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ABSTRACT 

 
Efficacy of selected commercially available fluorocarbon-based finish agents, such as 
Oleophobol (Huntsman) Fluoroguard SX and Fluoroguard VOX (Britacel Silicones) Nuva 
HPU (Clariant) TG-581 (Resil) Aquaphobe-SNT (Akkshata), on cotton and polyester fabrics 
was studied with respect to water and oil repellency. All the finish agents  exhibited 
excellent water- and oil-repellent properties on both kinds of fabrics. The contact angle of 
water on the finished cotton and polyester fabrics was found to be ≥ 140o Nuva HPU and 
Oleophobol gave cotton very good protection against rain. Except Aquaphobe SNT, all other 
finishes imparted excellent oil-repellent property to cotton. In the case of polyester, 
maximum oil repellency was achieved with Aquaphobe SNT and Fluorogard SX. The 
finished polyester fabric showed minimal absorption and better resistance to penetration of 
water as compared to cotton when subject to the Bundesmann water repellency test. There 
was a slight yellowing of the cotton fabric after the application of Oleophobol finish. There 
was no effect on the strength of the fabrics. The effect of these finishes on the crease 
recovery angle and the bending length of cotton was not significant, However,  the 
polyester fabric became slightly stiffer after the application of the finishes.  The crease 
recovery angle of polyester also increased after the application of these finishes. The 
finished fabrics showed good water repellency up to 15 washes. Oil repellency showed 
deterioration after only 5 washes and was partially retained up to 15 washes. Both water and 
oil repellency became negligible after 30 washes. 
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1. Introduction 
 
Finishes that repel water, oil and dry dirt are 
important for many types of textile and technical 
textiles. For a liquid to spread on a surface, its 
interaction with the surface should be higher than 
its internal cohesive interaction or surface tension. 
When the interaction between the liquid and the 
surface is lower than the internal interaction of the 
liquid, the liquid drop will not spread on the 
surface. Similarly, when the surface free energy of 
a material is lower than the surface tension of a 
liquid, it exhibits low interaction with the liquid. 
Thus, oil and water repellency is achieved by 
reducing the surface free energy of the fibre 
surface. The internal cohesive interaction or 

surface tension of water is 73 mNm-1. Any finish 
that is able to reduce the surface free energy of a 
textile surface below the surface tension of water 
will make it water repellent. But the surface 
tension of oil is in the range of 10-20 mNm-1. For 
a surface to become oil repellent its free energy 
should be lower than that of oil. It is possible to 
achieve water repellency by using different 
products but, to this day, oil repellency can only 
be attained with fluorocarbons. 
 
Fluorocarbons represent state-of-the-art finishing. 
They satisfy not only the demand of high water 
repellency but also impart oil and soil repellency 
to finished fabrics. A fluoropolymer sheath 
around the fibers strongly reduces the textile 
surface free energy, accompanied by the increase 
of the contact angle of liquids on its surface 
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(Schindler & Hauser, 2004) . Fluorocarbons can 
be used alone or in conjunction with other 
finishing agents when multiple function finishes 
are desired.  
 
Conventional fluorinated polymers including 
esters and amides of polyacrylic acids are either 
stable emulsions or dispersions for addition to 
aqueous pad baths. While these products impart 
good resistance to soiling and staining, they can 
be easily removed after repeated laundering in 
water or by dry cleaning. The new generation of 
products is based on fluorosurfactants, which are 
capable of withstanding numerous washings in 
water or drycleanings. These new molecules are 
based on perfluoroalkyl hydroxyalkyl siloxane or 
fluorosilicone compounds. Some stain protection 
technologies provide dual action of stain 
protection as they impart soil repellency 
combined with stain release technology. These 
advancements in stain protection have been 
introduced as the new generation of water and oil 
repellent finishes (Lal, 2007). 
 
