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XHR [5) i T Ti(OC4Ho)s-CoHsOH-H,O0 (h R &M K, B ERABK AR N T
EZHABMBHEN, FREBIRE. B9, HHEWH TiO, B, TR HLIKRT B
[ Ti(OC4Hg)s . CP ] KL, RN —ERMNEARTERETILKZES, ZEBIAL
BK, AZZEEEMEN, TRERTIENBAKE FAHREESIREN TiO, B,
Ti(OC4Hg)s : EtOH : H,0 : NH(CyHs;OH),=1:26.5:1:1(mol i), BEMAFRFAENEZ
B (4> F &K 2000 F1 4000, 4 5§35 b 2000PEG #1 4000PEG) , ### 30min, BIRE.
Y, BHEHNERAEK. £ TiO: HEERAE PN T ES BB H  EEE BB AT
Wik R A BB &N, BPEEN 2mms™!, WA 100°C F4% 5min 5§, BAD
WA, E500°C, {#i8 1h, REERXHEZR, NBAEA Ti0, #iK; EXH LR
1B, AIBRIAFEFEHEE. 6 100mL B EHHRRE 1.

#£ 1 TosD H.EPBEAIHER
Table 1 Composition of sol TosD;H, EP

No. Ti(OCsHo)s/mL NH(C;HsOH)z/mL H,O/mL C,HsOH/mL PEG/g
TosD1HIE 17.02 4.08 0.9 77.28 0
TosD1H1EPozs 17.02 4.08 0.9 77.28 0.25 2000PEG
TosD1H; EPos 17.02 4.08 0.9 77.28 0.5  2000PEG
TosD1H EP o 17.02 408 0.9 77.28 1.0  2000PEG
TosD1H1 EP3o 17.02 4.08 0.9 77.28 20  2000PEG
TosD1HyEPys 17.02 4.08 0.9 77.28 0.5  4000PEG

(4000)
TosD1H,EP 10 17.02 4.08 0.9 77.28 1.0 4000PEG

(4000)

T, D, H, E and P denote Ti(OC4Hg)4, NH(C2H40H)2, H20, C2H50H and PEG, respectively.
2.2 PSRN

ZFEZE VG. SCIENTIFIC. LTD /&) 4 =) ESCALAB-MKII R’ & 3 BB B FRE i B X
Z 1L TiO, KM HETT T XPS HIR, X FHARWH MgKa LK, TRIBPANENHEE
BES 107 "Pa, W4 B4 A0 2 (@ 1T BB 43 51 b 206V #1 50eV , T K4 51K 0.05eV
M 04eV , DIHMRRMEH XPS {354 5 (175 Je 5k (Cls, Ep=284.80eV) fE XM B KIE
YR I PTC-1A BUZ A K E RS (DTA/TGA) 1 60SXB Al # B 28 e 41 S i Y
(FT-IR) BF5X T TiO: BEMEM K XA TR, A UV-160A Bl 00T Y66 BE i+ 0 &
T TiO; MEFE 200~800nm K EEAMELE. A HA™ SX-40 A B E (SEM) NE
T TiO: Sk WA R ER G A M RIEE, #5689 XRD i 2 7 R 7™ HZG4/B-PC & X
SEAT A L AT, oAb LI R K FH Y6 B 2 L TiO, 48 Kk v G i 4k B Al /K Y W
FREYIBE R A B R R TR

3 LEERFTL
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Z, NESIUEY, BRERSEBEREERFOLEXRR, RIEREMM, ¥RERKH
1

I, EAAERK. (HERHR G F A, — |
RRHTE—KARRE EEERART, o | Folling
48 KL s B S 7E 4 [ Y R E Y TiO, ] o2
FE L, BFEBMREMAIE LA TiO, RE B 06 04
T 4 R T ) R R T 3 — WA R P I L
AR, REW T L R Y 2mmes ) FR|
i, SRR N 0.15um , TiH K o2l
PAJE BB iy R B 2924 0.08pm. 1

e BB Ee il &) TiO, M B/R i B 0 : - :
EMR, HAEMAHH I, WD 0 2 4 &
ARGBE, W SE R M TR d
B EBE, ¥ TiO, MW EE >1um i, Bt B 1 RSB X R
FHAED, EHBECRFER, U, A Fig. 1 Relationship between film thickness
XEERTUENEENF AR TN T and number of coating cycles
AN (6, The speed of pulling was 2 and 4 mm-s~!
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B 2 FFEBE TiO; #MERE K/ RAELEK
i £&

