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  A NEWLY prepared stearyl alcohol / poly (N-vinyl-2-

pyrrolidone).(SA/PVP) hybrid emulsion was used, as a water repellent 

finish, alone or in combination with some phenolic compounds 

namely tertiary butyl hydroquinone (TBHQ), curcumin and vanillin, 

in easy care finishing formulations. The results obtained reveal that: i) 

finishing fabric samples with different concentrations of the hybrid 

emulsion in absence of the aforementioned phenolic compounds, 

significantly enhances fabric weight, tensile strength, stiffness, water 

repellency, antibacterial, water vapor resistance and thermal resistance 

properties along with a gradual decrease in the resilience, surface 

roughness and air permeability of treated fabric, ii) using the hybrid 

emulsion with the above phenolic compounds efficiently enhances the 

storage life of the emulsion and upgrades the antibacterial properties 

of treated fabric, iii) addition of vanillin provides the finished fabric 

with pleasant scent, curcumin upgrades the UV protection property of 

treated fabric and TBHQ slightly enhances tensile strength, surface 

roughness, air permeability, water vapor resistance and thermal 

resistance along with a reduction in the resilience of treated fabric, and 

iv) the prepared hybrid emulsion, whether in absence or presence of 

TBHQ, can be used as extender for fluorocarbon textile finishes.  

 

Keywords: Phenolic compounds, Hybrid emulsion, Cotton/polyester 

blend, Textile finishing, Functional finishes. 
 

 

Nowadays, the role of textiles exceeds the traditional function of dressing to 

textiles of multi-functions that provide the wearers with comfort and protection 

in abnormal environments  [1]. Many functional properties such as softness, anti-

microbial, UV-blocking, wrinkle resistance, stain-resistance, hydrophilicity, anti-

static charges, etc can be imparted for textiles [2-15]. According to the consumer 

needs, some of these functional properties can be imparted individually or 

simultaneously to achieve a textile of multi-functional properties by means of 

chemical finishes [1].   
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Repellent finishes are that finishes which repel water, oil and dry dirt from 

textiles surfaces. Water repellency is achieved using different materials such as 

paraffin repellents, stearic acid–melamine repellents, silicone water repellents, 

fluorocarbon-based repellents  [1], nano-structured materials such as silica, silver 

and calcium carbonate nano-particles [13], and sol–gel coatings such as modified 

SiO2 nano-particles [13]. Generally, the repellent finishes achieve their function 

by reducing the free energy at fiber surfaces [1,13,15]. In order to obtain water 

and/or oil repellent textiles with reasonable comfort properties, the air as well as 

water vapor permeability of these finished textiles should not be significantly 

reduced and their tactile and performance properties are good [1,16]. On the 

other hand, textile materials can be attacked by microbes (bacteria, fungi, algae) 

during production, usage or storage. Bacteria infect textiles with fiber damage; 

unpleasant odors and a slick, slimy feel [1]. Thus, antimicrobial finishing of 

textiles is performed to protect both the textile substrate from microbes as well as 

the human beings from the bacterial infection. Many chemical finishes can be 

used to achieved antimicrobial finishing for textiles such as metal salts, Ag, TiO2 

and ZnO materials, chitosan, triclosan, quaternary ammonium salts, etc [17-22]. 

Moreover, the phenolic compounds such as tertiary butyl hydroquinone (TBHQ), 

vanillin and curcumin are known with their antioxidant and antibacterial 

properties.  

 

TBHQ is a synthetic antioxidant and antimicrobial food additive and 

therefore it finds applications in healthcare setting [23-25]. Vanillin is a pleasant 

scent phenolic compound that is naturally found in vanilla beans. It is vastly used 

as a flavoring additive for food products and as an aromatic additive for other 

products such as fragrances, perfumes, and air fresheners. Furthermore, it has 

antioxidant activity as well as antimicrobial activity against some pathogenic 

bacteria such as E. coli [26,27].  

 

Curcumin is a hydrophobic polyphenol extracted from the plant turmeric 

(Curcuma longa). It is not toxic to humans and has antioxidant, anti-

inflammatory, antiviral and antimicrobial properties [28,29]. Previous studies 

reported that curcumin can be used as a natural dye to impart dyeing as well as 

antibacterial properties to wool, silk and cellulosic textiles [30,31].  

 

In our previous work [32], a water repellent finish was prepared by reacting 

of PVP with SA in presence of ammonium persulphate as initiator to form 

SA/PVP hybrid. Homogenization of that hybrid in an aqueous medium produced 

a stable emulsion of nano sized particles. The present work aims to illustrate the 

effect of treating cotton/PET fabric with that hybrid emulsion alone or in 

combination with some phenolic compounds on the functional and comfort 

properties of the treated fabric. 
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Experimental 

 

Materials 

Bleached cotton/polyester (50/50) blended fabric of plain weave structure 

1/1, weight of 125 g/m
2
, count (Ne) of 30/1 and thickness of 0.31 mm was 

supplied by Misr Spinning and Weaving Co., Mehalla EL-Kobra, Egypt. Poly 

(N-vinyl-2-pyrrolidone) (PVP) of molecular weight 40000 Dalton, supplied by 

Research-Lab Fine Chem Industries, India, was used. Arkofix
®
 NG, aqueous 

solution of dimethyloldihydroxyethylene urea (DMDHEU), as a crosslinker, as 

well as Nuva
®
 FB,as a water/oil repellent, kindly supplied by Clariant, Egypt, 

was used. Egyptol
®
, a nonionic detergent produced by the Egyptian Company for 

Starch, Yeast and Detergents, Alexandria, Egypt was used. Stearyl alcohol (SA) 

of purity 95% and ammonium persulphate (APS) as initiator, tertiary butyl 

hydroquinone (TBHQ), vanillin and curcumin as phenolic compounds were all 

of laboratory grade chemicals. 

