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LA LR B G ZnO YRR TR EERL, JE 1L VA IR - B IR BT B2 4 90K ZnO-SiO2 H i HY B K.
RGBS HLBE, YA, S A8, XA ERATAS, ZRD TR UV-vis SERORXIE AT AL, DL A%
DAL F AR ONE, YA HOGHEAL TR, S5 5RRH], ZnO GUKK T OABRRLR S5 #, HARZ1 1220 nm,
REEZEAMRICE AL T 375 nm &by 5 ARIREIIK ZnO-SiO2 FIE i 38 3% W 10 A e B B BE AR LG, IR R A
LY ESAE 400—800 nm P Bl P IE G2 FETHE 4.17%, HA RIFI TG EET 9, HAERIMDGHMK
TRORE I R S R B AL B R, T R R ) B T PR RE.

KB21E: 99K ZnO, SiO, M, VA -BEKE, Yol

PACS: 42.70.—a, 78.20.—e, 82.45.Jn
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W AE AR, RE BB oG HOB LR RE. SR, X T
i 3o VA I - IR AR L 1) & 44K ZnO-Si0, B &
VIR S RIE FE HO A G 5d M e L DG AL 1B T VR T T Y
AR AT 4RE.

AR SR FERE L ZnO 9KRL T R FE R
LW AT D8 7 N JE R, T I VL B IR B R L,
il # 48°K ZnO R B /8 R T Si09 44K KL 1 2R 1 )
Z4K ZnO-Si0, HiFTHHIE R &R (ZnO-Si0, B
). HART T TR A A ST A L
R G GHEAL TR RE, FFxh FLAE A BH AE FELI o5 AR
ERIRN AT TR

2.1 RFIFnar R

LR LBE. IERETR LT85 (TEOS) #1843 #1
af (E 25 B XA R A ], HER. 2K
B2 i 530 T B 43 T (aladdin) W77, S EALNIE T
REBLA AN, AREEE (E6F >91%) H
AR TR L.

2.2 & &

2.2.1 ZnO#thK#F

BEEREENT - 7.5 0 15 REE. 5 T /K.
R, PEEE 20 min, 53] L BREERE KR (A);
W BEREEL : 25 AR, IR A, BiEHE0.5
h, il #& S AN I BE -9 (B); LA 4 mL/min ff)
P 100 mL (1) BRI 100 mL B HEEE
76 °C I A VAW, 3 h, B0 B UTTE H S Bk
BB pHZI7.0,80 °CEHE T 24 h, BT 53
$1450 °CHALHE 1 h, 53] ZnO g9k 1.
2.2.2  SiO, th R B

IR, KR N1 0.2: 2.5 70 TEOS.
FKS EBETK CEERA, HiPE6 h, Hil & SiOq i
PEVAE (a); K EE/REE AT ¢ 0.01 @ 42 70 ) TEOS.
R B TR CEER G, B 6 h, #1145 Si0, IR
PEVE L (b); #f a, bW AIFRE 48 b, #%5 : 14k
LRI TR & H R H O BERE - B (1 moL /L)
WA IR pHZ) 7.0, $i4E 2 hjEid U8, BI13 SiOL 44
K.
2.2.3 A ZnO-Si0, & A ER

BRI 0.5 0 100 1 2.2.1 F1 118 ZnO gk
BT F12.2.2 5 FT 15 Si0o 9K VE IRV A, BEAT BRES

(200 r/min, 1 h; /72 IREENL VU5 L0 0 5
BR), 19 30F85E 7 #ghk ZnO-Si0y H & L.
2.2.4 K ZnO-SiOy & &% 2

KHR G, LL2.5 mm /s I8 B 7E A 0%
R ERB223 A E AR, EiR N T8
30 min 13 BB ML, BT S pd AERE T
AL h, BBIGK ZnO-Si0, H A TR,

2.3 e

KA JEM-2100F 2437 5 i 258 (TEM) W
22 7n0 44 K ki 1 JE 30 R ~F: R H D8-Advance
R X 3 28 A7 55 A% (XRD) % ZnO 44 K ki T F1 ZnO-
SiO, & & ¥ M i &4 & 45 # 2 #1; >R A Lin-
seisPT1600 2 #4 73 1 £ (DTA) %t ZnO-SiO2 & &
Y KK 22 # 53 Hr; K HATICHI U-3900 2
UV-vis S 15 AR ZnO 44 K KL 7 F1 ZnO-Si0, B &
VIR G B 3 G R A AR AR 4 AT SR A
SOPRA GES5E A1 At iX (SAD) 734t ZnO-
SiOy B A MR IIHT 9 2.

