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A practical approach to emulsify silicone oil and attaining superhydrophobic fabrics
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Abstract

Silicone oil (polydimethylsiloxane, PDMS) was dispersed in water by virtue of stearic acid (SA)/triethanol amine
(TEA) system as an emulsifier. Factors affecting emulsification of PDMS and utilization of such emulsion as a water-repellent
finish for cotton/polyester fabric were investigated. The results revealed that the best formulation of such PDMS mother
emulsion is PDMS (5%), TEA (2.4%), SA (4.5%), as well as equal molar ratio of AICIz and SA. Treating cotton/polyester
fabric with 40 g/L of such emulsion followed by drying at 100 °C acquired that fabric with water repellency, softness, and
stiffness properties accompanied with a decreasing in air permeability and coefficient of friction of the water repellent fabric.
The TEM image indicated that such emulsion particles size ranges between 6 to 10 nm. The treated fabric surface was

characterized via water contact angle and SEM as well as EDX analysis.
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1. Introduction

Currently, the consumer needs for comfortable,
functional, durable, high performance, and eco-
friendly fabrics has attracted the interest of R&D
institutions and textile industry. The R&D activities
are strongly desired to innovate and evolve
ingredients benign to the environment, finishing
formulations, and new applications techniques to
substitute the conventional ones [1-9]. Many
functional properties can be imparted to cellulosic -
based textiles such as antibacterial, self cleaning,
anti-UV, anti radiation, softness, flame retardency,
water repellency ...etc [10-22].

Water repellent fabric is that resist wetting by
water to a degree of rolling off the water drops over
the fabric surface. Water repellency can be achieved
by means of various types of chemical finishes such
as paraffin  wax, silicones, polyurethanes,
hydrophobins, fluorochemicals, nano-particles (NPs)
like SiO»-NPs [23-31]. Repellent fabrics are used for
producing raincoats, tents, medical bandages, and
carpets resistant to water and oily dirt [15,18].

Silicones function as water repellents, impart their
treated fabrics with high degrees of water repellence
and softness, improved shape retention and

sewability, resistance to heat, degradation in
environment as well as improved appearance [29,32].
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Figure 1: Chemical structure of polydimethylsiloxane.

Linear polydimethylsiloxanes molecules (Figure
1) are colourless, odourless, viscous, and water
insoluble organosilicon compounds. They are used,
either in their native or emulsion form, in a wide
range of food, pharmacological, medical applications
[33]. In the textile field, polydimethylsiloxanes form
hydrogen bonds with fibres as a result of the
difference between the oxygen and silicon atoms
electronegativities causing the hydrophobic methyl
groups to be in their orientation away from the fibres
surface [23,33,34].

The present work aims at preparation of
polydimethylsiloxane  emulsion  using  stearic
acid/triethanolamine emulsifying system to be used
as water repellent finish for cotton/PET blended
fabric.
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1. Experimental
1.1. Materials

Mill  bleached cotton/polyester  fabric
(50/50), produced by Misr Spinning and Weaving
Co., Egypt, was used. Polydimethylsiloxane (PDMS)
(cas No. 63148-62-9) of density: 0.973 g/ml and
viscosity: 500 mPa.s was used. Triethanolamine
(TEA), Stearic acid (SA), ammonium chloride, zinc
chloride, aluminium chloride, magnesium chloride,
as well as zinc sulphate were laboratory grade
chemicals.

1.2. Methods
1.2.1. Emulsification of PDMS

The PDMS was emulsified using stearic
acid/triethanol amine (SA/TEA) system using the
following method:
Certain weights of PDMS and SA were melted with
each other in a 250 mL glass beaker at 70 °C in a
water bath. To such melt, a certain weight of TEA
solution was added and stirred using a homogenizer
followed by completing the emulsion weight to 100 g
with distilled water and stirring to obtain the mother
emulsion [18].
1.2.2. Fabric treatment

To prepare certain concentration of the
PDMS emulsion, a specific weight of the mother
emulsion is weighed and diluted with water with
stirring. Fabric samples are padded in baths
containing 0-70 g/L of the PDMS emulsion to 100%
wet pick up followed by drying at 100 - 160 °C/3
min in an oven.