 

Preparation of SA/PVP hybrid emulsion 

The SA/PVP hybrid was prepared as follows [32]: a specific weight of stearyl 

alcohol was melted at 60 
O
C in 250 ml round flask equipped with a condenser in 

a thermo stated water bath. To that melt, thermostatic aqueous solution of PVP 

of weight ratio to SA (20%) and concentration of 60% was added with stirring. 

After that, an aqueous solution of ammonium persulphate of specific 

concentration and weight ratio to PVP (50%) was added to the reaction medium 

then the reaction medium was left at 80 
O
C for 55 min. At the end of the reaction, 

specific volume of hot distilled water at 70 
O
C was added to the reaction 

products followed by stirring the mixture, using a strong homogenizer, for 3 

minutes to form homogeneous oil in water emulsion. To enhance the storage life 

of the prepared emulsion up to 3 months, some phenolic compounds such as 

TBHQ, vanillin or curcumin were added as antioxidants in specific 

concentrations listed in the text to the freshly prepared hybrid emulsion followed 

by stirring the mixture for extra 3 minutes.  

 

Fabric treatment                   

Fabric samples of 30X30 cm
2
 were padded in a finishing baths containing 60 

g/L of DMDHEU, (NH4)S2O8 as a catalyst and the hybrid emulsion alone or in 

combination with the phenolic compound to a wet pick up of Ca 100 %. The 

padded samples were dried at 100 
O
C/3 min then cured at 150 

O
C for 3 min in 

Wenner Mathis AGCH-8155 oven. The finished samples were then washed at 50 
O
C for 15 minutes, thoroughly rinsed, and finally dried for testing.  

 

Testing and analysis 

●Fabric weight (W) was determined according to ATSM (D 3776 – 79). 

●Dry wrinkle recovery angle (WRA) was determined according to ASTM (D-

1296-98).  

●The tensile strength (TS) of the finished fabric sample was tested in the warp 

direction according to ASTM (D-2256-98).  
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●Water repellency rating (WRR) was evaluated according to the spray test, 

AATCC Test Method 22-1989. This test method determines the water-repellent 

efficacy of finishes applied to textile fabrics. In this test, a specimen of size 180 

× 180 mm was conditioned at 65 ± 2% RH and 21 ± 1
 O

C for 4hr prior to 

testing. This specimen was fastened firmly to a 152.4 mm diameter hoop so 

that the taut surface of the specimen will be sloped with an angle of 45
O
 and 

exposed to the water spray of a special funnel filled with 250 ml distilled water 

at 27 
O
C. The distance between the funnel and the test specimen center was 150 

mm. The water sprayed test specimen was compared with the wetted pattern 

with pictures on a standard chart.  

●The antimicrobial activities of the untreated control and water repellent fabric 

specimens were determined according to the disc diffusion method, AATCC 

147-2004. It is a qualitative method for evaluating the antibacterial activity of 

fabrics against Gram positive and Gram negative bacteria. Fabric specimen of 

diameter 1 cm was placed in sterilized Petri dishes containing solid sterilized 

nutrient agar that was streaked with test bacteria. After incubation at 37
 O

C/24 

hours, the antibacterial activity of the fabric specimen was evaluated visually 

by determining of the clear zones of inhibition per millimeters around that 

specimen. The used test bacterial species were:  

Gram-positive bacteria: Staphylococcus aureus (SA). 

Gram-negative bacteria: Escherichia coli (EC). 

●Ultraviolet-protection factor (UPF) values were calculated according to the 

Australian/New Zealand standard (AS/NZS 4366-1996) with a UV-Shimadzu 

3101 PC spectrophotometer. 

●Surface roughness (SR) was assessed using a Surfacoder 1700a. 

●Stiffness (S) was determined in the warp direction according to ASTM (D 

1388-96) using Jika (Toyaseiki) apparatus. 

●Air permeability (AP) was evaluated according to ATSM (D 737-96). The air 

permeability of a fabric is the air flow passing through that fabric under a given 

air pressure.  

●Water vapor resistance (WVR) was measured on Permetest instrument working 

on similar skin model principle as given by the ISO 11092. 

●Thermal resistance (TR) was determined according to ASTM (D 1518-85). 

●Durability to wash was determined by subjecting the finished fabric to 1 and 5 

laundering cycles. Each laundering cycle was performed by washing the fabric 

at 50 
O
C for 10 min in presence of 2 g/L nonionic surfactant followed by 

rinsing and air drying at ambient conditions.  

●The particles size of the hybrid emulsion samples were determined by 

transmission electron microscope (TEM) using a JEOL, JEM 2100 F electron 

microscope at 200 kV after sonication for 10 min. 

●Scanning electron microscope (SEM) images of the treated and untreated fabric 

samples were obtained using SEM Model Quanta 250 FEG  (Field Emission 

Gun) attached with EDX Unit (Energy Dispersive X-ray Analyses), with 

accelerating voltage 30 kV, magnification 14× up to 1,000,000 and resolution 

for Gun, FEI company, Netherlands. 
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●Thermogravimetric analysis (TGA) was performed at a temperature starting 

from 25 to 600 
O
C under inert nitrogen atmosphere with heating rate of 10 

O
C/ 

min
-1

 using the instrument: SDT Q600 V20.9 Build 20, USA.  

 

Results and Discussion 

 

Factors affecting performance, functional and comfort properties of cotton/PET 

finished fabric 

 

Effect of SA/PVP hybrid emulsion concentration 

 
TABLE 1. Effect of emulsion concentration on some performance, functional and 

comfort properties of treated fabric. 

Emulsion 

conc. 

