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Abstract
Technical textile materials with multifunctional protective properties represent one of the largest and fast 

growing segments of the textile industry. Multifunctional water- and oil-repellent and fl ame-retardant coat-

ing on polyester (PES) fabric was prepared in this research using fl uoroalkyl-functional siloxane (FAS) as the 

water- and oil-repellent fi nishing agent and organophosphonate (OP) as the fl ame-retardant agent. A fi n-

ishing solution containing FAS and OP of appropriate concentrations was applied to the untreated and ox-

ygen plasma-treated PES fabric samples using the pad-dry-cure method. For comparison, single-compo-

nent FAS and OP fi nishing solutions were applied to the fabric samples under the same conditions. The 

coated PES samples were washed under standard conditions. The morphological, chemical and functional 

properties of the coated PES samples were determined with scanning electron microscopy, Fourier trans-

form infrared spectroscopy, wet pick up, liquid contact and sliding angles measurements as well as oil re-

pellence and vertical burning tests. The results reveal that oxygen plasma treatment prior to fi nishing sig-

nifi cantly increased the wettability of the PES fi bres, which directly resulted in increased concentration of 

the absorbed fi nishing agents. This treatment enabled the creation of PES fabric with simultaneous super-

hydrophobic, oleophobic and fl ame-retardant properties. Although the superhydrophobic and oil-repellent 

characteristics of the coating were preserved after washing, the fl ame retardancy was hindered because of 

the removal of OP in the washing bath.

Keywords: polyester fi bre, fi nishing, multifunctional properties, water and oil repellence, fl ame retardancy, 

washing fastness

Izvleček
Tehnični tekstilni materiali z večfunkcionalnimi zaščitnimi lastnostmi so eden največjih in najhitreje rastočih se-

gmentov tekstilne industrije. V raziskavi so pripravljene večfunkcionalne vodo- in oljeodbojne ter ognjevarne apre-

ture na poliestrski (PES) tkanini z uporabo fl uoroalkil-funkcionalnega siloksana (FAS) kot vodo- in oljeodbojnega 

apreturnega sredstva in organofosfonata (OP) kot ognjevarnega apreturnega sredstva. Apreturna kopel, ki je 

vključevala FAS in OP ustrezne koncentracije, je bila nanesena na neobdelano in s plazmo kisika predhodno ob-

delano tkanino PES s postopkom, ki je vključeval impregniranje, sušenje in kondenziranje. Za primerjavo sta bili 

na tkanino PES pri enakih pogojih naneseni tudi enokomponentni apreturni kopeli s FAS oziroma z OP. Apretira-

ni vzorci tkanine PES so bili oprani pri standardnih pogojih. Morfološke, kemijske in funkcionalne lastnosti apreti-

ranih vzorcev so bile določene z vrstično elektronsko mikroskopijo, infrardečo spektroskopijo s Fourierjevo trans-

formacijo, nanosom kopeli, stičnimi koti in koti zdrsa tekočin, oljeodbojnostjo in ognjevarnostjo. Iz rezultatov je 

razvidno, da je obdelava s plazmo kisika pred apretiranjem močno povečala omočljivost vlaken PES, kar je nepo-

sredno vplivalo na povečanje koncentracije adsorbiranih apreturnih sredstev. Takšna kombinacija obdelave je 
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1 Introduction