1.3. Testing and analysis

e The weight of fabric (W) was assessed according
to ATSM (D 3776 — 79).

e The rating of water repellency (WRR) was
evaluated using the spray test according to
AATCC Test Method 22-1989.

e The friction coefficient (MIU) and roughness
(SR) of fabric surface were assessed using

SA concentration WRR
(%)
0 0
45 50
9 50
135 50

Kawabata evaluation system, Surface tester
KESFB4-A, Kato Tech Co., LTD, Japan.

o Stiffness (S) was evaluated in the direction of
fabric warp according to ASTM (D 1388-96)
using Jika (Toyoseiki) apparatus.

o Air permeability of the fabric (AP) was assessed
according to ATSM (D 737-96).

e Water contact angle of the water repellent was
measured on OCA-15EC (Data physics GmbH,
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Germany) with software using 10 pL drops of
triple distilled water.

e The particles size (TEM) and morphology (SEM)
of the above mentioned hybrid emulsion was
assessed using a JEOL, JEM 2100 F electron
microscope at 200 kV.

e The SEM images of untreated and treated fabric
samples were assessed using SEM Model Quanta
250 FEG (Field Emission Gun) linked to EDX
unit (Energy Dispersive X-ray Analyses), with
accelerating voltage 30 kV, magnification 14x up
to 1,000,000 and resolution for Gun, FEI
company, Netherlands.

2. Results and Discussion

Herein PDMS is emulsified using SA/TEA
system as an emulsifier. Factors affecting
PDMS conc. WRR

(%)

5 50
7.5 50
10.0 50
12.5 50

emulsification of PDMS in addition to utilization of
its emulsion as a water-repellent finish for
cotton/polyester fabric are investigated.

2.1. Factors affecting PDMS emulsification and
application as water repellent finish

2.1.1. PDMS concentration

Table 1: Effect of PDMS concentration on the treated
fabric WRR. The PDMS emulsion ingredients: TEA (2.4%)
and SA (4.5%). The fabric is treated with 50 g/L of mother
emulsion and then dried at 100 °C/5min.

Table 1 shows the impact of PDMS
concentration in the mother emulsion on the treated
fabric WRR. It is obvious that all the aforementioned
PDMS concentrations bring about treated fabric
samples having water repellency rating that does not
exceed 50, which may be related to coating of the
fabric surface with a low surface energy film
composed of PDMS as well as the TEA salt of SA.
The latter, i.e. TEA salt of SA, has a hydrophilic
nature that impairs the hydrophobicity of the PDMS
and subsequently the treated fabric [18].

2.1.2. Stearic acid concentration

Table 2: Effect of SA concentration emulsion on WRR of
treated fabric. The PDMS emulsion ingredients: PDMS
(5%) and triethanolamine (2.4%). The fabric is treated with
50 g/L of mother emulsion and then dried at 100 °C/5min.

Table 2 clarifies the effect of SA
concentration on treated fabric WRR. It is clear that,
increasing of the SA concentration in the mother
emulsion from 4.5 to 13.5% does not affect rating of
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the hydrophobicity of treated samples and keeps it at
50 which is the lowest repellency rating in the test
scale reflecting the existence of the hydrophilic TEA
salt of SA in the mother emulsion [18].

2.1.3. Degree of stearic acid neutralization

Table 3: Effect of SA neutralization degree on WRR
of treated fabric. The PDMS emulsion ingredients:
PDMS (5%); SA (4.5%). The fabric is treated with 50
g/L of mother emulsion and then dried at 100
OC/5min. a Oily spots are formed.

Degree Emulsion WRR
neutralization state
(%)
25 No emulsion 0
502 Poor emulsion 0
752 Unstable emulsion 0
100 stable emulsion 50

The reason behind neutralization of SA with
TEA is to form the emulsifier SA/TEA for
emulsification of the PDMS [18,29]. Table 3 clarifies
the impact of the SA neutralization degree on state of
the mother emulsion as well as the treated fabric
WRR. It is clear that: (a) no emulsion was formed
below a neutralization degree of 50%, (b) at
neutralization degree of 50%, poor emulsion was
formed and its treated fabric sample suffers from oily
spots with WRR of zero, (c) at 75%, two layered
unstable emulsion is formed along with treated fabric
having tinny oily spots and WRR of zero, and (d) at a
neutralization degree of 100%, successful emulsion is
formed along with treated sample having WRR of 50.