Fig. 2 UV-VIS spectra of TiO: films with differ-
ent thickness

B 3 RZ-EmAEX TiO: MBMEXEM
A
Fig. 3 UV-VIS spectra of TiO; films prepared by
1 coating cycle and using precursor
These films were prepared by repeating (a) 1, (b) 5

Solutions containing: (a) 0.25g, (b) 0.5g, (¢} 1.0g and

and (c) 10 coating cycles and heat-treated at 500°C
(d) 2.0g 2000PEG

forlh

A 2 FRAREBRKY (SEE) # TiO, ¥ AEH & 200~800nm 5 M (¥ %€ 41 — 7T o6
EHEMK. NEFTUEL, —RKEBRIEBN TR & KEB /DT IR+ RE RS
M RBGAGH K, BRUGHGE KRS TE FHEES TiO, REX/MIER. ¥ TiO,
MBLH T AXMNEHRLE, SHAX /MY TIO, K, ATERFRTBNY, TiO, #EWHAE
%, B EKBRT R “BB”. WK T B RO E SRR B 18 i 5 n.
HMEGELEEEEERM T TR, AEITUEY, EEBRAEMHRAN, HE
RZEMARKMEN, £ TO, HEFEMY B EZH TR, YRZ_BMARN 208
B, WJEHE® SEM B afLIE Y, Tio, MEMSA%E, HARBREX (200~450nm) , i
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NS BEK, BEMMT TiO, MEMA Y S, FEOGESXEES R, Hisma,
FEIEBFE T
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B’ 4 METER# TosD:H,EPio Hl&H TiO, 8 KB A VLM RIS, FEKY 450°C
B o corees ot 10 ael soners | TP T BRHAEE, 25 507.2°C 5
lg. Ypica curves o 1U9 ge powders
PIHAE I, HEGRERE T TiO, BB M
T MRKT HESEMN.
B s BRAEFHRAFENEZI TiO, XM EELRSFRBESL 1 b # 4 HE/FH XRD
W, YUMAEEE <450°C B, TiO, K HEEI NERS, YHLABEBE >450°C |,
HSERR N BHEKT M, HMTgmEsSieBBERX, 7 500°C i, 7 XRD
HE LB BT MR, X5 TiO, B DTA R —B. WNE 5 TLLE
i, EHHREHSHPKT B TiO, kHRE (10) HEAF —EMWERRME. B FHEH
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3.3 TiO & EMVLL SN BT
B 6 22/~ TosD1H1EPos % B £~ [F] 18 BE F A 8] S 40 F2 f5 B 40 706 3% B, I 6 = 3080~3400
em~! AhAY R E R OH- BHHEIREN5IRM, SiHEK (BAFLKARETRMK) F%.
2862~2922cm~! AT -CH,- I ilidRshAr =41 . 1605cm~! 4% H-O-H §y35 dh ¥z
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1 1384cm ! BRI RS F CH; f1 CH, 2 C-H #80S ik shBrsl28. 1065cm™!
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NERA AR =EN, X2 Tio, MFERS. sl 6 JUEY, 4 TiO, BRLH4E
Ja&, KEMAENEAWRINEZHHRMES. = 300°C, TREEK (B 4871 K F1 5 & 0%k K)
FTE, E 400°C, AV ERAT2EL. NE6FTUKI, LM B BEE 500°C £ 4h
Jg, TiO BEHPH*EEKFERTEHR. XE5FTH XPS AL REHE .
3.4 TiOMERMEA) SEM W &
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Fig. 5 XRD patterns of the porous TiO- gel films
coated on the soda lime glass substrates by 10 coat-
ing cycles and heat-treated at different tempera-
tures for 1h
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Fig. 6 Infrared spectra of TosD1H;EPos gel
heat-treated at different temperatures for differ-

ent time
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R Ti TRE 2p 8 T,

Ols f1 Cls M4 & HE 43 7l b 531eV M1 284eV, C STE K H X X
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M9 #F MR &S FHE 0.5g 2000PEG Y5 I8 4 1) 18 B oh i & &9 Ti0, MMy Ols
B RS RET R XPS 3, Ols UM 2 MR BAMR AR 5 /0 ik, @A BEMENINAS
RPFR2P. ¥R TiO, () O1s B i ()& 4 B K, $18 TiO, WBER TiO, S RMK.