Technical textile materials with multifunctional pro-
tective properties represent one of the largest and fast 
growing segments of the textile industry, and these 
materials have wide uses in diff erent economic sec-
tors. In technical applications, polyester fi bres are the 
most frequently used synthetic material because of 
their low cost, durability, ease of care, good dimen-
sional stability, low moisture absorbency and com-
patibility with cotton in blends [1]. Th ese extraordi-
nary properties enable polyester to be increasingly 
applied in the production of textile materials for pro-
tective clothing and in the sport and leisure, trans-
portation, construction and agricultural industries.
However, in addition to the desired characteristics, 
polyester fi bres suff er from certain important disad-
vantages related to their functionality, such as elec-
trostatic charging and fl ammability, which decrease 
the value and usefulness of the end products. Th e 
susceptibility of polyester fi bres to electrostatic prob-
lems is directly infl uenced by their hydrophobicity, 
leading to generation and accumulation of electro-
static charges [2−4]. Th e latter attract particulate soils 
from the air, resulting in fi bre soiling. In contrast, due 
to the hydrophobic properties of polyester, wetting 
and swelling of fi bres with detergent solution during 
laundering is hindered, which importantly decreases 
the eff ectiveness of removal of the adhered soil [5−7]. 
To overcome these problems, tailoring of a self-clean-
ing coating characterised by superhydrophobic, oleo-
phobic and low-adhesive properties is crucial. Ac-
cording to the theory, self-cleaning biomimetic solid 
surfaces exhibit low-adhesion superhydrophobicity, 
which is simultaneously characterised by a static wa-
ter contact angle greater than 150° and a water slid-
ing angle less than 10° as a result of a low contact an-
gle hysteresis [8]. Th ese surfaces include micro- and 
nanoscale roughness topographies coated with wa-
ter-repellent polymer fi lms [9−12]. However, in addi-
tion to particulate soils, oily stains are important con-
taminants of textile fi bres, and thus creation of a 
coating with oleophobicity is of great importance. 

A coating that is simultaneously oleophobic and self-
cleaning could eff ectively repel diff erent types of soils 
and prevent their adhesion as well as ensure removal 
of adherent soils via their collection by water droplets 
when rolling off  the surface.
Inherent fl ammability with intensive burning melt/
dripping and release of toxic smoke represents a se-
rious hazardous drawback of polyester, which poses 
great risk and danger to human lives and material 
goods [13]. Because highly eff ective fl ame retardants 
including brominated diphenyl esters, brominated 
phosphates and tri-aryl-phosphates have been re-
stricted and prohibited by the European Union’s 
Registration, Evaluation and Authorisation of Chem-
icals (REACH) because of their toxicological prob-
lems and environmental unsustainability, diff erent 
environmentally friendly phosphorous-containing 
compounds have been synthesised to produce fl ame-
retardant polyester [14−16]. Th e fl ame-retardant 
mechanism of phosphorous-containing compounds 
is directly infl uenced by their chemical structure. In 
general, depending on the oxidation state of the 
phosphorous atom, fl ame-retardant substances are 
active in both the condensed phase and the gas phase 
[14, 17, 18]. In the condensed phase, phosphorous 
compounds promote char formation by infl uencing 
the fi bre decomposition pathway, and in the gas 
phase, phosphorous compounds decompose to radi-
cal scavengers, which terminate oxidative radical 
chain reactions in the combustion cycle.
In this study, we fi rst prepared multifunctional water- 
and oil-repellent and fl ame-retardant polyester fabric 
with the use of two chemical fi nishes, i.e., fl uoroalkyl-
functional siloxane as a water- and oil-repellent agent 
and organophosphonate as a fl ame-retardant agent. 
To enhance the hydrophilicity of polyester fi bres and 
consequently increase their absorptivity to the fi nish-
ing solution, fi bre functionalisation with oxygen-rich 
groups was performed using an oxygen plasma pre-
treatment. It has been established that oxygen plasma 
treatment can cause an increase in the surface activi-
ty and also an increase in surface roughness [19−23], 
therefore an important goal of our research was to 

omogočila pripravo tkanine PES s hkratnimi superhidrofobnimi, oleofobnimi in ognjevarnimi lastnostmi. Medtem 

ko sta se superhidrofobnost in oleofobnost ohranili tudi po pranju, se je ognjevarnost poslabšala zaradi postopne 

odstranitve sredstva OP med pranjem.

Ključne besede: poliestrsko vlakno, apretura, večfunkcionalne lastnosti, vodo- in oljeodbojnost, ognjevarnost, pral-

na obstojnost
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investigate whether the coating exhibits self-cleaning 
properties. To determine the coating durability, the 
functional properties of polyester fabric were investi-
gated before and aft er washing.

