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Dispersion Stabilization of Titania Nanoparticles for
Textile: Aggregation Behavior and Self-Cleaning Activity

Nidhi Goyal,1 Deepali Rastogi,1 Manjeet Jassal,2 and Ashwini K. Agrawal2
1Department of Fabric and Apparel Science, Lady Irwin College, University of Delhi,
New Delhi, India
2SMITA Research Labs, Department of Textile Technology, Indian Institute of Technology,
Hauz Khas, New Delhi, India

GRAPHICAL ABSTRACT

The effect of various dispersion stabilization parameters on particle size, stability, and
self-cleaning activity of titania aqueous dispersion was investigated with a focus on stability during
preparation, storage, and introduction of fabric in the dispersion. Effect of parameters such as
sonication, high-speed mixing, pH, and addition of ionic and nonionic dispersants was studied.
The degree of surface charge on titania influences its stability and depends on the type of pH
and dispersant. The stability of titania dispersion with the immersion of cotton, was also found
to be a strong function of pH, dispersants and their combination. With the immersion of cotton
in the dispersion n potential was>40mV in the pH range of 1–3, and then gradually becomes close
to zero in the pH range 4–7, then decreased further with the increase in pH. In the study of com-
bined effect of pH and dispersants, influence of pH on n potential was independent in case of ionic
dispersants and addition of nonionic dispersant has significant pH dependence. Self-cleaning
activity (SCA) of titania-treated cotton fabric was quantitatively assessed by a standard method
known as stain degradation assessment (SDA) method. SCA was highest at pH 2 followed by that
at pH 10 and 12. In the presence of cationic dispersant, CTAB, n potential was>50mV before and
after cotton immersion and high SCA was obtained, however, in the presence of sodium salt of
PAA, stable dispersion was obtained, but SCA reduced.

Keywords Agglomerates, nanoparticles, photocatalyst, self-cleaning activity, stability,
titanium dioxide

1. INTRODUCTION

Nanoparticles have a high tendency for agglomeration on
storage because of which the application of the nanoparticles
gets adversely affected. Titania in nanoform has become
quite popular for the decomposition of a wide range of
organic pollutants in applications such as deodorization,
sterilization and self-cleaning.[1–10] Nanotitania has emerged
as an important finish for achieving photocatalytic self-
cleaning property on textiles.[2,9] The primary particle size
of commercial Titania nanopowder, P25 (Degussa, now
Evonik, Germany) is <100nm. However, it is available as
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aggregates of much larger size because of high surface
energy. These nanoparticles are generally dispersed in aque-
ous or organic media for various applications. However,
agglomerated nanoparticles are difficult to break into their
original size, and therefore, tend to settle down rapidly
under gravity and pose difficulty in uniform application on
a substrate. The agglomeration also reduces the surface area
of the particles, which limits their photocatalytic activity.

Several studies in the past have tried to address this issue,
where attempts have been made to stabilize the dispersion
through various approaches. Mechanical methods such as
high shear mixing, ultrasonication, and ball milling[11–15]

have been studied to reduce the size of the agglomerated
titania nanoparticles. However, these approaches were able
to reduce the size of the aggregated nanoparticle to 200–
400 nm, which is not sufficiently small to result in stable
dispersion. Some other studies have investigated the effect
of pH and surfactants[16,17] to achieve the stability of titania
dispersions. However, their comparative effectiveness in
maintaining the dispersion stability with passage of time
has not been investigated.

Usually these dispersions are applied by dip-coating,
dip-pad, or exhaustion method, which requires substrates
to be immersed in the titania dispersion. This requires the
dispersion to be stable in the presence of a substrate during
an application. It is usually assumed that once dispersion is
prepared it would remain stable during application and
would result in a good photocatalytic activity of the titania
nanoparticle. However, there has been no attempt in the
literature to correlate the properties of a titania dispersion
with its stability during application and with its activity
on the substrate subsequent to the application.

This research was, therefore, undertaken to systemati-
cally study the effect of various parameters on stability of
nanotitania dispersion on storage, on immersion of cellu-
losic textile material, and, subsequently, on the self-cleaning
activity of the treated cellulosic fabric. An attempt has been
made to understand the behavior of titania particles with
respect to their stability in an aqueous dispersion and their
photocatalytic activity on cotton fabric.

2. EXPERIMENTAL

2.1. Materials

Titanium dioxide nanopowder, namely, P25, was pro-
cured from, Evonik India (P) Ltd., in the form of fine white
powder. The material was used in the as-received state
for making dispersion. The primary particles have a mean
diameter of approximately 21 nm. Liquor=liquid ammonia
(Rankem, India) and nitric acid (Merck) were used to
adjust pH. Polyethylene glycol (PEG 600, Merck, India),
sodium salt of polyacrylic acid (NaPAA, Jubiliant, India),
and CTAB (Cetyl trimethylammonium bromide, CDH)
were used as dispersants. Direct dye, C.I. Direct Green 26

(Solophenyl Green BLE, Huntsman International), (light
fastness–4) was used as the standard dye in standard degra-
dation assessment (SDA) method for the assessment of
self-cleaning activity (SCA) of titania on cotton fabric.