Ols g HR 4 /NS FIHK A « (a)Tiz0y, (b)C-0O @ (c) BE -OH, (d) XEBR MK H,0.C-0

20kv  18.9kx

’ﬂ'

v

M7 2 TiO; WMEREMTH RN A
Fig. 7 Scanning electron micrographs of the surface of TiO2 thin films prepared from precursor
Solutions containing (a) 0 g, (b) 0.5g, (c) 1.0g and (d) 2.0g 2000PEG, and (e) 0.5g 4000PEG
by repeating the coating cycle 10 times
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BEHT TIO, METRANEIERAM COZ- HT3IEM. BH -OHBH T TiO, HEEK
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EFEANHBRAERHLEEH, EX
FETPHKRTEM, maFpy 08 A TO MRRm XPS 2380
B _OH. &%, EH MMM & A4 Fig. 8 'XPS survey spectrum for the surface of a
1 TiO, MR, % TiO, M 5 mono-TiO; film prepared from the precursor solu-
tion containing 0.5g 2000PEG and heat-treated at
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B 9 TiO: MR Ols ME A MR HE
Fig. 9 High resolution XPS spectra of the Ols region, taken on the surface of the as-prepared TiO; films
From precursor solutions (a) without additives and (b) containing 0.5g 2000PEG by repeating the cycle 10 times

BERT, REFBSE, L/GEBT TiO, WEMN LT, LS Tio, #EM R T %R
-OH fEfiF4 S A B mE (OH), S AHERARALYE, THILTEHAMHEIY Al
SRATHY 2. FHit, Tio, #ERE -OH WEERE RENTFE4LLE8mE,
FFIHR TiO, MBACALESE, XTUNERS , R2AE 10 FH. AR IEXTUEE,
3 TiO, HEHWAMARE M —FBE (4 400nm) , WEHHLEHH BWE. LA
EEFIMBAE, BESRESFHNAANEERLS, BRMEETY -OH S, HE
MEEEMESE T, FW#RNLELEERS 1.
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® 2 TiO: HERE Ols HF S MPARMBHNSER
Table 2 Results of curve-fitting of the high resolution XPS spectra for the Ols region.

Samples O1s(TiO2)  O1s(Ti203) O1s(OH™) O1s(C-O) 0O1s(H,0)
TosD1HIE Ey/eV 529.43 530.60 531,95 532.80 534.00
ri/% 43.34 31.97 12.70 10.18 1.81

TosD1H1EPg2s Ey/eV 529.60 530.80 531.90 532.95 534.10
ri/% 48.44 22.94 17.21 9.95 1.45

TosD1H1EPgs Ey/eV 529.50 530.75 531.95 532.95 534.00
ri/% 41.27 19.67 25.67 11.63 1.66

TosD1H1EPyo Ey/eV 529.50 530.70 531.95 532.95 534.00
ri/% 40.36 19.84 25.98 12.04 1.78

TosD1H1EP20 Ey/eV 529.55 530.70 531.90 532.95 534.15
/% 38.03 19.71 26.38 13.86 2.03

1. r; (%) represents the ratio Aj/ > A;j(A; is the area of each peak ) 2. The TiO; films were prepared by

repeating the coating cycle 10 times

30

Hiydroxyl content f %%
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H 10 TiO, MEEmEE S EE PEG
ABEBRE

Fig. 10 Hydroxyl content in TiO; thin
films as a function of the amount of the
added 2000PEG in precursor solution.

® 3 RZ-HNARX TiO, WXL EEH KW
Table 3 Effect of the added 2000PEG in
precursor solution on photocatalytic activity of
porous TiO; films

Amount of 2000PEG/g 0 025 05 1.0 20
Degradation rate/% 329 55.6 80.5 721 57.6

Sunlight illumination 6h and repeating coating cycle 10 times
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Preparation and Microstructure of the Porous TiO, Nanometer Thin
Films by Sol-Gel Method

YU Jia-Guo, ZHAO Xiu-Jian

( State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University
of Technology, Wuhan 430070, China)

Abstract: The porous TiO; anatase nanometer thin films were prepared from alkoxide solutions
containing polyethylene glycol (PEG) by sol-gel method. The effects of PEG addition to the
precursor solution on the microstructure of the resultant thin films were studied. The larger
amount and the larger molecular weight of PEG, the larger size and more pores produce in the
resultant films on the decomposition of PEG during heat-treatment. However, the transmittance of
the films decreases due to the light scattering by the larger size and more pores. The film thickness
was measured by SEM and weight method, and the thickness of TiO, films prepared by 1 cycle
(from dipping to teat-treatment at 500°C1h ) was 0.08um or so. The chemical composition and The
adsorbed hydroxyl content of the films were analyzed with X-ray photoelectron spectroscopy (XPS)
and IR spectra. Experiment results show that in the film, besides Ti and O elements, there are
a certain amount of residual carbon from the starting organometallic components and a small
amount of sodium and calcium ions diffused from the glass substrates. The adsorbed hydroxyl
content of such porous thin films increases due to the larger size and more pores in the films.

Key words sol-gel method; porous titania nanometer thin films; preparation; microstructure



