
Perfor
Laye

Muh

F
Abstr
droplets
characte
film wa
light tra
justifies
aggrega
during 
surface
between
finding 
layers f
light tr
transmi
Road T
characte
future. 

Keyw

1. Introd
Coating

growth of 
continuousl
automotive 
automotive 
achieve the
reflection, a
numerous s
specifically 
car care pro
liquid form
also the wea
effect on wi
for this prob

Hydrop

                     
+  Correspondi
   E-mail addr

rmance C
ers Using

hammad Za

Faculty of Ch
act. Unclear
s create reflec
eristic of the 
as prepared an
ansmittance c
s the reliabilit
ates which ran
the coating an
. Performance
n visual obser
that served th

film has demo
ransmittance 
ission percenta
Transport De
eristics, it con

ords: SiO2/T

duction 
g technology
global autom

ly been carrie
components
glass. Vario

e desired fea
anti-static, an
studies have 

on the self-c
oducts in the

med chemical
ather factor. 
indshield vis
blem. 

philic criteria

                     
ing author. Tel.
ess: muhammad

Charact
g a Sol-g

ahiruddin B

hemical Eng
r vision throu
ction and refr
conventional 

nd coated on t
characteristic. 
ty of the meth
ndomly distri
nd curing pro
e wise, the pre
rvations of w
he hydrophili
onstrated hydr
characterizati
age of 71% w
epartment. Ba
ncludes the fea

TiO2 double la

y in automoti
motive indu
ed out not on
s. Over the 
ous types of 
atures and p
nti-abrasion,
been condu

cleaning and
e market whi
l is normally
As a result, 

sibility. Henc

a or also asso

                 
.: + 603-382321
d159@ppinang

erization
el Dip C

Ap

in Ramli+ , 

ineering, Un
ugh the autom
raction of ligh
glass surface

the glass plate
Surface mor

hod used. As 
ibuted on the 

ocess was perf
epared coating
ater droplet p
c and self-cle
rophilic prope
ion on the d

which is higher
ased on its 
asibility of thi

ayer thin film;

ive industry 
ustry. Extens
nly as a surfa
recent years
coatings hav

properties su
 self-cleanin

ucted to enha
d water-repel
ich specially
y temporary 
consumers h
ce, permanen

ociated with 

18; fax: + 603-3
g.uitm.edu.my

n of the H
Coating M
pplicatio

Nur Fadzee

niversiti Tekn
motive glass 
ht especially 
e. In this stud
e using sol-ge
rphology stud
expected for 
surface of T

fectly done as
gs were also sh
profile with w
eaning functio
erty based on 
double layers
r than what ha
inexpensive 

is type of coat

; Sol-gel dip c

has develop
sive research
ace protectio
s, more atten
ve been appl

uch as solar 
ng, self-water
ance the per
llency or hyd

y formulated 
and easily d

have to apply
nt coating wh

wetting or n

3823292. 

Hydroph
Method f
ons 

elah Abu Ka

nologi MARA
is always oc

on a rainy da
y, TiO2, SiO2

el dip coating 
dy using Scan
the double lay

TiO2. Furtherm
s proven by z
hown a positiv

water contact a
on of the coati

the 13.9° of 
s coating sam
ave been perm

coating meth
ting to be used

coating; Hydro

ped rapidly o
h and devel

on but also to
ntions were 
lied on the a
control, priv
r repellent a

rformance of
drophilic pro
to achieve s

disappears by
y the chemic
hich have hy

non-wetting p

hilic SiO
for Auto

assim and N

A Pulau Pina
ccurring when
ay. This is du
2 and SiO2/TiO
method to en

nning Electron
yers SiO2/TiO

more, the heat
ero crack spo
ve result wher
angle analyses
ing revealed t
contact angle
mple shows 

mitted by regul
hod as well 
d in automotiv

ophilic; Water

over the rece
lopment act
o enhance the
given in co

automotive g
vacy enhanc

and electrical
f the conven
operty. Even 
such properti
y the action 
als periodica

ydrophilic cr

phenomenon

O2/TiO2 D
omotive 

Nurulhuda A

ang, Malaysi
n accumulate

ue to the hydr
O2 double lay

nhance its surf
n Microscopy
O2 film, SiO2 p
t treatment em

ot exist on the
reby good agr
s were obtain
that SiO2/TiO

e achieved. M
a significant

lation from M
as all the 

ve industry in 

r contact angle

ent years in l
tivities in th
e features of

oating techno
glass surfaces
cement, defo
l conductivit

ntional autom
though there

ies, the durab
of the wiper

ally to ensure
iteria is the b

n of a surface

 