(g/L) 

W 

(g/m2) 

WRA 

(W+F) O 

TS 

(Kg) 
WRR 

ZI (mm) 
SR 

(μm) 

S 

(mg) 

AP 

(cm3/cm2.s) 

WVR 

(m2PaW-1) 

TR 

(Clo) G +ve G -ve 

Untreated 

30 

40 

50 

60 

80 

125.01 

129.74 

132.33 

133.84 

135.15 

137.26 

187 

246 

239 

234 

229 

223 

49.12 

43.3 

43.7 

44.2 

44.8 

45.4 

0 

0 

50 

70 

80 

80 

0 

2 

3 

5 

7 

8 

0 

1 

1 

2 

5 

7 

17.75 

16.85 

16.41 

16.17 

15.93 

15.79 

498 

534 

640 

712 

748 

854 

47.34 

37.23 

34.61 

32.74 

31.42 

27.97 

3.6 

4.3 

4.9 

5.3 

5. 6 

5.9 

1.436 

1.442 

1.451 

1.463 

1.471 

1.484 

Fabric finishing conditions: [DMDHEU], 60 g/L; [hybrid emulsion], 30-80 g/L; wet pick 
up,100 %; drying, 100 OC/5 min; curing, 150 OC/3 min. WRA: wrinkle recovery; TS, 
tensile strength; WRR: water repellency rating; ZI: zone of inhibition; G+ve: S. aurous; 
G−ve: E. coli; SR, surface roughness; S, stiffness; AP: air permeability; WVR: water 
vapor resistance; TR: thermal resistance. 

 
Table 1 shows the effect of hybrid emulsion concentration on some physico-

mechanical, functional and comfort properties of the treated fabric. It is clear that 
increasing the hybrid emulsion concentration up to 60 g/l results in an increasing 
in fabric weight, tensile strength, water repellency rating; from 0 up to 80, 
antibacterial properties, softness degree, stiffness, water vapor resistance and 
thermal resistance along with a reduction in the resiliency as well as air 
permeability of treated fabric samples. Further increase in the hybrid emulsion 
concentration, up to 80 g/L, has no effect on water repellency rating with a 
marginal increase or decrease in extents of the above mentioned properties of 
treated fabric samples. The variation in fabric weight, resilience, tensile strength, 
softness and stiffness properties of treated fabric samples is a direct consequence 
of the role of some DMDHEU in either binding the dispersed unreacted SA, as 
one of the hybrid emulsion ingredients, to fabric structure or crosslinking of it 
via its labile hydrogen of hydroxyl groups as illustrated by equations 1 and 2 
respectively [15,16,32,33].  
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On the other hand, coating the fiber surface with a low surface energy 

layer/film impedes the air penetration as well as water vapor transmission 

through the fabric structure that ultimately enhances the thermal insulation of 

coated fabric. The higher the hybrid concentration, the higher is the deposition of 

its ingredients on the fabric surface and consequently the enhancement in extents 

of such above properties will be [34,35]. Moreover, such hydrophobic layer/film 

forms a barrier against the bacterial growth as a result of the antibacterial activity 

of the long-chain fatty alcohols [36,37]. In addition, increasing of the hybrid 

emulsion concentration in the finishing bath with constancy of the crosslinker 

concentration may cause a libration of unbound entrapped antibacterial fatty 

alcohol species from the finished fabric surface resulting in upgrading of the 

antibacterial properties of that fabric. 

  

Effect of adding of some phenolic compounds to the SA/PVP hybrid emulsion  

 
TABLE 2. Effect of some phenolic compounds on storage life of the SA/PVP hybrid 

emulsion and the functional properties of the finished fabric.  

Fabric finishing conditions: [DMDHEU], 60 g/L; [hybrid emulsion], 60 g/L; wet pick up, 

100 %; drying, 100 OC/5 min; curing, 150 OC/3 min. WRR: water repellency rating; ZI: 

zone of inhibition; G+ve: S. aurous; G−ve: E. coli; UPF: ultraviolet-protection factor. 

 

Table 2 shows the impact of the type and concentration of some phenolic 

compounds namely TBHQ, Vanillin and Curcumin on the storage life of the 

SA/PVP hybrid emulsion, expressed as WRR values, as well as the functional 

properties of treated fabric samples. It is clearly seen that increasing of TBHQ 

Phenolic 

compound 

type 

Phenolic 

compound 

concentration 

(g/L) 

Functional properties of finished fabric 

WRR ZI (mm) 

UPF 
Scent 

intensity 
Before 

storage 

 

After 

storage 

(3 months) 

 

G+ve G-ve 

0 0 80 50 7 5 8 - 

TBHQ 1 

2 

3 

80 

80 

80 

70 

80 

80 

11 

15 

16 

8 

12 

14 

8 

9 

12 

- 

- 

- 

Vanillin 3 
6 

80 
70 

70 
70 

12 
16 

10 
13 

10 
14 

+++ 
++++ 

Curcumin 0.5 

1.0 
1.5 

80 

80 
80 

70 

80 
80 

15 

17 
18 

13 

13 
15 

18 

26 
31 

- 

- 
- 
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(0-3 g/L), vanillin (0-6 g/L) or curcumin (0-1.5 g/L) concentration in easy care 

finishing bath along with 60 g/l of the hybrid emulsion results in an enhancement 

in the storage life of the emulsion up to 3 months, compared to the freshly 

prepared emulsion, reflecting their effect as antioxidants [23-29]. Meanwhile, 

increasing the vanillin concentration in the aforementioned emulsion, either 

before or after storage the emulsion, negatively affect the WRR of treated fabric 

