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This research focuses on obtaining a waterproof, antimicrobial and breathable cotton 

fabric while maintaining its essential hygienic properties. To achieve this goal, differ-

ent formulations of polyurethane amide resin [PUA] synthesized from vegetable oils 

as sustainable sources, specifically Linseed Oil and Rice Bran Oil, were used. Their 

chemical composition was confirmed using different techniques such as HPLC, FTIR 

and 1H-NMR. Physicochemical characterization, such as hydroxyl value, iodine value, 

and saponification value of PUA, was performed by standard methods. Cotton fabrics 

were treated by immersion in modified polyurethane amide resin with amino silicone 

fluid used as a fabric softener, and were characterized before and after treatment using 

various techniques such as FTIR, SEM and EDX. The performance of the resin coat-

ings was evaluated in terms of Drying time, Film Resistance, Flexibility, Film Thick-

ness, Scratch hardness [pencil Test], Pinhole Test, Stripping Test and Adhesion prop-

erties. The results showed good performance of polyurethane amide resins, promising 

their use as effective surface coating materials. In addition, treated cotton fabrics have 

water contact angles exceeding 134 degrees, with water absorption of treated cotton 

fabrics decreasing from 45.00 % to 6.21%. The treated cotton fabrics were shown to 

be breathable with vapor permeability levels of 7.6 x 10-4 g [m day Pa]-1 which was 

similar to untreated cotton fabric. This sustainable approach can therefore be easily 

scaled up and may be a valuable therapeutic alternative to preserved historical textiles 

in museums or outdoor environments, as well as highly hydrophobic textiles for cloth-

ing or sportswear. 
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1. Introduction  

Polyurethane [PU] is one of the most versatile pol-

ymers and is widely used in many applications such as 

foams, coatings, insulators, adhesives, paints and uphol-

stery [1]. As with many polymers, polyurethane relies 

on petrochemicals as raw materials for its main compo-

nents. In fact, many researchers nowadays have focused 

on replacing petroleum resources with renewable 

sources to improve the sustainability of polyurethane 

[2]. Polyurethane is manufactured by polymerization 

reactions between Ester Amide of [Linseed and Rice 

Bran Oils] With Toluene Diisocyanate [TDI] at varying 

ratios of [−NCO/OH] [0.5:1−2:1]. Renewable materials 

such as vegetable oils are promising raw materials for 

the manufacture of polyurethane components. Incorpo-

rating a portion of vegetable oil can enhance the ther-

mal stability and mechanical strength of polyurethane 

[3, 4]. Recent advances in polyurethane applications 

have increased its potential, with modifications and 

addition of additives and nanomaterials to enhance its 

properties [5]. 

Improving the physical properties of cotton fabrics 

using polyurethane oil and silicone oil as fabric soften-

ers provides an innovative way to improve textile per-

formance [6]. Through the introduction of polyurethane 

treatments, cotton fabrics gain a large number of bene-

ficial properties. These include increased durability, 
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water resistance, and flexibility, making them suitable 

for a wide range of applications [7]. Polyurethane also 

enhances the dimensional stability of the fabric, reduc-

ing shrinkage and wrinkling tendencies. Furthermore, 

this process can impart a soft, luxurious feel to cotton, 

increasing its comfort and tactile appeal. The treated 

fabric forms a hydrophobic surface, which prevents 

water from penetrating and wetting it and protects the 

textile fibers from abrasion, maintaining their hygienic 

and breathable properties [8]. Hydrophobic and fluid-

repellent textiles have been extensively studied in re-

cent decades to make them effective in applications 

such as oil-water separation [9, 10]. Self-cleaning fab-

rics [11, 12] and breathable and water-repellent clothing 

[13, 14]. Overall, the synergy between cotton and poly-

urethane opens up ways to create textiles that combine 

natural comfort with modern functionality, meeting the 

needs of diverse consumers in various industries. 

A group of studies have explored the use of polyure-

thane to enhance the properties of cotton fabrics [15]. 

Lei [16] synthesized silicone-modified polyurethane 

which significantly improved the flexural, surface, 

compressive properties, mechanical behavior, water 

repellency, and air permeability of cotton fabrics. 

Likewise, Fan [17] found that a thin layer of polyure-

thane applied via spray polymerization doubled the 

abrasion resistance of cotton fabrics without compro-

mising their natural properties. Tabasom [18] focused 

on the modification of cellulosic fabrics, including cot-

ton, using polyurethane acrylate copolymers, with par-

ticular emphasis on emulsion stability. Furthermore, the 

development of sustainable polyurethane dispersions 

from vegetable oils has shown promising results in en-

hancing the tensile strength and antibacterial properties 

of polyester/cotton fabrics [19]. Collectively, these 

studies highlight the potential of polyurethane in en-

hancing the properties of cotton fabrics. 

The goal of this research is to easily implement the 

environmentally friendly polyurethane manufacturing 

steps at a much lower temperature [lower energy con-

sumption] and without any liquid or gaseous waste. In 

addition to creating a waterproof, antibacterial and 

breathable cotton fabric without sacrificing any of its 

vital health properties. In this work, we prepared polyu-

rethane amide resin from vegetable oils and confirmed 

the chemical composition using different techniques 

such as HPLC, FTIR and 1H-NMR and then modified 

them with silicone oil. To produce a durable, water-

proof, breathable and antibacterial cotton fabric compo-

sition. Hydrophobic finishing is therefore performed on 

highly hydrophobic textiles for clothing or sportswear 

as well as on historical textiles preserved in museums or 

outdoor settings. 