2 Experimental

2.1 Textile material and fi nishing agents
Plain-weave 100 % polyester (PES) woven fabric with 
a weight of 67 g/m2 was used in the study. Th e fabric 
was washed with a solution of non-ionic surfactant at 
a concentration of 2.5 g/l. Aft er washing, the fabric 
was rinsed in distilled water, squeezed and dried at 
room temperature. Two commercially available fi n-
ishing agents were chosen, i.e., fl uoroalkyl-functional 
water-born siloxane (FAS) as a water- and oil-repel-
lent agent under the trade name Dynasylan F 8815 
(Degussa, Germany) and organophosphonate (OP) as 
a fl ame-retardant agent under the trade name Apyrol 
CEP (Bezema, Switzerland). Both fi nishing agents can 
be mixed with water to any desired concentration.

2.2 Plasma treatment, fi nishing and washing
PES fabric samples with a size of 20 x 20 cm were 
treated with oxygen plasma (O2 gas) for 30 seconds 
under 60 Pa pressure in a low-pressure inductively 
coupled radiofrequency plasma system.
Untreated and plasma-treated PES samples were 
fi nished with a mixture of 100 g/l FAS and 200 g/l 
OP using the pad-dry-cure process. Acetic acid was 
used in pH adjustment of the fi nishing bath to pH 
4–5. Th e process included full immersion of sam-
ples for one minute at room temperature, squeezing 
between padded rollers at a constant pressure and 
roller velocity, followed by drying at 100 °C and cur-
ing at 150 °C for 5 minutes. For comparison, single-
component FAS and OP fi nishing agents were also 
applied to the untreated and plasma treated PES 
samples under the same conditions. Th e PES sam-
ples codes and the procedures for the fabric surface 
modifi cations are listed in Table 1.
Th e fi nished PES samples were washed in a Gyrow-
ash 815 (James Heal, UK) testing instrument accord-
ing to the EN ISO 105C06 standard. Washing was 
performed in 150 ml of 4 g/l ECE phosphate refe-
rence detergent B solution at 40 °C for 45 min in the 
presence of ten steel balls that supply an accelerated 
washing treatment that corresponds to 5 domestic 
washes. Aft er washing, the samples were rinsed in 

distilled water at 40 °C, rinsed in cold tap water, and 
dried at room temperature.

Table 1: PES fabric sample codes and procedures for 
fabric surface modifi cations

Sample 
code

Procedure of the fabric surface 
modifi cation

PES-Un No treatment 
PES-P Plasma treatment 
PES/FAS Finishing with 100 g/l FAS
PES-P/
FAS

Plasma treatment followed by 
fi nishing with 100 g/l FAS

PES/OP Finishing with 200 g/l OP
PES-P/OP Plasma treatment followed by 

fi nishing with 200 g/l OP
PES/
FAS+OP

Finishing with the mixture of 
100 g/l FAS and 200 g/l OP

PES-P/
FAS+OP

Plasma treatment followed by fi ni- 
shing with the mixture of 100 g/l 
FAS and 200 g/l OP

2.3 Analytical methods

Wettability of PES fabric samples
Th e wettability of PES fabric samples was deter-
mined based on the amount of the fi nishing solu-
tion applied to the samples in the “wet on dry” proc-
ess. To this end, the pressure and the velocity of the 
padded rollers were set to 300 kPa and 1.5 m/min, 
respectively, and held constant during the squeezing 
process. Th e amount of the applied fi nishing solu-
tion was referred to as the wet pickup (WPU), 
which was calculated by the following equation [2]:

WPU = mass of sollution applied
mass of dry fabric sample

 
× 100 (%) (1)

Five measurements were performed for each sam-
ple, and the corresponding WPU value was reported 
in terms of the mean value and the standard error.

Scanning electron microscopy (SEM)
SEM images of the untreated and treated PES fi bres 
were obtained using a JSM 6060 LV scanning elec-
tron microscope (JEOL, Japan) operated with a pri-
mary electron beam accelerated at 10 kV. All sam-
ples were coated with a thin layer of gold prior to 
observation to supply conductivity and enhance the 
quality of the images.
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Fourier transform infrared (FT-IR) spectroscopy
Fourier transform infrared (FT-IR) spectra were ob-
tained on a Spectrum GX I spectrophotometer (Per-
kin Elmer, Great Britain) equipped with an attenu-
ated total refl ection (ATR) cell and a diamond 
crystal (n = 2.0). Th e spectra were recorded over a 
range of 4000 cm–1 to 600 cm–1 using 32 scans at a 
resolution of 4 cm–1.