2.1.4. Deactivation of the emulsifier SA/ITEA

90
80
[0 d
& 70
< 60

0

0 0.5 1 15
AICI,/SA molar ratio

Fig. 2. Effect of AICIs/SA molar ratio on WRR of treated

fabric. The PDMS emulsion ingredients: PDMS (5%); SA

(4.5%) and TEA (2.4%). The fabric is treated with 50 g/L
of mother emulsion and then dried at 100 °C/5min.

Despite the merit of SA/TEA system as an
emulsifier, it has a drawback of being detract the
PDMS hydrophobicity due to the hydrophilic nature
of TEA. Deactivating of such emulsifier is necessary
to enhance the WRR of treated fabric. Accordingly,
four polyvalent metal salts, namely aluminium
chloride, zinc chloride, zinc sulphate, and magnesium
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chloride were added in an equimolar ratio to SA to
the PDMS mother emulsion to deactivate the
emulsifier. The cations of such salts are attracted to
the SA polar ends at the fabric surface that causes SA
cohesion to the fabric surface during heating of that
fabric [18,29,30]. Except the aluminium chloride, the
other salts precipitate the emulsion ingredients
immediately; the aluminium chloride forms a paste
that upon dilution a stable emulsion is formed. Thus,
aluminium chloride was chosen to be as a
deactivating agent. Figure 2 shows the effect of
AICI3/SA molar ratio on WRR of treated fabric. It is
obvious that increasing of that ratio from 0 to 1
brings about a progressive enhancement in the treated
fabric WRR from 50 to 80 suggesting the role of the
aluminium chloride in deactivation of the emulsifier.

2.1.5. Emulsion concentration

100

80
x 60
4
2 4

20

0 | I

0 20 40 60 80
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Fig. 3. Effect of emulsion concentration on WRR of treated
fabric. The PDMS emulsion ingredients: PDMS (5%); TEA
(2.4%); SA (4.5%); and AICI3/SA molar ratio 1. The fabric
is treated with different emulsion concentrations and then
dried at 100 °C/5min.

The effect of PDMS mother emulsion
concentration on the treated fabric WRR is illustrated
in Figure 3. It is well seen that increasing of the
emulsion concentration from 10 to 40 g/L of the
mother emulsion results in a promotion of the treated
fabric WRR. Beyond 40, i.e. at 70 g/L, the treated
fabric WRR levels off and do not exceed WRR of 80.
Accordingly, it is obvious that PDMS emulsion
concentration of 40 g/L is the proper concentration to
achieve cotton/PET water repellent fabric.

2.1.6. Drying temperature

110
a4
a4
2 9
70
9 110 130 150 170
Dryeing temperature
(°C)

Fig. 4. Effect of drying temperature on WRR of treated
fabric. The PDMS emulsion ingredients: PDMS (5%); SA
(4.5%); TEA (2.4%) and AICIz/SA molar ratio (1/1). The
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fabric is padded in 40 g/L of the PDMS mother emulsion to
a wet pick up of 100% then dried at different temperatures.

The effect of the drying temperature of the
PDMS emulsion treated fabric on WRR of that fabric
is shown in Figure 4. It is clear that raising of the
drying temperature from 100 to 160 °C for 5 minutes
is accompanied with a gradual upgrading in WRR of
treated fabric, suggesting a higher uniform
distribution of the coating layer as well as a better
orientation of the hydrophobic tails of the SA/TEA
salt, i.e. to be in higher degree of outwarding of the
fabric surface, which indeed enhances the treated
fabric WRR [18,30].

2.2. Performance properties of the PDMS
emulsion treated fabric

Emulsion | WRR S SR MIU | AP
conc. (mg) | (um)

(g/L)
0 0 498 | 1.90 | 0.166 | 73
40 80 854 | 1.73 | 0.154 | 53
Table 4: Some performance properties of PDMS emulsion
of treated fabric. Mother emulsion ingredients: PDMS
(5%); SA (4.5%); TEA (2.4%) and AICI3/SA molar ratio 1.
The fabric is treated with 40 g/L of the PDMS mother
emulsion and then dried at 100 °C.

