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Abstract

Transparent nano- coating was prepared by Sol-Gel method from titanium dioxide TiO, which has the
ability to self-cleaning coating used for hospitals, laboratories, and places requiring permanent sterilization.
Three primary colors are selected (red, blue, and yellow) as preliminary study to the effect of these colors on
the nano-coating. Three traditional oil paints color were used as base, then coated by a layer of TiO,-Sol and
deposited on the paints. The optical properties of TiO,-Sol were measured; the maximum absorption
wavelength at (Anx=387 nm), the refractive index (n=1.4423) and the energy band gap (E,=3.2 eV). The
structure properties found by X-ray diffraction of TiO,-Sol illustrated that TiO,-Sol is polycrystalline
nanoparticle have anatase phase also the morphological properties measured by Scanning Electron
Microscopy (SEM) obetained the average grain size of TiO,-Sol was (50.427 nm). Self-cleaning properties
measured by tensiometer dives. The best color gave the highest response to self-cleaning is the yellow color
where the contact angle before exposure to UV (8,= 101.47° ,at t = 0 min) and after exposure over time (6,.=
1.75° ,at t = 50 min), thus the water sheet of the surface and remove all contaminants.
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Introduction:

Self-cleaning paint has the ability to clean The films were deposited onto glass substrate
itself. The phenomenon of self-cleaning is taken  and calcination at 700 °C and investigated that films
from lotus flower which always seen clean even if ~ enhance the photocatalytic and self-cleaning
its grows in muddy medium (1). The self-cleaning  property (6). Mufti et al.in 2017 prepared different
depend on: surface roughness of TiO,  thickness coating of TiO, anatase phase using sol-
photocatalysis, chemical composition of the surface  gel spin—coating method and found the thin film
and dirt particle adhesion (2). TiO, photocatalysis  surface possess a hydrophilic nature (7). Gherardi
material which illumination in UV-irradiation and et al. in 2018 treated the natural stones by using a
has a strong oxidation in low energy for removing layer of nano-TiO, and Tetraethylorthosilicate
the organic and inorganic compounds on the surface  (TEOS) have the ability to photocatalytic and self-
(3). Contact angles (6.) are measurement properties  cleaning properties. Two treatments use (wet-on-dry
of self-cleaning which have two cases: 6. <90°  and wet-on-wet) were compared in the results. A
hydrophilicity and 6. >90° hydrophobic (4). TiO, is  strong interactions between (titanium-oxygen-
widely used as a photocatalyst, De Jesus et al in silicon) Ti-O-Si formed the key factor of the
2015 worked on TiO,/SiO; composites films  successful treatment and this layer shows
compared with pure TiO, films in relation to  depolluting and self-cleaning durable activity (8).
adhesion, hydrophilicity and transparency. Both TiO, is a white, highly stable and unreactive
films have been deposited over low iron float glass  metal oxide, present in nature in three different
substrates by sol-gel dip-coating method and  crystalline forms: anatase, rutile and brookite.
different calcination temperatures (5). Sangchay, Titanium dioxide prepared by variety precursors :
(2016) prepared TiO,/SnO, thin films by the sol-gel  titanium (v) isopropoxide (TTIP) -

method. Ti[OCH(CH3),]4, titanium  (IV) butoxide —
University of Baghdad, College of Science for Women, Ti(OCH,CH,CH3), and titanium (IV) chloride
Department of Physics, Irag. TiCl, TiO, is an indirect semiconductor with an
E-Mail: dr.sumal8@gmail.com energy gap of about 3.2 eV for anatase phase (9).
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The different structures of absorbing edge
were described and energy band gap was identified
by suitable absorbing edge utilized from models
direct and indirect use linear fitting in the area
concerned with a plot of (ahv)" against (hv).
Energy band gap E, is calculated by equation below
(20).

_hc 1240

where:-

A: Wavelength in (hm).
h: Planck’s constant.

c: Speed of light.

r : Transition coefficient.

In this work, three primary colors are used to
the first test to this product. While the color is
known as brains reaction to specific visual stimulus
also colors are ordinarily divided into primary,
secondary, and tertiary colors. Primary colors are
the most fundamental colors in the RYB model
(red, yellow and blue) (11).

