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A B S T R A C T   

Thin film deposition is a suitable process for textile finishing at a time when environmental protection is a global 
concern. Thin film technology for textile treatments does not only avoid the harmful chemistry and resulting 
hazardous waste of the wet chemistry, but limits the use of chemicals, water, etc., and do not require a drying 
system, resulting in a much lower energy consumption. The hollow cathode plasma enhanced chemical vapor 
deposition is one of the alternatives developed to overcome the wet processings disadvantages. Water and oil 
repellent finishes are applied through plasma polymerization of short chain perfluoroalkyls precursors. The key 
advantages of this technology are a high deposition rate and a good uniformity over large areas. However, hollow 
cathode is a high-density plasma source, appropriate for the deposition of inorganic layers, typically SiO2, but 
challenging for the deposition on fabrics without modifying their bulk properties or damaging their surface. 

In this work, we demonstrate the successful use of the hollow cathode technology to impart water and oil 
repellent properties on polyolefin textiles with fluorinated and silicone precursors. The effect of parameters such 
as power, pressure, gas composition and flow on water and oil repellency have been evaluated according to 
international standards, water contact angle and the film composition analysed through FTIR measurements. 
Water contact angles greater than 150◦, i.e. superhydrophobic surface, and oil repellency grade of 4 have been 
obtained.   

1. Introduction 

Plasma treatments have emerged as promising alternatives to the 
conventional wet processing of textile to achieve properties such as anti- 
felting, hydrophobicity, oleophobicity, antibacterial, flame-retardant, 
anti-soiling [1]. Water and oil repellency are one of the most common 
functional properties imparted to protective clothing. Mechanical pro
cesses change the bulk properties of the treated fabrics [2]. Chemical 
processes include dip coating, spray coating, the pad-dry-cure method, 
the sol gel method, the chemical vapor deposition (CVD) and the 
physical vapor deposition (PVD). The wet chemical processes do yield 
water and oil repellency [3,4,5,6,7,8] but they go along with a series of 
inconveniences: in addition to the required monomer that imparts water 
and oil repellency, they require the use of other complex and toxic 
chemicals. The processes can last from many hours to many days, must 
be carried out under high temperatures with large amounts of water. 
During chemical vapor deposition (CVD) and physical vapor deposition 

(PVD), coating materials are vaporized through chemical processes in 
CVD or physical processes in PVD, then deposited on the substrates. This 
reduces the amount of water needed for the processes, but higher tem
peratures than in the chemical wet processes are needed [9,10]. More
over, PVD requires an annealing time in addition to a low deposition 
rate. 

In our study, we propose the impartment of water and oil repellency 
on fabrics through the hollow cathode plasma enhanced chemical vapor 
technology, to overcome the problems faced with the previous tech
nologies. The hollow cathode exhibits numerous advantages as cited in 
[11]. In addition, it was found that a hollow cathode with a large cavity 
exhibits higher electron densities than a capacitive coupled plasma 
(CCP) during the deposition of microcrystalline silicon thin films [12], 
and that a better uniformity can be achieved with an adequate geometry 
of the hollow cathode [13,14]. As introduced by Yasuda and studied by 
many others researchers, the polymerization process follows a specific 
approach, the Quasi-Arrhenius approach [15,16]. It was found that only 
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the parameter W/FM controls the conversion of the monomer to the 
plasma polymer [17]. Concerning hydrophobicity, the highest contact 
angles are obtained when W/FM is equal to apparent activation energy 
determined by the slope of the linear fit of the Quasi-Arrhenius plot [18]. 
A wide range of monomers can be used with this technology for hy
drophobicity and oleophobicity, among which hydrocarbons, fluoro
carbons, silicones. Silicones such as HMDSO, TMDSO are well known to 
impart only water repellency on fabrics, since their energy is lower than 
that of water and higher than that of oil. On the other hand, fluorocar
bons can be used for both applications [19]. Within fluorocarbon, short 
chain monomers are gaining more attention, because they are not ex
pected to break down in the environment into perfluorooctanoic acid 
(PFOA) and (perfluorooctane sulfonate) PFOs like the C8 based 
monomers. 