2. Materials and Methods 

2.1 Materials 

2.1.1 Linseed Oil and Rice Bran Oil are obtained as a 

commercial sample. Diethanolamine [DEA], 

Polyethylene glycol [PEG 2000], Toluene diiso-

cyanate [TDI], Di Butyl Tin Dilaurate [DBTDL] 

and Amino Silicone fluid were supplied by 

Merck [Germany]. 
 

2.1.2 Cotton fabric 

     The cotton fabric was supplied by Misr 

Helwan Company, plain woven and bleached 

100% cotton, with 180 ± 5 g/m2 bulk density and 

24 thread count/cm in each direction. 

2.2  Methods 

2.2.1 Synthesis of methyl esters of linseed oil and 

rice bran oil 

The process involved preparing methyl esters of lin-

seed oil and rice bran oil through acid-catalyzed esteri-

fication. In a 500 ml round bottom flask, 100g of oil, 

300 ml of methanol, and 1 ml of concentrated sulfuric 

acid were combined. The mixture was refluxed for 4 

hours in a water bath. After the reaction, excess metha-

nol and distilled water were added. The contents were 

then transferred to a separating funnel and the lower 

aqueous layer was removed. The upper organic layer 

was washed 2-3 times with sodium carbonate solution 

to eliminate un-esterified fatty acids. The esters were 

then purified by distillation under 4-5 mm Hg pressure 

[20]. 

2.2.2 Synthesis of fatty diethanolamides from methyl 

ester of linseed oil [DEALO] and rice  bran oil 

[DEARO] 

Fatty diethanolamides of linseed and rice bran oils 

were prepared using the method of Mahapatra S.S. et al. 
[21]. 3.45g of diethanolamine with 0.5% sodium methox-

ide [with respect to the ester] was heated to 110-115°C. 

Then, the methyl ester of the oil was added over 1 hour, 

and heating was continued for another 3 hours. N, N-Bis 

[2-hydroxyethyl] fatty diethanolamides of linseed and 

rice bran oil were then purified, yield % were 75 and 79. 

 

2.2.3 Synthesis of linseed and rice bran oils polyure-

thane amides   [PUALO] and [PUARO] 

6.87 mmol of fatty diethanol amides were added to 

the calculated amount of polyethylene glycol [PEG] as 

a chain extender, and 0.05 wt% of DBTDL was used as 

the catalyst [with respect to the diol]. The mixture was 

placed in a three-necked round-bottom flask fitted with 

a mechanical stirrer, a nitrogen inlet, and a dropping 

funnel. Xylene was added to the mixture, and stirring 

was continued for 10 minutes at room temperature. The 

calculated amount of toluene diisocyanate [TDI] [0.5:1, 

1.0:1, 1.5:1, and 2.0:1] was added dropwise over a peri-

od of 15-30 minutes. The reaction mixture was then 

heated to 40-50°C with stirring until the solution be-

came viscous. 

2.2.4 Characterization of fatty diethanolamides and 

polyurethane Amides resins from linseed and 

Rice bran oil 

2.2.4.1  Physicochemical Characterization 

Physicochemical properties of oils, DEAL, 

DEARO, and PUAS such as: 

Acid Value [22]: The Number of milligrams of KOH 

required to neutralize the acidity of one gram of sample. 

Hydroxyl Value [23]: milligrams of Potassium hydrox-

ide [KOH] equivalent to the hydroxyl content of 1 gm of 
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the oil. Iodine Value [24]: The weight of Iodine ab-

sorbed by 100 grams of the material and Saponification 

Value [S.V]   [25]. The number of milligrams of potassi-

um hydroxide [KOH] or sodium hydroxide [NaOH] re-

quired to saponify one gram of fat under the conditions 

specified were reported in Table [4] . 

   

The Scheme [1] .Clearly illustrate the preparation of polyurethane Amide resins based on linseed and 

Rice bran oils. 

 
DEA: diethanol amine   2, 4 TDI: 2, 4 Toluene diisocyanate 

PEG: Polyethelene glycol 2000 

DEALO, DEARO: N,NBis(2-hydroxyethyl)fatty diethanol amides of Linseed oil and Rice bran Oil 

2.2.4.2 Chemical characterization 

The chemical structure of synthesized com-

pounds was confirmed by: 

• High performance liquid chromatography 

[HPLC]. analysis was made on a Buchi 

688chromatograph with UV detector. 

• The FTIR spectra. Transform IR [FTIR] Nicolet 

Magna –IR 750 spectrometer [Madison .WI] us-

ing KBr pellet and on a FX-100. 

• 1HNMR spectrometer [polo Alto CA]. using tet-

ramethyl Silane as internal standard and CDCI3 

as the solvent. 
 

2.2.4.3 Mechanical Characterization of Polyure-

thane Amide Resin 

Touch dry:[26]  the sample under investigation 

was poured on a glass plate panel and allowed to dry 

for a suitable or prescribed period for the paint to dry.. 

Surface dry: [27] the same film used for touch dry 

was used to test the surface dry. Water Resistance: 

[28] this test method covers the basic principle for 

testing water resistance of coatings by the complete 

immersion of coated specimens in distilled water at 

ambient temperature. Immersion in water can cause 

the degradation of coatings. Alkali resistance: [29] 

the test panels were coated with the material to be 

tested and allowed to dry for 24 hours. The edges 

were coated by dipping in molten paraffin wax. Acid 

resistance: [30] the panels were prepared in the same 

manner as in the previous items and immersed to half 

the length in solution containing 20 gram of sul-

phuric acid [sp. gr.1.84], per 100 ml of water and 

allowed to stand for 24 hours at room temperature. 