The aim of the work is converting the
traditional paints to self-clearing paints by using
TiO,-Sol and primary colors paints. Thus, these
self-cleaning paints can be used for hospitals,
laboratories, and places requiring permanent
sterilization.

Materials and methods:

The materials and the method Sol —gel was
used to prepare TiO,-Sol by drop wise 4 ml
titaniumteteraisopropoxide ~ (TTIP), chemical
symbol is Ti [OCH (CHs),]s, purity 99%, from
Sigma-Aldrich with mixing 45 ml deionization
water (DW). Then 0.4 ml of nitric acid (HNO3) we
added to the solution until reached the pH to 2.1.
The solution was put on a magnetic stirrer for 72
hrs. then the sol was aged for 24 hrs. at 55 C
yielding a transparent sol. Preparation self-cleaning
coating TiO,- Sol as shown in F|g 1.

'i: Prepare (TiO2) by sol- Eel :T'
(4 ml) (TTIP)

£

S F

1

(45 ml) (DW)

Drop wise HNOz(0.4)ml to the solution until reach the PH to 2.1

Mixing 72 h

Aging 24 h at 55 °C

Figure 1. Diagram of preparation TiO,.

Twenty one samples were prepared by
painting the glass slide in different color of paint
(red, blue and yellow) as shown in Fig. 2 each color
has 7 samples. The paints dried in room temperature
at 25° for three days.

Figure 2. The image for all slide coated by (red,
blue and yellow) paints.

The 21 samples were coated by TiO,-SoL
using brush as shown in Figs. 3, 4 and 5
respectively and the samples dried at room
temperature for three days.

Figure 3. The image for paint red slides coated
by TiO,-SoL then dry at room temperature for

three days.

Figure 4. The image for paint blue slides coated
by TiO,-SoL then dry at room temperature for
three days.

<y i
I

Figure 5. The image for paint yellow slides
coated by TiO,-SoL then dry at room
temperature for three days.

While the optical properties measured by
using double beam (No. CE7200 from Adquarius
company) spectrophotometer have wavelength
range of (200-1100)nm and the refractive index
measured by Refractometer AR4 from Germany.



Baghdad Science Journal

Vol.16(4) 2019

The crystalline phase was obtained by using
diffractometer instrument from [(PANALYTICAL),
model X’Pert Pro MPD]. X-ray diffractometer
operated at 40kV and 30mA, which used (CuKa)
radiation source at wavelength (A= 0.15418 nm).
The SEM was used to get the morphology of TiO..
It was performed from "Hitachi”, model (MIR3A
TESCAN). Thus, self-cleaning properties were
achivied by measuring the contact angle of water
droplet injected on the surface of the paints.

Contact Angle (8.) Measurements

Wettability behavior was evaluated by
measuring the contact angle of a water droplet on
the surfers of paint using (Optical Tensiometer),
Company model (Theta Lite/TL100 and TL 101. A
water droplet is injected on the surface using micro-
injector (5uL) syringe pointed vertically down onto
the sample surface, light source monochromatic
LED, contact angle range (0°-180°) and high
resolution (60 fps) video camera which is built-in
the system, captures the image of the water droplet,
and then analyzes using image analysis software.

Results and Discussion:

Three primary colors were used as a paint and
developed to self-cleaning paints by coating the
paint surface in TiO,-Sol. The optical properties,
structure,  morphological and  self-cleaning
properties are studied. Self-cleaning properties
measured by contact angle which determine the best
paint color. These film were fabricate by 21 coated
samples of glass slides, each color has 7 samples.
The samples were left to dry completely for three
days and then coated by TiO,-Sol photocatlysis
under ultraviolet radiation that makes the surface
self-cleaning as pollutants turn into water (H,O) and
carbon dioxide (CO,) and are emitted into the
atmosphere, which is similar to photosynthesis in
plants.

Optical Properties

The optical properties {absorption (A),
refractive index (n) and energy band gap (Ey)} for
TiO,-sol are measured. The absorption spectrum of
TiO,—sol NPs is shown in Fig. 6. The maximum
absorption wavelength in (Anax=387 nm). This result
is good agreement with the other researchers (12).
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Figure 6. Absorption spectrums of TiO,—sol.