Table 4 shows some performance properties
of the aforementioned prepared PDMS emulsion
treated fabric expressed in water repellency rating,
surface roughness, coefficient of friction, stiffness,
and air permeability of treated fabric samples. It is
seen that treating of fabric sample with 40 g/L of the
PDMS emulsion, under the employed conditions,
gives rise to an enhancement in water repellency,
softness, and stiffness along with a reduction in
coefficient of friction and air permeability of treated
fabric, compared with an untreated sample, which
can be attributed to the deposition of such emulsion
ingredients onto/within the treated fabric structure
[15,16,18,30].

2.3. Characterization of the prepared PDMS
emulsion and its treated fabric

2.3.1. TEM image of the PDMS emulsion

Figure 5 illustrates the particles size of the
above mentioned PDMS emulsion as observed by the
transmission electron microscope. It is obviously
seen that the particles size of such emulsion in the
range of 6 to 10 nm.
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Fig. 5. TEM image of the prepared PDMS emulsion.

2.3.2. SEM and EDX analysis of treated fabric

-

SEM WV 20.0 kV |
View field: 63.5 pm
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SEMHV. 2008V |
View fokd: 60.5 pm Dot $E
SEM MAG: 200 kx_ Datefmidy) 0371322

WX 13,5 men

Fig. 6. SEM images of untreated fabric (A) and PDMS
emulsion (40 g/L) treated fabric (B).
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Figure 6 (A and B) shows SEM images of
untreated as well as PDMS emulsion (40 g/L) treated
fabric samples respectively. It is obvious that the
treated sample surface has a soft layer of the prepared
emulsion ingredients compared to the untreated
sample.

(©) Mass Mass Norm. Atom
Element At. No. Netto 1%] 1% %]
Carbon 6 5171 55.44 55.44 62.37
Oxygen 8 2321 4456 44.56 37.63
Sum 100.00 100.00 100.00
A
I e e e B I e e L B e e
6 8 10 12 14 16 18 20
Energy [keV]
(D) Mass Mass Norm. Atom
800 Element At. No. Netto 1] 1% ]
700 Carbon 6 1877 64.22 64.22 70.86
Oxygen 8 495 3437 3437 2847
600 Silicon 14 226 141 141 067
Sum 100.00 100.00 100.00
500
400
300
200
100
0 — T ——————
2 4 6 8 10 12 14 16 18 20

Energy [keV]

Fig. 7. SEM images of untreated fabric (C) and PDMS
emulsion (40 g/L) treated fabric (D).

Figures 7 (C and D) shows EDX images of
untreated and PDMS emulsion (40 g/L) treated fabric
samples. It is clear that both the fabric samples
contain the elements of carbon and oxygen whereas
the silicone element is existed only onto the treated
sample structure.

2.3.3. Water contact angle of treated fabric

— )

Gl g TN Y
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Fig. 8. Images of water droplets on surface of the water
repellent fabric samples treated with the PDMS emulsion
(40 g/L) and then dried at 100 °C (A) or 160 °C (B).

Figure 8 shows water contact angle of a
fabric sample treated with the aforementioned PDMS
emulsion (40 g/L) then dried at 100 °C (fabric A) and
another fabric sample treated with the same emulsion
concentration but dried at 160 °C (fabric B). It is
obvious that fabric (A) has a contact angle of
119.1whereas fabric (B) has a contact angle of 151.9°
reflecting the role of the drying temperature in
enhancement of WRR of treated fabric surface as
discussed before.

Conclusions

e The PDMS mother emulsion is PDMS (5%), TEA
(2.4%), SA (4.5%), and AICIz/SA molar ratio 1.

e Treating cotton/polyester fabric with 40 g/L of the
PDMS emulsion followed by drying at 100 °C
acquired that fabric with water repellency,
softness, and stiffness accompanied with a
decreasing in coefficient of friction as well as air
permeability of treated fabric.

e Raising the drying temperature of treated fabric
enhances its water repellency.

e The TEM image indicated that emulsion particles
size ranges between 6 to 10 nm.

e The treated fabric surface was characterized via
water contact angle and SEM as well as EDX
analysis.
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