Solvent resistance: [30] the coated panels were im-

mersed in benzene/mineral turpentine solvent mix-

ture [1:3 by volume] for 15 minutes at room tem-

perature. The panels were removed from the test 

solvent followed by drying in vertical position for 

one hour. Scratch Hardness by Pencil Test: [31] the 
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purpose of this test is to assess the ability of the sur-

face coating to withstand scratching. Flexibility 

[Bend] Test: [32]: the test was performed to deter-

mine the adhesion power of the varnish to the sub-

strate by the bending apparatus. 5 x 15 cm tin panels 

was coated by the varnish, and dried. Measurement 

of film Thickness: [33]: the instrument used for 

measuring the dry film thickness [DFT] was the 

"Rossman Dial Thickness Gauge Model 233", manu-

factured by Ericksen. Pinhole Test: [34] test which 

verifies the continuity of the coating shall be carried 

out on coated surface before and after the coat has 

been completely cured. Stripping Test: [34]: the 

panel shall be placed on a flat surface with the coated 

side up. A sharp blade, held at approximately 60° to 

the surface should be pushed so that the blade has 

attendance to lift the coating. Adhesion [Cross 

Hatch Test]: [35]   adhesion is a very important 

property of a paint system, and some empirical in-

formation can be obtained by the cross hatch test. 

Specular Gloss: [36] the degree of gloss of a coated 

film possesses may be directly measured using a 

glossmeter. 

2.2.5  Purification of cotton fabrics 

Cotton fabrics were scoured in aqueous solution 

containing 5% of sodium dodecyl sulfate at 500C for an 

hour to remove waxes and impurities, then rinsed thor-

oughly in distilled water and dried at room temperature 

then the fabric was cut into pieces of [5 × 20] cm2 size 

before applying the treatments.  

2.2.6  Hydrophobic treatment of cotton fabrics with 

Polyurethane Amide resin and Amino Silicone 

[MPUALO-Cotton fabric] 

The cotton fabrics were impregnated in an aqueous 

solution of polyurethane amide PUALO  and Amino 

Silicone liquid, which is usually used as a fabric sof-

tener, in the presence of an aqueous polyurethane dis-

persion using isopropyl alcohol as an auxiliary solvent 

for an hour. The impregnated fabrics are squeezed to 

extract as much of the solution as possible. After that, 

the lined co t ton fabrics are dried in an oven at a 

temperature of 80 0C for 30 min. After fabric pro-

cessing, all processed fabrics are analyzed, inspected 

and tested in order to check the finishing effect and 

associated properties.  

 

2.2.7 Surface characterization of cotton fabrics be-

fore and after treatment by modified Polyure-

thane Amide Resin [MPUALO [1.5]]. 
 

2.2.7.1 Chemical and morphological characteriza-

tion 

 Cotton fabrics before and after treated with Pol-

yurethane Amide result is obtained by ratio 1:1.5 

[TDI: polyol] were characterized with Fourier Trans-

form Infra Red Spectroscopy [FTIR] and scanning 

electron microscopy [SEM] [a Quanta FEG 250 

Czcch Republic electron microscope]. Elemental 

analysis was performed using Energy-dispersive 

spectroscopy X-ray [EDX]. 

2.2.7.2  Physical Characterization 

To determine the effect of the treatment on the 

cotton fabric, the five different samples were ana-

lyzed and tested for their hydrophobic properties 

such as Wettability test [37] by wicking [water ab-

sorption][ The water absorbance properties of treated 

and untreated cotton fabrics with MPU were evaluat-

ed by using static absorption test according to the 

American Association of Textile Chemists and Col-

orists [AATCC] test method 21-1972.] , Spray 

test[38][A specified amount of distilled water is 

sprayed centrally onto a slanted test sample, and its 

spray rate is determined by comparing the appear-

ance of the sample to descriptive standards, or the 

AATCC Spray Test Evaluation Chart.] , Contact 

angle measurement [39] [Contact angle ranges from 

0o for complete wetting of a surface to 180o for com-

plete non-wetting. In the case of water on a surface, a 

contact angle of less than 90o characterizes the sur-

face as hydrophilic and hydrophobic if the contact 

angle exceeds 90o] Water vapor permeability [40] 

[Water vapor permeability [WVP] of the untreated 

and treated fabrics was determined at 25°C and un-

der 100% relative humidity gradient ΔRH [%] ac-

cording to the ASTM E96 standard method] , Elon-

gation %[41] [Elongation: The change in length or 

width of fabric at breaking force expressed as a per-

centage is called elongation] 

3. Results and Discussion 

3.1 Fatty acid compositions of linseed and rice 

bran oils 

The HPLC analysis of fatty acids composition found 

in the linseed and rice bran oils used in this work as 

summarized in Table [2]. 

3.2 Chemical structure confirmation of synthe-

sized compounds [DEALO, DEARO, PUA-

LO and PUARO] 

FTIR and 1H NMR analysis were illustrated in figures 

[1-4] and Table 3. 

 

Table 1:  Classifications of the untreated and treated cot-

ton fabrics 

Types of Samples Sample Code 
Sample Composition 

[PUALO – Si] % [V / V] 

 C0 Untreated cotton fabric 

 C1 50-50 

Cotton fabric C2 60-40 

 C3 70-30 

 C4 80-20 

 C5 90-10 
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Table 2. Fatty Acid Composition of Linseed oil and Rice Bran oil determined by HPLC analysis. 

