (b) and (c¢) are SEM images of
products with reaction time of 2 h, 10 h and 30 h, respectively; (d) TEM image of 10 h product;
(e) XRD patterns of the products from different reaction time

P SCHRL 9 ] 1l #4521 ZNP, H: TEM 5171 XRD #1405 2 Jis. 5 ZNB RH HC A, W& 24 b i 2 kL1
R, 73 A 45) H ZNP b RO e KT ZNB. LA XRD L B, ZNP (AT S i 7 aim R B 553
W] ZNP AMERURLR A5G EE /. Scherrer 233 3 HRAHRST 290 63 nm, L AT ZNB R
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Fig.2 TEM image (a) and XRD pattern (b) of ZNP
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2.2 ZNB 5 ZNP St fbis v s

FEEESMGRRSTT B ifil pH (ER 7.4 AL FIHE N 0.2 g- L', ZNB Hl ZNP [f# RhB ¥R 1.2 x
10> mol-L ™" RhB #y3h Jy2£ith 4k W& 3. 7€ dark/ZNP/RhB {4 Z ([ 3a) .dark/ZNB/RhB {& Z ( & 3b) I
UV/RhB {& Z (& 3¢) H' RhB JLP-AFEAi# ; iAE UV/ZNB/RhB {& Z (|8 3e) 1,40 min J5 RhB 524 hi (0
FHIFEZEAE T, ZNP {LEEE RhB B85, 53% (151 3d) . 405 & B RhB 7E4& 1A & h BRI 756 — B v 3l )
2 O N R R (HE IR a—e Y)I)F) 435119 :0. 001 min ™' ,0.002 min " .0.003 min~".0.019 min "' Fl
0.122 min~". 0] I, ZNB %} RhB Y420 ZNP Y 6.4 %, ol GEJRIK A - (1) ZNP k%58 40 K ik,
Ho R, FEAGEE O ARECA ZCR T, T ZNB J2& th 9K Bk i — e T2 20 B 28 B DR S ),
LR RE 0k [ 5 L B A T S B LR TR T AR R ARG ek s 5 (2) 22 ZNB i 44 ok
BRI /N ZNP B B R R E L ZNB 54, 161 m™g™'5 ZNP:5.409 m™g ™" ) , 45 F F MY
W B R A 5 (3) DN ZNB F1 ZNP (1) PL OG5 (K1 4) AT DAE 2, ZNB 78 R] WL XA & i BE AT ZNP, &
SIS BRI , WA L TG 23 U R A R /NS Y ZNB O A T S KA R BN T
AR BT WA IR A R T A 2 TS PR AR AP (BT S) BRI R R , Rt ZNB L ZNP 31
B I A AT

1.0
0.8

0.6

Al4,

0.4

0.2

T T T T T T T T

0

0 0 I 30 20 35 400 450 500 550 600 650
t/min Anm
3 AIFZEAET RhB ARESR 8 )2 2% B4 ZnO B
a: dark/ZNP/RhB; b: dark/ZNB/RhB; c: UV/RhB; a: ZNB; b: ZNP
d: UV/ZNP/RhB; e: UV/ZNB/RhB Fig.4 Photoluminescence spectra of ZnO

Fig.3 Degradation dynamic curves of RhB

under different conditions

2.3 FEfgd B Hy0, 0 - OHARXT & & 19284k

PRNESIED 1.5 J59k  BREAINE T ZNB F1 ZNP 7EFEf# RhB i #2H H,0, 1 -OH ([ 5) A x5 #AYAZ
k. 75 UV/ZNB/RhB H1 UV/ZNP/RhB R 2w, B4 I3 H, 0, i 4R A, B G IR (A O SE 1, R 28 ™ A
(1 H, 0, S5 R RS B #i i AE. 5 ZNP AHEL, ZNB SEAELRERE RhB (R R 74 H, O, Y B0K, M HAE
HPZELR, PN RhB B8tk H, O, (G HIMEHT T 5640 A2 i - OH, FoR A 35 A BLTS e A AL fi. A
B ST £, AR - OHRYZE (L 3535 5 H, 0, B9 — 2. ZNB 1R 1B A B 1] Py BRI AT 72 2
Z 1) H,0, 1 - OH, [Ntk ZNB Lt ZNP B H LS (e rERE.
2.4 pH Xf ZNB SCHEILTERER R

ANIA] pH XS RhB AR 20 UL 6, 7E 58S G BAT T BES pH (B K, ZNB SEAELREME RhB # A
W 32 RO FE DR PR 88, Ak S 5 RhB i 8 J5 Al i 4o KT, % RhB (8 B K
FRYEFRSE. 4 pH HEINE] 10. 8 I, ZNB 24 ¥R , (EURFOBARTE TR Z 220 BXF RhB 17
HURAT PTG 0. P REE B AR ZR TBUIN A ZNB S8 KR A, SRS I 7 TR 2
KB Zn BEE RN 0. 12% , Sl ZnO 35 A L DLRZ I A SR 9 5, 0 HOG AR BE A 32 i ]
20 5 [F) /D i Zn (99 IR Al e e 2E ZNB 32 104 SEHT , AT S B S AR G A S . SEER AR,
ZNB FERZSE ) pH YL HE (5. 3—10. 8) IWEIRBLH By HOE AL TG 1.



