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S1-35-CX Nov. 14,15:20-15:40
Improvement Photoinduced Hydrophilic
Property of Glass by Zinc Oxide Thin Film

Prepared by Soi-Gel Method ,

D, , pud/l *Tsnthananichakocn2and T, Chanaparjtkul
ChulaloaRcomUniversity, Thatiacd; ‘National Nanotechnology
Center (NANOTEC), Thailand

Zn0 thin film could be fabricated on soda lime glass
substrates by sol-gel dip coatingmethod. The ZnO thin
films which are synthesized by using die concentration
of zinc acetate ranged 0.02 to 0.75 mol/Lv withdrawal
speed ranged 0.16 to 2.00 mm/ and heated at 773 K
have been experimentally investigated. The transparent
and hydrophilic properties of ZnO thin film have been
characterized by UY-YLS spectrophotometer and
contact angle measurement, respectively. As a
preliminary result, the decreasing withdrawal speed
could result in a decrease in film thickness and
photoinduced hydrophilicity.

S1-36-0, Nov 14,15:40-16:00

Synthesis and Photochemical Properties of
La-doped HCii’NbjOig, )

Y. F Huang/J.H. . Y. M-Xie, J M. Lia, M. L Hoang and
Y.LWei~ o

Huagiao University, China

The photocatalysts senes HCa2Nb30]6 doped with La™
were synthesized by conventional solid state method
followed by an ion-exchange reaction. The samples
were characterized by power X-ray diffraction, V-vis
diffusive reflectance and scan electron microscope.
The influence of substitution of La3 for Ca2* in
HCaNb3j0 had been studied on die photocatalytic
decomposition of water under uv light irradiation
(more than 290 nm) with methanol as electron donor
and Pt as promoter catalyst. Both the optical property
and photocatalytic activity of HACa”sNb;jLax010 are
varied by the substitution of La for Ca. As La coltent
increased the band gap and light response range are
changed, which have a positive effect on the
photocatalytic activity in the water splitting reaction.
The results show that die doping of La improves the
photocatalytic activity of HCa:N'b;0101 the difference
of photocatalytic activity among them is also
discussed.
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Crystal Structure and Raman Spectroscopy
Analysis of Sm and Ce Double-Atom Filled

Skutierudites

T.XLroandXF.Tmg )

Wuhan University cf Technology, China

skutterudites

Potyoystalrae double-atom filled

Abstracts

SmCenFexCo4xSht2 have been characterized by the
Rietveld refinement and Raman spectra. The results of
Rietveld refinement demonstrated that the obtained
SmsCe”FejCo™xShn  compounds possess a filled
skutterudite structure. The thermal parameter (B) of

ICe is Larger than that of Sb, Fe and Co, indicating
that Sm and Ce ‘rattles” in Sb-icosahedron voids. In
comparison with die Sm or Ce filling, the Sm and Ce
double filling can enlarge die thermal parameter (B).
Raman spectroscopy investigation shows that the
filling atoms Sm and Ce in voids interrelate with some
of die lattice Vibrations in the skutterudite structure and
lead to a shift and broadening ofthe Sh4nng breathing
modes. In comparisonwith the Sm or Ce filling, the Sm
and Ce double filling can increase the extent of move
and widening of the observed lines.

§1-38-0, Nov. 14.16:20-16:40
Fabrication of MgiSi Thermoelectric

Generator bg Spark Plasma Sinterin

L. M. Zivittg.* M- VI‘%(%L. Q. Han. Q. Shen and c.%. Wans

Wuhan University o Technology, Chiia

Elemental Mg and Si powders were used to fabricate
Mg;Si bulk thermoelectric generator by Spark Plasma
Sintering (SPS).  Mg3i bulk was synthesized and
sintered simultaneously at a low temperature (550°C)
and a high pressure (>]00MPa). However. the
product could not densified with some micro-cracks on
the surface, and the reaction between Mg and Si Was
not complete. Then Mg and Si reacted at 550ac to
synthesis Mg; ! powders, and the produced powers
were further densified by SPS under 750°c -20MPa.
The sample had a high relative density (nearly 100%)
containing pure Mg2Si phase, and the MgjSi grains
were fine and homogeneous. The power factor of the
Mg;Si bulk  thermoelectric ~ generator ~ was
957>'10JW/mK2at 700°c.