 

Fatty Acids Compositions 

Weight % 

Linseed Oil Rice Bran Oil 

Saturated 
Palmitic C:16 CH3[CH2]14COOH 5.9 21.5 

Stearic C:18 CH 3[CH 2] 16COOH 3.49 3.5 

 

 

 

Unsaturated 

Oleic C:18 :1 

CH3−[CH2]7−CH=CH−[CH2]7−COOH 
30.3 38.4 

Linoleic  C:18:2 

CH3[CH2]4CH═CHCH2CH═CH[CH2]7COOH 
11.5 34.4 

Palmitoleic C:16:1 CH3[CH2]5CH=CH[CH2]7COOH 0.41 − 

Linolenic C:18:3 

CH3[CH2]4CH═CHCH2CH═CH[CH2]7COOH 
48.4 2.2 

 

3.3 Physicochemical Characterization of syn-

thesized compounds [DEALO, DEARO, 

PUALO and PUARO] 

The physicochemical properties of synthesized com-

pounds [DEALO, DEARO, PUALO, and PUARO] are 

shown in Table 4. Methyl ester value is indicated by 

very low acid value [3.2mg/KOH]. The formation of the 

fatty diethanol amides is evident from their high hy-

droxyl value as shown in Table [4]. It has been found 

that with the progressive increase of TDI in the fatty 

diethanolamides of linseed and Rice bran oils, the hy-

droxyl value of LOPUA and ROPUA decrease. 

3.4 Mechanical characterization of Polyure-

thane amides [PUALO and PUARO] 

3.4.1 Drying characteristics: 

Both air –drying and Stoving drying times were 

carried out for PUALO and PUARO. The coated films 

on strips were cured at ambient temperature [30± 2]0C 

under atmospheric conditions without driers or curing 

agents. The results of evaluation of films properties of 

PUALO and PUARO resins are shown in Table 

[5]. From the results, the drying time reduces on in-

creasing the amount of the NCO/ OH ratio in the res-

ins. The good drying time can be attributed to the pres-

ence of increasing amount of reactive free NCO groups 

in the resins that react with moisture and subsequently 

from cross linked products. The dried films were post-

cured at 80 0C, and the coating performance was exam-

ined. The best curing performance of PUALO resin 

was observed after 1 hour, whereas the best curing per-

formance of an alkyd resin based on PUARO was ob-

served after 2 hours. This phenomenon can be attribut-

ed to a high degree of crosslinking that results from the 

reaction between the free isocyanate groups and the 

free hydroxyl group in the amide. 

The isocyanate help to link polymer molecules together 

and higher degree of crosslinking occurred because of 

the presence of free isocyanate groups in polyurethane 

resin which react with moisture to form the corre-

sponding amine which further react with active hydro-

gen of the polymer and form crosslinking structure.  

 

 

 
Fig. 1. FTIR Spectra of the DEALO [a] and DEARO [b] 
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Fig. 2. FTIR Spectra of the PUA LO [a] and PUARO [b]. 

 

Fig. 3. 1H NMR spectra of the DEALO (a) and DEARO ( b). 

 

Fig. 4. 1H NMR spectra of the PUALO [a] and PUARO [ b].  

3.4.2 Chemical resistance 

The evaluation of Chemical resistance for PUALO 

and PUARO was carried out in distilled water, acid 

[20% sulphuric acid], alkali [10%sodium hydroxide], 

and solvent [benzene/turpentine ] were used. The chem-

ical resistance data [Table 6-10] revealed that, the 

PUALO and PUARO resins have excellent chemical 

resistance in all test media except the alkali resistance 

improved by increasing the NCO/ OH ratio in the res-

ins. This may be because these resins do not have any 

hydroxyable functionality as polyester or polyester am-

ide resins. The water resistance studies show no sign of 

film failure for stoved films of linseed and rice bran oils 

up to the end of the test period. On the other hand, air–

dried films show film failure at early stages compared 

with stoved films. Similarly, PUALO resist film failure 

more than PUARO Table 6. The alkali resistance of 

almost all films of modified alkyds, as expected, indi-

cated lower resistance values compared with data of 

water and acid resistances for alkyd resin based on 
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PUALO and PUARO. The solvent resistance of the 

films of the modified alkyds Shows satisfactory results 

as shown in Table [9]. 

The mechanical properties of both air–dried and stoved 

films of poly [urethane amide] resins based on linseed oil 

and rice bran oil [PUALO and PUARO] are shown in Ta-

ble [10]. Based on the results, the gloss at 600 and the 

stripping test both passed. Because of the polyurethane 

linkage and aromatic content in PUALO and PUARO, the 

polyurethane amide resins have good adhesion. Addition-

ally, the scratch test yielded remarkable results. The di-

functional isocyanate cross-linker's rigid structure is re-

sponsible for this outstanding performance. The results of 

the bending test show that all of the resins are extremely 

flexible because of the hydrocarbon chains of the fatty 

acids in oils and the flexible ether linkages present in PEG. 

Due to their aromatic bond, PUALO and PUARO resins 

have exceptional mechanical qualities because they have 

the ideal combination of hardness and flexibility. This 

could be explained by the PUALO and PUARO resins' 

sufficient linear structural contribution. The PUALO-based 

modified alkyd resin performs better in mechanical tests 

than the PUARO-based modified alkyd resin. 