2.4 #HKZnO-Si0, & & E I& S 1L iF
TETEY

K AR FR Th 2 40 mW /em? & JE KT N EIE,
PAIK FE 9134 x 1075 moL/L TE H 4 2% /K ¥ Wi
(MB) 1EREALYS B vr A S e APl Re. %
FH S 28N 5 mL ) MB, B TH5#6 & 30 min
ik BB S5, DARE IR 10 min A 1) B 0 RE AT
UV-vis W% B2, W € 656 nm 4 MBI
FEAA.

3 HRpETR
3.1 XRZnOK FHIREMIR, &1, &

W BB

Kl 1 (a) AT (b) 2358 ZnO 44K Hi 11 TEM 1
SAD A5t B4, i85 TEM 7] LLE H ZnO 99K ki 1
RERBLR, AL 12—20 nm; 38 ki A5 4 A6 F0 8
PRI, KR EE AT T 14—16 nm, “F-37kL
%5 14.51 nm. SAD TS {ErERILEAG RIFH
ienfE. K1 (o) a2 2 ZnO 99Kk 1 ) XRD
B, 7 31.84°, 34.44°, 36.34° 43l H B ZnO(100),
(002), (101) A& FIRFAEATSS IE, 5 PDF:89-0510 F&
HETE R AE I ) A B — B, RS FE SO AR RS
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TRy, 45 R, 5 SAD BoRG R E; [
i, EH R T R AU £ HE (100), (002), (101) b T 4F
HE A7 5 U 22 06 555 4393 M 0.60005, 0.60728, 0.60698;
R4 Scherrer 74 20 2021 515 H 6 B2 ) & ki
o8 14.43, 14.36, 14.44 nm, 5B 1 (a) s
150 397 R BRI, Zn O goKobr 7~ ¥ kA% R ST 45 SR AH
FEr, BAUE T TEM BIIHREE R. B 1(d) A F 4
AbFR FE ZnO 4K KT (ahw) 25 he BEOC R A
W' B it 2, b P T g, B o R Ak BRI R I
UV-vis IR US4 M 368 nm #2501 % 375 nm, KAELLFE;
1 Burstein-Moss BN #1522 2223
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i, a#aT 0, Wi E, ~ hv; FIH (ahv)? 5 he B35
K RAMIEEAFE] 300, 450 °C #AL B G ZnO 44Kk
TR N AR B8 B 0N 3.37, 3.31 eV, R ZnO
iy K s T 6 B A A BEIE B AR AR T AR AL A
HIRH, 32 2R M A EE R 1T, ZnO B
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H L3 RO T S5 A e A AR AN 20 RS, HL AR B
IR/
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(MTIEE) (a) ZnO KK T TEM & (R IED9RAE /34 18); (b) ZnO KK T SAD T El; (c) ZnO 44

AL TR H ZnO-SiO2 8 A XRD #751; (d) A FHAALELERE F ZnO GhK AL T 1 BL (ahw)? 55 ho 3K

KFRM UV-vis ik

Fig. 1. (color online) (a) TEM image of ZnO Nanoparticles (Illustration is grain size distribution); (b) SAD

diffraction image of ZnO Nanoparticle; (¢) XRD partterns of ZnO Nanoparticles and ZnO-SiO2 composite

film; (d) absorbency and (ahv) 2-hv curves of ZnO Nanoparticles at different anneal temperature.
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3.2 4K ZnO-Si0, B AWM I . H5t
= BB EkE

Kl 2 (a) 450 °C & i #4422 5 99 K ZnO-
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¥ ZnO-SiOg & A IR IFT I i 28 (d) 300 °C #ib# ZnO-SiOp H A MK UV-vis MR R (ahv) 25
hv BIRRAIR R (e) 450 °C kb ZnO-SiO2 B A MR UV-vis HIZEFIXT R (ahv)? 5 he BIREEER; () A