In this work, the hollow cathode plasma technology was used to 
impart water and oil repellent properties on polyolefin textiles using 
HMDSO, TMDSO c-C4F8 and a C6 based monomer. The effect of pa
rameters such as power, pressure, gas composition and flow on water 
and oil repellency have been evaluated according to international 
standards, contact angle and the film composition analysed through 
FTIR measurements. We found that HMDSO provides a better water 
repellency than other precursors, with a water contact angle of more 
than 150◦. The C6 based monomer provides water and oil repellency and 
has a better durability than other monomers. 

2. Experimentals 

The industrial coater used for plasma polymerization via HC-PECVD, 
named Vip 1200 is represented by Fig. 1. It consists of a 3.6 × 2.4 mm 
process chamber made of magnetron cathodes and stainless-steel sheets 
anodes to create a dense plasma around the outlet of the cathodes and 
around the gas inlets. The whole is equipped with two molecular pumps. 
For the experiment the reactor was driven with a frequency of 20 Khz. 

The coating experiments were conducted in two steps: an oil repel
lent coating with fluorine using C6FA on PES#1 fabric and c- C4F8 on 
PES#2 fabric as monomers, then a fluorine free water repellent coating 
using TMDSO and HMDSO on PES#2 fabric as monomers. All the 

samples were washed before coating, to remove impurities. PES#1 
samples were coated without plasma pretreatment while the PES#2 
samples were pretreated at 1.8–2.5 kW with different gases and mixtures 
thereof. The process parameters are summarized in Table 1. The depo
sition process took place in the process chamber, where the samples 
were introduced after being placed vertically on a moving carrier. They 
were then sputtered with the fragmented precursors. The precursors 
were purged into the plasma through an evaporator. 

2.1. Surface characterization of the coated fabric 

2.1.1. Oil repellency test 
The oil repellent test was carried out according to the international 

standard ISO 14419. Test fluids used for this standard are harmful, so 
alternative test fluids were used. The new test fluids are derived from the 
ISO 23232 standard. The table containing the alternative test fluids used 
are found in Appendix A. 

2.1.2. Resistance to surface wetting test 
The resistance to surface wetting or spray test was conducted ac

cording to the standards ISO 4920 (2012) on textile fabrics and AATCC 
test method 22 (2005). The test was done using a standard spray rating 
tester and was performed on 20 × 20 cm samples. For this test, the 
repellency grade ranges from 0 to 5, where grade 0 means a complete 
wetting of the entire sample face and grade 5 means no sticking or 
wetting of the sample face. It is performed by mounting the test sample 
securely in the hoop of the tester in such a way that the fabric will be 
exposed to the spray. Then 250 mL column of distilled water is poured 
into the funnel and allowed to spray for 25 to 30 s. 

2.1.3. Water contact angle 
The water contact angle was measured by the drop shape analyzer 

DSA100 device from Krüss. All the measurements were done using dis
tillated water in static mode of the sessile drop method. The contact 
angle values were obtained by averaging four measurements done on 
different parts of the same sample measuring 20 × 10 cm. 

2.1.4. FTIR 
The structure of the coating was analysed by means of a Fourier 

Transform Infrared spectroscopy (FTIR) using the Invenio R from 
Bruker. For the analysis, low-e glass samples were coated along with the 
textile samples. This is because uncoated glass completely absorbs IR 
radiation, thus does not give a reliable result. Low-e glass has a flatter 
surface as a textile fabric, this limits scattering from the surface. Low-e 
glass being a solid sample, there is no need to apply pressure on it to 
perform the analysis, so we avoid damage. 

2.1.5. Thickness measurement 
The thickness measurement was done with 10 × 10 cm ordinary glass 

pieces, using a nano step profilometer. This is because the thickness 
deposited on fabric surface is expected to be lower than glass due to 
absorption. However, glass gives good indication of deposition rate. 

2.1.6. Washing procedure of the fabrics 
The washing was done using an ISO standard washing machine, into 

which the samples were introduced with some ballast so as to obtain a 
load of 2 kg. A weight of 20 g of standard detergent was used for a 
washing of 45 min at 40 ◦C with a spinning of 1000. This cycle was 
repeated 25 times. After washing, the samples were hanged on a drying 
rack and left do dry at room temperature. 

Fig. 1. Vip 1200 coating system. 
1. Infeed station, 2. Outer flap, 3. Lock chamber, 4. Inner flap, 5. Buffer 
chamber, 6. Coating chamber, 7. Overflow chamber, 8. Pump system, 9. 
Deposition module. 