Poster Session
Nov.13,13:30-17:30

S1-39-P
Fabrication of ZnO Nanotubes by

Temsplate-Wettin Process ]
A, Shaislamov,*1G. Kmmihbong . LKim.1 - . Kim.1

JK’\ullr'n\c{t?r!l%tlloha!ﬁ Irﬁls?ﬂgtleag?TBecmgpl y, Korea; National Nanofah
Center, Korea: Hynix Semiconductornc. Korea

Recently, considerable research efforts have been
focused on fabrication and characterization of
one-dimensional (ID) nanomaterials because of their
fundamental importance in physics and potential
applications for realizing nano-devices. ZnO s
recognized as a promising material  for
short-tvavelength optoelectronic applications because
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Paper

Photoinduced hydrophilic property of zinc oxide thin films prepared

by sol-gel dip coating method

p. NUMPUD, T. CHAKINPANITKULt and . TANTHAPANICHAKOON*

Center of Excellence in Particle Technology, Department of Chemical Engineering, Faculty of Engineering,

Chulalongkorn University, Bangkok 10330, Thailand

ANational Nanotechnology Center, National Science and Technology Development Agency Thailand Science Park, Thailand

Zn0 thin filmscould be fabricated on soda lime glassiﬁgstrates by sol-gel dip coating WU%STWH films fabrication condi-
X

tions were zj gtate concentration of 0.1000.50x

perature of

mol/m3, withdrawal speed of
C. The film characteristics (roughness, transparency and photoinduced hydrophilicity) were characterized by

m/s and calcination tem-

atomic force microscopy, UV-vis spectrophotoscopy and contact angle analyzer, respectively. It was found that the decreasing
withdrawal speed of the coated film using 0.10 X103mol/m 3 zinc precursor could resultin a decrease in the film thickness and

M%G%hnswﬁwlﬁmng tﬁ hlighly photoinduced hydrophilicity.

Key-words : Hydrophilic, Zinc oxide. Sol-gel, Dip coating

1. Introduction

The hydrophilicity of substrate surface refers to a physical
property that can transiently bond with water through
hydrogen bonding, leading to spreading of water across the
surface rather than remaining as droplets. Normally hydro-
philicity could be achieved after UV irradiation to substrate
surface coated with some specific semiconductor. This
property could physically be indicated by water contact
angle. A surface with water contact angle lower than 10" is
classified as highly hydrophilic surface while a highly
hydrophobic surface will show water contact angle higher
than 150°,

Zinc Oxide (ZnO) is of great interest due to its unique
optical, electrical and photo-catalyst properties.1 5 ZnO
thin film can be coated on glass or plastic substrate with
excellent transparency, which will not obstruct the substrate
optical visibility, and can provide photoinduced hydrophilic
function. Sol-gel method is widely employed for preparing
Zn0 because of its simplicity, safety and low cost.
Moreover, incorporation of dip coating method could
simply provide a smooth thin film of ZnQ on substrate with
large area. et al.8 reported that UV irradiation can
generate electron-hole pairs on substrate surface coated with
Zn0 and leads to hydrophilic property due to some of the
holes reacting with lattice oxygen to produce surface oxygen
vacancies. However, there is a remaining issue that preferen-
tial adsorption of water on the coated surface cannot last
long and reversibly turns to its initial condition after storage
in the dark.6) 9)

The main purpose of the present work was to investigate
the photoinduced hydrophilic property of glass substrate
coated with ZnO thin film which was prepared by sol-gel
process incorporated with dip coating technique. The hydro-
philic surface was characterized by AFM, contact angle
measurement and UV-vis spectroscopy. The effect of with-
drawal speed and precursor concentration on the transmit-

f Corresponding author: E-mail: ctawat@ chula.ac.th
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tance of the ZnO thin film was consequently investigated for
finding systematic means to improve preparation of highly
hydrophilic coated glass substrate.