Double 
Glass 

Amri  

ia 
ed water 
rophobic 
yers thin 
face and 
y (SEM) 
particles 
mployed 
e coating 
reements 
ned. This 
O2 double 
Moreover, 

tly high 
Malaysian 

positive 
the near 

e 

line with the
his field are
f the existing
ology of the
s in order to

ogging, anti-
ty. Recently,
motive glass,
e are a lot of
bility of this
r blades and
e continuous
best solution

e by a liquid

e 
e 
g 
e 
o 
-
, 
, 
f 
s 
d 
s 
n 

d 

229

  2011 International Conference on Environment and Industrial Innovation 
IPCBEE vol.12 (2011) © (2011) IACSIT Press, Singapore 

  





1:5:20 in molar ratio until it reached pH 9.0. The stirring process was continued for 6 hours and aged for 24 
hours. 

2.2. Dip-coating process 
Prior to coating, the glass plates (substrates) with 50 x 20 x 5 mm dimension were degreased and dried. 

Then, the substrates were coated by the precursor solution using dip coater machine with withdrawing speeds 
were set at 7 cm/min for both thin films. The substrates were left drying at a room temperature for 30 min to 
one hour before being further pre heated and calcined at 200°C and 500°C for SiO2 and TiO2 thin films, 
respectively. Both the heating and calcination processes were conducted with a gradually increasing 
temperature of 4°C/min to prevent the film from cracking [9]. In this study, three type of coating samples 
were prepared which were TiO2 thin film, SiO2 thin film and TiO2/SiO2 double layers thin film. Meanwhile, 
bare glass plate was served as the control sample. 

2.3. Characterization of coatings 
In surface morphology study, Leo 1525 Field-Emission SEM equipment was used using accelerating 

voltage and working distance of 15 kV and 5 mm, respectively. Method for water contact angle test (static) 
was adapted from AMREC WI-255-288. Prior to image capturing, 3 ∝L of water volume was dropped on the 
specimen’s surface (fixed on precision positioning system). The side view image of water drop and specimen 
was captured for 10 – 12 seconds using digital microscope while contact angle result was obtained using 
Droplet Angle Measurement Software. Triplicate results were obtained to ensure its accuracy. Lastly, the 
transmittance characteristics of the coatings were measured using Perkin Elmer 25 Lambda UV/Vis 
Spectrometer in the wavelength region of 300 – 800 nm. 

3. Result and Discussion 
All the coating samples were subjected to SEM analyses in order to gain information about the surface 

morphology of the films and to check the presence of cracks on the film surfaces. Fig. 2 shows the images of 
(a) SiO2 thin film, (b) TiO2 thin film and (c) SiO2-TiO2 double layer thin film, respectively. 

 
 
 
 
 
 
 

Fig. 2:  SEM images of (a) SiO2 thin film, (b) TiO2 thin film and (c) SiO2/TiO2 double layers thin film. 

In general, the obtained coatings were uniform with no cracks observed, proving the reliability of the 
dip-coating method used. This observation indicates that the heat treatment procedure employed was 
appropriate for attaining crack-free coatings [11]. A small-size of SiO2 particles in Fig. 2(a) were distributed 
uniformly on the surface of the film while the TiO2 particles form a relatively larger aggregates as presented 
in Fig. 2(b). As expected for the double layers film, it was observed that SiO2 particles aggregates which 
randomly distributed on the surface of TiO2 as visualized in the Fig. 2(c). The similar patterns were reported 
in a study of a sol-gel SiO2/TiO2 bi-layer films with self-cleaning and antireflection properties [12] and in 
formation of alkali resistant PDMS-TiO2-SiO2 hybrid coatings [8]. It was suggested that the SiO2 layer is 
stacked from SiO2 particles with a size of about 20 nm while the bi-layer films are comprised of TiO2 particle 
aggregates with average size of 52 nm distributed on the surface of SiO2 film [12]. 