Contact angle measurements
Th e static contact angles θ of water and n-hexade-
cane on the PES samples were measured using a 
DSA 100 contact angle goniometer (Krüss, Germa-
ny). Liquid droplets of 5 μl were placed on diff erent 
points of each fabric sample, and the values of θ 
were determined aft er 30 seconds of droplet deposi-
tion using the Young-Laplace fi tting method. Ten 
measurements were collected for each fabric sam-
ple, and the corresponding θ value was reported as 
the mean value and the standard error.

Sliding angle measurements
Th e water-sliding (or roll-off ) angles α were meas-
ured in the warp direction of the fabric samples and 
determined as the critical angle at which the droplet 
of 50 μl began to slide or roll off  the gradually in-
clined fabric surface. Five measurements were col-
lected for each fabric sample, and the correspond-
ing α value was reported as the mean value of the 
standard error.

Oil-repellent properties
Th e oil repellence of the PES samples was deter-
mined under static conditions using AATCC test 
method 118-1978 with eight hydrocarbon liquids in 
a series of decreasing surface tension. Paraffi  n oil 
was denoted with the rating number 1 and n-hep-
tane was given the rating number 8. Drops of the 
standard test liquids were placed on the fabric sur-
face and observed for wetting. Th e repellence rating 
was the highest numbered test liquid that did not 
wet the fabric in 30 seconds.

Vertical test of fl ammability
Th e combustion behaviour was determined via the 
vertical test of fl ammability according to DIN 
53906. A fabric sample of size 15 × 7.5 cm, arranged 
vertically, was exposed to a propane fl ame for 6 s at 
the bottom of the sample. Aft er removal of the fl ame 
source, the aft er-fl ame time and aft er-glow time 

were determined. Seven measurements were col-
lected for each sample in the warp direction, and 
the measured quantities were reported as the mean 
values and the standard deviations.

3 Results and discussion

3.1 Characterisation of PES fabric samples
Th e results of WPU are presented in Figure 1. It can be 
observed that the value of WPU is directly infl uenced 
by the sample pretreatment as well as the characteris-
tics of the fi nishing solutions. Plasma treatment of fab-
ric samples prior to the fi nishing process signifi cantly 
increased the WPU of all fi nishing solutions regardless 
of their properties, which was attributed to the in-
creased wettability of the plasma-treated PES fi bres. 
Th is result confi rms that the oxygen plasma treatment 
caused the formation of new polar functional groups 
on the surface of PES fi bres, which signifi cantly in-
creases their hydrophilicity and thus their wettability. 
Th e enhanced fi bre wettability directly resulted in an 
increased concentration of the absorbed fi nishing 
agents. Furthermore, in the case of the untreated fabric 
samples, the surface tension of the fi nishing solution 
importantly infl uenced the WPU. Accordingly, the 
WPU of the FAS solution with low surface tension was 
2 times lower than the WPU of the high-surface-ten-
sion PO solution. Because this phenomenon was in-
signifi cant in the case of the plasma-treated samples, 
this diff erence represents an important advantage of 
oxygen plasma treatment of hydrophobic textile fi bres.

Figure 1: Wet pickup (WPU) of untreated and plas-
ma-treated fabric samples
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a) PES-Un b) PES-P