and lowering it to the value of 70, probably due to the hydrophilic carboxyl 

groups of vanillic acid [38]. On the other hand, Table 2 reveals also that 

inclusion of TBHQ, vanillin or curcumin in easy care finishing of 

cotton/polyester fabric in presence of the freshly prepared hybrid emulsion 

significantly affect the functional properties of the finished fabric. Thus, 

increasing the concentration of TBHQ (0-3 g/L) in the finishing bath brings 

about an enhancement in the antibacterial properties along with preserving WRR 

of treated fabric. Moreover, as far the vanillin concentration increases (0-6 g/L), 

it upgrades in one hand the antibacterial properties of treated fabric but on the 

other hand it impairs WRR of treated fabric. Curcumin is unique; it imparts the 

finished fabric with the highest antibacterial as well as UV protection properties, 

compared with the above mentioned phenolic compounds, but the dyed fabric 

suffer from inhomogeneous color drawback resulted from aggregation of the 

water insoluble curcumin molecules onto the fabric structure [39]. However, the 

improvement in the antibacterial properties of the aforementioned phenolic 

compounds treated fabric may be associated with liberation of physically 

entrapped or bonded phenolic compounds species from the finished fabric 

surface. Indeed, the variations in chemical structure as well as solubility of such 

phenolic compounds influence the antibacterial activities of treated fabric 

samples.  

 

Effect of Tertiary butyl hydroquinone concentration and washing cycles 

 
TABLE 3. Effect of TBHQ concentration on some performance, functional and 

comfort properties of treated fabric. 

TBHQ 

(g/L) 

WRA 

(w+f)O 

TS 

(Kg) 
WRR 

ZI (mm) 
SR 

(μm) 

S 

(mg) 

AP 

(cm3/cm2.s) 

WVR 

(m2PaW-

1) 

TR 

(clo) G+ve G-ve 

0 

1 

2 

229 

228 

226 

44.8 

44.8 

44.9 

80(70) 

80(50) 

80(50) 

7(4) 

11(7) 

15(10) 

5(1) 

8(3) 

12(6) 

15.93 

15.91 

15.87 

748 

748 

748 

31.42 

30.87 

30.02 

5.6 

5.6 

5.7 

1.471 

1.473 

1.476 

Fabric finishing conditions: [DMDHEU], 60 g/L; [hybrid emulsion], 60 g/L; [TBHQ], 0-2 

g/L; wet pick up,100 %; drying, 100 OC/5 min; curing, 150 OC/3 min. Values in 

parentheses indicate retained functional properties after 5 washing cycles. WRA: wrinkle 

recovery; TS, tensile strength; WRR: water repellency rating; ZI: zone of inhibition; 

G+ve: S. aurous; G−ve: E. coli; SR, surface roughness; S, stiffness; AP: air permeability; 

WVR: water vapor resistance; TR: thermal resistance. 

 

To avoid the drawbacks of vanillin and curcumin as antioxidants in that 

study, TBHQ was selected as an efficient antioxidant as it enhances the storage 

life of the hybrid emulsion, preserves the WRR and improves the antibacterial 

properties of the finished fabric. Accordingly, different concentrations of TBHQ, 
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0-2 g/L, were incorporated in easy care finishing formulations containing 60 g/L 

of SA/PVP hybrid emulsion and 60 g/L of DMDHEU and the performance, 

functional as well as comfort properties of the treated fabric are monitored in 

Table 3. For a given set of finishing conditions, the data in Table 3 signify that 

increasing of TBHQ concentration in the finishing bath brings about: i) a 

significant enhancement in the antibacterial properties of treated fabric, ii) a 

slight increasing in TS, WVR and TR along with a slight decreasing in WRA, 

SR, and AP properties of treated fabric, iii) unchanged WRR and S properties of 

treated fabric. The upgrading in the antibacterial activities of treated fabric, 

compared to fabric treated in absence of TBHQ additive, may be associated with 

the inhibition of the bacterial growth as a result of a leaching of physically 

entrapped TBHQ species, with its phenolic groups, from the finished fabric 

surface. The preserving of WRR of the treated fabric at the value of 80 reflects 

the hydrophobic aromatic structure of the TBHQ [23-25]. The slight variation in 

the other performance and comfort properties, i.e. WRA, TS, WI, SR, S, AP, 

WVR, and TR properties of treated fabric is predictable and can be attributed to 

the fixation of a low concentration of TBHQ onto/within the fabric structure. On 

the other hand, the data in Table 4 reveal also that the retention in the 

antibacterial properties of treated fabric was still high after 10 washing cycles. 

Furthermore, a gradual detraction in the WRR of treated fabric was observed 

upon laundering. It seems that despite of the aromatic structure of such 

antioxidant, that may preserve the WRR of treated fabric, it may interact through 

its phenolic groups with some of the emulsion ingredients, i.e. these species 

containing PVP, forming hydrophobic film that is not tightly bounded to the 

surfaces of the treated fabric and thus can be swept away after 10 washing cycles 

leaving the fabric to have WRR of zero. 

 
TABLE 4. Water and oil repellency rating of fabric samples treated with Nuva® FB 

alone or in combination with the SA/PVP hybrid emulsion.  

Fabric finishing conditions: [DMDHEU], 60 g/L; [hybrid emulsion], 60 g/L; [Nuva® FB], 

20-30 g/L; wet pick up, 100 %; drying, 100 OC/5 min; curing, 150 OC/3 min. Values in 

parentheses indicate water repellency rating (WRR) and oil repellency rating (ORR) of 

fabric samples treated with the same finishing formulation in addition to 2 g/L of TBHQ.  