Table 1 
Process parameters.  

Monomer Gas Power 
(kW) 

Speed (m/ 
min) 

C6FA Ar/O2, Ar, Ar/O2/He, ArO4/Ar 0.25 − 1 1 & 2 
c-C4F8 N2/He, Ar/He, Ar 0.9 − 1.8 2 

TMDSO Ar/O2/He, Ar/O2, N2, N2/H2, N2/He, 
Ar/He 

0.875 −
2.5 

0.3–1 

HMDSO Ar/He, N2/He, Ar/N2, Ar/O2, O2 1.8 − 2.2 0.3  
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Fig. 2. Power effect (a) Thickness, (b) drop test, (c) spray test, (d) WCA.  
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3. Results and discussion 

3.1. Oil repellent coating 

3.1.1. C6FA 

3.1.1.1. Power effect. The results obtained by varying the power show 
in Fig. 2 that the thickness increases with the power, but at 0.25 kW the 
deposited layer is too thin: 7.1 nm. Nevertheless, we obtained a very 
similar rating during the drop test, where after coating and 5 washes the 
samples were rated at 4, and after 25 washes at 3. The spray test gives a 
higher rate after coating, that is 4.5, but after 25 washes, the sample 
coated at 0.5 kW is rated to 2.5 while the others are rated to 3. With the 

water contact angle, the best values are obtained with 0.5 kW and 0.75 
kW. Above 0.75 kW the WCA starts decreasing. The values are around 
134◦ after coating and around 127◦ after 25 washes. 

3.1.1.2. Mixture of Argon Oxygen and He, Ar and Argon Oxygen, com
parison with Ar. Performing a coating with pure Ar gives a better 
thickness than with a mixture of Argon Oxygen and He. The values are 
45.3 nm with Ar, 40.7 nm with Argon Oxygen/He (1:1) and 13.6 nm 
with Argon Oxygen/He (3:5). The values do not influence the rating of 
the coating regarding the drop test which is at 4 up to 5 washes, then 
drops to 3 up to 25 washes. The Spray test yields a rating of 4.5 after 
coating, 4 after 2 washes, 3 after 10 washes. As from 20 washes, we can 
distinguish a less good performance for samples coated with Ar (rate 
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Fig. 3. Effect of gas mixture (a) drop test, (b) spray test, (c) WCA.  
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2.5) than those coated with Argon Oxygen/He. Water contact angle 
measurements are similar for all the samples, around 130.3–131.8◦ after 
coating and 125.1–127.3◦ after 25 washes. Fig. 3 shows the results ob
tained by mixing argon oxygen and helium in different ratios and 
comparing to argon. 

On the other hand, the thickness increases with the amount of Ar 
present in the plasma gas mixture: with a mixture of Argon Oxygen/Ar 
(2:3) we obtained a thickness of 2.8 nm, with a mixture of Argon Oxy
gen/Ar(3:5) a thickness of 8.5 nm, with pure Ar and Ar as carrier gas a 
thickness of 121.1 nm and with pure argon and He as career gas. The 

performances are similar to that of the previous mixtures, with the dif
ference that the rate given by the drop test is conserved up to 20 washes 
for samples coated with Argon Oxygen/Ar (3:5) and pure Ar. As for the 
spray test, samples coated with Ar and He as career gas exhibit the best 
performance with a rate of 4.5 after coating and 3 after 25 washes. The 
WCAs are similar for all the samples, in the range of 133.2–135.4◦ after 
coating and 126.8–127.5◦ after 25 washes. These results are illustrated 
in Fig. 4. 

The experimental conditions did not change the composition of the 
on the PES#1 fabric deposited layer. For all the samples, the following 
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functional groups were observed and showed in Fig. 8: the CF defor
mation at 630 cm− 1 [20]. The CF2 symmetric stretching [20,21] and the 
C–O stretching at 1150 cm− 1 [22], the CF3 stretching [23] and the C–C 

bond at 1258 cm− 1 [22], the C––O stretching at 1748 cm− 1 [24] and the 
O––C––O stretching at 2352 cm− 1 [25]. 