Water contact angle analyses or also known as wettability of the surface is crucial for the self-cleaning 
and water-repelling function of the film. A superhydrophilic surface favors the spread of water and the 
contaminant on the surface can be removed easily by the rainwater. Fig. 3 reveals the images of the water 
droplet profile on the individual coating surface. As expected, the bare glass possesses the least hydrophilic 

(a) (b) (c)



characteristic based on the thicker layer and smaller diameter of the water droplet profile. On the other hand, 
it was proven that application of the coating on the glass surface enhances the level of hydrophilicity as 
visualized from the water droplet profile of the SiO2 thin film, TiO2 thin film and SiO2/TiO2 double layers 
film. The water droplet thickness decreases and the diameter size increases, explaining the improvement of 
the hydrophilicity level for the respective coating types. These visually trend of water droplet profiles are in 
a good agreement with the water contact angle (°) result as summarizes in Table 1. 

 
 
 
 
 

Fig. 3:  Side view of water droplet images on respective surface (a) Bare glass (b) SiO2 film (c) TiO2 film (d) SiO2/TiO2 

double layers film. 

Table 1:  Water contact angle (°) on glass samples 

Film Sample  Spot 1 (°) Spot 2 (°) Spot 3 (°) Average (°) 
Bare Glass 27.1 32.8 31.6 30.5 
SiO2  15 19.3 17.3 17.2 
TiO2   14.2 11.8 13.5 13.2 
SiO2/TiO2  14.5 13.4 13.9 13.9 

 
Based on the average data, it was observed that the water contact angle was decreased significantly 

between the bare glass and the rest of the samples with coating. However, almost similar water contact 
angles were reported between TiO2 thin film and SiO2/TiO2 double layers thin film. A similar trend was also 
reported by Liu et al. (2008) [12]. In their work, the water contact angle for SiO2 thin film is 25° while that 
of SiO2/TiO2 double layers thin film is 4° which is superhydrophilic. Thus, from the experimental results, it 
justifies that the prepared SiO2/TiO2 double layers thin film in this work is hydrophilic in nature. However, 
the future optimization on sol formulation should be conducted to produce a coating which could achieve a 
better water contact angle as reported by Liu et al. (2008) [12]. This is because an excellent surface 
wettability is highly favourable for the self-cleaning function when the coating films are applied on 
automotive glass. Furthermore, it is also important to reduce the unclear vision problem especially during a 
rainy day. 

Transmittance of the coating is another parameter that represents its performance. The prepared coating 
should possess higher light transmission to ensure an unhindered vision to the driver. Fig. 4 shows a 
comparison of the visible light transmission spectra of the various combinations of thin film coated glass as 
well as the bare glass (without coating). As expected, the glass substrate exhibits the highest transmittance of 
87% due to unhindered transmission of light through it. However, the glass with SiO2 thin film coating 
shows a similar pattern of transmittance with that of the glass substrate. The similar finding also reported by 
Kesmez and co-workers (2009) [11] during their study on characteristics of SiO2/TiO2 double-layer 
nanometric films. Moreover, due to the fact that the bare glass used in this study was also a silica-based type, 
it explains the transmittance similarity exhibited by both glass and coating. In the case of TiO2 thin film and 
SiO2/TiO2 double layers thin film coating, both have shown a different trend of transmittance than that of the 
other two samples with relatively lower transmission percentage, 73% and 71% respectively. Even though 
the transmittance pattern of SiO2/TiO2 double layers thin film coating is expected to lies between SiO2 and 
TiO2 thin film region, however it is not the case. It indicates that addition of TiO2 thin film coating on SiO2 
thin film changed the microstructure of the coating which eventually hinders the light transmission through it, 
resulting lower transmission percentage. Nevertheless, safety wise, the SiO2/TiO2 double layers thin film 
coating still feasible and legal to be applied on the automotive windshield as accordance to Malaysian Road 

(a) (b) (c) (d) 
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