One hundred percent cotton, plain weave, and bleached
fabric was used throughout the study. Before padding,
fabric was scoured by boiling for one hour in a solution con-
taining 1% on weight of material (o.w.m.) nonionic surfac-
tant and 4% o.w.m. sodium hydroxide at MLR of 1:30.
Fabric was then thoroughly washed with water and air dried.

2.2. Methods

2.2.1. Breaking of Agglomerate and Preparation of Titania
Aqueous Dispersion Using Sonication and High
Speed Mixing

Dispersions were prepared by sonicating 0.5% (w=v)
TiO2 in DI-water in sonicating bath (Elma, 100% power),
at normal and pulsed mode, for different time inter-
vals (15–180minutes), at the frequencies of 35 kHz and
130 kHz and at temperature of 30�C. High speed mixing
(MICCRA homogeniser), based on rotor=stator principle,
at the speed of 22000 rpm for 15 and 60minutes was also
carried out. Its effect on stability and particle size was
studied in combination with 60minutes sonication.

2.2.2. Preparation of Titania Dispersions Using Dispersants
and at Different pH

All the titania dispersions were prepared using 0.5% (w=
v) TiO2 in DI water. The pH was adjusted from 1 to 12
using liquor=liquid ammonia and nitric acid. Effect of dis-
persants on the stability and activity of titania dispersion
was studied using nonionic PEG 600, anionic NaPAA,
and cationic CTAB. After 1 hour of sonication of 0.5%
titania dispersion in the sonication bath, the dispersant
(100% on weight of titania) was added and then magneti-
cally stirred for 15minutes at 500 rpm. To study the com-
bined effect of dispersants and pH, titania dispersions
were prepared at pH 2, 4, 6, 8, and 10 and then the disper-
sant (100% on weight of titania) was added. The dispersion
was then magnetically stirred for 15minutes at 500 rpm.

2.2.3. Characterization of Titania Dispersions

Particle size distribution and zeta potential measurement
of the dispersions was determined on Zetasizer Nano ZS
(Malvern Instruments Ltd, UK). All zeta potential mea-
surements were carried out using 0.1% titania dispersions
with and without the immersion of cotton fabric. Cotton
fabric was cut very fine to obtain microfibrous material.
150mg of sample was immersed in 15ml of each of the
titania dispersions and magnetically stirred for 1 hour. n
potential measurements were then carried out on Zetasizer
Nano ZS (Malvern Instruments Ltd., UK). n potential of
only cotton fabric in water was also determined at different
pH. For this, 150mg of finely cut cotton fabric was

612 N. GOYAL ET AL.

D
ow

nl
oa

de
d 

by
 [

In
di

an
 I

ns
tit

ut
e 

of
 T

ec
hn

ol
og

y 
- 

D
el

hi
] 

at
 0

8:
29

 3
0 

M
ar

ch
 2

01
5 



immersed in 15ml of DI water, taken in a glass vial and then
pH was adjusted from to 12. The samples were magnetically
stirred in the glass vial for 1 h and then the n potential on the
cotton surface was measured.

The morphology of the titania particles in water and on
fabric was determined using Scanning Electron Microscope
(FEI Quanta 200F, the Netherlands).

2.2.4. Application of Titania Dispersion on Cotton Fabric

Cotton fabric was padded with titania dispersion by 2
dip-2-nip method on a laboratory padding mangle (Mathis,
Switzerland). After padding, the fabric samples were dried
at 80�C for 30minutes in vacuum oven.

2.2.5. Evaluation of Self-Cleaning Activity of Titania on
Cotton Fabric

Photocatalytic activity of the titania-treated fabrics,
expressed as Self-cleaning Activity (SCA), was assessed by
the quantitative evaluation method SDA, developed by
the authors.[18] Standard dye stain solution of C.I. Direct
Green 26 at a concentration of 0.03% in DI-water was pre-
pared. Fabric swatches of 2� 2 inches were cut from the
fabrics. The samples were stained with the dye solution.
The stained samples were exposed to Atlas-Xenon Arc
Fading Lamp (300–400 nm) as per ISO 105-B02, with
irradiation intensity: 42W=m2, relative humidity: 40% and
chamber temperature: 40�C. The photo degradation of
stain in terms of change in K=S values was determined with
the help of a template using Gretag spectrophotomer. The
SCA was determined in terms of % decrease in K=S value
of the stain and was calculated using the following formula:

% decrease in K=S ¼
K=Sð Þunexposed� K=Sð Þexposed
K=Sð Þunexposed� K=Sð Þunstained;

� 100

where

(K=S)unexposed¼K=S of the stained specimen before
exposure,

(K=S)exposed¼K=S of the stained specimen after exposure
to ultraviolet (UV) light,

(K=S)unstained¼K=S of the original unstained fabric
specimen.