Table 3. FTIR and 1H NMR spectra data of synthesized compounds [DEALO, DEARO, PUALO and PUARO] 

Functional groups 
FTIR [cm-1] 1HNMR δ [ppm] FTIR [cm-1] 1H NMR δ  [ppm] 

DEALO DEARO DEALO DEARO PUALO PUARO PUALO PUARO 

—OH [alcoholic ] 3392 3416 5.4 5.32 3379 3377 5.6 5.33 

—NH deform − − − − 1692 1692 − − 

−C══O Amide Car-

bonyl 

 

1643 

 
1640 

2.0-2.1[CH2 

adjacent to 

amide car-

bonyl] 

2.0[CH2 

adjacent to 

amide car-

bonyl] 

1637 

 

1633 

 

2.3[CH2 adja-

cent to 

amide carbon-

yl] 

2.3[CH2 

adjacent to am-

ide carbonyl] 

—C=C— 1622 1632 

2.1[CH2 

attached to 

[ C=C] 

2.0[CH2 

attached to    

[C=C] 

1623 1649 

2.0[CH2 

attached to 

[C=C] 

2.0[CH2 

attached to[ 

C=C] 

C−N − − − − 1051 1053 − − 

Aromatic − − − − 765 765 7.2 7.2 

CH3[TDI] − − − − − − 2.7 2.8 

CH3[terminal aliphat-

ic] 
1454 1464 0.88 0.85 1465 1464 0.87 0.87 

CH2 chain 2853-2925 2852-2923 1.3-1.5 1.18-1.30 2854-2925 2853-2924 1.24-1.26 1.2-1.3 

 

Table 4. Physico-chemical characteristics of synthesized compounds [DEALO , DEARO , PUALO and PUARO ] 

Characteristics  

Color DEA PUA 0.5 PUA   1.0 PUA   1.5 PUA    2.0 

linseed 

oil 

Rice 

Bran 
DEALO DEARO PUALO PUARO PUALO PUARO PUALO PUARO PUALO PUARO 

Color 

 

Yellow 

Brown 

 

Yellow 
Brown 

Bale 

Yellow 
Yellow  

Bale 

Yellow 
Yellow  

Bale 

Yellow 
Yellow  

Bale 

Yellow 
yellow 

Bale 

Yellow 

Hydroxyl 

Value [mg 

KOH/g] 

100.1 90.1 440.2 200.4 112.13 80.31 108.5 75.4 77.2 60.2 63.1 48.15 

Iodine value [g  

iodine/100g] 
195 180 150 155.9 90.3 75.3 86.1 70.3 65.2 56.1 45.1 40.4 

Saponification 

value [mg 

KOH/g] 

230 187.3 270 200.3 193.5 235.6 89.4 215.2 82.1 163.4 75.61 141.5 

Acid value 37 40 10.4 8.34 7.2 6.1 5.1 5.5 4.3 4.9 3.2 4.1 

 

Table 5.  Drying time characteristic of Polyurethane amides resins [PUALO and PUARO] 

Resin 

Air drying 

[min] 
Stoving at 80˚C 

L.O R.O 10min[L.O] 10min[R.O] 30min[L.O] 30min[R.O] 1hr[L.O] 1hr[R.O] 2hr[L.O] 2hr[R.O] 

PUA 

0.5 
150 180 ST T VST ST HD VST - HD 

PUA 

1.0 
70 90 ST T VST ST HD VST - HD 

PUA 

1.5 
30 40 ST ST VST VST HD VST - HD 

PUA 

2.0 
10 15 ST T VST VST HD VST - HD 

T:  Tacky               HD: Hard Dry             S T:  Slightly Tacky                   VST: Very  Slightly Tacky 
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Table 6. Distilled water resistance of Polyurethane amides resins [PUALO and PUARO] 

Resin 
Air –Dried films 

Immersion period days 

Stoved –Dried films 

Immersion period days 

Name 1 6 12 18 24 30 1 6 12 18 24 30 

L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O 

PUA 0.5 E X EX E X EX EX EX EX EX EX EX G G E X EX EX EX EX EX EX EX EX EX EX G 

PUA 1.0 E X EX E X EX EX EX EX EX EX EX G G E X EX E X EX EX EX EX EX EX EX EX G 

PUA 1.5 E X EX E X EX EX EX EX EX EX EX G G E X EX EX EX EX EX EX EX EX EX EX G 

PUA  2.0 E X EX E X EX EX EX EX EX EX EX G G E X EX EX EX EX EX EX EX EX EX EX G 

EX : Excellent , almost no change .  G : good .     P : Poor [complete film failure].   F : fair [partially attacked ]. 

 

Table 7. Acid resistance data [20% H2SO4] of Polyurethane amides resins [PUALO and PUARO] 

Resin 
Air –Dried films 

Immersion period days 

Stoved –Dried films 

Immersion period days 

Name 1 6 12 18 24 30 1 6 12 18 24 30 

L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O 

PUA 0.5 E X EX E X EX EX EX EX EX EX EX P G E X EX EX EX EX EX EX EX EX EX EX G 

PUA 1.0 E X EX E X EX EX EX EX EX EX EX P G E X EX E X EX EX EX EX EX EX EX G P 

PUA 1.5 E X EX E X EX EX EX EX EX G G P G E X EX EX EX EX EX EX EX EX EX G P 

PUA  2.0 E X EX E X EX EX EX EX EX G G P G E X EX EX EX EX EX EX EX EX EX G F 

EX:  Excellent,  almost no change .                G: good.          P: Poor [complete film failure].               F: fair [partially attacked]. 