2. Experimental

Starting precursor was prepared using zinc acetate (95%
purity, M =219.49, Zn(CH3C00)2.2H20, Ajax Chemfine
Australia), absolute ethanol (99.99% purity, M = 46.07,
CH3CH2H, Merck), acetic acid (99.9% purity, M = 46.07,
CH3COOH, Merck) and deionized water. The zinc acetate
was dissolved in 0.05 x 10~3m3of absolute ethanol at room
temperature. Deionized water and acetic acid were respec-
tively added to the mixture solution with molar ratio of 2:1
and 0.01:1 with respect to the zinc acetate molar concentra-
tion. Then the solution was subject to heating at 60°c with
magnetic stirring for 3600 until a transparent and homo-
geneous solution was obtained. The concentration of zinc
acetate was varied from 0.10 to 0.50 x 103mol/m 3. Then thin
film was deposited on cleaned glass substrate (0.25 mm x
0.30mm x0.01 mm) by the dip coating technique, in which
the glass was immersed into the precursor solution for a
certain period of 30 and then withdrawn from the solution
with a different withdrawal speed (0.5, 1.0 or 1.5 x 10-3 m/
) under ambient condition by a step motor. The coated film
was calcined in air ata heating rate 0f0.05°c/s and held for
3600 at 500°c. A UV-A lamp (SAPHIT A.J.L. Supplies,
Thailand) with emission wavelength in a range of 3000460
nm and output of 20 isemployed to irradiate each coated
glass specimen in priori to water contact angle investigation.
Optical transmission of the ZnO thin films were character-
ized by comparison with uncoated substrate using a Perkin-
Elmer Lambda 650 UV-Vis spectrophotometer. The particle
size, roughness and uniformity of ZnO constituting in the
films were characterized by an atomic force microscopy
(AFM). The hydrophilicity of the thin films was then exa-
mined by measuring the contact angle of water droplets by a
contact angle meter. W ater droplets with consistent volume
0f0.012 x 10~6m3were placed at five difference positions on
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Fig. 1. AFM images of surface of ZnO coating films prepared
from 0.10xI03 mol/m3 zinc acetate with different withdrawal
speeds of (a) 0.5 X 1ersm/s, (b) 1.Ox 10'3m/s and (c) 1.5 X 10~3
mls.

each coated substrate sample for measuring the contact
angle.

3. Results and discussion

Figures la, b and ¢ represent typical AFM images of
the morphology of ZnO thin films prepared from 0.10X 103
mol/m3zinc acetate with three different withdrawal speeds
0f0.5,1.0 and 1.5X 10~3m /s, respectively. It could be clear-
ly observed that the grain size depends on the withdrawal
speed. The grain sizes of ZnO in the coated films prepared
from the same zinc acetate concentration are 18.0, 19.5, 23.0

JCS-Japan

Table 1. Surface Roughness and Average Grain Size of ZnO thin
Films with Different zinc Acetate Concentrations and Withdrawal
Speeds

Zinc acetate withdrawal speed average gram Size
concentration
(xio3malim3 (x103mis) (nm) (nm)
0.10 05 21 180
10 24 195
15 22 230
0.25 05 37 190
10 32 55
15 92 290
0.50 05 43 25
10 46 205
15 55 260

nm as shown in Fig. la, b, and c, respectively. The surface
roughness and average grain size of the ZnO thin films with
different zinc acetate concentration of 0.10, 0.25, 0.50 X 103
mol/m3and different withdrawal speed were also summa-
rized in Table 1. It was found that with the highest concen-
tration of 0.50 X 103mol/m 3 the surface roughness mean
square (rms) of the coated films increased from 4.3 to 5.5
nm when the glass substrates were withdrawal from the solu-
tion with the speed of 0.5 to 1.5X10~3m/s, respectively.
The increase in film thickness which is subject to the
withdrawal speed is attributed to competitive effects of
gravitational and frictional viscous forces acting on the
liquid coating film and evaporation of solvent.10)'12)

Figure 2 reveals the optical transmittance spectra of the
Zn0 films coated on glass substrates using zinc acetate con-
centration of 0.10 and 0.50 X 103mol/m3 with different
withdrawal speed of 0.5, 1.0 and 1.5X 10”3 m s. %IO;f the
fabricated films exhibited transmittance of above 0 with
respect to the range of visible light (4000700 nm ), pointing
out the evidence of their superior transparency. Meanwhile,
it could also he seen that all coated substrates exhibited
remarkable ultraviolet absorption at around 380 nm, which
is attributed to the intrinsic band gap of ZnO. Lee et al con-
firmed that ZnO fine particles synthesized by sol-gel method
contain ionized oxygen vacancy which could emit photons
with specific wavelength of ~500nm depending on their
crystal structure.13) In our investigation change of withdraw-
al speed provides an appreciable effect on the transmittance
of the coating film because there was difference in the grain
size of ZnO film on each substrate. With 0.10 X 103mol/m3
zinc acetate, substrates with thicker coating layer could
somehow absorb ultraviolet spectra with higher intensity.
This resultisin good agreement with that of Berberet even
though they used spin coating technique to prepare the Zn0O
thin film.5> However, it is interesting that with 0.50X 103
mol/m3zinc acetate, the different trend could be observed.
Significantly low transmittance and transparency compared
with those of 0.10 X 103mol/m3 zinc acetate would be
attributed to the increasing crystallinity due to the higher
concentration.