Photodegradation of stain was measured after every
cycle of exposure, that is, after 4 and 8 hours.

3. RESULTS AND DISCUSSION

3.1. Effect of Sonication and High Speed Mixing on
Stability of Dispersion

3.1.1. (a) Breaking of Aggregates and Stability with
Storage Time

SEM image of as-obtained titania nanopowder is
shown in Figure 1a. It can be seen that as-obtained titania

nanoparticles are in highly aggregated form. Particle size
measurement indicated that the average particle size of
titania nanoparticle was in the range of 400 nm. Aqueous
dispersion of titania was sonicated at 100% power for
various times at 35 and 130KHz. This caused the breakage
of the agglomerates. In case of 35 kHz, after sonication for
15minutes., the particle size decreased to give single peak
with z-average value of 171 nm (polydispersity index
[PDI] 0.189).

As the sonication time increased, the particle size kept on
decreasing to give z-average value of 146.4 nm (PDI 0.166)
after 60minutes of sonication. However, on further increas-
ing the sonication time, there was no significant decrease in
the particle size. SEM image of the 60minutes sonicated
sample is shown in Figure 1b where the titania particles are
of much lower size as compared to the aggregated particles
of unsonicated titania as shown in Figure 1a. Figure 2 shows
the effect of sonication time on the particle size distribution
of the titania dispersion. There is no significant change in the
particle size distribution on increasing the sonication time
beyond 60minutes suggesting similar distribution of the par-
ticle size at higher sonication time. The effect of storage time
of up to 1 week on z-average particle size of samples soni-
cated at 35kHz was observed. It was observed that the dis-
persion was stable for up to 1 week. Particle size slightly
taken after 01 hour increased from 147nm to 148 nm and
156nm after 24 hours and 1week, respectively. Such a slight
reaggregation was noticed in most cases after 1 week, which
was reversible on shaking the dispersion.

Sonication of titania dispersion at 130 kHz was less
effective in breaking down the aggregates. Figure 2 shows
the effect of sonication time on z-average particle size at
130 kHz. At higher frequency, the particle size distribution
was bimodal in nature for all sonication times and showed
the lowest z-average particle size of 219 nm for 60minutes.
The lower efficiency in breaking the aggregates at 135 kHz
can be attributed to physical effect of cavitation being
weaker at higher frequency.[19] The particle size increased
considerably after 1 week.

FIG. 1. SEM image showing morphology of titania dispersions (a)

before and (b) after sonication of 60minutes.
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The effect of power and pulse mode on particle size was
also studied at sonication frequency of 35 kHz. At lower
power of sonication, the titania aggregates could not be
broken down effectively with Z average values of 261 nm
at 10% power and 183 nm at 50% power as shown in
Figure 3. The effect of pulsed mode in comparison with con-
tinuous (normal) mode on the aggregate size is shown in the
Figure 4. Pulsed sonication after 15minutes and 60minutes
could reduce the particle size to 233 nm and 207 nm respect-
ively, whereas, greater reduction in particle size was
observed in the case of continuous irradiation. Dispersions
sonicated by pulse mode were not stable for even 24 hours
as the zaverage particle size increased significantly to more
than 900 nm.

Effect of high-speed mixing on reduction of particle size
in titania dispersion was studied. Only high-speed mixing-
even at alone 22000 rpm could not give a stable dispersion.
Therefore, the dispersion was first subjected to 60minutes

of sonication at 35 kHz followed by high-speed mixing
for 15 and 60minutes to determine further improvement
in particle size of the dispersions. As can be seen from
Table 1, the z-average. particle size remained nearly same
for both the samples and was higher than that of only soni-
cated sample. Hence, high-speed mixing was not found to
give any added advantage in reducing the particle size.

From the above results, the sonication time of 60minutes
at 35 kHz at 30�C was found to be optimum in breaking
down the physical aggregates of titania power in aqueous
dispersion. These results further indicate that the cavitation
energy generated using ultra sonication and mechanical
energy provided by high-speed mixing are not able to break
down the titania aggregates below z-average size of 150 nm.
The mechanism of breakage depends on the size of the
aggregates. As the aggregates become smaller in size, the
surface forces dominate over the mass forces. For aggre-
gates smaller than 1 mm, surface forces are more than one
million times larger than the mass force,[20] which makes
it increasingly difficult to further reduce the particle size.[21]

FIG. 3. Influence of sonication power (sonication frequency, 35 kHz)

on particle size of TiO2 nanoparticles in the dispersion (a) particle size

(b) PDI.

FIG. 2. Influence of sonication frequency and time intervals on

particle size of TiO2 nanoparticles in the dispersion (a) Particle size at

130 kHz, (b) PDI at 130 kHz, (c) particle size at 35 kHz, (d) PDI at 35 kHz.