c) PES/FAS d) PES-P/FAS

e) PES/OP f) PES-P/OP

g) PES/FAS+OP h) PES-P/FAS+OP

Figure 2: SEM images of untreated and plasma-treated PES fi bres and PES fi bres fi nished with diff erent fi nish-
ing solutions
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SEM images of the PES fi bres before and aft er dif-
ferent procedures for the fabric surface modifi ca-
tions are presented in Figure 2. It can be observed 
from the images that the oxygen plasma treatment 
did not signifi cantly change the surface morpholo-
gy of the fi bres, suggesting that the bulk properties 
of the fi bres remained undamaged. It is also evident 
that the applied fi nishing agents coated the fi bres, 
which caused light thickening and gluing of the fi -
bres in certain places on the surface. Th e latter was 
the most pronounced when the mixture of FAS and 
OP was applied to the plasma-treated fabric sample.
Figure 3 shows the ATR FT-IR spectra of representa-
tive plasma-treated and fi nished PES fabric samples 
as well as the untreated sample for comparison. In all 
spectra, the following bands that are characteristic for 
PES fi bres can be observed: the absorption band of 
low intensity at 3340 cm-1 due to intermolecular O–H 
bonds; the absorption bands in the 3000−2850 cm–1 
spectral region attributed to stretching of νCH2, 
νCH3 and C–H; the absorption band at 1710 cm–1 
due to strong C=O stretching vibrations of the carbo-
nyl group of the ester bond; the band at 1577 cm–1 
due to asymmetric stretching of the C–O bond of the 
carboxylate anions; the absorption bands at 1372, 
1338, 1240 and 1095 cm-1 caused by the δ(C–O) and 
νas(C–O–C) vibrations of the polyester fi bres; and the 
absorption bands at 848, 793 and 721 cm–1 due to 
the C–H and C–C vibrations of the benzene ring 
[24, 25]. Th e oxygen plasma treatment did not 
change the spectrum of the PES fi bres, which sug-
gests that the concentration of new functional 
groups incorporated onto the fi bre surface was too 

low to be detected by FT-IR spectroscopy. Fur-
thermore, in the case of the PES-P/FAS sample, 
the bands belonging to the FAS fi nishing agent at 
1238 cm–1 due to νa(CF2) mixed with rocking (CF2), 
at 1144 cm–1 due to νs(CF2) modes, and at 1208 cm–1 
due to νa(CF2) and νa(CF3) vibrations [24, 26, 27] 
were blurred by the polyester fi ngerprint. Th e same 
applies to the band at 1227 cm–1 in the spectrum of 
the PES-P/OP sample, which corresponds to the 
P=O bonds of phosphonate [24, 28] and is charac-
teristic of the OP fi nishing agent. However, a de-
tailed insight into the spectrum of the PES-P/OP 
sample reveals an appearance of a broad band of 
low intensity at 930 cm–1 due to P–O stretching vi-
brations of phosphonate [24].

3.2 Functional properties of PES fabric samples
Th e results of the water and n-hexadecane static 
contact angle measurements on the unwashed and 
washed samples containing FAS are presented in 
Figures 4 and 5. For the PES fabric samples that 
were not fi nished with FAS, i.e., PES-Un, PES-P, 
PES/OP and PES-P/OP, the liquid static contact an-
gles were less than 90° and therefore could not be 
measured. Th e results in Figure 4 reveal that the 
presence of the FAS coating supplied excellent water 
repellence to the PES fi bres, with contact angles in 
the range of 148° to 153°, which could be character-
ised as notably high superhydrophobic properties. A 
comparison of the PES/FAS and PES-P/FAS samples 
shows that pretreatment of PES fi bres with oxygen 

Figure 3: ATR spectra of representative PES fabric 
samples: PES-Un, PES-P, PES-P/FAS, PES-P/OP and 
PES-P/FAS+OP

Figure 4: Static contact angles of water (θw) deter-
mined on unwashed (UnW) and washed (W) PES 
fabric samples fi nished with FAS
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plasma did not improve their water repellence, de-
spite the fact that the WPU and the concentration of 
the applied FAS were increased on the plasma-treat-
ed sample. Th is result suggests that the FAS coating 
can create a superhydrophobic fabric surface at no-
tably low concentration. Th e higher WPU of the 
FAS and OP mixture for the PES-P/FAS+OP sample 
compared with the PES/FAS+OP sample resulted in 
a slight reduction in water repellence. Th e reason for 
this result was attributed to a higher uptake of the 
hydrophilic OP fi nishing agent in the mixture, 
which hindered the superhydrophobic performance 
of FAS but still resulted in notably high hydropho-
bicity with a water contact angle equal to 148°. Th e 
FAS coating exhibited excellent washing fastness 
with an insignifi cant decrease of the water contact 
angles in the case of all washed samples.
However, the concentration of FAS uptake by the 
untreated PES/FAS and PES/FAS+OP samples was 
too low to supply suffi  cient oleophobicity of the PES 
fi bres. On these samples, n-hexadecane did not 
form stable drops of constant shapes on the fabric 
surface but slowly spread and penetrated into its po-
rous structure, which resulted in a decrease of the 
contact angles and therefore prevented the static 
contact angle measurements. In contrast, the in-
crease of the WPU of the oxygen plasma-treated 
PES fi bres (PES-P/FAS and PES-P/FAS+OP sam-
ples) infl uenced the creation of the uniform oleo-
phobic FAS coating with n-hexadecane contact an-
gles in the range of 120 to 124°, which exceeded 