Studies have been conducted on the performance 
of different types of fluorocarbon finish agents 
and their durability to washing (Chien, Fang & 
Wei, 2009; Colleoni et al., 2011; Crews, Rich & 
Kachman, 1995; Hoefnagels et al., 2007; Leng et 
al., 2009; Minghua et al., 2007; Ozcan, 2007; 
Vassileva & Budurova, 2007; Yuung et al., 2008) 
. Crew, Rich and Kachman (1995) studied the 
effect of fibre content, fabric construction  and 
hot water / solvent cleaning on the performance of 
fluorocarbon-finished fabrics with respect to their 
oil and water repellency. The durability of the 
finish was studied up to 3 hot water/ solvent 
washes. Vassileva and Budurova (2007) 
compared three different types of fluorochemical 
finish agents (conventional perfluoroalkyl 
acrylate-based, Laundry/Air Dry fluorochemical, 
bionic finish-based) on 100% cotton and 
cotton-polyester fabrics. The oil and water 
repellency was tested up to 10 standard machine 
washes and the effect of reactivation (drying and 
ironing) after washing was also studied. In 
another study, the effect of plasma pretreatment 
on the performance and durability of fluorocarbon 
finish agents was studied up to 50 machine 
washings (Ceria & Hauser, 2010). Various 
fluorocarbon-based finish agents are available in 
the market and their basic methods of application 
are provided by manufacturers. However, no 

exhaustive data on the efficacy of these finish 
agents on different fabrics is available. The effect 
of these finish agents on physical properties is 
also not clear, which is an important aspect 
regarding the performance of textile products in 
terms of creasing, stiffness, and strength. 
Therefore, this study was conducted to evaluate 
the current senario of commercially available 
stain repellent finish agents and to bridge the 
information gap. An analysis of various 
fluorocarbon-based finish agents on cotton and 
polyester fabrics was done with respect to oil and 
water repellency. The effect of finish agents on 
various physical properties of fabrics was 
determined. The durability of the finishing agents 
up to 30 launderings was also studied. Thus, this 
paper presents comparative data on the 
performance of selected commercially available 
fluorocarbon-based finish agents under the test 
conditions as specified in this study. 
 
2. Experimental  
 
2.1 Materials 
 
Plain woven, bleached fabrics, viz, cotton (120 
g/m2, 135 ends/inch, 68 picks/inch) and polyester 
(80 g/m2, 192 ends/inch, 93 picks/inch) were used 
for the study. All the fabrics were scoured in a 
solution of 5 gpl anionic surfactant at 60°C for 
one hour, rinsed and dried. 
 
The finish agents used for the study are as 
follows: 
 
• Oleophobol  (Huntsman, Mumbai, India): 

Dispersion of fluoropolymers containing 
extender with a pH (500 g/l) range of 3-5; 
suitable for cotton, viscose, 
synthetic/cellulose and synthetics. 

• Fluoroguard SX (Britacel Silicones, Mumbai, 
India): Fluorosilicone resin emulsion with a 
pH range of 4-6; suitable for polyester and 
polyester blends.  

• Fluoroguard VOX (Britacel Silicones, 
Mumbai, India): Fluorosilicone resin 
emulsion, with a pH range of 4-7; suitable 
for nearly all types of fabrics. 

• Nuva HPU (Clariant Chemicals India Ltd., 
Thane, India): Dispersion of a fluoro 
compound, the pH (5%) range is about 2.5 to 
4.5; suitable for textiles made of synthetic 
and cellulosic fibres.  
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• TG-581 (Daikin Chemicals, supplied by 
Resil Chemicals Private Ltd., Bangalore, 
India): pH 3-6; suitable for all types of 
fabrics.  

• Aquaphobe-SNT (Akkshata Enterprises, 
Thane, India): Perfluoroalkyl-based 
fluorocarbon compound; the pH of 1% 
solution is about 4.5±1; suitable for cotton, 
polyester, nylon, wool, viscose and their 
blends. 

 
2.2 Application of Finishes 
 
The finish agents were applied on cotton and 
polyester fabrics as per the instructions given by 
the corresponding manufacturers (Table 1). All 
the formulations were applied at the maximum 
concentrations of the recommended range so as to 
observe their highest level of performance. The 
finish agents were applied by the pad-dry-cure 
method (one-dip, one-nip). The fabric samples 
were dipped in the padding liquor for 5 minutes, 
passed through the padding mangle 
(expression-60%), dried and cured at the specific 
temperature given in Table 1. The samples were 
not washed after curing and used as such for 
testing. 
 