 

Nuva FB 

(g/L) 

Hybrid 

emulsion 

( g/l) 

WRR ORR 

Untreated 0 0 0 

20 

0 70 70 

30 70 7 

40 80 (90) 8 (8) 

60 80 8 

30 

0 80 8 

30 80(90) 8(8) 

40 90 8 

60 90 8 
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Fluorocarbons are widely used to impart textiles with water and oil 

repellency properties. These compounds provide fabric surface with the lowest 

surface energies than other repellent finishes. The most important disadvantages 

of the fluorocarbon repellents are their high cost and the needing for special 

treatment for the waste water resulted from their application. Thus, to minimize 

such disadvantages, wax emulsions are used as extenders for fluorocarbons 

repellent finishes [1,4,6]. In that step of our research work, the SA/PVP hybrid 

emulsion was examined to be as an extender for a commercial fluorocarbon 

finish namely Nuva
®
 FB of Clarient. In this regard, different concentrations of 

both the hybrid emulsion and Nuva
®
 FB were combined and WRR as well as 

ORR of their treated fabric samples were determined and listed in Table 4. It is 

clear that: i) treating fabric samples with Nuva
®
 (FB), 0-30 g/L, in absence of the 

hybrid emulsion, imparts that samples with hydrophobic as well as oleophobic 

properties, that is a characteristic of fluorochemical finish [1,4,6], ii) combining 

40-60 g/L of the hybrid emulsion with 20 g/L of Nuva
®
 FB in different finishing 

formulations, in absence of TBHQ, raises WRR and ORR of treated fabric to 

reach 80 and 8 respectively, iii) combining 40-60 g/L of the hybrid emulsion 

with 30 g/L of Nuva
®
 FB in different finishing formulations, in absence of 

TBHQ, enhances only WRR of treated fabric to reach 90, and iv) inclusion of 2 

g/L of TBHQ in finishing formulations containing 40 g/L of the emulsion as well 

as 20 g/L of Nuva
®
 FB or 30 g/L of the emulsion as well as 30 g/L of Nuva

®
 FB, 

enhances only WRR of the treated fabric from 80 to 90 while keeping the ORR 

unchanged at the value of 8. Accordingly, the hybrid emulsion, whether in 

absence or presence of TBHQ, can be used as an extender for the fluorocarbon 

finish Nuva
®
 FB. 

 

Characterization of SA/PVP hybrid treated fabric 

  

     TEM Image 

 

 
Fig. 1. (a): TEM image of SA/PVP hybrid emulsion. 
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Fig. 1. (b): TEM image of SA/PVP hybrid emulsion loaded with TBHQ. 

 

Figure 1 shows the particles size of freshly prepared SA/PVP hybrid 

emulsion in absence and presence of 2 g/L of TBHQ determined by the 

transmission electron microscope (TEM). It is clear that the emulsion particle 

size ranges approximately from 2 to 5 nm (Figure 1(a)), then after inclusion of 

TBHQ in the aforementioned emulsion the particles still maintain the nano size 

that reaches approximately to 13 nm (Figure 1(b)). It seems that TBHQ partially 

deactivates the stabilizing effect of PVP for the emulsion nano-particles [39].  

 

 

Thermal gravimetric analysis  

 
Fig. 2. TGA of untreated and water repellent fabric samples. 
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For comparison, an untreated sample as well as SA/PVP hybrid emulsion and 

its TBHQ loaded form treated fabric samples are examined using the thermal 

gravimetric analysis (TGA). Figure 2 shows three curves representing the 

thermograms of untreated, water repellent and TBHQ loaded water repellent 

fabric samples. It is obvious that the thermogram of the untreated sample 

consists of three regions; the first one represents a dehydration stage that locates 

between 30 and 110 
O
C and accompanied with a weight loss of 3.26 %. The 

second region represents the main degradation stage as a result of pyrolysis [42-

44]. It locates in the range of 330 and 390 
O
C with a weight loss of about 44.55 

%. The third region represents the stage of conversion of the remaining materials 

to carbon residue [42-44]. It locates in the range of 394 to 476 
O
C with a weight 

loss of 31.48 %. On the other hand, the first stage of the thermal degradation of 

the water repellent and TBHQ loaded water repellent fabric samples shows a 

weight loss of 2.26 and 1.22 % respectively in the range of 30 and110 
O
C. The 

other two stages of the thermal degradation consist of three peaks which may be 

attributed to coating these samples with the SA/PVP hybrid. The first peak is 

characterized with a weight loss of 38.24 and 37.93% in the region of 272 and 

376 
O
C whereas the second peak is characterized with a weight loss of 42.07 and 

35.77 % in the region of 389 and 465 
O
C for water repellent and TBHQ loaded 

water repellent fabric samples respectively. Finally, the weight loss of such 

samples at the third peak is 15.11 and 13.15 % respectively in the range of 501 to 

593 
O
C. Thus, the percent weight loss of the aforementioned samples at such 

above temperatures may reflect the relative thermal stability of TBHQ loaded 

water repellent sample compared with that of the untreated and water repellent 

fabric samples. 

 

Conclusion 

 

The impact of utilization of the water repellent finish SA/PVP hybrid 

emulsion alone or in combination of with some phenolic compounds in different 

easy care finishing formulations on the performance, functional and comfort 

properties of treated cotton/PET fabric samples is summarized as follows: i) 

finishing of fabric samples with easy care finishing formulations containing the 

hybrid emulsion results in increasing the fabric weight, tensile strength, stiffness, 

softness, water repellency, antibacterial properties, water vapor resistance and 

thermal  resistance along with a noticeable reduction in the resilience and air 

permeability of treated fabric, ii) treating fabric samples with finishing baths 

containing 60 g/L hybrid emulsion, 60 g/L DMDHEU as well as different 

concentrations of TBHQ, vanillin or curcumin results in an enhancement in the 

antibacterial properties accompanied with the preservation of the imparted water 

repellency of treated fabric, iii) beside the antibacterial properties imparted by 

such phenolic compounds, curcumin imparts its treated fabric with UV 

protection properties whereas vanillin provide a pleasant smell to its treated 

fabric, iv) in addition to the improvement in the antibacterial properties, TBHQ 

slightly enhances tensile strength, surface roughness, air permeability, water 

vapor resistance and thermal resistance along with a reduction in WRA of treated 
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fabric, and v) the hybrid emulsion, whether in absence or presence of TBHQ, can 

be used as extender for fluorocarbon textile finishes. 