3.1.2. c-C4F8 
For flow rates lower than 150 sccm, samples coated with c-C4F8 are 

only water repellent. The spray test rates them to 2.5, with a water 
contact angle of 135.7◦–137.5◦, but the coating is completely removed 
after the first wash so that the sample become hydrophilic. At 150 sccm, 
all the samples show water and oil repellency after coating and only 
water repellency after being subjected to the first wash. What makes the 
difference between the various experimental conditions is the durability 
of the water repellency. The best result is obtained by using Ar/He with a 
ratio of 5:7, or at high pressure: 2.8–3.5 Pa, or with a higher number of 
passages:24, or with a higher flow. With these parameters, we obtained 
a rating 4.5 with the spray test which decreased progressively to 0 after 
20 or 25 washes. Fig. 5 shows the resistance to surface wetting for the c- 
C4F8 coated samples.We could achieve water contact angles up to 143.9◦

(Ar/He and 24 passages). Variating the power has no influence on the 
performance of the coating. We observed no discoloration on the sam
ples after coating. 

The FTIR diagram shows the presence of the CF deformation at 629 
cm− 1 [20], the CF2 symmetric stretching mode at 1231 cm− 1 [26] and 
the O––C––O stretching mode of carbon dioxide. The CF2 is detected 
with a very low intensity at 150 sccm and is almost not to see under 150 
sccm. This could explain why the oil repellent character disappears after 
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Table 2 
Performances of a few samples coated with HMDSO.  

Parameters Rate Durability (number 
of washes) 

Thickness 
(nm) 

WCA 
(◦) 

100 sccm - Ar/He (2:3) - 
1.8 kW 

4 15 441.8 142.3 

120 sccm - Ar/He (2:3) - 
1.8 kW 

4.5 15 356.4 146.8 

150 sccm - Ar/He (2:3) - 
1.8 kW 

4.5 15 362.8 145.5 

150 sccm -Ar/He (2:3) - 
2.2 kW 

4.5 15 360.7 150.4 

150 sccm - 1.8 kW - He/ 
Ar (1:1) 

4.5 10 178.1 150.1 

150 sccm - 1.8 kW - He/ 
Ar = 0,67 

4.5 10 137.6 151.7 

150 sccm - 1.8 kW - He/ 
Ar = 0,67–1,85 Pa 

4.5 10 168.4 149.8 

150 sccm - 2 kW - He/Ar 
= 1 

4.5 10 311.9 149.8 

150 sccm - 1.8 kW - He/ 
N2 = 0.67 

3 15 224 145.9  
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the first wash. C6FA coating performs better than c-C4F8 for multiple 
reasons: first, its perfluorinated carbon chain is longer than that of c- 
C4F8, then C6FA contains an acrylic group than ensures adhesion to the 
fabric [27]. We also note the F/C ratio which is lower for C6FA (F/C ratio 
of 0.67) than for c-C4F8(F/C ratio of 2), calculated by the formular given 
by Li et al. [28]. This shows that C6FA is more polymerizable than c- 
C4F8. According to research done by Hegemann et al. [18] where the 
polymerization of a short chain fluorocarbon (hexafluoropropene or 
HFP) and a long chain fluorocarbon (perfluorodimethylcyclohexane or 
PFDMCH) is compared, the long chain fluorocarbon is more stable and 
effective for cross-linking. FTIR shows that the C6FA coated layer con
tains more fluorinated groups than the c-C4F8 coated layer, which lower 
the surface energy of the samples [29]. Fig. 8 illustrates the FTIR dia
gram and the pressure effect of the coating with c-C4F8. 

3.2. Fluor-free water repellent coating 

3.2.1. TMDSO 
The coating with TMDSO leads to water repellent fabrics. The power 

is the parameter which has more influence on the treatment, when 
associated with other parameters. At low powers (0.3–1.2 kW), the 
samples are rated to 3 after spray test, the durability is 10 washes using 
N2 at 2.1 kW, with a water contact angle of 134.2◦ and a layer thickness 
of 419.2 nm. At high powers (0.875–2.5 kW), the highest rate of 4 with 
the spray test is obtained when using Ar/He, 1.8 kW and 0.3 m/min or 1 
m/min, but the durability is low, 5 washes. The values of the thickness 
are 693.9 nm at 0.3 m/min and 837.7 nm at 1 m/min. On the other 
hand, when using N2, 2.5 kW and 1 m/min or 0.5 m/min, the rate is 
lower, 2.5 but the durability is longer, 25 washes, although the thickness 
is lower: 293.3 nm at 1 m/min and 769.3 nm at 0.5 m/min. 