The refractive index was measured by
refractometer-AR4 (n=1.4423) for TiO, —sol. The
energy band gap was calculated by applying
previous equation is (E;=3.2 eV) and this is in
agreement with searchers (13).

Structure  Properties Found
Diffraction (XRD) of TiO..

The diffraction pattern analysis of TiO, as
shown in Fig.7. Comparing the result of XRD
spectra with American Society of Testing and
Materials (ASTM) data card (# 021-1236) for
anatase (14), the materials formed was
polycrystalline nanoparticles in anatase phase (15).
The reflection forms (110), (021), (200), (102)
(022) and (122) planes at 26 values 25.42°, 37.50°,
39.81° , 41.94°, 49.78° and 53.98° for sample
fabricated by sol-gel path.
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Figure 7. XRD analysis for TiO, at 20 = 25.42°, 25°C.
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Scanning Electron Microscopy (SEM) of TiO..

The morphologic properties were studied by
using SEM of TiO,. A layer was analyzed using
SEM which gave characterize of the shape and size
of TiO,. Figure 8 refers to SEM image of TiO,-sol
and the magnification of image is (5000) and the
scale in (500 nm) and the average crystallite size
(50.427 nm) it means that TiO,-sol was
nanoparticles size (NPs) solution and the shape was
uniformly distributed.
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SEM MAG: 50.0 kx ‘ SEM HV: 15.0 kV MIRA3 TESCAN

View field: 2.89 pm RAZI FOUNDATION

Figure 8. SEM image for surface profile and the
average crystallite size for TiO,-sol =50.427 (nm).

Self-Cleaning Properties

The contact angle was measured by optical
tensiometer device containing digital camera which
measured the angle between water drop and the
surface of the paint with variation of time exposure
to UV-irradiation. The results were presented first
by calculating the relation between contact angle
(6.) and UV-irradiation time in minutes. Second,
monitoring the drop water with increasing time of
UV-irradiation and taking different images to
contact angle from the highest value stat
"hydrophobic" to the lowest value stat "hydrophilic”
until the angle became (5-0) which represented
wettability stat "superhydrophilicity” so that the
self-cleaning occurring to the surface of the paint.

Initial measures to all samples were taken
directly to the TiO,-sol NPs after released from dark
container, at time UV-irradiation equal zero, to get

the highest contact angle to the drop which referred
to "hydrophobic"(16).

Figures 9 and 10 shows the contact angle of
water droplet on the surface of TiO,-Sol on the red
and blue paints respectively.

contact angle (6c)°

0 20 40 60
Time(min) UV-Irradiation

Figure 9. The contact angle measurement with

time UV-irradiation for red paint.
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Figure 10. The contact angle measurement with
time UV-irradiation for blue

The highest contact angle on the red paint at
(6.= 98.34") and for blue paint at (.= 73.49) the
angle decrease with increasing the time exposure to
UV-irradiation until it reaches to
superhydrophilicity (17) in red paint (6= 4.82") at (t
= 30 min) and for blue paint (8= 2.23) at (t = 50
min), mean that the surface of this samples
complete wetting. The contact angle images in
different time exposuer to the sample red and blue
paint as shown in Figs. 11 and 12 respectively.

t=0 (min), 6, =98.34°

t = 15(min) , 0, = 46.30°

t =30 (min) , 0, = 4.82°

Figure 11. The image of contact angle with time for red paint.
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t=0 (min) , 0, = 73.49°

t = 15(min) ,0, = 46.365°

t = 40 (min) , 6= 29.36°

t =50 (min) , 8,= 2.23°

Figure 12. The image of contact angle with time for blue paint.

Figure 13 show the contact angle
measurement for yellow paint. The optimum sample
has a highest contact angle which is (6= 101.47") at
(t = 0), it means good hydrophobic water droplet

(18) in yellow paint. Also, the drop has a large size
from (red and blue) TiO,-sol NPs which (6,=98.34"
,0.= 73.49") respectively.