To examine the hydrophilicity of the coated glass sub-
strates, average water contact angle is plotted against the uv
irradiation time as shown in Fig. 3. When 0.10X 103mol/m3
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Wavelength / nra

Wavelength / nm

Fig. 2. Optical transmittance spectra of ZnO films prepared by dip
coating. Above: in 0.10 X 103mol/m 3of zinc acetate with withdraw-
al speed of (a) 0.5x10“3m/s, (b) 1.0x10“3m/s and (c) 1.5X
10“3m/s, Below: in 0.50X103mol/m3 of zinc acetate with
withdrawal speed of (d) 0.5 X10“3m/s, (¢) 1.0 X 10“3m/s and (f)
15X 10“3m/s.

uv irradiation time /

Fig. 3. Dependence of water contact angle of ZnO films on uv
irradiation time (A; withdrawal speed=05 X10"3m/s, III;
withdrawal speed = 1.0 X10“3m/s and ~ withdrawal speed = 1.5 X
10“3m/s).

zinc acetate was prepared to coat on the glass substrate with
different withdrawal speed of 0.5, 1.0, 1.5x10“3m/s, it
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Fig. 4. Effectof precursor concentration on water contact angle of
the coated film after uv irradiation for 1,800 s ([3; zinc acetate
concentration =0.10 X 103mol/m 3 E2; zinc acetate concentration =
0.25X 103mol/m3 and [3; zinc acetate concentration =0.50 X 103
mol/m3.

could be observed that highly hydrophilic substrates with the
water contact angle lower than 5° could be obtained with uv
irradiation for only 1800 . As the whole tendency, the lon-
ger the UV irradiation time was spent, the lower the water
contact angle was achieved. Therefore, with the lowest
withdrawal speed of 0.1 X 10“3 m /s the average water con-
tact angle became significantly smaller. This would be
attributable to the formation of thinner coating film contain-
ing smaller crystal which could adsorb more uv, resulting in
higher hydrophilicity.

The effect of concentration of zinc acetate precursor on
the water contact angle of the coating films is depicted in
Fig. 4. As suggested by the experimental results shown in
Fig. 3, all the substrates were prepared using different con-
centration of zinc acetate and different withdrawal speed
with a constant uv irradiation time of 1,800 . However, the
whole experimental results suggested the complicated depen-
dence of the water contact angle on the film preparing
parameters. When the 0.10 X 103mol/m 3zinc acetate precur-
sor was employed the increasing withdrawal speed gave rise
to worse hydrophilicity which was indicated by the higher
water contact angle. This might be attributable to the
increasing grain size and surface roughness, which could also
be confirmed in Fig. 1. However, with the highest precursor
concentration of 0.50X 103mol/m3, opposite trend of the
contact angle decreasing with the increasing withdrawal
speed was observed. As already mentioned, the coated sur-
face roughness increased with the increasing withdrawal
speed. The hydrophilicity of the coated film would be con-
trolled by both physical and chemical factors, which include
change of surface roughness due to physical grain growth
and change in surface polarity due to chemical adsorption.14
The remaining issues would be how the hydrophilicity could
be improved and kept longer after uv irradiation. Function-
al groups containing stronger hydrogen bonding would have
to be taken into account to explain how dissociative adsorp-
tion of water molecules on the defective sites of UV-induced
surface contributes to the formation of superior hydrophilic
Zn0 coated surface.
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4. Conclusion

W ith sol-gel dip coating method, zinc acetate could be
used for preparing transparent ZnO film coated on glass
substrates. All ZnO films coating on glass substrates could
exhibit the excellent transparency with 90% visible light
transmittances. It was also found that the ZnO grain size,
surface roughness and hydrophilicity of the coating films
were crucially affected by the precursor concentration and
withdrawal speed. With uv irradiation for 1,800 , the high-
ly hydrophilic ZnO thin films could be prepared. With the
zinc acetate concentration of 0.10X 103mol/m 3, the lower
withdrawal speed would lead to the thicker and rougher
coating film with the water contact angle of 5° which
exhibited better hydroplicity.
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Part A: Effect of solvents and preparation condition on thin film properties

Calcined at 300 t — — Calcined at400*
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()
Figure BL Optical transmittance spectra of ZnO films prepared with zinc acetate
concentration of 0.75 M and calcined temperatures at 300°, 400°, 500°c and coated at
withdrawal speeds of () 1.0 cm/min, (b) 3.0 cmiminand () 6.0 cm/min
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Appendix BL The elemental of ZnO film coated on glass substrates (zinc acetate

concentration of 0.75 M, coated at different withdrawal speeds, calcined at 500°C)
and glass substrate using as standard