2.3 Evaluation  
 

The treated and untreated fabrics were evaluated 
with respect to the following properties: 
 
Drop absorption time. The test fabric was laid 
on a ceramic tile. From a height of 10 cm 50 µl of 
water was put on the fabric. The time taken by the 
fabric to completely absorb the drop was recorded. 
The final reading was the average of three 
readings. 
 
Bundesmann water repellency test. The 
Bundesmann water repellency tester M 230 (FDL 
International Ltd., England) was used to 
determine the fabrics’ resistance to absorption and 
penetration of water when exposed to a simulated 
rain shower as per ISO 9865 (DIN 53 888) test 
specifications. The instrument consisted of a 
shower and cup assembly. Each cup was equipped 
with a wiper of four arms whch rotated during the 
test, rubbing the underside of the fabric. Four 
specimens of 140 mm diameter of the test fabric 
were simultaneously exposed to a simulated 
heavy rain shower of controlled intensity. The 
water absorbed by the specimen was determined 
by weighing the specimens before and after the 
test, which was the measure of resistence to 
wetting. The penetrated water collected in the 
cups was the measure of resistance to penetration 
of water (Parmar, Sharma & Kumar, 2008). 

 
Table 1. Application conditions of various water repellent finish agents 

Finishes Conc. 
(gpl) 

pH Drying 
Temp. °C 

Drying Time  
(min) 

Curing Temp. 
°C 

Curing 
Time 

Oleophobol 80 5-7 120 5 150 5 min 
Fluoroguard-SX 15 4-6 160 1 160-180 45-90 s 
Fluoroguard- VOX 80 4-7 160 1 160-180 45-60 s 
Nuva-HPU 60 4-5 120 5 150-180 1 min 
TG-581 50 5-7 160 2-4 160 2-4 min 
Aquaphobe- SNT 50 5-7 160 2-4 160 2-4 min 

 
To calculate water absorption, the following 
formula is used: 
 

% Absortion = M2-M1 ×100 × 2 
     M1 

Where, 
M1 = mass of the specimen before test 
M2 = mass of the specimen after test 
 
Since the total area of the test specimen was twice 
as large as the exposed area, it was necessary to 
multiply the absorption figure by 2 to get a 

correct result. 
 
The penetration of water was determined by 
measuring the volume of water in ml collected in 
each cup. 
 
Resistance to water based stains. A 0.5% Congo 
red dye solution was prepared for staining the 
fabric. The specimens of 4”×1” were cut from 
both finished and untreated fabrics. The untreated 
fabric was kept under the finished fabric to 
observe the penetration of the stain through the 
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test fabric. With a pipette, 50 µl solution was put 
on the sample and left for 30 seconds. After 30 
seconds the remaining solution, if any, on the 
fabric surface, was absorbed using blotting paper. 
Similarly, more drops were put on the same 
sample but for longer periods, i.e. 1, 5 and 10 
minutes. The fabrics were evaluated visually for 
any dye stain  This test was designed to study 
whether the finished fabric and the underlying 
layers were protected from staining when a 
coloured liquid came in contact with it.  
 
Contact angle. The fabric was placed on a stand 
and a light source was arranged at its back. A drop 
of 0.05% C.I. Direct Green 26 dye solution was 
placed on the fabric surface with a syringe. The 
light source at the back enabled the water drop to 
be clearly visible. The photograph of the drop on 
the fabric surface was taken from the front using a 
digital camera. The images were used to measure 
the contact angle. 
 
Oil repellency. Oil repellency was determined 
using a 3M oil repellency test (Parmar, Sharma & 
Kumar, 2008). A series of liquids were prepared 
by mixing different proportions of n-heptane and 
mineral oil. The surface tension of n-heptane was 
20mNm̄¹ which was lower than most of the oils. 
The oil repellency rating was assigned to each of 
the liquids as shown in Table 2. The test 
specimens were placed on a piece of blotting 
paper on a smooth horizontal surface. The test 
was started with 100% mineral oil with an oil 
repellency rating of 50. Small drops (50 µl) were 
carefully placed on the test specimen at five 
locations along the weft direction. The dropper tip 
was held at the height of 0.6 cm above the fabric 
surface. The drops were observed for 30 seconds. 
If the drops were not absorbed by the fabric, the 
procedure was repeated for the next liquid, i.e. 
90% mineral oil and 10% n-heptane. The 
procedure continued until one of the test liquids 
showed obvious wetting or wicking on the fabric 
under or around the drop within 30 seconds.  
The oil repellency rating of the fabric was the 
numerical value corresponding to the last mixture 
that did not wet the fabric within 30 seconds.  
Crease recovery angle and bending length. The 
crease recovery angle of the test fabrics was 
measured on a Eureka crease recovery tester using 
the standard procedure (DIN 53890.1972). The 
bending length was tested on the Eureka bending 
length tester using the ASTM DI 388-08 