FIG. 4. Influence of sonication modes (sonication frequency, 35 kHz)

on particle size of TiO2 nanoparticles in the dispersion (a) particle size at

pulsed mode, (b) PDI at pulsed mode (c) particle size at normal mode, (d)

PDI at normal mode.

TABLE 1
Effect of duration of high speed mixing on
particle size of titania in aqueous disper-
sion, sonicated at 35 kHz for 60minutes

High speed mixing
time (minutes)

Particle size:
z-average (nm)

0 147
15 330
60 246
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3.1.2. (b) Stability in the Presence of Cotton Fabric

Cotton fabric was immersed in the stable nanotitania
dispersion as prepared above with 1 hours sonication
at 35 kHz. As soon as the fabric was immersed in the disper-
sion, phase separation of the dispersion occurred (Figure 5).
Although sonication was able to give a dispersion of TiO2

nanoparticles which had good storage stability, the disper-
sion became unstable immediately on contact with the
fabric. Such an observation has not been reported in the
literature. This led us to investigate the possible change that
may have taken place in the dispersion on immersion of the
cotton fabric and to investigate parameters that would result
in obtaining dispersion that would remain stable both on
storage and with the immersion of fabric.

3.2. Effect of pH

Effect of pH on stability of titania dispersion both dur-
ing storage and in the presence of textile was investigated.
Titania dispersions of 0.5wt% concentration in the pH
range of 1 to 12 were prepared using 1 hour of sonication.

3.2.1. (a) Stability with Storage Time

Dispersions prepared in the pH range of 1 to 12 are
shown in Figure 6. Dispersions at acidic pH 1–4 and
alkaline pH of 8–12 were found to be highly stable. The
z-average particle size of these dispersions was about
195� 30 nm. Samples at pH 6 and 7 were not stable upon
preparation, whereas aggregation was observed with time
in case of the dispersion at pH 5. The as-prepared titania
dispersion was found to have a pH of 4 and was stable
as mentioned above.

Dispersions prepared at pH 1–4 and 8–12 were found to
be stable even after 1 week. The z-average particle size
remained nearly 235� 50 nm for all these samples after 1
week (Table 2). However, particle size of sample prepared
at pH 5 could not be measured even after vigorous shaking
of the samples suggesting reagglomeration of nanoparticles.

In order to understand the stability behavior at different
pH, the zeta potential of all dispersions was measured.
Figure 7 shows that the samples prepared at pH 1–4 have
a high positive zeta potential of nearly 40mV. Similarly,
samples prepared at pH 9–12 also have a high charge lead-
ing to a negative zeta potential of less than �40mV. The
zeta potential was close to �30mV for sample at pH 8.
For samples at pH 5, 6, and 7, the zeta potential was
between 20 and �20mV. It has been reported in the litera-
ture that for the dispersion to be stable, its n potential
should be >þ 30mV or <�30mV.[22] This is because only
at these values of zeta potential, the magnitude of the charge
on the particles is sufficiently high to counteract the forces of
attraction among the particles. Therefore, the dispersions at
very low and very high pH remained stable. At pH 5–7, the
attractive forces dominate over the repulsive forces leading
to complete aggregation with time as observed above.

3.2.2. (b) Stability in the Presence of Cotton Fabric

When cotton fabric was immersed in the above disper-
sions, the dispersions at pH 1–3 and pH 10–12 remained
stable, whereas, those at pH 4–9 showed complete phase
separation. Interestingly, the dispersions at pH 4, 8, and 9

FIG. 5. Image showing stability of titania dispersion before and after

immersion of cotton fabric. (Figure available in color online.)

FIG. 6. Images showing titania dispersions prepared at various pH

values. (Figure available in color online.)

TABLE 2
Particle size of titania dispersion prepared at different pH

values

pH

Particle size: z average (nm)

1 hour 24 hours 1 week

1 226 234 246
2 217 227 252
3 168 170 185
4 175 193 288
5 197 227 sedimentation
6 sedimentation sedimentation sedimentation
7 sedimentation sedimentation sedimentation
8 198 207 245
9 179 192 184

10 224 253 212
11 167 234 197
12 170 214 182
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were highly stable before immersing the fabric. In order to
further investigate the above behavior, the effect of cotton
fabric on zeta potential of titania dispersion was determined.

Figure 8 shows the zeta potential of cotton at different
pH values. It can be seen that zeta potential of cotton is
nearly zero (�2.1mV) at pH 1, thereafter it decreases gradu-
ally with increase in pH to �37.9mV at pH 12. The isoelec-
tric point of cotton was found to be around pH 1. Beyond
pH 1, the net charge on cotton remains negative. With the
increase in pH, zeta potential starts decreasing as the –OH
groups on cotton surface get ionised to –O-. The values
obtained are similar to those reported in the literature.[23]

The zeta potential of titania nanoparticles after the addition
of finely cut cotton fibers is also shown in Figure 8. It can be
seen that for dispersion prepared at pH 1–3, even in the
presence of cotton, the n potential of titania dispersion
remains high, in the range of 30 to 50mV, explaining the
high stability of the dispersion on immersion of cotton in
this pH range. The zeta potential changes significantly and

becomes close to zero in the case of dispersions prepared
at pH range of 4 to 9, therefore, the dispersions were
unstable in the presence of cotton. The considerable drop
in the zeta potential of titania dispersion at pH 4 from
>40mV to <20mV and increase of zeta potential of disper-
sions prepared at pH 8, 9 from �30mV to�20mV after the
immersion of the cotton is probably the reason why the dis-
persions prepared at pH 4, 8, and 9 were stable during prep-
aration and storage but collapsed on addition of cotton.