Table 8. Alkali resistance data [10% NaOH] of Polyurethane amides resins [PUALO and PUARO] 

Resin 
Air –Dried films 

Immersion period days 

Stoved –Dried films 

Immersion period days 

Name 1 6 12 18 24 30 1 6 12 18 24 30 

L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O 

PUA 0.5 E X EX G G G G P P F F F F E X G G G G G G G P P F F 

PUA 1.0 G G G G P P P P P F F F G G G G P P G G P F F F 

PUA 1.5 G G G G P P P P G P F F E X G G G P P P P P P F F 

PUA  2.0 G G G G P P P P G G F F G G G G P F P P F P F F 

EX:  Excellent,  almost no change .              G: good.          P: Poor [complete film failure].               F: fair [partially attacked]. 

Table 9. Solvent resistance data [Benzene /turpentin] of Polyurethane amides resins [PUALO and PUARO] 

Resin  Air –Dried films 

Immersion period days 

Stoved –Dried films 

Immersion period days 

Name 1 6 12 18 24 30 1 6 12 18 24 30 

L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O 

PUA 0.5 E X EX E X EX EX EX EX EX EX EX P G E X EX EX EX EX EX EX EX EX EX EX G 

PUA 1.0 E X EX E X EX EX EX EX EX EX EX P G E X EX E X EX EX EX EX EX EX EX G P 

PUA 1.5 E X EX E X EX EX EX EX EX G G P G E X EX EX EX EX EX EX EX EX EX G P 

PUA  2.0 E X EX E X EX EX EX EX EX G G P G E X EX EX EX EX EX EX EX EX EX G F 

EX:  Excellent,  almost no change .                   G: good.          P: Poor [complete film failure].           F: fair [partially attacked].    
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Table 10. Coating  Properties of treated Polyurethane amides resins [PUALO and PUARO] 

Resin No 

Film Thickness Scratch Test 
Adhesion 

Test 
Stripping Test Pinhole Test Gloss at 600 

        Flexibility 

Bend test 

A S A S A S A S A S A S A S 

L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O R.O L.O RO L.O R.O L.O R.o 

PUA  0.5 20 20 20 20 >1.0 >1.0 >1.0 >1.0 4B 3B 5B 4B Pass pass Pass Pass Pass Pass Pass Pass 80 85 81 86 Pass Pass Pass Pass 

PUA 1.0 20 20 21 21 >1.0 >1.0 >1.5 >1.0 5B 4B 5B 5B Pass pass Pass Pass Pass Pass Pass Pass 83 88 85 90 Pass Pass Pass Pass 

PUA1.5 20 20 20 20 >1.0 >1.0 >1.5 >1.0 5B 4B 5B 5B Pass pass Pass Pass Pass Pass Pass Pass 85 90 87 95 Pass Pass Pass Pass 

PUA2.0 20 20 20 20 >1.0 >1.0 >1.0 >1.0 4B 4B 5B 4B Pass pass Pass Pass Pass Pass Pass Pass 90 95 94 100 Pass Pass Pass Pass 

a  :Air dried films                     s : Stoved dried film 

3.5 Evaluation of treated cotton fabrics by modified pol-

yurethane amide resin MPUALO 
3.5.1 Chemical characterization of untreated 

and treated cotton fabric 

3.5.1.1 FTIR Spectrum Analysis 

FTIR spectroscopy is one of the state-of-the-art 

techniques for characterizing any natural substance or 

synthetic compound with respect to the identification 

of functional groups. The functional groups of the 

samples were determined using FTIR spectroscopy as 

shown in Figure 5a shows the IR spectra of virgin cot-

ton, pure Amino Silicon, and MPUALO-cotton fabric. 

Cotton showed the characteristic peaks of cellulose:OH 

stretching at 3273 cm-1 , CH stretching at 2900 cm-1 , 

adsorbed water at 1650 cm-1 , asymmetric C-C stretch-

ing at 1144 cm-1, and C-O stretching at 1044 cm-1. 

In the case of the Amino Silicone, in Figure 5b 

main peaks were CH3 asymmetric and symmetric 

stretching at 2963 and 2905 cm-1 , respectively, 

Si[CH3] symmetric bending at 1258 cm-1 , Si-O- Si 

symmetric and asymmetric at 1074 and 1007 cm-1 , 

respectively, and CH3 rocking at 783 cm-1 . It is ex-

pected that one would also detect peaks at 1731 and 

1673 cm-1, corresponding to - NH and -NH2 vibration 

bands. The inability to detect these peaks is attributed 

to the fact that the molar content of the amino/amine 

functional groups is quite minute [~nano-molar] com-

pared to the silicone polymer chain [42] or even if they 

are detected in the pure silicone compound they disap-

pear upon reacting with hydroxyl groups on fiber sur-

faces forming trace amounts of ammonia gas .The in-

frared spectrum of cotton coated with a mixture of PU 

and Amino Silicone showed the bands of the three 

components. Two shifts were observed in the extended 

spectral regions of OH/N-H and the methylene vibra-

tion. Figure 5 c. compares the OH/N-H stretch of cot-

ton and MPUALO-cotton fabric.   

The difference between the two spectra [a and c] 

[PUALO-Si cotton fabric minus the untreated cotton 

fabric spectrum] highlighted the presence of a band at 

approximately 3405 cm-1. This is a typical value for N-

H and OH that interact strongly by H bonds indicating 

that the hydroxyl groups of cotton and the polyurethane 

groups of PU can interact through this type of second-

ary bonds. In addition, a shift of ~29 cm-1 was observed 

between the methylation vibration mode of silicon in 

pure silicon and silicon with cotton and MPUALO, as 

shown in Figure 5a, b and c.  