procedure. The average of five readings was taken 
in the warp and weft directions for crease 
recovery. For the bending length, five specimens 
were tested in each of the direction. 
 
Table 2. 3M Oil repellency ratings for mixtures 

of n-heptane and mineral oil 
Percentage of 
mineral oil in 

n-heptane 

Oil repellency 
rating 

Resistance 
to staining 

0 150 Excellent 
10 140 “ 
20 130 “  
30 120 “  
40 110 “ 
50 100 “  
60 90 Good 
70 80 “ 
80 70 Fair 
90 60 “  
100 50 “ 

 
Breaking load. The breaking load was measured 
on a Paramount Digistrength tester. Strips of 6×2 
inches were cut both from the warp and weft 
directions. The lengthwise edges of the fabric 
were frayed to ensure same warps on both the 
edges. The final dimension of the strip after 
fraying was 6×1 inch. The gauge length of the 
instrument was 4 inches. The cross-head speed 
was kept at 100 mm/min. The mean of five 
readings in the warp and weft directions was 
taken for each fabric sample.  
 
Whiteness index. The whiteness index of the 
specimens were determined on a Minolta Color 
Eye 3100 spectrophotometer. The average of four 
readings was taken for each sample. 
 
Durability to laundering. The durability of the 
finishes to home laundering was tested using the 
standard AATCC test no. 61-2A, in which one 
laundry cycle was equivalent to five home 
machine launderings. Six cycles were given to the 
treated samples to make it equivalent to 30 home 
launderings. The samples were evaluated for 
water and oil repellency after the 1st, 3rd and 6th 
cycles. 
3. Results and Discussion 
 
3.1 Water repellency 
 
To assess the water repellency of commercially 
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available fluorocarbon finish agents, various tests 
were carried out and the results obtained are given 
in Tables 3a and 3b. In the case of water 
absorption tests, the control cotton fabric took 5 
minutes to completely absorb the water droplet 
whereas the control polyester fabric absorbed the 

drop in less than a second, probably due to the 
capillary action in the polyester filament fabric. 
As for all the finished cotton and polyester 
samples, the absorption time increased to over 
one hour because of the reduced surface tension 
of the finished fabrics.  

 
Table 3a. Effect of various fluorocarbon finishes on water and oil repellency of cotton fabric 

Finishes Drop absorption time Bundesmann test Contact angle Oil repellency 
rating Absorption Penetration 

Control 5 min 176% 365 ml 0° 50 
Aquaphobe-SNT > 1h 97% 240 ml 160° 80 

Nuva-HPU > 1h 6677%% 2255  mmll 158° 140 
TG-581 > 1h 9977%% 113377  mmll 160° 120 

Fluorogard-VOX > 1h 117% 255 ml 160° 120 
Oleophobol > 1h 3322%% 2255  mmll 158° 140 

 
Table 3b. Effect of various fluorocarbon finishes on water and oil repellency of polyester fabric 
Finishes Drop penetration time Bundesmann test Contact 