In the pH range of 5 to 7, the zeta potential is low both
before and after the immersion of cotton, hence, the disper-
sions are unstable both during storage and in the presence
of cotton fabric. Surface charge on titania remains high for
dispersions prepared at pH> 9 in the presence of cotton,
and therefore, the dispersions were observed to be stable
at high pH values.

It is, thus, clear from the above results that the presence
of cotton has a great influence on the charge of the titania
nanoparticles. In order to understand the effect of quantity
of cotton fiber on the extent of change, varied quantities of
cotton fibers were added to the titania nanodispersions at
pH 10 and the effect on zeta potential was observed.
Figure 9 shows that the surface charge of the titania nano-
particles decreases as the fiber concentration increases from
0 to 10mg=ml. However, there is no further change in the
zeta potential with the increase in cotton fiber concentration
above 10mg=ml indicating that nanoparticles have under-
gone maximum possible change in charge in the presence
of cotton. All the results shown above in Figure 8 have been
obtained at the cotton concentration of 10mg=ml and
therefore may be assumed to be independent of the concen-
tration of cotton fiber.

3.3. Effect of Dispersants on Dispersion Stability

3.3.1. (a) Stability with Storage Time

To improve the dispersion stability of titania in water,
three types of dispersants were taken, namely, (a) PEG

FIG. 7. Influence of pH value of titania dispersion on zeta potential.

FIG. 8. Zeta potential of titania dispersions and cotton fibers at

different pH values (a) titania dispersions (0.1% concn.) in DI-water, (b)

cotton fibers suspended in DI-water (10mg=ml conc.), (c) dispersion of

titania nanoparticles in the presence of cotton fiber.

FIG. 9. Zeta potential of cotton fiber suspended in DI–water at

different concentrations.
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600, nonionic, (b) NaPAA, anionic, and (c) CTAB, catio-
nic. For preparation of dispersions, titania was first soni-
cated in water for 1 hour followed by addition of
dispersants (100% on weight of titania). The resultant pH
of the as-prepared dispersions of TiO2 is shown in Table 3
along with their particle sizes.

All the dispersions were found to be stable after 1 hour
of preparation (Figure 10). After 1 week, partial sedimen-
tation was observed in all the samples. However, the sam-
ples could be easily redispersed on stirring. Without any
dispersant the measured z average diameter was 147 nm
as shown previously. Particle size analysis showed increase
in particle size on addition of dispersants with maximum
increase with the addition of NaPAA.

The effect of dispersants on zeta potential of titania was
studied. In the case of PEG, the zeta potential was found to
be same (>40mV) as that obtained for as-prepared TiO2

dispersion of pH 4. On the other hand, the zeta potential
of dispersion prepared with NaPAA was highly negative
(�50mV) and that with CTAB was >50mV.

Stability of the dispersions prepared in the presence of
dispersants was tested in the presence of cotton fabric. In
the case of nonionic dispersant, PEG 600, phase separation
was observed with the fabric immersion, whereas, in the
case of ionic dispersants, NaPAA and CTAB, dispersions
remained stable. The zeta potential for dispersion prepared
with PEG changed to <20mV on addition of the cotton,
whereas, for the other two, the zeta potential remained
almost unchanged. The detailed results are discussed in
Section 3.4.

3.4. Combined Effect of Dispersants and pH on the
Dispersion Stability

The titania dispersions are applied as functional finishes
to fabrics and may be combined with other additives dur-
ing an application. These may change the application pH
of the dispersion. It has been seen that stability of aqueous
dispersions significantly depends upon the surface charge,
which in turn, is influenced by the change in pH and the
nature of adsorbed dispersant on the particle surface.

Therefore, the combined effect of pH and dispersant on
the TiO2 dispersion stability was studied.

Titania dispersions prepared using dispersants, that is,
PEG 600, CTAB and NaPAA and at pH 2 and 10
remained stable and no sedimentation was observed upto
one week. It can be seen in the Table 4 dispersants have
a negligible effect on particle size with change in pH.