RIS PR E ZnO-Si0o 82 Ar MR 2 3 # 2k

Fig. 2. (color online) (a) SEM image of ZnO-SiO2 composite films; (b) DTA curves of ZnO-SiO2 composite

nanoparticles; (c) refractive index curves of ZnO-SiO2 composite film at different anneal temperature; (d) ab-

sorbency and (ahv)2-hv curves of nano ZnO-SiOy composite film at 300 °C; (e) absorbency and (ahv)2-hv

curves of nano ZnO-SiO2 composite film at 450 °C; (f) transmittance image of ZnO-SiO2 composite film at

different anneal temperature.
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K2 (c) A1300 °C, 450 °C i #ab ¥ 5 5 A v
4T 9 2 i 4L 1, BT DUE H, 300 °C #vab 3 S
JEE R 37 5 3R (nigg0) N 1.32—1.34, 450 °C #Ab 3 5
VPR 3T 5 R (naso) N 1.231.25, £ HIBE &
Ak PR B T v R P AT S BRI 2420 L B
AR T SCHRARIE 1) TiO2-Si0- & & 1 5 1) 47 5 2
1.46—2.5 1 FLH RN, 3R TiO, fi%E A b H
M FEHR = 22450 °C, 450 B 3E b A 7% 28 9 Bk
R Prht Rk S 2.5, MLFEE ZnO KPS R N 1.9,
AR T BT 2 TiO, 991, 2 (d) A (e) 43 BN
300 °C 1450 °C mid A 5 2 A IR UV-vis
M F (ahv)? 5 he BREOC R B, 7T LA H, b
PG R R, A ) UV-vis OB 2,
450 °C#HKEHLE, £ 375 nm BT B 8 4
K ZnO KL I RFAE 28 bRl i R4 (1) 8, FIH
(ahv)? 5 hy BRI RAMEIETFE] 300 °C |, 450 °C
PAL PR JG ZnO-Si0o KA HEIEN N R 487 B8 2 43l
N3.37,3.31 eV, 5 1 (d) B ZnO 49Kk T K
SR R — 5 RARN /B T 91K ZnO-Si0,

B R 2 R 1) ZnO GKRL T AR R LR A 16
B RIS, B2 (F) ATAL R T ZnO-Si0, B
A T A SE B 450 °C iR A H S S 1438
HTys0 oc = 95.49%, MHELT RIRE R A4
FIIS (T = 91.32%), V3 E 24Tk 4.17%,
T T R 32 2 TR - A b S10o 9 KR T T 25
TR ER Y FVERE IR VR A 28 Se HE AR, A7 75 K &AL
B (4191 [ B, R AR AL F A 15 A A N A HL
VB (A1 73 fie R TEOSUAR, 38 8 T 5 PN L R P A S
I T FLIRE 2 TV RS2 T 4T S 2 il 2w i
F EERE K P4 $418 Lorentz-Lorenz B#Y | LB
JiE 124

21

AT =1 [, (2)

X, n-ZnO-SiOg B BT I % (ngo0 = 1.32—
1.34, ngs0 = 1.23—1.25), ng-F05 SiOy SR 5
=1.46. {FEAHI, 300, 450 °C HiR A HLE A
FEFLBR N 29.7%—34.4%, 50.3%—54.7%, R Wkt
BB T, E AR A LB OR,
72 K 526 T 9 A AL B ] 56 4 40 i SR TR
AARFITE. T FLBE R 38 O 15 T S 2 b 2 AT (2,
B AP B (Tyespn = 92.08%— T00 oc =
93.05%— Tys0 oc = 95.49%). SILFIKF, ZnO 44
KL T AFAE 2 T B ZnO-Si0 54 74 I8 2 i 1
i FERE N, WA -1 hnids e 119,261,

3.3 #NAKZnO-SiO, & & & [E S & L BF
R

B 3 (a) ol A 00t 2285 A th 1) 285 40 TS (O
i BRI A5 D 3K R A = M ). B3 (b)
TR Y MB PRI O FE B 48 A0 't i R[] 22 4k, ith
e, nTULEH, BEE R A A K, MBALT
656 nm A 1) 457 I IR ST UG 5 B2 A W B 1K ,50 min %5
HRUE, L W AN Y AR AR MR S 0. | BB AE - LB 2K
SE, WO BE R R R R M O R AL P AT AR
50 min 48 f8 5, MB 54 58 2 [ A, R 41K ZnO-
SiO, E A I EA R I H G AR A DL ekt
MIEE ST, 1M SiOo AR+ HIAFEAE, AU Rt i35
T ZnO GKRLF[R A 2 A e T AR TH Sk Fa, oD T
EAMCBOR P A 2 - E A D [ Si0,

@ Wi \
Wit AR
A %

S

2.5
(b) SEHIELHAEARER, BRLT: 40 mW/cm?
2.0F
@
k=
E
oL dmeee):
5 —0— 0 min
? —0— 10 min
= 1.0
0.5
400 500 600 700
Wavelength /nm

K3 (MTIRE) (a) SoAMIRes Shi i i 20 s 2
(b) WA MB WO R 52 414 M N ) 4844 il 25

Fig. 3. (color online) (a) Schematic diagram of seal liquid
bath for photo-catalysis test of samples; (b) absorbency
curves of MB with different irradiation time of UV-light
in test liquid bath.
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VRS R 1A KRR, 45 S B £ 2 T AR o (24
AR T HRr T EA N T A TR AR
TR, I A ZnO-Si0, 54 HEARE - RIFI
JefEA EHIREREDD.