angle 
Oil repellency 

rating Absorption Penetration 
Control 0.6 s 25% 330 ml 0° 50 

Aquaphobe SNT > 1h 0% 14 ml 148° 140 
Nuva-HPU > 1h 1% 13 ml 147° 120 

TG-581 > 1h 0% 12 ml 140° 130 
Fluorogard-SX > 1h 0% 22 ml 140° 140 

Fluorogard-VOX > 1h 0% 12 ml 155° 110 
Oleophobol > 1h 3% 22 ml 150° 130 

 
Bundesmann water repellency test. The fabrics 
were also tested for water repellency by exposing 
them to an artificial rain shower in a Bundesmann 
apparatus. Water repellency was assessed by 
measuring the amount of water absorbed by the 
test fabric and the amount of water that penetrated 
the fabric. The amount of water absorbed by the 
control cotton fabric was very high, almost up to 
180%.  Even though it reduced significantly for 
the finished cotton fabrics, the values were still 
quite high probably due to the inherent 
hydrophilic nature of the cotton fabric (Table 3a). 
A good correlation was seen between absorption 
and penetration of water. The finishes that 
resulted in lower absorption also showed less 
penetration. The best results were obtained in the 
case of Oleophobol followed by Nuva-HPU and 
TG-581. 
 
The control polyester fabric showed very low 
absorption of water (25% owf). However, the 
amount of water that penetrated the fabric was 
very high (330 ml). The treated polyester fabrics 
showed very good protection against rain with 
almost no water absorption and very little water 

penetration (Table 3b). All the finishes gave 
comparable results on polyester and thus were 
found to be equally effective. 
 
Thus, it can be said that the finished cotton fabric 
is stain-repellent but not suitable for rainwear 
because it will allow some absorption and 
penetration of water when exposed to rain. 
Nevertheless, cotton can be finished with the 
above mentioned agents to make fabrics suitable 
for other end uses, such as sportswear, 
stain-repellent fabrics for apparels and household 
furnishings. 
 
The finished polyester fabric is suitable for 
rainwear too, as the fabric will neither get wet nor 
allow penetration of water when exposed to rain.  
 
The selection of fabrics with suitable yarn and 
fabric construction parameters to give a compact 
structure will help in maximising the efficacy of 
the finish agents.   
 
Contact Angle. All the finish agents gave similar 
contact angles which ranged between  158o-160o 
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(±3°) for cotton and 140 o-155 o (±3°) for polyester 
(Tables 3a and b, Figures 1 and 2). The contact 
angle of the water droplet on the finished cotton 
fabrics was higher than that on the finished 
polyester fabrics probably because of the 
difference in the surface characteristics between 
the two fabrics. 
 
The roughness of spun cotton fabric due to 
protruding fibres may not allow the water droplet 
to make proper contact with the fabric surface. 
 

 
Fig. 1. Contact angle of water on cotton fabric 

treated with different finishes 
 
Polyester, on the other hand, is a filament fibre 
with a smooth surface. Therefore, water droplets 
form better contact with the fabric. Smooth 
filaments of polyester also facilitate capillary 
action, which results in quick penetration of water 
droplets in spite of comparatively hydrophobic 
nature of the fabric. This could be the reason for a 
lower contact angle on polyester fabrics. 
 
Resistance to water-based stains. Drops of 
Congo red dye solution were put on the 
unfinished and finished samples. The drops were 
allowed to remain for different durations of time 
and then the fabrics were observed for staining, if 
any.  

 
Fig. 2. Contact angle of water on polyester fabric 

treated with different finishes 
 
It was found that in the control samples immediate 
staining took place and the dye stain penetrated 
the fabric and therefore the fabric underneath was 
also stained. In the finished samples of both 
fabrics there was no staining up to 10 minutes. No 
penetration of stains through the finished fabrics 
was observed (Figures 3 and 4). 
 

 
Fig. 3. Cotton fabric treated with different 

fluorocarbon finishes showing no 
staining with water-based stain 
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Fig. 4. Polyester fabrics treated with fluorocarbon 

finishes showing no staining with 
water-based stain 

 
3.2 Oil repellency 
 
Finish agents based on fluorocarbons with surface 
tension of 10-20 mNm̄¹ are able to achieve water 
and oil repellency. The oil repellency of the finish 
agents used in this study was measured by a 3M 
oil repellency test. 
 
All the finishes imparted excellent oil repellency 
to cotton (Table 3a) except Aquaphobe-SNT that 
gave a rating of 80. Nuva-HPU and Oleophobol 
each gave the best rating of 140. The finished 
polyester samples also exhibited excellent oil 
repellency with ratings in the range of 110-140. 
Auaphobe SNT and Fluorogard-SX gave the best 
results (Table 3b). 
 
