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1 Introduction

Applied technology has witnessed remarkable 
progress due to the inclusion of nanotechnology. 
By minimizing the cluster size of particles, gigan-
tic changes have been observed in the properties 
exhibited by the particles due to the quantum ef-
fect shown by nanoparticles [1]. These enhanced 

properties may be inherited on a fabric substrate 
by applying nano chemicals to a fabric. Different 
functional properties are induced in the fabric 
using nanoparticles such as water/oil repellence, 
self-cleaning properties, UV blocking and anti-
microbial properties [2−6]. In some cases, nano-
particles are also observed to enhance colour 
fastness [7].
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Abstract
Chemicals in nano-form are free from aggregates and low concentration eff ective. The nanoparticles of cer-

tain chemicals have been found to be of substantial importance for application in textiles as well as allied 

fi elds. Nano-silica is one of such nanoparticles possessing enormous potential for multi-functional applica-

tion on cotton. However, the cost of nanoparticles is remarkably high, thus limiting their commercial appli-

cations. This study discusses the manufacture of silica nanoparticles in a laboratory, their characterisation, 

succeeded by their application on cotton. The performance was compared with those obtained with tailor-

made silica nanoparticles from manufacturers. It was found that laboratory-made silica nanoparticles are rel-

atively capable of developing a parallel fi nishing eff ect on cotton compared to those obtained with tailor-

made silica nanoparticles.

Keywords: tetraethyl orthosilicate, nano-silica, absorbency, tensile strength

Izvleček
Snovi v nanoobliki ne vsebujejo agregatov in so učinkovite pri nizki koncentraciji. Ugotovljeno je bilo, da so nanodelci 

nekaterih snovi pomembni za uporabo v tekstilstvu in na sorodnih področjih. To velja za  nanodelce silicijevega dioksi-

da, ki imajo velike možnosti za  oblikovanje večfunkcionalnih lastnosti na bombažu. Vendar pa izjemno visoka cena 

nanodelcev omejuje njihovo tržno uporabo. Ta študija obravnava laboratorijsko izdelavo nanodelcev silicijevega di-

oksida in njihovo karakterizacijo, ki ji je sledila uspešna uporaba na bombažu. Njihova učinkovitost je bila primerjana s 

tržnimi produkti nanodelcev silicijevega dioksida. Ugotovljeno je bilo, da so bili laboratorijsko izdelani nanodelci silicije-

vega dioksida sposobni na bombažu oblikovati primerljive plemenitilne učinke kot tržno dostopni silicijevi nanodelci.

Ključne besede: tetraetil ortosilikat, nanosilica, vpojnost, natezna trdnost
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Out of several types of nanoparticles possessing techno-
logical importance, i.e. TiO2, ZnO and SiO2, the latter , i.e. 
SiO2 has been found to be rather interesting. Acrylic-
based polyurethane nano-particulate clearcoats are rein-
forced with fumed and precipitated nano-silica reinforce-
ments to induce scratch proofi ng as well as improved 
abrasion resistance [8].
Mini-emulsifi ed butylacrylate/acrylonitrile (BA/AN) 
copolymer-silica nanoparticles nanocomposites 
containing three diff erent concentrations of silica 
nanoparticles, i.e. 1, 3 and 5 (wt%), were applied as 
a functional binder via silk screen printing on 100% 
cotton and 100% polyester. Th e prepared copoly-
mer, silica nanoparticles and their nanocomposites 
were characterised. Th e evaluation of surface mor-
phology, colourfastness, hydrophobic behaviour 
and UV protection of printed fabrics showed an im-
provement in colour fastness, UV protection and 
self-cleaning properties against only 1% silica nano-
particles. Moreover, almost all silica nanoparticles 
remained strongly adhered to the binder that pro-
vides long activity for printed fabrics with no harm-
ful eff ects for users [9].
Imparting a water repellent treatment on a cotton 
fabric by sequentially coating the cotton fabric with 
a polymer nanocomposite comprising a C-6 per-
fl uorinated acrylic copolymer and silica nanoparti-
cles and polydimethylsiloxane (PDMS) resin result-
ed in repelling water droplets at the roll-off  angles 
well below 20°, even impinging small droplets (8 mL) 
could be repelled with the droplet roll-off  angle of 
17°. Th e treated fabrics were able to hold a hydro-
static head pressure of 2.56 kPa before leak. Th e fi n-
ished cotton fabric resisted wear abrasion under 
17.5 kPa up to 30 abrasion cycles. Furthermore, the 
open porous structured was preserved allowing 
breathability. Th e application of low-cost polymers 
and non-toxic ingredients in this fi nish opens scope 
for commercial application [10].
Silver nanoparticles with the average size of 14 nm 
were immobilised on silica nanoparticles surfaces 
with the average particle size of 150 nm derived 
from rice husk, dispersed in binder and coated on a 
textile surface. Th e mass ratio of silica nanoparticles 
was varied. Th e UV protection factor (UPF) of treat-
ed textiles was substantially enhanced by more than 
6 and 7 folds compared to the textile binder treated 
and control textile, respectively. Th e antibacterial 
properties faced a drastic increase as well. Th e tex-
tile coated with silver nanoparticles immobilised 