The combined effect of dispersant and pH of 2, 4, 6, 8,
and 10, with respect to change in zeta potential was studied
in detail (Figure 11), before and after fabric immersion. In
this study, dispersions were prepared by sonicating titania
in water followed by addition of dispersant and followed
by adjustment of pH to a desired value. It can be seen that
addition of nonionic dispersant, that is, PEG 600 at various
pH shows the same trend in zeta potential as was observed
without the addition of any dispersant as shown previously
in Figure 8. With the immersion of cotton, changes in zeta
potential and stability at different pH were also similar to
that observed for titania dispersions without PEG. This
may be due to the nonionic character of PEG molecule.
However, in the presence of ionic dispersants, that is, anio-
nic (NaPAA) and cationic (CTAB), different behavior was

FIG. 10. Images showing stability of titania dispersion with time

prepared with different dispersants (A) PEG600:nonionic, (B) NaPAA:

anionic, and (c) CTAB: cationic. (Figure available in color online.)

TABLE 3
Effect of dispersants on particle size of titania in aqueous

dispersion

Dispersant pH� value

Particle size: z average (nm)

1 hour 24 hours

PEG 600 4.3 205 216
CTAB 7 215 223
NaPAA 10 285 395

Note: �pH of as-prepared dispersions.

TABLE 4
Combined effect of pH and dispersant on particle size of

titania in aqueous dispersion

Sample pH value

Particle size: z-average (nm)

1 hour 1 day

PEG 600-pH2 2 238 238
PEG 600-pH10 10 223 222
NaPAA-pH5 5 262 276
NaPAA-pH10 10 224 231
CTAB-pH2 2 229 230
CTAB-pH7 7 215 223
CTAB-pH10 10 304 310

Note: pH value of the dispersion was measured after the
addition of respective dispersant.

TITANIA NANOPARTICLE DISPERSION STABILIZATION 617

D
ow

nl
oa

de
d 

by
 [

In
di

an
 I

ns
tit

ut
e 

of
 T

ec
hn

ol
og

y 
- 

D
el

hi
] 

at
 0

8:
29

 3
0 

M
ar

ch
 2

01
5 



observed. Titania dispersion with the addition of NaPAA
showed slightly positive zeta potential at pH 2. This
resulted in instability of the dispersion in the presence of
NaPAA, which is indicative of shift towards iso-electric
point, and therefore, the dispersion at this pH could not
be applied to the fabric. The zeta potential of the dispersion
changed substantially to negative values with increasing
pH. It was �20mV at pH 4 and changed to �60mV at
pH 10. The dispersions, in the pH range of 4 to 10,
remained stable with little change in the zeta potential after
the immersion of cotton.

In the presence of CTAB, high positive charge was
observed on the titania nanoparticles of about 50–60mV
at all pH values of 2–10 resulting in highly stable disper-
sions. The dispersion remained stable on addition of cot-
ton, which is also evident from the zeta potential values,
which remained unchanged.

From the above results, it may be inferred that addition
of CTAB allows application of titania dispersion on cotton
over a wide range of pH from acidic to alkaline. NaPAA
also appears to be a good choice for obtaining stable dis-
persion, and showed insignificant effect of pH. However,
at pH below 4, dispersions in the presence of NaPAA
would be unstable. On the other hand, addition of PEG
does not appear to improve the stability of the dispersions.
Uhland et al. showed enhanced redispersion of TiO2 using
PEG.[24] It was shown that PEG is an effective polymer and
a critical concentration was determined for the redispersion
of titania. In our present study, at pH 7, dispersion in the
presence of PEG has good storage stability, but it becomes
unstable on immersion of cotton fabric. Stability of the
dispersion could only be improved by altering the pH to
strongly acidic or alkaline. Thus, it can be inferred that
addition of nonionic dispersants as PEG does not give
any added advantage.

3.5. Surface Characterization of Titania-Treated
Cotton Fabric

3.5.1. Scanning Electron Microscopy

Figure 12 shows SEM images of untreated and titania-
treated cotton fabrics. Cotton fabrics treated with titania
dispersion prepared at pH 2 and 10 show large amounts
of titania particles deposited on the cotton fiber surface,
in contrast to the untreated cotton fiber surface, which
clearly shows texture of cotton fiber. The titania particles
cover the entire surface with the tendency to agglomerate
in patches, When cotton fabric was treated with the titania
dispersion prepared in combination of pH and dispersants,
different behavior was observed with different types of dis-
persants. The use of NaPAA, which gave high stability to
dispersion, did not improve the uniformity of titania distri-
bution. Addition of PEG did not appear to have any signifi-
cant effect and the surface looked similar to that without
PEG. However, with the addition of CTAB at pH 2 and
7, titania particles seem to be more finely distributed on
the surface and resulted in a uniform coating on the fiber
surface. Although the stability of the titania dispersion
was very high (n>þ 50mV) in the case of CTAB at all

FIG. 12. SEM images of cotton fabric treated under different con-

ditions (a) untreated, (b) pH 2, (c) pH 10, (d) NaPAA (pH 5), (e) NaPAA

(pH 10), (f) PEG (pH 2), (g) PEG (pH 10), (h) CTAB (pH 2), (i) CTAB

(pH 7), and (j) CTAB (pH 10).