Element =1.0em/min =3.0 cm/min =6.0cm/min standard

W% atomic% wt% atomic% wt% atomic% wt% atomic%

806 117 65 179 675 U8 6 &I
300 4619 3293 4478 3418 412 694 69.H4
157 6% 862 815

C
0
a 859 78 197 197
I\A% 2.01 5 212 19 249 217 19 19

08 o066 108 08 0% 072 1% 1%
S BU 2480 w6 650 I2 278 1209 1209
Cd 512 2710 5% 320 5% 277 - :

n 828 268 851 283 459 1M
= withdrawal speed

Wavelength (nm)

m concentration”. 10M

zn concerrtratbn=0.25M
zn concentration=0.50M 1 -

"zn concentration”.75M

Figure B2 Optical transmittance spectra of ZnO films prepared withdrawal speed of
6.0cm/min, calcined temperature at 500°c and difference precursor concentration



Wavelength(nm)

—...Znconcentration™, 50M(Condition )

- 'znconcentratbn=0.10M(Conditbnl)
——n concentratbn=0.50M(Conditon I1)
zn concentraton=0.10M(Conditon 1)

Figure B3 Optical transmittance spectra of ZnO films prepared with different
solvents and precursor concentrations and withdrawal speed of 3.0 cm/min and
calcined temperature at 500°c
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------ withdrawal speed=3.0cnVimin
— withdrawal speed=s .ocm/min
—  ithorawal speed=9.0cm/min

Figure B4 Optical transmittance spectra of ZnO films prepared zinc acetate
concentration of 0.10 M coated at different withdrawal speeds and calcined
temperature at 500°c



------- witharawal speed=3.0cm/min
——withorawal speec=6.0cm/min
F——withdrawal speed=9.0cm/min

Figure B5 Optical transmittance spectra of ZnO films prepared zinc acetate
concentration of oso M coated at different withdrawal speeds and calcined

temperature als00°c

Appendix B2 Comparison the transmittance of ZnO films using air and glass
Substrate as reference
Average Average

Average
Calinedat  tansmiarce tr%g/gm% € transmttance
Solvent temperature (%) (400- 8 (%) (400-

A Ohm
(ref =alf) %{r_e%-gir) 0 (ref -glags)

300 o 934 %5
2-methoxyethanol 400 80.3 9.3 %.1
500 81.2 %3 %.0
50 %38 99.2 995

ethanol _
%T of glass substrate = 91.5% (ref.=air)



Part B: Effect of preparation conditions and number of layers on thin film
improved photoinduced hydrophilic property

Apparent viscosity (cP)

Spindle speed (rpm)
znconcentration®. 10M 1 znconcentratbn=0.25M
-—7nconcentration” 50M

Figure B6 The effect of spindle speed on the viscosity of the precursor with different
concentrations
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Figure B7 AFM images of surface of ZnO coating films prepared from zinc acetate
concentration of 0.10 M with different withdrawal speeds of (a) 3.0 cvmin, (b) 6.0
cm/minand (c) 9.0 cm/min



n

(©

Figure B8 AFM images of surface of ZnO coating films prepared from zinc acetate
concentration of 0.25 M with different withdrawal speeds of (a) 3.0 cvmin, (b) 6.0
cmvmin and (c) 9.0 cm/min
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(c)

Figure B9 AFM images of surface of ZnO coating films prepared from zinc acetate
concentration of 0.50 M with different withdrawal speeds of (a) 3.0 cmvmin, () 6.0
cm/min and (c) 9.0 cm/min



3

(c)

Figure BIO AFM images of surface of ZnO coating films prepared from zinc acetate
concentration of 0.10 M with withdrawal speeds of 3.0 cm/min and different number
of coating cycles () 1 layer, (b) 2 layers and (c) 3layers



14

Appendix B2 Durability of ZnO films under the alternation of u v irradiation and
dark storage for 7 days

UV irradiation time (min)

0 min 10 min 20 min 30 min 60 min
)%
ima- _ K
de ' ﬂi-|; ]
tion

0°) 4424 21.9t58° 17.116.1° 9.8+2.9° 104£3.7°

0=water contact angle
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Appendix B3 Number of coating cycles on water contact angle of ZnO films

Number uv irradiation time (min)

of
coating Omin 10 min 20 min 30 min 60 min
cycles

0=water contact angle
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