over silica nanoparticles achieved an increase in the 
clear inhibition zone compared to the textile contain-
ing only silver nanoparticles, where only a 30 mm 
clear zone was recorded [11]. In addition, an excel-
lent hydrophobic surface was obtained at the water 
contact angle of 145°.
In fi elds other than textile, silica nanoparticles are 
extensively used in the manufacturing of durable 
superamphiphobic nano-silica and epoxy compos-
ites [12], surface treatments [13], coating and fi lm 
formation [14−17], cement technology [18, 19], 
drilling fl uid in natural gas extraction [20], multi-
functional eff ects on wooden materials [21], in the 
fi eld of medicines [22], immobilisation of protein 
[23], separation of components from emulsion [24], 
constructing pig houses [25] and many others. 
However, very high costs of silica nanoparticles re-
strict their use in commercial application.
Although the application of silica nanoparticles was 
studied on textile fabrics to develop numerous func-
tional properties, e.g. improvement in colour fastness, 
UV protection, self-cleaning, water repellent breatha-
ble fabrics, anti-bacterial and hydrophobic fabrics etc, 
no such study has yet been carried out to enhance the 
water absorption of treated cotton fabrics.
In this work, a pre-treated cotton fabric was fi nished 
with three types of SiO2, i.e. normal bulk, laborato-
ry synthesised and tailor-made, to see their compar-
ative performance in the hydrophilic silica fi nish on 
cotton. Organometallic hydrolysis followed by con-
densation reaction was used for the sol gel synthesis 
of nanoparticles. Synthesised nanoparticles were 
characterised for particle size, chemical and physi-
cal characteristics, and colour. Th e fi nished cotton 
fabric was evaluated for absorbency, cyclic wash 
fastness, tensile strength, pore size and stiff ness.

2 Materials and methods
2.1 Materials
A plain, woven, pre-treated cotton fabric, possess-
ing 55.0 ends/cm, 28.3 picks/cm, with 14.76 tex of 
the linear density of warp yarn, 14.76 tex of the lin-
ear density of weft  yarn and 126 g/m2 of mass per 
unit area was used in this study.
The precursor tetraethyl orthosilicate (TEOS, 
SiC8H20O4, AR) was procured from M/s Sigma 
Aldrich. Propan-2-ol (Isopropyl alcohol, C3H8O, 
AR), ammonium hydroxide (NH4OH, 25% v/v), 
ammonium fl uoride (NH4F, AR) and acrylic acid 
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binder (C3H4O2, AR) were procured from M/s 
SDFCL, Mumbai and distilled water was used for 
synthesis. Glass apparatus was boiled in a nitric acid 
solution prior to use.