3.5.2 Morphological characterization of untreat-

ed and treated cotton fabric  

3.5.2.1 Scanning Electron Microscopy [SEM] 

The surface morphology of cotton fabric was stud-

ied without any chemical treatment and used as an en-

vironmentally friendly surface. It can be seen from 

Figure 6a that the untreated cotton fabric appears as a 

typical twisted and wrinkled structure [43] due to its 

longitudinal fibrous structure, which, combined with 

the presence of porosity, creates a large surface area to 

interact with MPUALO molecules and enhance absorp-

tion. Figure 6b clearly shows the accumulation of 

MPUALO [PUALO -Si [70-30] %] molecules on the 

surface of cotton fabrics which proves that the surface 

of the adsorbent was completely changed, the pore siz-

es decreased and this indicates that MPUALO was suc-

cessfully adsorbed on the surface of cotton fabrics. 

3.5.2.2 Energy-dispersive spectroscopy X-ray 

[EDX] 

EDX analysis was used to clarify the qualitative el-

ementals composition of cotton fabric before and after 

modification by [a Quanta FEG 250 Czcch Republic]. 

According to the X- ray spectroscopy, the chemical 

composition [by wt %] of untreated cotton fabric was 

47.79 for carbon and 52.21 for oxygen. Furthermore, 

the chemical composition [by wt %] of MPUALO- 

cotton fabric was 41.11 for carbon, 39.20 for oxygen, 

8.57 for nitrogen and 11.12 for Silicon as shown in 

"Figure 7a,b " Based on the noticeable differences in 

weight percent between untreated cotton fabric and 

MPUALO-cotton fabric, it can be concluded that the 

chemical structure of untreated cotton fabric was 

changed due to the effective binding of polyurethane 

and Amino Silicone molecules on the pores of untreat-

ed cotton fabric [44]. 
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Fig. 5. FTIR spectra of [a] untreated cotton fabric, [b] Amino Silicone fluid and [c] treated MPUALO-cotton fabric 

 
 

Fig. 6. SEM image of [a] untreated cotton fabric and [b] treated MPUALO-cotton fabric 

 
Fig. 7. EDX analysis of [a] untreated cotton fabric and [b] MPUALO-cotton fabric. 
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3.5.3 Mechanism of bonding between the surface 

of untreated cottonfabrics, Polyurethane 

Amide resin and Amino silicone fluid  

Based on this analysis, it is very likely that there are 

hydrogen bonding interactions between cellulose OH 

groups and amine groups of silicone liquid and amine 

groups in polyurethane, cellulose OH groups and OH 

groups of aliphatic polyurethane chains and between 

amine groups of silicone liquid and OH groups of pol-

yurethane [45]. These chemical reactions are shown in 

Scheme 2.  

3.5.4 Physical properties of untreated and treat-

ed cotton fabrics with modified Polyure-

thane Amide resin MPUALO 

 

3.5.4.1 Wettability test [water absorption]  

Wetting by wicking is an important factor in deter-

mining the hydrophobic properties of treated fabrics. 

Table 11 and Figure 8 show the water absorption per-

centages of untreated and treated cotton fabrics. From 

the experimental results, it was found that the water 

absorption rates of all treated cotton fabrics decreased 

significantly compared to untreated cotton fabrics from 

45.00 % to 6.21 % respectively. This is due to the fact 

that polyurethane covers the surface of the fiber and 

prevents the hydrophilic group in the fiber. The greater 

the amount of polyurethane [46]. 

 Reduced water absorption of coated fabrics, due to 

the increased water content and cross- linking density 

and due to the hydrophobic nature of PUALO. There-

fore, as the PUALO content increases, the cross-link 

density increases and the polymer structure becomes 

more rigid and dense and the possibility of the presence 

of water molecules penetrating the MPUALO-cotton 

fabric decreases. 

 

3.5.4.2 Spray Test 

The spray test determines the resistances of the cotton 

fabrics by water. All treated cotton fabrics are appre-

ciably better than untreated cotton fabrics in all com-

positions [47]. Among them, 80-20 % [C4] and 90-

10% [C5] composition of treated cotton fabrics has the 

highest rating. In both cases, it can be noted that the 

water resistance is increased when the amount of 

Amino Silicone used is reduced. To get the desired 

degree of repellency, the amount of Amino Silicone 

used must be especially controlled in this study. The 

more decrease the water absorption percentage, the 

more increase the spray rating as shown in Table 11 

and Figure 9. 

 

3.5.4.3 Contact angle measurement 

Contact angle is the angle between the solid surface 

and the water surface. On a hydrophobic surface, the 

contact angle is greater than 90o and a water droplet 

tends to form on the surface. On the other hand, if the 

surface is hydrophilic, the contact angle is less than 90o 

and the water droplet tends to spread out and wet the 

surface. In this research, the digital images were used 

to measure the contact angle at 60 sec [48]. First, con-

tact angles are intended for untreated cotton fabrics 

measurement. It is observed that the water droplet 

seeps into the fabric within 5 to 10 seconds and thus 

the contact angle of untreated cotton fabric is zero. 

According to the contact angle measurements, the wa-

ter resistance effects of the treated cotton fabrics are 

obtained. The contact angle value is greater than 90o 

these treated fabrics thus retain their hydrophobic ef-

fect as shown as in Table 11 and Figure 10. Moreover, 

it was also found that the chemical compositions affect 

the repellent effect. In this research, the greater the 

amount of polyurethane used, the greater the contact 

angles of the treated cotton fabric. 