The spectrum of TMDSO shows a peak at 846 cm− 1 corresponding to 
the Si–C stretching [30]. The Si–O–Si stretching exhibits transmission 
at 1043 cm− 1, 1131 cm− 1 and 1147 cm− 1 [31]. The C–H bond is 
detected at 1419 cm− 1 [31], the O––C––O stretching mode of carbon 
dioxide at 2327 cm− 1 [25], the CH3 symmetric and asymmetric 
stretching at 2961 cm− 1 [30] and the OH group exhibits a transmission 
band approximately between 3358 and 3632 cm− 1. The OH group is 
hydrophilic and contributes to reduce the durability of the water 
repellency of the samples. Fig. 8 shows the FTIR diagram and Fig. 6 the 
spray test result at high power with Ar/He. 

3.2.2. HMDSO 
Concerning silicon coating, HMDSO yielded better results than 

TMDSO in terms of rating and durability. Just like TMDSO, the coating is 
water repellent. The samples are best rated to 4.5 at 120–150 sccm, Ar/ 
He at a ratio of 2:3, 1.8–2.2 kW with the spray test. When the amount of 
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Fig. 8. FTIR for all the precursors.  
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argon is higher than that of Helium, or when Argon and helium are used 
in the same amount, the coating is still rated at 4.5, but is less durable. 
Using He/N2 gives a lower rate of 3 with a durability of 15 washes. The 
Table 2 shows the best performances obtained with HMDSO. 

On the spectrum of HMDSO, the different peaks are detected with a 
lower intensity than the peaks of TMDSO. The Si–(CH3)n group is 
detected at 854 cm− 1 [32], the Si–O–Si bonds at 1109 cm− 1 and 1121 
cm− 1 [32,33]. At 1121 cm− 1, we also found Si–O–C stretching [33]. 
The O––C––O stretching mode of carbon dioxide is detected in the range 
2195–2356 cm− 1 [25]. The presence of methyl group is indicated by the 
C–H bond at 2959 cm− 1 [34]. Finally, the OH bending is detected in the 
range 3433–3781 cm− 1 [35]. 

Compared to TMDSO, the HMDSO coated samples contain an OH 
band with a lower intensity. This explains why they have a better 
durability. The plasma gas is the parameter that influences most the 
water repellency both for HMDSO and TMDSO: by using Ar/He at a 
power of 1.8 kW, we obtained the highest rate of 4 and 4.5 for TMDSO 
and HMDSO respectively. With Ar/He as process gas, the same rates can 
be obtained at 150 sccm for HMDSO, while a higher flow is needed for 
TMDSO, that is 400–600 sccm. Fig. 8 shows the FTIR diagram of an 
HMDSO coated sample and Fig. 7 the spray test at high power depending 
on the flow. 

Hegemann et al. [17,36] showed that mixing HMDSO with O2 sup
ports the film growth during the polymerization by contributing to the 
radical formation, yielding high deposition rates. Their experiments 
conducted with a capacitively coupled RF discharge by variating the O2/ 
HMDSO ratio showed that deposition rates up to 100 nm/min can be 
obtained with a ratio of 6.7:1. We reproduced this trial with our Hollow 
cathode: we obtained a dynamic deposition rate of 189.72 nm*m/min 
with a thickness of 632.4 nm. Despite this achievement, the water re
pellent coating was poor: the water contact angle was at 140.1◦ and the 
spray test at 0. The sample became completely hydrophilic after the first 
wash, because the addition of O2 reduces the retention of carbon groups 
[37]. FTIR also shows a broadened OH band approximately between 
5000 and 6000 cm− 1 (not visible in the current FTIR). Other groups 
detected are the Si–(CH3)n at 863 cm− 1 [32], Si-O–Si at 1043 cm− 1 

and 1175 cm− 1 [32], SiO2 cm− 1 asymmetrical stretching at 1199 cm− 1 

[35], O––C––O at 2195 cm− 1 [25] and CH3 stretching at 2966 cm− 1 

[35]. 
The Table 3 below compares this study to a few others using different 

methods and materials. 