3.3 Physical Properties 
 
The crease recovery angle, bending length, 
breaking load and whiteness index of the treated 

and untreated fabrics were determined.  
 
Crease recovery angle. The control cotton fabric 
had a crease recovery angle of 182° (Table 4a). 
The finished fabrics gave similar readings except 
the Fluorogard VOX- and Oleophobol-treated 
samples where the crease recovery angle reduced 
to 144° and 167° respectively. In the case of 
polyester, a slight increase in the crease recovery 
angle was observed after the application of 
finishes. The control samples had a crease 
recovery angle of 282° which increased to above 
300o in all the finishes.  
 
A maximum recovery was found in the case of the 
Aquaphobe-SNT-treated samples when the 
recovery angle increased to 318° (Table 4b). 
Unlike cotton, the crease recovery values of 
polyester were very consistent with the coefficient 
of less than 5% variation.  
 
Breaking load. The control and finished samples 
gave nearly the same readings as the breaking 
load shown in Tables 4a and b. The coefficient of 
variation in all the samples was less than 10%. 
Thus, one can see that there was no adverse effect 
of the finish agents on the strength of both fabrics.  
 
Bending length. This test was done to determine 
the effect of finishing on the fabric stiffness. 
There was no change in the stiffness of the cotton 
fabric after the application of finish agents as seen 
in Table 4a. The bending length in the warp 
direction was in the range of 1.8-2.5 cm and in the 
weft direction in the range of 1-1.5 cm.  
 
On the polyester fabric, however, the finishing 
resulted in an increase in stiffness. The bending 
length increased from 1.2 cm to ≥2 cm in the 
warp direction and from 1.1 cm to > 1.5 cm in the 
weft direction (Table 4b).  
 
Whiteness index. The effect of the finish agents 
on the whiteness of the fabrics was determined by 
measuring Hunter’s Whiteness Index. The 
whiteness indices of both control fabrics were 
above 130 and reduced slightly after finishing. 

 
 
 
 
 



RJTA Vol. 17 No. 3 2013 
 

27 

Table 4a. Effect of various fluorocarbon finishes on physical properties of cotton fabric 
Finishes Crease Recovery Angle 

(CV%) 
Breaking Load kg/cm2 

(CV%) 
Bending Length cm 

(CV%) 
Warp Weft Total Warp Weft Warp Weft 

Control 87(11.7) 95(8.1) 182 24.3(3.0) 9.9(11.1) 2.0(12.0) 1.2(13.4) 
Aquaphobe-SNT 89(9.0) 90(13.6) 179 28.6(3.4) 10.2(7.1) 2.0(7.8) 1.2(17.1) 

Nuva-HPU 86(8.3) 106(10.0) 192 23.7(3.8) 9.1(14.9) 2.2(7.1) 1.3(10.4) 
TG-581 95(10.3) 96(10.9) 191 24.7(2.10 10.3(3.0) 2.2(8.2) 1.2(7.6) 

Fluorogard-VOX 72(5.1) 72(16.7) 144 22.7(6.7) 10.2(3.6) 1.8(9.2) 1.2(14.0) 
Oleophobol 78(5.0) 89(5.3) 167 24.4(7.1) 9.6(4.9) 2.5(10.2) 1.4(9.5) 

 
Table 4b. Effect of various fluorocarbon finishes on physical properties of polyester fabric 

Finishes Crease Recovery Angle (CV%) Breaking Load kg/cm2 

(CV%) 
Bending Length cm 

(CV%) 
Warp Weft Total Warp Weft Warp Weft 

Control 137(4.5) 145(3.9) 282 34.0(3.7) 22.8(7.3) 1.2(12.3) 1.1(17.0) 
Aquaphobe-SNT 156(2.1) 162(2.1) 318 33.6(2.6) 27.2(1.6) 2.1(14.8) 1.8(16.9) 

Nuva-HPU 155(3.7) 153(3.4) 308 32.9(2.6) 21.2(2.9) 2.6(20.6) 2.0(13.2) 
TG-581 154(3.8) 154(2.0) 308 32.2(4.4) 21.4(4.4) 1.9(13.9) 1.6(16.0) 