834 T S (A 314

08—

H,0,

0 50 100 150 200 0 50 100 150 200
t/min t/min
B 5 RhBFEfF S H,0, 81 - OHRYERER &
[RhB] =1.2x107° mol- L', pH=7.4, ##k51]0.2 g-1.~!
a; UV/ZNB/RhB; b: UV/ZNP/RhB

Fig.5 Measurement of reactive oxygene species during the degradation of RhB by ZnO

2.5 AR ZNB SefEePERER R

HIE 7 mf UL, 78 pH =7. 4 BZ6A0F T, BEE HEALFR R A9 54 0, ZNB XF RhB ) [ fif 8 3 So 0 s
A%, AR R 0.3 g« L B AL R EOR. 76— JEIEIN (0. 1—0.5 g-L7") I AFEAL I 1 4
2, X RhB 0% BRSO [R] I G A P B 22,k RIB. (14 3 ik 3 5B B 5 i 25 4 A0 77 ) e 2ot
He—(EF, TR A B 5, SRS GE T A FEAR, R 1 O WAL, 3 i o 3 sk ).

10 a:pH=3.3 d:pH=9.5 10
b: pH=5.3 e pH=10.8
08 |- c: pH=7.4 0.8
0.6 — 0.6
< I g
= 04 T 04
02 0.2
0 | 0, S Y
0 10 20 30 40 0 5 10 15 20 25 30 35 40
t/min t/min
B 6 pH X} RhB K 5200 7 AT FIELNT RhB [ S )
[RhB] =1.2x10 > mol-L~", f#4£%) 0.2 g-L~! [RhB] =1.2x10 > mol-L~', pH=7.4
Fig.6 Effect of pH on the degradation of RhB Fig.7 Effect of catalyst dosage on

the degradation of RhB

2.6 RhB MR E 1k

LR BRERINE T RhB [t B TOC (AR 4L I HL4e T ZNB Il ZNP %t RhB {7 A Ak i (L R i
(& 8) . 75 £ 4 HR B FAR ] 5% 244 ,6 h J5 ZNP St RhB B L3k 77% |, 1fii ZNB %F RhB (98 1L % 55
ik 92% , v W, ZNB % RhB [ ki b BE 1 B 2 & F ZNP.
2.7 2,4-DCP [yt

2,4-DCP J2 A 7= 2% BRI 0 70) Ay o B0 4, ELA A s I 3 PR NS S I =30 FE T, AN 5 1k B .
ZNB TEEAIMEEUR T A LA 3% f# 2,4-DCP, 25 5 ULIE 9. 100 min P ZNB A6 2,4-DCP 5¢ 4R fi# , 1
ZNP H AR LR A 28% . ] WL, ZNB X} o /N F IR J1 55 T ZNP 3RI0H RAF e bt fg.

3 4hie

LA TR AR AR 0B 0 JEURE, SR TDCTE R il 4 1 ZNB, SO 5 84 A, ELI 439 ZNB 3R
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R, A2 kA “IRIAR A ROU R B TS O S ADE IR , RARFIRIE BT ZNB [
TR ORL ZNP I B AN S fGAEALPERE , X RhB 1 2,4-DCP Y47 B0 1 e g 5O o 3ok o ik aod
R S R S A R A BRI S, 6 ZnO SR B Ry HLEE 32295 K - OHJJj .
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0 1 2 3 4 5 6
t/h t/min
B8 RhB [f#Y TOC 251k 9 ZNB Fl ZNP %t 2,4-DCP F [ fi
[RhB] =3 x10 > mol-L~" | {4k 0.5 g-L~', pH=7.4 [2,4-DCP] =3 x10 * mol-L~", {4k 0.2 gL', pH=7.4
a; UV/ZNB/RhB; b: UV/ZNP/RhB a; UV/ZNB/2,4-DCP; b; UV/ZNP/2,4-DCP
Fig.8 TOC removal of RhB Fig.9 Degradation of 2,4-DCP by ZNP and ZNB
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Preparation and photocatalytic acitivity of ZnO nanobushes

Z0U Caigiong JIA Manke LUO Guangfu LI Ruiping HUANG Yingping *

( Engineering Research Center of Eco-environment, Three Gorges Reservoir Region, Ministry of Education, Yichang, 443002, China)

ABSTRACT

In this article, ZnO nanobushes (ZNB) with high photocatalytic activity were obtained by precipitation
method, and regular ZnO nanoparticles (ZNP) were prepared by hydrothermal method. The prepared ZnO
samples were characterized by X-ray diffraction, transmission electron microscopy, scanning electron
microscopy, the Brunauer-Emmett-Teller and photoluminescence spectroscopy. Under UV irradiation (A <
387 nm), ZNB showed a better photocatalytic acitivity than ZNP, which only degraded 53% rhodamine B
(RhB) in 40 min, while the former degraded it completely. The measurement of total organic carbon (TOC)
showed that 92% RhB was mineralized in 6 h by ZNB, but only 77% by ZNP. Reactive oxygen species was
detected by horseradish peroxidase spectro-photometry and benzoic acid flurescence. The results indicated that
7Zn0 photocatalytic mechanism involved hydroxyl radicals, and ZNB produced more reactive oxygen species
than ZNP. Degradation of 2,4-dichlorophenol (2,4-DCP) under UV irradiation was also used to test the
photocatalytic activity of ZNB and ZNP.

Keywords: zinc oxide, nanobushes, photocatalysis.
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