Contaet Angle (0¢)°

0 10 20

10 50 60

Time (min)
UV-Irradiation

Figure 13. The contact angle measurement with time UV-irradiation for all three paints.

the surface and thus removes all contaminants on
the surface of the paints and this in agreement with
Rios et al. (19). The drop on the yellow painted
surface has larger amount of water than another
colors, which will contribute to self-cleaning better
than droplets on red and blue paints.

Figure 14 shows that the images of contact
angle for yellow paint after exposure over time (6,.=
1.75° ,at t = 50 min) it means that the contact angle
is converted from the "hydrophobic" highest value
to the lowest value "hydrophilic" , so the water sheet

t=30(min) , 0,=46.32°

t=0 (min) ,0, =101.47° t =15 (min) , @, =63.285°

t = 40(min), 6,=36.975°

t=50 (min) , 8,= 1.75°

Figure 14. The image of contact angle with time for yellow paint.
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Therefore, the droplet on the yellow paint takes
more time to dissociate on the surface prolonging
wettability time of the surface due to extended
water droplet adhesion on the yellow painted
surface compared to other color.

Conclusions

From the results obtained in this work, it can
concluded that:-
1- The characterizations of TiO,-Sol are the
maximum absorption wavelength at (Ayn,=387 nm),
the refractive index (n=1.4423) and the energy band
gap (E4=3.2 eV). TiO, formed was polycrystalline
nanoparticles in anatase phase and the crystallite
size (50.427 nm).
2- The best paint color uses is a yellow.
3- The self-cleaning yellow paint has a highest
contact angle 6,.= 101.47° at zero time (hydrophobic
water droplet), also has a lowest contact angle 6.=
1.75° after exposure time at 50 min (hydrophilic
water droplet), thus the water sheet of the surface
and remove all contaminants.
4- TiO, -Sol nano-coating have self-cleaning
properties were prepared by liquid phase deposition,
which is a low-cost and simple method that can be
used at a low deposition temperature and suitable
for coating over a large area.

Conflicts of Interest: None.

References

1. AL-Shaikh Hussin SH. Study the Nanoporous SiO,
-TiO, Doped With Er and La Thin Films Properties
Antireflection and Self-Cleaning Applications. PhD.
Thesis, Department of Physics, College of Science for
Women, University of Baghdad, Baghdad, Iraq.
2017:1-170.

AL-Hamdani AH, Abdalgaffar AN, AL-Shaikh
Hussin SH, Al-Ameer A A. Synthesis of titanium
oxide nanoparticle complemented with optical
properties, ARPN (JEAS). 2016; 11(15):9335-9340.
Qu M, He J, Zhang J. Superhydrophobicity, Learn
from the Lotus Leaf. Biomimetics Learning, from
Nature, Edited by Amitava Mukherjee, Ch.16.
2010:325-342.

Yuan Y, Randall Lee T . Contact Angle and Wetting
Properties, Springer Berlin, Surface Science
Techniques. 2013;51(1):3-34.

Lopes de J M, Silva N J, Timd G, Paiva PR, Dantas
MS, Mello F A. Superhydrophilic self-cleaning

908

surfaces based on TiO and TiO /SiO composite films
for photovoltaic module cover glass, Appl.Adhes.Sci.
2015;3(5):1-10.

Sangchay W. The self-cleaning and photocatalytic
properties of TiO, doped with SnO, thin films
preparation by sol-gel method. Energy Procedia.
2016;(89):170-176.

Mufti N, Laila IKR, Hartatiek, Fuad A. The effect of
TiO, thin film thickness on self-cleaning glass
properties, J Phys:Conf.Ser. 2017; 853 (5):1-6.
Gherardi F, Goidanich S, Dal Santo V. Layered nano-
TiO, based treatment for maintenance of natural
stones in historical architecture. Angew Chem Int Ed
Engl. 2018;57(25):7360-7363.

Darzi S, Mahjoub AR, Sarfi S. Visible-light-active
nitrogen doped TiO, nanoparticles prepared by sol-
gel acid catalyzes reaction. 1JMS. 2012; 9(3):17-23
10. AL-Shaikh Hussin SH. Study the Optical Properties
of Transparent Epoxy Resin (Epoprimer) Plates. BSJ.
2010;1(7): 20-30.