2.2 Methods
SiO2 nanoparticles were synthesised in a laboratory 
aft er the optimisation in the experimental setup as 
shown in Figure 1.
Diff erent combinations of the recipe for the SiO2 
nanoparticle synthesis were tested for the smallest 
nanoparticle obtained. A further optimised recipe 
was used for the synthesis and application on the 
fabric. Th e complete process was conducted at room 
temperature.
For the synthesis of SiO2 nanoparticles, 0.01 mole 
(2.08 g) of TEOS was dissolved in 60 mL of propanol 
and this solution was labelled as solution A. 0.02 mole 
(0.36 g) of water and 0.04 mole (1.40 g) of ammonia 
solution was dissolved in 60 mL propanol and was 
labelled as solution B. Solution C was prepared by 
dissolving 1.852 g of ammonium fl uoride in 20.50 g 
of ammonium hydroxide (30%), and then dissolv-
ing this solution in 100 mL of distilled water.
Solution A was transferred to a fl at bottom fl ask and 
vigorously stirred using a magnetic stirrer. Solution 
B was transferred to a burette and was added to solu-
tion A over 80 min of uniformly drop by drop pour-
ing with constant stirring. Th e drop of water had to 
be from the height closest to the fabric, yet not 
touching it, otherwise the fabric might absorb more 
water. Aft er solution B was emptied completely into 
solution A, the fl at bottom fl ask was covered and the 
stirring continued for another 60 min to get a col-
ourless clear solution. Th is solution was nano sol.
At the end of stirring, 5−6 drops of solution C were 
added to nano sol and this solution was then shift ed 
to a beaker. Within a few seconds, the fi nal solution 
transformed into a slightly bluish white gel. Th is gel 
was heated up to evaporate the solvent and obtain 
bulky, fl ower shaped and very light powdery SiO2 
nanoparticles.

2.3 Characterisation
Th e nanoparticles were characterised for their size, 
chemical and physical characteristics using the ultra-
violet visible (UV-VIS) spectroscopy (Lambda 365, 
Perkin Elmer), particle size analysis (Beckman Coul-
ter, US ), and primary salt analysis techniques, e.g. 
colours of both, nano sol formed and nanoparticles 

obtained, colour change upon heating, visual appear-
ance and texture of nanoparticles.

Figure 1: Schematic of experimental setup for synthe-
sis of SiO2

2.4 Process optimisation
To synthesise smallest nanoparticles, the Box and 
Behnken design of experiment was used. Th e varia-
ble parameters were the amount of solvent (propa-
nol), molar ratio of water and ammonia solution 
with respect to TEOS for catalyst solution, and time 
of adding catalyst solution to precursor solution. 
Diff erent combinations of recipes were used to ob-
tain nanoparticles. Th e nanoparticles obtained from 
design combinations were analysed with UV-VIS 
spectroscopy at constant weight by volume solution 
of nanoparticles and water.
For diff erent particle sizes and identical concentra-
tion of the nanoparticle solution, the absorption 
value of a characteristic peak of the chemical under 
observation varied according to its size. Th e larger 
the size of particles, the lower is the absorption val-
ue. Th is is due to the fact that as the surface area of 
particles decreases, the number of active sites de-
creases, which consequently decreases the absorp-
tion value. Th us, the nanoparticle solution with the 
highest absorption value has the smallest particle 
size. For the analysis of the Box and Behnken de-
sign, making surface plots and obtained results, the 
Statease Design-Expert® 6 soft ware was used.

2.5 Coating of nanoparticles on fabric
Th e pad-dry-cure method was followed for the ap-
plication of nanoparticles to the fabric. SiO2 nano-
particles at varying concentrations, i.e. 0.5%, 1% 
and 1.5%, were used to prepare pad liquor with 
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0.5% acrylic acid as binder. Th e fabric was padded 
with liquor in a padding mangle with 1 kg/cm2 to 
achieve around 80% expression. Th e padded sam-
ples were dried at 80 °C in a hot air oven and were 
cured at 150 °C for 5 min.

2.6 Functional and wash fastness testing
Absorbency time was taken as a parameter to evalu-
ate the functional properties of silica nanoparticles 
applied to the fabric. A drop of water was allowed to 
fall onto a dry fabric surface and the time taken for 
the drop to completely disappear into the fabric was 
noted with the help of a stop watch.
Th e wash fastness of the fi nish was conducted in 
line with the International Standard Organisation 
Method 3 (ISO-3) specifi cations. Th e washing was 
done with a soap solution (5 g/L), sodium carbon-
ate (Na2CO3, 2 g/L), liquor ratio (1 : 50), tempera-
ture (60 ± 2) °C for 30 min. Th e fabric underwent 
5 wash cycles and the functional testing was carried 
out aft er each wash.