119° even aft er sample washing. Accordingly, oxy-
gen plasma treatment prior to the fi nishing process 
is crucial to supply simultaneous water repellence 
and oil repellence properties to PES fi bres.
To determine whether the superhydrophobic PES 
fabric samples are self-cleaning, the sliding angles 
of water were determined and are presented in Fig-
ure 6. As shown in Figure 6, the lowest water slid-
ing angles of 15° and 13° were obtained for the PES/
FAS and PES-P/FAS samples, respectively, indicat-
ing the nearly full self-cleaning properties of these 
samples. However, to decrease the water sliding an-
gle, the low surface free energy micro- to nanos-
tructured roughness of the fi bres surface should be 
created in the chemical modifi cation process, which 
could allow air to become trapped in the fi bre to-
pography, thus creating a composite surface that 
minimises the solid/water interface and maximises 
the water/air surface area. However, according to 
the SEM images, the oxygen plasma treatment and 
the fi nishing process did not signifi cantly aff ect the 
topography of the PES fi bres, which remained near-
ly unchanged. Th e results also show that the pres-
ence of OP in the coating increased the water slid-
ing angles of the PES/FAS+OP and PES-P/FAS+OP 
samples to a great extent due to the sticking of the 
water droplet to the fi bre surfaces. Th is phenome-
non indicates that the hydrophilic character of OP 
strongly increased the adhesion between water and 
the coating. It is clear that OP does not contribute 
to creation of the self-cleaning properties of the 

Figure 5: Static contact angles of n-hexadecane (θC16) 
determined on unwashed (UnW) and washed (W) 
PES fabric samples fi nished with FAS

Figure 6: Sliding angles of water (α) determined on 
unwashed (UnW) and washed (W) PES fabric sam-
ples fi nished with FAS
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coating. Although the water sliding angles for the 
PES/FAS and PES-P/FAS samples only slightly in-
creased aft er washing, the water sliding angles dra-
matically decreased for the PES/FAS+OP and PES-P/
FAS+OP samples. Th is result suggests that the coating 
structure was changed during washing and that the 
OP fi nishing agent released from the fi bre surface.
Th e results of the oil repellence rating summarised 
in Table 2 gave additional information to the results 
presented in Figure 5. Although n-hexadecane pen-
etrated into the PES fabric porous structure of the 
PES/FAS and PES/FAS+OP samples, the mixture of 
paraffi  n oil and n-hexadecane with a 1.6 mN/m 
higher surface tension than n-hexadecane did not 
wet these samples in 30 minutes. Because the same 
applies for paraffi  n oil, this result indicates that the 
PES/FAS and PES/FAS+OP samples were still repel-
lent for diff erent oils. Th e results in Table 2 also 
show the high oleophobicity of the PES-P/FAS and 
PES-P/FAS+OP samples, which repelled even n-de-
cane with much a lower surface tension than n-hex-
adecane. Th e sample repellence only slightly deteri-
orated aft er washing.
Th e results of the burning behaviour of the PES fab-
ric samples determined by the vertical test of fl am-
mability are summarised in Table 3. Th e results 
show that the samples diff er from each other in the 
aft er-fl ame time and that none of the samples ex-
hibited aft er-glow behaviour. Th e PES-Un and 
PES-P samples ignited easily and burned for be-
tween 20 and 30 seconds aft er the withdrawal of the 
igniting fl ame, and the time of burning signifi cantly 