Westland S, Laycock K, Cheung V, Henry P,
Mahyar F. Colour Harmony.
Colour.Desingn&Creativity. 2007;1(1):1-15.
Wahyani ET, Roto R. Silver Nanoparticle
Incorporated  Titanium  Oxide for  Bacterial
Inactivation and Dye Degradation. Indonesia.
Titanium Dioxide Material for a Sustainable
Environment, Ch.17. 2018. 331-348.
Mathew S, Prasad AK, Benoy T, Rakesh PP,Hari M,
Libish TM, et al. UV-Visible Photoluminescence of
TiO, Nanoparticles Prepared by Hydrothermal
Method. J Fluoresc.2012;22(6):1563-9.

Holzer J. Anatase TiO, and another polymorph.
NBS(U.S). 1969; 257(82):1-3.

Lu PJ, Fang SW, Cheng WL, Huang SC, Huanag
MC, Cheng HF. Characterization of titanium dioxide
and zinc oxide nanoparticles in sunscreen powder by
comparing different measurement methods. JFDA.
2018 (26):1192-1200.

Shamsudiu S, Ahmad MK, Aziz AN, Fakhria R,
Mohamad F, Ahmad N, et al . Hydrophobic rutile
phase TiO, nanostructure and its properties for self-
cleaning application. AIP Conf.Proc.1883.
2017,20030:1-9.
Steven N, Priest Cl, Sedev R, Ralston J. Wettability
of Photoresponsive Titanium Dioxide Surfaces.
Langmiur. 2003;(8):3272-3275.
Wahyuni S, Prasetya AT. Enhanced the hydrophobic
surface and the photoactivity of TiO2-Si02
composites. IOP.Conf.MSE. 2017;172(12056):1-8.
19.Rios PF, Dodiuk H, Kenig S. Self-cleaning coatings.
Surface Engineering. 2009;25(2):89-92.

11.

12.

13.

14.

15.

16.

17.

18.



Baghdad Science Journal Vol.16(4) 2019

LS g) (AU (g dad da A1 il Sluals Jarind (@ Ny Al  aal) Aol o)) oY)
p ol

o E...:.Lﬁ's T
LGB el calazy calarn dxala cclul (’JH\ 4 ey yall (:»5

-duadal)

DS Jeaiyy S Calatil) e LN a1 (Ti02) astliill 2SS e Ja Joud) 48 oy alad (5500 oM juind
sl A R3S (La¥) 3591, yaa Y1) AN Al IV Al el s ) Sy 5 il il 5 iiaall
Jam Jsdl (Ti03) o5l 3 ) 5 (e s Lg3DUa 3 o5 (el il § LVl (o (sl 6 a5 5301 o3I 13 e
> 5all Jshall e 285 Galiaiel) 48 CulSs Cusd Ti02-S0l Jgmadl-p piliall 3l JEIA jad) pailadll Sluall e a5
3 Sl Jlesils iy A il (ailadll | (Eg=3.2 eV) 4l 55585 (n=1.4423) LSV debaas (Amax=387 nm)
A ol AICAN alladll Ly 0091 sl 8 3 53 Cilaseny kil 33nie 58 Ti02-Sol o ekl s (XRD) Al das)
Sl Cansd I Caatil) pailad (50,427 nm) 58 TiO2-S0l ) rasd) paall S ¢ i s SEM gl (35 51 gl
di ad Juai¥) 4505 il Cua aa¥) o) s (AN Cadanll Alaiul el el 5l Jiadl (tensiometer) adasdl Al
(.= st 0V s s ail) aass (0,= 101.472 at t = 0 min) Jda (s st (e e Apnndid) (§ &8l A iy ol
Sl S smbu ezl el 1885, 1,752 ,at t = 50 min)

Jsal-Ti0, ¢S Cadaiil) dlae @A) o) IV o il aau ol AU 3 pad) (ailadldl (Juail) 4yl ) rdualidal) cilalsl)

909