2.7 Physical testing of fabric
Th e tensile behaviour of the fi nished fabric was test-
ed using the ASTM D5035 test method on a Uni-
versal testing machine (Zwick, Switzerland). Th e 
particle size analyser (Beckman Coulter, US) was 
used to measure the size of silica nanoparticles 
and the pore size measurement (ASTM 316) was 
done to evaluate the change in pore size of the fab-
ric aft er applying the fi nish (Capillary Flow Porom-
eter, CFP 1100AN, PMI, India). In this test, a wet-
ting liquid is allowed to spontaneously fi ll the pores 
of the specimen (2 cm) and non-reacting pressu-
rised gas is allowed to displace the liquid from the 
pores. Th e gas pressure and fl ow rates through the 
wet and dry samples are accurately measured. Th e 
gas pressure required to remove the liquid from the 
pores and cause gas to fl ow is given by the Wash-
burn equation: D = 4γcosθ/p, where D is pore di-
ameter, γ is surface tension of liquid, θ is contact an-
gle of liquid, and p is diff erential gas pressure. From 
the measured gas pressure and fl ow rate, the pore 
throat diameter, pore size distribution and gas per-
meability are calculated.
Th e ASTM D 1388 cantilever test method was used 
to determine fabric stiff ness. In this test, the fabric 
specimen is allowed to bend under its own weight. 
Th e free length, which bends under its own weight 
suffi  ciently to make its leading edge intersect the 

line of 41.5° inclinations, is called the bending 
length of the fabric. Th e dimension of the specimen 
used for the testing is 20 cm × 5 cm.
Th e ASTM D 1388 cantilever test method and stiff -
ness tester (Unilab, India) were used to evaluate fab-
ric stiff ness. Th e sample size of 20 cm × 5 cm was 
allowed to bend under its own weight to just inter-
sect the 45° line.

3 Results and discussion
3.1 Characterisation of nanoparticles
Th e characterisation of nanoparticles was per-
formed using UV-VIS spectroscopy to confi rm the 
SiO2 synthesis. A further particle size analysis (PSA) 
was done to confi rm the formation of nanoparticles 
and analyse the size of synthesised particles. Th e 
characteristic peak of SiO2 was observed in the 
range 190−195 nm. Th e absorption peak wavelength 
coincides with the SiO2 nanoparticles procured 
from M/s Sigma Aldrich.
Th e particle size analysis was conducted on a Beck-
man Coulter Delsa™ Nano. Th e particle diameter 
was 345.3 nm. Th e intensity distribution curve is 
shown in Figure 2.

Figure 2: Intensity distribution of SiO2 
nanoparticles

3.2 Process optimisation of synthesis
For the optimisation of synthesis, the Box and 
Behnken design of experiment was used. Th e amount 
of water and ammonia used in terms of parts per 
unit part of TEOS was 2 to 6, propanol 60 mL to 
80 mL and the time of introducing solution B into 
solution A (pouring time) was 30 min to 90 min, 
these data being used as process parameters and end 
points for the design of the experiment. Diff erent 
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combinations of reaction parameters were used 
and their respective absorbance values are shown 
in Table 1.
Th e R2 value was found to be 0.6639 and the com-
puted equation for absorption is:
Absorption (AU) = –4.69 + 0.62 × (water/parts for 1 
part of TEOS) + 0.31 × (ammonia/parts for 1 part of 
TEOS) + 0.03 (propanol/mL) + 0.18 (time/min) – 0.10 
(water/parts for 1 part of TEOS)2 – 0.16 × (ammonia/
parts for 1 part of TEOS)2 – 4.61 × (propanol/ml)2 – 

1.33 × (time/min)2 + 0.21 × [(water/parts for 1 part 
of TEOS) × (ammonia/parts for 1 part of TEOS)] – 
6.68 × [(water/parts for 1 part of TEOS) × (propa-
nol/ml)] – 6.70 × [(water/parts for 1 part of TEOS) × 
(time/min)] + 2.06 × [(ammonia/parts for 1 part of 
TEOS)× (propanol/mL) + 1.20 × [(ammonia/parts 
for 1 part of TEOS) × (time/min)] + 9.58 × [(propa-
nol/mL) × (time/min)]
Th e 0.6639 value of R2 is relatively good, possessing 
66% accuracy on the above equation. In general, R2 

Table 1: Combinations of reaction parameters for synthesis of SiO2 nanoparticles

S. no. Water 
(parts for 1 part TEOS)a)

Ammonia 
(parts for 1 part TEOS) a)

Propanol 
(mL)