 
References 

 

1. Schindler, W.D. and Hauser, P.J., Chemical finishing of textiles, Woodhead 

Publishing Ltd and CRC Press LLC, Cambridge, England, Chap 6, (2004), p. 74. 

 

2. Fahmy, H.M., Samaha, S.H., Abo-Shosha, M.H. and Ibrahim, N.A., Effect of 

inclusion of cationized starch derivatives in finishing bath on ester – crosslinking of 

cotton fabric. Tinctoria, 10, 22-27 (2004). 

 

3. Fahmy, H.M., Enhancing some performance properties of ester crosslinked cotton 

fabric by pre-quaternization. Egypt. J. Chem., 47(6), 627-640 (2004). 

 

4. Abo-Shosha, M.H., El-Hilw, Z.H., Aly, A.A., Amr, A. and El-Nagdy, A.S.I., 

Paraffin wax emulsion as water repellent for cotton/polyester blended fabric, Journal 

of Industrial Textiles, 37(4), 315 – 325 (2008).    

 

5. Ibrahim, N.A., Abo-Shosha, M.H., Fahmy, H.M., El-Sayed, Z.M. and Hebeish, A., 

Hybrids for finishing cotton fabric with durable handle performance. J. Materials 

Processing Technology, 200, 385-389 (2008). 

 

6. Abo-Shosha, M.H., El-Hilw, Z.H., Aly, A.A., Amr, A. and Rabie, A.M., New textile 

water repellent based on reaction of toluene 2,4-diisocyanate with stearyl alcohol. 

AATCC Review, 9 (7), 38 – 42 (2009) . 

 

7. Fahmy, H.M., and Abdel-Halim, E.S., Utilization of Poly (N-vinyl-2-pyrrolidone) to 

enhance UV protection and antibacterial properties of ester crosslinked cotton fabrics. 

Journal of Industrial Textiles, 40 (2), 109-122 (2010). 

 

8. Gaffer, H.E., Fouda, M.M.G., and Fahmy, H.M., Enhancing functional properties of 

viscose fabric by using novel aryl-azo sulfonamide derivatives. Journal of Applied 

Sciences Research, 9 (6), 4059-4067 (2013). 

 

9. Abdel-Wahab, B.F., Gaffer, H.E., Fouda, M.M.G., Osman, E.M. and Fahmy, 

M.H., Synthesis of some new 2-(2,3-dihydroinden-1-ylidene) hydrazinyl)-4-

methylthiazole derivatives for simultaneous dyeing and finishing for UV protective 

cotton fabrics. Journal of Applied Polymer Science, 112, 2221-2228 (2009). 

 

10. Eid, R.A.A., Hassan, T.M., Fahmy, M.H., Amr, A., and Nada, D.E., Utilization of 

Triclosan to Enhance the Antibacterial Activities of Linen. Egyptian Journal of 

Chemistry, 58 (2), 203-216 (2015). 

 

11. Ibrahim, N.A., El-Sayed, Z., Fahmy, M.H., Hasabo, A.G.A. and Abo-Shosha, 

M.H., Perfume finishing of cotton/polyester fabric crosslinked with DMDHEU in 

presence of softeners. RJTA, 17 (4), 58-63 (2013).  

 

12. Fahmy, M.H., Eid, R.A.A., Nada, D.E. and Abd El-Aziz, S.M., Functionalizaton of 

linen fabric using poly (N-vinyl-2-pyrrolidone). Egyptian Journal of Chemistry, 58 

(4), 447- 458 (2015).   

http://www.scopus.com/record/display.url?origin=AuthorProfile&view=basic&eid=2-s2.0-41549162460
http://www.scopus.com/record/display.url?origin=AuthorProfile&view=basic&eid=2-s2.0-73649094453
http://www.scopus.com/record/display.url?origin=AuthorProfile&view=basic&eid=2-s2.0-73649094453


Effect of Phenolic Compounds and Water Repellents … 
 

Egypt. J. Chem. 60, No. 1 (2017) 

81 

13. Fahmy, M.H., Aly, A.A., Amr, A., Sayed, Sh.M. and Rabie, A.M., SA/TDI/PEG 

adducts as water repellent finishes for cotton / polyester blended fabric. Progress in 

Organic Coatings, 99, 166-172 (2016). 

 

14. Fahmy, M.H., Aly, A.A. and Mohamed, Z.E., Synthesis of poly (N-vinyl-2-

pyrrolidone)/pyrodextrins adducts and their utilization in functionalization of cotton 

fabric. International Journal of ChemTech Research, 9 (9), 96-109 (2016).  

 

15. Fahmy, M.H., Aly, A.A. Sayed, and Sh. M., Graft copolymerization of N-

vinylpyrrolidone onto stearyl alcohol to impart water repellency and antibacterial 

properties for cotton/polyester fabric. Progress in Organic Coatings, 105, 176 -182 

(2017). 

 

16. Ibrahim, N.A., Khalifa, T.F., El-Hossamy, M.B. and Tawfik, T.M., Factors 

affecting the functional- and comfort-related properties of reactive dyed cotton knits. 

Journal of Industrial Textiles, 41(1), 41-56 (2011). 

 

17. Ibrahim, N.A., Amr, A., Eid, B.M., Mohamed, Z.E. and Fahmy, M.H., Poly 

(acrylic acid) /poly (ethylene glycol) adduct for attaining multifunctional cellulosic 

fabrics. Carbohydrate Polymers, 89, 648– 660 (2012). 