3.4 YKRZnO-SiO, ESEEEBEB N
Y4 T8

ST R 2 R O Ak B AR AR R R
InO YKRLF. ZnO [ 8 4546 B AN 5 F1 5 75 41
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E,, T2 RUOET M i BT 2 248, AT %
BT - Ot P29 A B s, HBRIRA B
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R A A B -2 RO
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Fig. 4. (color online) Schematic diagram of photo-

® 4n

AR ) Zn OGKKL T

catalysis for ZnO-SiO2 composite films.

4 % B

L 2 BRI VL ZnO G Kok 7 N K], @ i
sol-gel VA1 3] ZnO E A SiO YUKIE I, #t—25, LA
LA U B B O BRI, SR R PR B 2 &
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B, BT A ZnO G K R0 F O ER KL, P 3 B AR &Y
14.5 nmy; (il A H S BT 13 5 A TR (0 47 5 2
1.23—1.25, #£400—800 nm T 't 1% 565 B Py 6 B0
RLUF [ 38 35 R, ST 24038 O 6 1 v S R K 417 %

H Zn0O-Si0y 5 £ ¥ 5 e 5 717 B A ZnO 94 K ki ¥
—F, N 3.31 eV, FRE LA K AL T 375 nm;
FAMCHUR N BA R ARG AL PR MB 1 RE
R, %2 AR — M B S GE . e AT
SRR D) RV, 7E K PHAE LR SR B H B
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Abstract

Unlike the general anti-reflection and self-cleaning film such as SiOs and TiO2-SiO2, the ZnO-SiO2 nanometric
film used as a substrate of excellent transparency in visible region and effective photo-catalytic self-cleaning under
UV illumination is seldom studied in the application as a substrate; however, it has a lot of advantages including
high transmittance and low refractivity. In this paper, a self-cleaning and anti-reflection ZnO-SiO2 nanometric film is
successfully fabricated by using a sol-gel dip-coating method. The morphology, crystal structure, surface microstructure
and light transmittance of the obtained products are characterized by techniques such as TEM, SAD, XRD, SEM, DTA
and UV-vis. Photo-catalytic degradation of the methylene blue (MB) in aqueous solution is used as probe reaction to
evaluate the photo-catalytic activity of ZnO-SiO2 nanometric film. The TEM images reveal that the as-prepared ZnO
nanoparticles are spherical grains with diameters of 12-20 nm, the average grain diameter is about 14.51 nm. ZnO
nanoparticles obtained are of hexagonal wurtzite structure revealed by XRD pattern and there exist no other diffraction
peaks. Furthermore, the SAD results show that ZnO microstructurs have good crystallinity. In addition, the ZnO grain
size is about 14.41 nm by using the Scherrer formula calculation, which is consistent with the TEM results by the Gauss
simulation. The UV-vis spectra reveal that the ultraviolet characteristic absorption peak of ZnO-SiO2 composite films
is located at 368 nm and 375 nm after annealing at different temperatures such as 300 °C and 450 °C, corresponding
to the band gaps of 3.37 eV and 3.31 eV, respectively. It is highly consistent with that obtained from pure ZnO
nanoparticles. Increasing the annealing temperature results in a lower refractive index and the increases of the porosity
in of the ZnO-SiO2 composite films. It has a uniformly refractive index value about 1.23-1.25 and a high porosity value
about 50.3%-54.7% when the annealing temperature is 450 °C. Experimental results show that the ZnO-SiO2 composite
film can enhance the light transmittance of the quartz substrate, due to its lower reflective index and higher porosity.
Compared with the quartz substrate, the average optical transmission rate of the quartz glass coated with ZnO-SiO4
composite films is increased by about 4.17% at 400-800 nm, which favors greatly anti-reflection characteristics in a wide
spectrum range. Meanwhile, the ZnO-SiO2 composite films are found to be efficient for photo-catalytically degradation

of methylene blue dye under UV illumination, which favors greatly the self-cleaning function.

Keywords: nano ZnO, SiO, film, sol-gel, photo-catalytic
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