Pouring 
time (min) Absorbance

1 2 4 60 30 0.25
2 4 4 80 30 0.16
3 6 2 60 60 0.13
4 4 2 40 60 2.66
5 4 4 60 60 2.59
6 4 6 60 90 1.31
7 4 2 80 60 0.06
8 4 2 60 30 0.5
9 4 6 40 60 2.51

10 4 6 60 30 0.17
11 6 4 80 60 1.74
12 4 6 80 60 0.24
13 4 4 60 60 2.59
14 6 4 60 90 0.07
15 6 6 60 60 2.78
16 2 4 60 90 1.5
17 2 6 60 60 1.79
18 4 4 60 60 2.59
19 6 4 40 60 1.33
20 4 4 80 90 0.13
21 4 4 60 60 2.59
22 2 4 40 60 1.86
23 4 2 60 90 1.35
24 4 4 40 90 2.72
25 4 4 40 30 2.98
26 2 4 80 60 3.34
27 2 2 60 60 2.53
28 6 4 60 30 0.43
29 4 4 60 60 2.59

a) Part for 1 part in terms of weight
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should approach 1 for best performance; however, 
in the case of the synthesis of a chemical, the value 
R2 remains substantially below 1 and more than 
60% is considered satisfactory arising from the pres-
ence of impurities in chemicals.

Surface plots describing the eff ect of the combina-
tion of diff erent parameters on absorbance for the 
experiment are shown in Figure 3. Th e optimised 
recipe used for the synthesis of SiO2 was the combi-
nation no. 16, i.e. water 2 parts, ammonia 4 parts, 

a) b)

c) d)

e) f)

Figure 3: Surface plots for change in absorbance against diff erent combinations of: a) ammonia and water, 
b) propanol and water, c) pouring time and water, d) propanol and ammonia, e) pouring time and ammonia, 
f) pouring time and propanol
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propanol 60 mL, pouring time 90 min and absorp-
tion 1.5.
Th e interaction of water and ammonia has been de-
picted in the surface plot (Figure 3a), according to 
which, a higher amount of ammonia (in parts) as 
compared to water leads to a higher absorption 
peak, i.e. an increase in the share of ammonia in the 
reaction mixture helps increase the absorption.
While the interaction of propanol and water (cf. 
Figure 3b) suggests that the lower the concentration 
of water in propanol, the higher the absorption 
peak, achieving higher absorption values, the water 
concentration shall be lower in propanol. In Figures 
3c and 3f, it can be observed that prolonged pour-
ing times of water in the reaction mixture give high-
er peak absorption values, and that the same trend 
is valid for propanol. Th erefore, to achieve higher 
peak values, in general, the pouring time should be 
increased to an optimised limit. On the other hand, 
the too much increased time also increases the 
chances of possible coagulation of particles and de-
creased peak intensity. Whereas Figure 3e implies a 
decrease in the absorption peak when the pouring 
time and the amount of ammonia is below or above 
the optimised limit of 60 min of pouring and 4 parts 
of used ammonia, the pouring time and ammonia 
in the mixture has a specifi c ratio in which the high-
est absorption can be achieved. As observed in Fig-
ure 3d, lower amounts of propanol with respect to 
higher ammonia yields give a higher absorption 
peak value, but increased/decreased amount of am-
monia than the optimised limit also leads to a de-
crease in the absorption peak.
A further relation of the absorption peak value 
and particle size can be interpreted as described in 

section 2.4. Th e higher the absorption peak values, 
the smaller the particle size.

3.3 Scanning electron microscopy (SEM)
SEM was conducted to study the surface morpholo-
gy of the fabric surface aft er fi nishing and is shown 
in Figure 4.
It can be observed that the fi bres retained a uniform 
layer of nanoparticles on them. A closer view (cf. 
Figure 4c) is indicative of a white ball shaped nano-
particle stuck on the fi bre surface without any dam-
age in the fi bre structure. Finer cracks on the fi bre 
(cf. Figure 4c) is a consequence of padding pressure 
during the application, developing a minor fi bre 
damage, which is also too small to be noticeable at 
smaller resolutions.