Fluorogard-SX 149(2.6) 154(4.0) 303 29.9(9.8) 21.5(6.5) 1.7(13.8) 1.6(16.2) 
Fluorogard-VOX 149(1.8) 156(1.7) 305 32.7(3.0) 21.0(3.1) 2.8(22.8) 2.6(15.0) 

Oleophobol 155(1.8) 159(3.2) 314 32.0(3.3) 21.6(2.6) 1.9(18.5) 1.8(22.5) 
 
However, by visual assessment, the difference in 
the colours of the treated and untreated fabrics 
was hardly noticeable except in the case of 
Oleophobol-finished cotton. As can also been 
seen from Hunter’s Whiteness Index values, the 
appearance of polyester was less affected than 
that of cotton. The Oleophobol finish was 
off-white so that both fabrics treated with this 
finish had a minimum value of Hunter’s 
whiteness index. 
 
3.4 Durability to Laundering 
 
The durability of all the finishes was tested after 
5, 15 and 30 washes. The performance of a finish 
agent after 5 washes would indicate whether a 
finish had any durability at all or  needed to be 
renewed on a regular basis. Repellency after 15 
washes would indicate moderate durability. 
However, if a finish was able to withstand 30 
machine washes it would be considered durable. 
Most of the apparels may require durability up to 
30-50 washes. Water repellency remained 
unchanged up to 15 washes. However, the fabrics 
became almost as absorbent as the unfinished 
samples after 30 washes (Tables 6a and b). On the 
other hand, oil repellency of all the finish agents 
on both fabrics started reducing after only 5 
washes. It reduced significantly in the case of 
cotton, while in polyester the reduction was much 

less severe and oil repellency was still excellent 
after 15 washes except in the case of Fluorogard 
VOX. After subjecting the fabrics to 30 washes, 
there was a marked deterioration in oil repellency 
of all fabrics, similar to the case of water 
repellency. In general, all the finishes showed 
better durability in polyester fabrics. Fluorogard 
SX finish, which is specifically recommended for 
polyester and its blends, showed the best 
durability.  
 
From the above results, it can be inferred that the 
finishes had moderate durability to washing. After 
5 washes (one test cycle), the finishes were 
partially removed, which resulted in an increase 
in the surface energy of the fabric manifested in 
reduced oil repellency because the surface energy 
of oil is very low (20-35 mNm̄¹). However, the 
increased surface energy of the washed fabrics 
was still lower than that of water (surface tension 
of water is 73 mNm̄¹). Hence, the effect of 
washing did not manifest in water repellency after 
the first cycle. The water repellency remained 
stable up to 15 washes but, after 30 washes, the 
finishes probably got removed to a large extent 
leading to a significant increase in the surface 
energy of the fabric. As a result both water and oil 
repellent properties of the fabric were lost. In 
general, better durability was observed in 
polyester than cotton. 
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4. Conclusions 
 
Fluorocarbon-based finishing agents imparted 
very high degree of oil and water repellency to 
cotton and polyester fabrics.  All the finish 
agents reduced the wettabilty of both fabrics 
significantly. Nuva HPU and Oleophobol gave 
cotton very good protection against rain. Except 
Aquaphobe SNT, all other finish agents imparted 
excellent oil repellent property to cotton. 
Similarly, all the finishes were found to be very 
effective on polyester. Maximum oil repellency 
was achieved with Aquaphobe SNT and 
Fluorogard SX. The cotton fabric became slightly 
yellow after the application of Oleophobol finish. 
There was no effect on the strength of the fabrics. 
The effect of these finishes on the crease recovery 
angle and bending length of cotton was not 
significant However, the polyester fabric became 
slightly stiffer after the application of the finishes. 
The crease recovery angle of polyester also 
increased after the application of these finishes. 
None of the finishes lasted up to 30 machine 
laundry cycles. Water repellency was intact up to 
15 washes. Oil repellency on polyester also 
remained stable up to 15 washes, but deteriorated 
significantly after just 5 washes on cotton. All the 
finishes were similar with respect to their 
durability on cotton; but on polyester, Fluorogard 
SX, showed significantly better durability as 
compared to the other finishes. 
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