 

18. Ibrahim, N.A., Fahmy, M.H., Abdel Rehim, M., Sharaf, S.S. and Abo-Shosha, 

M.H., Finishing of cotton fabrics with hyperbranched poly (ester-amine) to enhance 

their antibacterial properties and UV protection. Polymer-Plastics Technology and 

Engineering, 49, 1297–1304 (2010). 

 

19. Fahmy, M.H., Eid, R.A.A., Hashem, S.S., Amr, A., Enhancing some functional 

properties of viscose fabric. Carbohydrate Polymers, 92, 1539– 1545 (2013). 

 

20. Fahmy, M.H., Utilization of Poly (N-vinyl-2-Pyrrolidone) in Easy Care Finishing of 

Cotton Fabrics to Improve Their Performance Properties and Antibacterial Activities, 

Journal of Industrial Textiles, 39 (2), 109-121 (2009). 

 

21. Fahmy, M.H., Abo-Shosha, M.H. and  Ibrahim, N.A., Finishing of cotton fabrics 

with poly (N-vinyl-2-pyrrolidone) to improve their performance and antibacterial 

properties. Carbohydrate Polymers, 77, 845–850 (2009).  

 

22. Simoncic, B. and Tomsic, B., Structures of novel antimicrobial agents for textiles - A 

Review. Textile Research Journal. 80 (16), 1721–1737 (2010). 

 

23. Shahidi, F., Antioxidants in food and food antioxidants. Food/Nahrung., 44 (3), 158–

163 (2000). 

 

24. Buck, D.F. and Edwards, M.K., Anti - oxidants to prolong shelf – life. Food Tech. 

Int., 2, 29–33 (1997). 

 

25. Ooi, N., Chopra, I.,  Eady, E.A.,  Cove, J.,  Bojar, R. and  O'Neill, A.J., 

Antibacterial activity and mode of action of tert-butylhydroquinone (TBHQ) and its 

oxidation product, tert-butylbenzoquinone (TBBQ). Journal of Antimicrobial 

Chemotherapy, 68 (6), 1297-1304 (2013).  

 

http://www.researchgate.net/profile/Nicola_Ooi
http://www.researchgate.net/profile/Ian_Chopra
%22E.A.%20Eady
http://www.researchgate.net/researcher/39222101_J_Cove
http://www.researchgate.net/profile/Richard_Bojar
http://www.researchgate.net/researcher/71523046_A_J_ONeill
2091_Journal_of_Antimicrobial_Chemotherapy%22Journal%20of%20Antimicrobial%20Chemotherapy
2091_Journal_of_Antimicrobial_Chemotherapy%22Journal%20of%20Antimicrobial%20Chemotherapy


H.M. Fahmy et al. 

 

Egypt. J. Chem. 60, No. 1 (2017) 

82 

26. Sawano, T. and Yazama, F., Evaluation of antioxidant activity of vanillin by using 

multiple antioxidant assays. Journal of Bio phys. Acta, 2, 170-177 (2011). 

 

27. Suppakul, P. and Jinkarn, T., Antimicrobial effects of vanillin coated solution for 

coating paperboard intended for packaging bakery products. J. Food Ag-Ind., 2(4), 

138-147 (2009). 

 

28. Akrami, M., Uddini, S., Ahmed, A., Usmanghani, K., Hannan, A., Mohiuddin, E. 

and Asif, M., Curcuma longa and curcumin: A review article. ROM. J. BIOL. – 

PLANT BIOL., 55 (2), 65–70 (2010). 

 

29. Asouri, M., Ataee, R., Ahmadi, A.A., Amini, A. and Moshaei, M.R., Antioxidant 

and free radical scavenging activities of curcumin. Asian Journal of Chemistry, 25 

(13), 7593-7595 (2013). 

 

30. Han, S. and Yang, Y., Antimicrobial activity of wool fabric treated with curcumin. 

Dyes and Pigments, 64 (2), 157-161 (2005). 

 

 31.Zhou, Y.,  Zhang, J., Tang, R., and Zhang, J., Simultaneous dyeing and 

functionalization of silk with three natural yellow dyes. Industrial Crops and Products, 

64, 224-232 (2015). 

 

32. Fahmy, M.H., Aly, A.A., Amr, A., Sayed, Sh.M. and Rabie, A.M., An innovative 

SA/PVP hybrid for attaining water repellent cotton/polyester blended fabric. 

International Journal of ChemTech Research, 9 (3), 215-227 (2016). 

 

33. Abo-Shosha, M.H., Ibrahim, N.A., Fahmy, M.H., and Hebeish, A., Utilization 

water soluble size additives in easy care finishing. American Dyestuff Reporter, 84(7), 

44-51 (1995). 

 

34. Tzanov, T., Betcheva R. and Hardalov, I., Thermophysiological comfort of silicone 

softeners-treated woven textile materials. International Journal of Clothing Science 

and Technology, 11 (4), 189-197 (1999).  

 

35. Havenith, G., The interaction of clothing and thermoregulation. Exogenous 

Dermatology, 1(5), 221–230 (2002). 

 

36. Togashi, N., Shiraishi, A., Nishizaka, M., Matsuoka, K., Endo, K., Hamashima, 

H. and Inoue, Y., Antibacterial activity of long-chain fatty alcohols against 

Staphylococcus aureus. Molecules, 12, 139-148 (2007). 

 

37. Kubo, I., Muroi, H., Himejima, H. and Kubo, A., Antibacterial activity of long-

chain alcohols: the role of hydrophobic alkyl groups. Bioorg. Med. Chem. Lett., 3, 

1305-1308 (1993). 

 

38. Mourtzinos, I., Konteles, S., Kalogeropoulos N. and Karathanos, V.T., Thermal 

oxidation of vanillin affects its antioxidant and antimicrobial properties. Food 

Chemistry, 114, 791–797 (2009). 