FIG. 11. Combined effect of pH and dispersant on zeta potential of

titania dispersions before and after fabric immersion (a) PEG 600, (b)

NaPAA, and (c) CTAB.
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pH values in the presence of cotton fiber, the dispersion pre-
pared at pH 10, tend to give little clusters.

3.5.2. Fluroscence Technique

Figure 13A shows the images of untreated and
titania-treated cotton fabricunder UV light. In UV light,
untreated cotton fabric showed fluroescence probabaly
because of the presence of optical brightners used during
finishing of the commercial fabric.. Presence of titania par-
ticles on the cotton surface resulted in the absorption of UV
light and therefore fabric did not show any flourenscence.
With increase in concentration of titania finish the fabrics
appeared darker indicating increased abdorption of light.
Figure 13B shows the effect of titania concentration on
reflectance values of treated fabrics. The reflectance of the
samples reduced significantly from 40 to 70% in the case
of untreated fabric to 10% and 5% on application of titania
finish at 0.5% and 1%, respectively. On increasing the con-
centrartion to 1.5%, the reflectance remained same indicat-
ing saturating effect of titania concentration.

When fabrics treated with titania dispersions prepared
in the presence of dispersants were compared, those with
PEG and CTAB showed significant absorption in the UV
region, however, those with NaPAA did not show such
an effect. This may probably be due to the masking effect
of NaPAA (Figure 14).

3.6. Self-Cleaning Activity of Cotton Fabrics Treated
with Stable Titania Dispersions

The stability of the titania dispersion has been found
to be significantly affected by the pH and the presence of

dispersants as well as cotton substrate. These parameters
may also influence the photocatalytic activity of titania.
Therefore, the effect of pH and dispersants on the photoca-
talytic activity of titania on cotton was studied using 0.5%
titania dispersion. Only the stable dispersions were selected
for this study Details of the cotton samples prepared are
given in the Table 5.

3.6.1. Effect of pH on Photocatalytic Activity of
TitaniA-Treated Cotton Fabric

Photocatalytic analysis was carried out by the SDA
method. This method involves uniform application of a
standard stain which is a direct green dye and the measure-
ment of stain degradation at pre-defined positions across the
specimen before and after UV exposure. SDA method was
found to give higher accuracy in measurement and repro-
ducibility of results. As expected, untreated sample showed
negligible degradation in the K=S value of stain, that is, 8%
after 8hours of exposure, as shown in Figure 15. Dispersion
at pH 2, 10, and 12 were highly stable and showed signifi-
cant photocatalytic activity. After 8 hours of UV exposure,
cotton fabric treated with titania dispersion at pH 2 showed
81% degradation of stain; and those at pH 10 and 12 showed
70% and 73% of degradation of stain, respectively. Higher
degradation was obtained in the case of acidic pH than at
alkaline pH. This clearly reveals that pH has significant
effect not only on the stability of the titania dispersion but
also on its photocatalytic activity.

In fabrics treated with acidic finish, interaction between
catalyst surface and the applied stain, which was an anionic
dye, favors the adsorption. On the other hand, at high pH
values, titanium dioxide surface is negatively charged and
adsorption of the anionic dye gets lowered. Changes in
pH can thus influence the adsorption of dye molecules onto
the TiO2 surface and its consequent degradation. There-
fore, cotton fabric treated at pH 2 showed more dye degra-
dation in comparison with those treated at pH 10 and 12.

FIG. 13. A) Images showing appearance of untreated and titania

treated cotton fabric surfaces under UV light (a) untreated (b) treated:

0.5% (c) treated: 1% and (d) treated: 1.5%. B) UV spectra of untreated

and titania treated cotton fabric (a) untreated, (b) treated: 0.5%, (c)

treated: 1%, and (d) treated: 1.5%.

FIG. 14. A) Images showing appearance of titania treated cotton fab-

ric in the presence of different dispersants under UV light (a) NaPAA and

(b) CTAB. B) UV spectra of cotton samples untreated and titania treated

cotton fabric prepard under different conditions (a) untreated, (b) NaPAA

pH 5, (c) pH2, (d) PEG pH 2, and (e) CTAB pH2.
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3.6.2. Combined Effect of Dispersants and pH on the
Photocatalytic Activity

The results obtained in the earlier section clearly show
that pH has significant effect on photocatalytic activity.
It can be seen from the Table 6 that treatment with blank
PEG 600 and NaPAA solutions have no significant contri-
bution in the photocatalytic activity, however, slightly
increased degradation in K=S of 21% after 8 hours was
observed in the case of blank CTAB solution. Such an
observation throws light on the interaction of standard
dye stain, that is, C.I. Direct Green 26 and dispersant.