3.4 Functional testing
Th e tests for absorbency were performed on an un-
fi nished control, a sample fi nished with bulk SiO2, 
synthesised nano SiO2 and tailor-made nano SiO2 
(procured from M/s Sigma Aldrich, particle size less 
than 99 nm). Th e results of tests are shown in Table 2. 
Th e synthesised as well as tailor-made SiO2 nano-
particles increased the hydrophilicity and absorben-
cy up to the identical extent aft er each wash while 
the absorbency values slightly decreased yet re-
mained better in performance against the unfi n-
ished control. Despite bulk SiO2 showing some pos-
itive eff ects on absorbency, this went on decreasing 
remarkably and aft er 5 cycles, it became identical to 
the unfi nished sample. Th is confi rms that 0.50% of 
nanoparticles were adequate to improve absorbency, 
whereas an additional increase in the amount of na-
noparticles could not further improve absorbency.

a) b) c)

Figure 4: SEM images of fabric sample surface aft er application of SiO2 nano fi nish: a) 3,000× magnifi cation, 
b) 10,000× magnifi cation and c) 15,000× magnifi cation
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3.5 Physical properties
3.5.1 Tensile strength

Th e obtained tensile strength of diff erent samples is 
shown in Figure 5.

Figure 5: Tensile strength of fi nished samples

The tensile strength data in Figure 5 ensures that 
there was a strength loss in the specimen after 
the finish was applied, while the minimum 
strength loss was recorded in the case of synthe-
sised nanoparticles with the respective concen-
tration of 1%.

3.5.2 Stiff ness

Th e bending length of the nano fi nished cotton fab-
ric is shown in Figure 6.

Figure 6: Bending length of fi nished specimen

It can be concluded that there was no substantial 
change in the stiff ness of fi nished samples; however, 
there was a slight change in the stiff ness of fi nished 
samples as compared to control. Th e samples were 
found to become marginally stiff er aft er the applica-
tion of the fi nish.

Table 2: Comparative performance of fi nished fabrics against cyclic wash fastness testing

Sample 
no.

Sample description Wash 0 
[s]

Wash 1 
[s]

Wash 2 
[s]

Wash 3 
[s]

Wash 4 
[s]

Wash 5 
[s]Type of silica a) [%]

1 Control sample 0. 00 2.5
2 Bulk silica 0.50 < 1 1 1.5 2 2.5 2.5
3 Bulk silica 1.00 < 1 1 1.5 2 2.5 2.5
4 Bulk silica 1.50 < 1 1 1.5 2 2.5 2.5
5 Tailor-made 0.50 b) < 0.5 < 1 1 c) d)

6 Tailor-made 1.00 b) < 0.5 < 1 1 c) d)

7 Tailor-made 1.50 b) < 0.5 < 1 1 c) d)

8 Synthesised 0.50 b) < 0.5 < 1 1 c) d)

9 Synthesised 1.00 b) < 0.5 < 1 1 c) d)

10 Synthesised 1.50 b) < 0.5 < 1 1 c) d)

a) SiO2 nanoparticles concentrations, b) Instant, c) Little more than 1, d) Around 2
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3.5.3 Pore size

Th e fi nished fabric pore size data is given in Figure 7.

Figure 7: Pore size of diff erent fabric specimen

From the data above, it can be inferred that the ap-
plication of the nanoparticle fi nish resulted in a de-
creased pore size in the fabric substrate. Further-
more, it was observed that the pore size of fi nished 
samples was the largest in the case of the tailor-
made nanoparticle fi nished fabric.

4 Conclusion

Synthesised SiO2 nanoparticles showed enhanced 
hydrophilic properties and when applied to a fabric, 
the water absorbency of the fabric increased dramat-
ically. Th e hydrophilicity was found similar to the 
tailor-made particle from tailor-made nanoparticles 
and much better than at bulk silica. Moreover, the 
synthesis of nanoparticles done at low temperatures 
facilitated the ease of the nanoparticle synthesis. Th e 
application of synthesised SiO2 nanoparticles also 
improved physical properties such as tensile strength, 
while bending length (warp and weft  wise) did not 
exhibit any substantial change even aft er the applica-
tion of nanoparticles. Th ese properties were found 
similar (better in some cases) in the case of synthe-
sised nanoparticles with respect to the tailor-made 
nanoparticles. Th e performance of bulk particles was 
lower than at both types of nanoparticles used. Th ese 
characteristics strongly suggest that the use of silica 
nanoparticles improves the hydrophilic property of 
the fabric substrate. Th ese techniques can be easily 

scaled up to commercial level as well. Th e enhanced 
hydrophilic properties may aid the development of 
better and stronger absorbents for various uses.
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