increased if the single-component FAS coating was 
present on the samples. Th is result suggests that the 
FAS polymer fi lm stabilised the PES melt in the py-
rolysis zone, causing prolongation of the burning 
time. In contrast, the presence of OP in the coating 
supplied excellent fl ame-retardant behaviour to the 
PES/OP and PES-P/OP samples, which did not 
burn aft er fl ame withdrawal and showed superior 
self-extinguishing behaviour. Th e application of FAS 
in combination with OP signifi cantly impaired the 
fl ame retarding effi  ciency of OP, which was refl ect-
ed by the increased aft er-fl ame time of the PES/
FAS+OP sample, suggesting that the concentration 
of the adsorbed OP was too low to provide suffi  cient 
fl ame retardancy. Nevertheless, as stated before, 
plasma treatment infl uenced the increase of the FAS 
and OP adsorption, resulting in an excellent fl ame-
retardant behaviour to the PES-P/FAS+OP sample 
which was comparable to that of the samples PES/
OP and PES-P/OP. However, the results of burning 
behaviour of washed samples reveal that OP was 
neither covalently bonded to the PES fi bre surface 
nor to the FAS polymer network but was only phys-
ically incorporated into the coating, which resulted 
in the movement of OP from the PES fi bres during 
the washing process. Consequently, all washed PES 
fabric samples burned easily. Th ese results also con-
fi rm our assumption based on the water sliding an-
gle measurements that the reason for the sliding an-
gle decrease on the PES/FAS+OP and PES-P/
FAS+OP samples aft er washing was the absence of 
the OP fi nishing agent.

Table 2: Oil repellence rating of unwashed (UnW) and washed (W) PES fabric samples fi nished with FAS de-
termined under static conditions using AATCC test method 118-1978.

Sample
Rating numbera) Test liquidb) Surface tensionc) 

[mN/m]
UnW W UnW W UnW W

PES/FAS 2 1 PO:C16 
(65:35)

PO 28.7 31.2

PES-P/FAS 6 5 C10 C12 23.5 25.1
PES/FAS+OP 2 2 PO:C16

(65:35)
PO:C16
(65:35)

28.7 28.7

PES-P/FAS+OP 6 5 C10 C12 23.5 25.1

a) Rating is the highest numbered test liquid which did not wet the fabric in 30 seconds.
b) Name of the highest numbered test liquid: PO – paraffi  n oil, C16 – n-hexadecane, C12 – n-dodecane, 
 C10 – n-decane.
c) Surface tension of the highest numbered test liquid at 25 °C.
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4 Conclusion

In this research, we successfully tailored the multi-
functional superhydrophobic, oleophobic, and 
fl ame-retardant coating on PES fabric using a two-
step chemical modifi cation procedure consisting of 
oxygen plasma treatment followed by pad-dry-cure 
application of an FAS and OP mixture. A compari-
son of the functional properties of PES fabric treat-
ed by the FAS and OP mixture with those treated by 
single-component FAS or OP fi nishing solutions re-
veals the following:

Application of the FAS fi nishing agent supplied • 
washing-resistant superhydrophobic properties 
to the PES fi bres, which was insignifi cantly aff ec-
ted by the presence of OP in the mixture;
Oxygen plasma treatment of the surface of PES • 
fi bres dramatically increased the wet pick up of 
the fi bres and therefore preserved the conditions 
for the creation of the uniform oleophobic coa-
ting with n-hexadecane contact angles in the ran-
ge of 120 to 124°, which exceeded 119° even aft er 
sample washing;
Th e presence of OP in the coating notably increa-• 
sed the water sliding angles because of the enhan-
ced adhesion between water and the PES fi bres 
surface, resulting in complete deterioration of the 
self-cleaning properties;
Application of the OP fi nishing agent created • 
excellent fl ame-retardant behaviour of the PES 
fi bres, which did not burn aft er fl ame withdra-
wal and showed superior self-extinguishing be-
haviour;

Th e fl ame retardancy of the PES fi bres was not • 
wash-resistant because OP was only physically 
incorporated into the coating and was removed 
during the washing process.
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