To study the effect of dispersant on the dye absorption,
Ultraviolet-visible spectra of the blank dye (i.e., with no
titania) in the presence of dispersants were taken. It can
be seen (Table 7) that absorbance of the blank dye solution
remained same at pH 2 and in the presence of NaPAA and
PEG. However, increase in absorbance and a slight shift in
the k max were observed in the presence of CTAB. The
change in color could be due to complex formation
between anionic dye and the cationic surfactant. Therefore,
it is likely that the cationic dispersant surrounding the tita-
nia particles interacts with the oppositely charged dye lead-
ing to increased action of titania on the dye.

TABLE 5
Details of cotton fabric samples prepared at different conditions to study the effect on photocatalytic activity of titania

Sample code Description pH Dispersant

UT Untreated cotton fabric — —
pH2, pH10 and
pH12

Cotton fabrics treated with titania
dispersion at different pH

pH 2, 10, and 12 —

PEG600pH2,
PEG 600pH10

Cotton fabric treated with titania
dispersion: combined effect of PEG
600 and pH

pH 2 and 10 PEG 600–100% on weight of
titania (0.5%)

NaPAApH5,
NaPAApH10

Cotton fabric treated titania
dispersion: combined effect of
NaPAA and pH

pH 5 and 10 NaPAA-100% on weight of
titania (0.5%)

CTABpH2,
CTABpH7,
CTABpH10

Cotton fabric treated with titania
dispersion: combined effect of CTAB
and pH

pH 2, 7, and 10 CTAB-100% on weight of titania
(0.5%)

B.NaPAA Cotton fabrics treated with blank
solution of NaPAA

— NaPAA-0.5% (w=v)

B.PEG Cotton fabrics treated with blank
solution of PEG 600

— PEG 600–0.5% (w=v)

B.CTAB Cotton fabrics treated with blank
solution of CTAB

— CTAB-0.5% (w=v)

Note: Titania conc.0.5% w=v; All titania dispersions were sonicated at frequency 35 kHz for 60minutes.

FIG. 15. Degree of self-cleaning of titania treated samples at various

pH values (a) pH 2, (b) pH 12, (c) pH 10, and (d) untreated.

TABLE 6
Photocatalytic activity of the blank cotton samples

prepared using only dispersants

Sample

K=S values:
before

exposure

Degree of self-cleaning (%)

4 hours 8 hours

UT 0.57 2# (0.57)� 12 (0.52)
B.NaPAA 0.48 5 (0.46) 13 (0.42)
B.PEG 0.47 0 (0.47) 6 (0.44)
B.CTAB 1.22 7 (1.15) 21 (0.98)

Notes. #Values outside perentheses indicate % Decrease in K=S
after UV exposure.

�Values in perentheses indicate K=S value.
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As shown in Table 8, all the samples prepared in the
presence of CTAB showed very high photocatalytic activity
with >90% degradation of the stain at pH 2 and 7 after 8
hours of UV exposure. Therefore, it can be inferred that
the presence of cationic dispersant, CTAB, not only aids
the stability of titania dispersion during storage and in
the presence of cotton but also results in increased self-
cleaning activity of titania on cotton fabric.

On the other hand, though the titania dispersion pre-
pared in the presence of NaPAA was very stable, it showed
only 20% and 39% decrease in K=S of the stain on cotton at
pH 5 and pH 10 respectively, after 8 hours of exposure.
PEG 600, at pH 2 and 10, also showed high photocatalytic
activity of 88% and 80%, respectively. The photocatalytic
activity decreased slightly with the increase in pH showing
again the synergistic effect of acidic pH.

4. CONCLUSIONS

The dispersion behavior of commercial nanosized tita-
nia powder in water has been studied. Various methods
of breaking the titania particles aggregates and factors
affecting dispersion stability of titania dispersion in water

and in the presence of cotton were investigated.
Mechanical energy using high shear mixing was not effec-
tive in dispersing TiO2 nanoparticle agglomerates. On the
other hand, the cavitation energy by ultrasonication could
breakdown the agglomerated particles to approximately an
average size of 150–200 nm to result in stable dispersions.
The dispersions, which were stable for over a week, were
found to break on immersion of cotton substrates.

The titania dispersions were found to be stable in the
presence of cotton substrate only at pH� 2 and �9. Catio-
nic dispersant, CTAB, was found to be very effective in
improving the overall stability of titania dispersion at all
pH values. Whereas, anionic dispersant, NaPAA, could
give stable dispersions only at pH� 5 and nonionic disper-
sant PEG 600 did not seem to have any added influence on
the stability of the titania dispersion.

The photocatalytic activity of titania on cotton fabric
was influenced by the pH value. It was higher at low pH
showing around 80% degradation of stain at pH 2 and
decreased with increase in pH with only around 70% stain
degradation at pH 10–12. On addition of CTAB, the
photocatalytic activity further improved with higher
activity at lower pH (�90%). On the other hand, the photo-
catalytic activity of titania dispersion prepared in the pres-
ence of NaPAA was greatly suppressed probably because
of the masking effect of NaPAA on titania. PEG 600 did
not alter the photocatalytic activity of titania. The results
were similar to those obtained at different pH values with-
out the addition of PEG.
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