 
 

Scheme 2. Schematic representation of the potential hydrogen bonding interaction be-

tween the surface of cotton fabric, Polyurethane Amide resin and Amino Silicone fluid. 
3.5.4.4 Water vapor permeability 

           
 Breathability is the ability of a material to transmit 
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moisture steam or sweat through it. It is one of the 

basic performance criteria for modern textile industries 

because it explains the comfort level of the material 

and fabric. For clothing to be breathable, it must be 

designed to maintain a balanced posture automatically 

under different environmental conditions and body 

movements without reducing evaporation moisture 

resulting from sweat. PU has gained popularity be-

cause of its ability to exert decent strength, liquid pene-

tration resistance and breathability .To evaluate the 

breathability of treated cotton fabrics, water vapor 

permeability [WVP] was measured [49]. The average 

WVP of untreated cotton fabric is calculated to be ~ 

7.8 x10-4 [g [m d Pa]-1]. This value corresponds to the 

permeability of the starting material [untreated cotton 

fabric], which is considered highly breathable. The 

average measurement uncertainty was within 0.1x10-4 

[g [m d Pa]-1] .After hydrophobic treatments, all fab-

rics analyzed indicated WVP values very close to the 

original fabric [untreated cotton fabric] due to the lack 

of filling of the voids or pores between the fibrils [see 

Figure 11] as shown in Table 11. 

The processing of cotton fabrics by MPUALO en-

hances vapor transport through the molecular mecha-

nism of absorption - diffusion and desorption, in which 

water vapor molecules are absorbed by the polymer, 

diffused through the bulk and fabric fibers, transported 

to the other side, and finally released into the environ-

ment due to the hydrophilic fragments in the polyure-

thane [50].   

 

3.5.4.5 Elongation % 

The amount of stretch or stretch that the fiber ac-

cepts is referred to as elongation. Elongation at break is 

the amount of stretch a fiber can endure before break-

ing. From Figure12 it can be seen that the elongation at 

break [%] was affected by the treatment of cotton fab-

ric with MPUALO, as it decreased with the increase of 

PU as a result of the increased cross-linking density 

content of PU and the hydrogen bonds formed [51. 

 

3.5.5 Evaluation of antibacterial activity of un-

treated and treated cotton fabrics   
 

Textiles are often attacked by microbes, resulting in 

decreased aesthetics, unpleasant odor and the possibil-

ity of infection by pathogenic microbes. To resist such 

attacks, antibacterial activity has become one of the 

essential functional properties of outdoor textile prod-

ucts, especially those used as protective textiles [52].  

The antibacterial activity of coated cotton was eval-

uated against S. aureus and E. coli bacteria, and the 

results are presented in Figure11. The quantitative test 

results for the evaluation of the antibacterial activity of 

the aforementioned six cotton fabric samples are shown 

in Figure 13. It is easily noticed that the untreated cot-

ton sample [C0] shows clear growth of bacteria, which 

reflects that almost all the bacteria were alive after 24 

hours with zero R % indicating that the untreated cot-

ton fabric by itself does not inhibit the bacterial activi-

ty. Sample 2 [C1] scored a R% value of 94.81 for S. 

aureus followed by 93.75 for E. coli due to the different 

cell walls’ constitutions of both bacteria , higher values 

of antibacterial activity against S. aureus and E.coli 

were recorded when compared to the untreated cotton 

fabric [C0].  

 

 
Fig. 8: Wettability test of untreated and treated cot-

ton fabric 

 
Fig.9. Spray rating of untreated and treated cotton 

fabric 

 
 

Fig. 10. Contact angle of untreated and treated cotton 

fabric 
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 Fig.11: Water vapor permeability [WVP] of untreated 

and treated cotton fabric [x 10-4] 
 

 

Fig. 12. Elongation at break [%] of untreated and treated 

cotton fabric 

 

 

 

Table 11 : Physical properties of untreated and treated cotton fabric 

 

Sample Code Wettability % Spray rating % Contact angle WVP[g[mdpa]-1] Elongation at break% 

C0 45.00 Zero Zero 7.8x10-4 8 

C1 18.34 70 134.500 7.6 x10-4 4 

C2 14.12 80 134.750 7.7x x10-4 3 

C3 11.75 80 134.830 7.8x x10-4 3 

C4 7.83 90 135.010 7.6x x10-4 2 

C5 6.21 100 135.100 7.6x x10-4 1 

 

 
Fig. 13. Antibacterial activity of untreated and treated cotton fabrics towards E.coli and S. aureus. 

 

4. Conclusion  

PU has gained great importance in functional textile 

fields due to its cost-effective nature, mass production 

capabilities, and interesting physical and chemical 

properties. The environmentally friendly synthesis steps 

were easily carried out at a much lower temperature 

[lower energy consumption] and without any liquid or 

gaseous waste. This research focused on transferring the 

hydrophobic properties of the fabric to cotton by form-

ing a continuous thin layer that protects the cotton fibers 

from abrasion, improves air permeability, and provides 

antimicrobial and anti-dust properties. The results ob-

tained indicated that the treated cotton fabric remained 

hydrophobic and had the ability to shed water droplets. 

The results showed that the treated cotton fabrics had 

water contact angles exceeding 134 degrees, with the 

water absorption of the treated cotton fabrics decreasing 

from 45.00 % to 6.21%. The treated cotton fabrics were 

shown to be breathable with vapor permeability levels 

of 7.6 x 10-4 g [m day Pa]-1 which was similar to un-

treated cotton fabrics. Furthermore, the surface appear-

ance, elemental analysis, and functional groups of un-

treated and treated cotton fabrics were studied using 

FTIR, SEM, and EDX. This sustainable approach can 

therefore be easily expanded to process fabrics of herit-

age value; as well as cotton-based commercial textiles, 

as a valuable therapeutic alternative. 
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