4. Conclusion 

In this paper, the performance of water and oil repellent coatings on 
textile fabrics was investigated. This type of coatings can be used for 
outdoor activities. Among the monomers used for the experiments, only 
C6FA exhibits both water and oil repellency with a good durability while 
silicones exhibit only water repellency. During the coating with C6FA, 
the power and gas influence the thickness: the thickness increases with 

the power, in the presence of a gas mixture, the thickness increases with 
the amount of Argon present in the mixture. Helium is more efficient as 
carrier gas than Argon. The highest thickness obtained with C6FA is 
231.5 nm. With c-C4F8, the best results were obtained with Ar/He (5:7) 
or a high pressure (2.8–3.5 Pa) or 24 passages. The minimum flow to 
obtain oil repellency is 150 sccm. Coating with TMDSO requires high 
power (0.875–2.4 kW) and a high flow (400–600 sccm) for a good rating 
of the coating. The best results were obtained for HMDSO with the 
combination 120–150 sccm, Ar/He (2:3), 1.8–2.2 kW. One of the biggest 
challenges of this work is to coat the fabrics without discoloring them. 
This was achieved with by using c-C4F8 but is less efficient than C6FA. 
Water contact angles higher than 150◦ were obtained through silicon 
coating. 
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Table 3 
Comparative study of different methods of water and oil repellent coating on textile.  

Substrate Material Method WCA (◦) Water repellency grade Oil repellency grade Reference 

Cotton Stearic acid, maleic acid, SHP, TEA Pad-dry-cure 142 4 1 [3] 
Cotton ZnO/SiO2 Pad-dry – 2.5 6 [4] 
Cotton CO/4(SiF-SiQ-SiP) Sol-gel 135 – 6 [6] 
Cotton Silane, Zr, Ti based nanosols Sol-gel 149 5 8 [7] 

Polyamide Plasma + C6 fluorocarbon Pad-dry-cure 133 5 6.5 [38] 
PET 1H, 1H, 2H-perfluoro-1-decene Plasma 150 – – [19] 

Cotton HMDSO plasma 160 – – [39] 
PET[TiO2] C6 flurocarbon Plasma+pad-dry 170 5 5 [40] 

Polyester-cotton C6 fluorocarbon Spray 132 1 – [41] 
PES#1 C6FA Hollow cathode PECVD 135.4 4.5 4 This study 
PES#2 c-C4F8 Hollow cathode PECVD 143.9 4.5 4 This study 
PES#2 TMDSO Hollow cathode PECVD 134.2 4 0 This study 
PES#2 HMDSO Hollow cathode PECVD 151.7 4.5 0 This study  
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Appendix A. Table: oil rating according to the test solution  

Oil rating Standard hydrocarbon Alternative hydrocarbon  

0 None None  
1 White mineral oil Olive oil (25◦)  
2 65:35 white mineral/n-hexadecane (Vol) 78:22 water/IPA (25◦)  
3 n-Hexadecane 70:30 water/IPA (25◦)  
4 n-Tetradecane 67:33 water/IPA (25◦)  
5 n-Dodecane Acetone (10◦)  
6 n-Decane Acetone (25◦)  
7 n-Octane IPA (25◦)  
8 n-Heptane IPA (40◦)  

References 

[1] A.K.R. Choudhury, Principles of Textile Finishing 2017, Woodhead Publishing 
(Elsevier), 2017, ISBN 978-0-08-100661-0. 

[2] L. Naujokaitytė, E. Strazdienė, The effect of finishing upon textile mechanical 
properties at low loading, Mater. Science 13 (3) (2007). 

[3] S.A. Rabia, M. Muhammad, R. Naveed, A. Waqas, H.G. Qutab, Development of free 
fluorine and formaldehyde oil and water repellent finishes for cotton fabrics 
through polymerization of bio-based stearic acid with carboxylic acids, Ind.Text. 
71 (2020) 145–155. 

[4] L. Chirila, D.E. Radulescu, L.O. Cinteza, D.M. Radulescu, M. Tanase, I. 
R. Stanculescu, Hybrid materials based on ZnO and SiO2 nanoparticles as 
hydrophobic coatings for textiles, Ind. Text. 71 (4) (2020) 297–301. 

[5] M. Hasanzadeh, H. Shahriyari Far, A. Haji, G. Rosace, Surface modification of 
polyester/viscose fabric with silica hydrosol and amino-functionalized 
polydimethylsiloxane for the preparation of a fluorine-free superhydrophobic and 
breathable textile, Coatings 2022 (12) (2022) 398. 
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