 

39. Jagannathan, R., Abraham, P.M. and Poddar, P., Temperature-dependent 

spectroscopic evidences of Curcumin in aqueous medium: A mechanistic study of its 

solubility and stability. J. Phys. Chem. B, 116, 14533−14540 (2012). 

7208_Dyes_and_Pigments%22Dyes%20and%20Pigments
http://www.researchgate.net/researcher/2066888628_Yuyang_Zhou
http://www.researchgate.net/researcher/2066894951_Jue_Zhang
http://www.researchgate.net/researcher/78430107_Ren-Cheng_Tang
http://www.researchgate.net/researcher/2036001773_Jun_Zhang
http://www.researchgate.net/publication/272382577_Simultaneous_dyeing_and_functionalization_of_silk_with_three_natural_yellow_dyes
http://www.researchgate.net/publication/272382577_Simultaneous_dyeing_and_functionalization_of_silk_with_three_natural_yellow_dyes


Effect of Phenolic Compounds and Water Repellents … 
 

Egypt. J. Chem. 60, No. 1 (2017) 

83 

40. Audenaert, F., Lens, H., Rolly, D. and Elst, P.V., Fluorochemical Textile repellents- 

synthesis and applications: A3M Perspective. J. Text. Inst., 90 (3), 76-94 (1999). 

 

41. Blecher, L., Lorenz, D.H., Lowd, H.L., Wood, A.S. and Wyman, D.P., 

Polyvinylpyrrolidone: in Handbook of water-soluble gums and resins, New York, 

NY: McGraw-Hill Book Company, 1980. 

 

42. Hashem, M., Elshakankery, M.H., Abd El-Aziz, S.M., Fouda, M.M.G., Fahmy, 

H.M., Improving easy care properties of cotton fabric via dual effect of ester and 

ionic crosslinking. Carbohydrate Polymers, 86, 1692– 1698 (2011). 

 

43. Fouda, M.M.G. and Fahmy, H.M., Multifunctional finish & cotton cellulose fabric. 

Carbohydrate Polymers, 86, 625-629 (2011). 

 

44. Fahmy, H.M., Mohamed, Z.E., Abo-Shosha, M.H. and Ibrahim, N.A., Thermosole 

Cross-Linking of Chitosan and Utilization in the Removal of Some Dyes from 

Aqueous Solution. Polym-Plastic Technol. Eng., 43 (2), 445-462 (2004). 

 

(Received 15/2/2017 ; 

Accepted  14/ 3 / 2017 ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



H.M. Fahmy et al. 

 

Egypt. J. Chem. 60, No. 1 (2017) 

84 

هجيه انكحىل بعض انمركبات انفينىنيه مع تأثير استخذاو 

/ عذيذ فينيم انبيرونيذون عهى انخىاص انىظيفيه و انستيريهى

 خىاص انراحه انمهبسيه ألقمشه انقطه / بىنيستر

  
هشاو مصطفي فهمي

 
، آمال أحمذ عهي ، أحمذ انسيذ عمرو

 
  ،  شيماء محمىد سيذ 

عبذ انجىاد محمذ ربيعو 
1 

ٗ اىَشمض اىقٍٜ٘ ىيجح٘س -اىْسجٞخ ٘س اىظْبعبد شعجخ ثح
1 

ميٞخ  -قسٌ اىنَٞٞبء

 . ٍظش  - اىقبٕشح - جبٍعخ عِٞ شَس -اىعيً٘ 

 

 

اىذساسخ اسزخذاً ٍسزحيت ٕجِٞ اىنح٘ه اىسزٞشٝيٚ/عذٝذ فْٞٞو  ٓرٌ فٚ ٕز

اىجٞشٗىٞذُٗ ٗحذٓ أٗ ثبالشزشاك ٍع ثعغ اىَشمجبد اىفْٞ٘ىٞخ صبىش ثٞ٘رٞو 

ٗ اىنشمٍِ٘ٞ ٗاىفبّٞيٞب ػَِ خيطبد رجٖٞض اىعْبٝخ اىسٖيخ ألقَشٔ اىٖٞذسٗمُْٞ٘ 

ىجٞبُ رأصٞش ٍسزحيت ٕزا اىٖجِٞ ٍع ٕزٓ اىَشمجبد اىفْٞ٘ىٞٔ عيٚ  اىقطِ / ث٘ىٞسزش

اىخ٘اص اى٘ظٞفٞخ ٗ خظبئض اىشاحخ اىَيجسٞٔ ىيقَبش اىَعبىج. ٗ قذ أمذد اىْزبئج 

فٜ حَبٍبد رجٖٞض رحز٘ٛ عيٚ ؤدٙ ٍعبىجخ عْٞبد أقَشٔ قطِ / ث٘ىٞسزش رأُ: أ( 

رشمٞضاد ٍخزيفخ ٍِ ٍسزحيت اىٖجِٞ ٗ ساثؾ اىعشػٚ )ٍسزغال فٚ رىل ف٘ق 

مجشٝزبد األًٍّ٘ٞ٘ اىَزجقٚ فٚ ٗسؾ رفبعو ٍِ رحؼٞش اىٖجِٞ معبٍو حفبص(  اىٚ 

رحسِ فٚ اىخ٘اص اىَقبٍٗخ ىيَبء ٗ ق٘ح شذ ٗ رظيت ٗ ٍقبٍٗخ اىجنزشٝب ٍٗقبٍٗخ 

ىحشاسٓ ٍع اّخفبع ؽفٞف فٜ ٍشّٗخ ٗ خشّ٘خ سطح ٗ ّفبرٝخ ّفبرٝخ ثخبس اىَبء ٗ ا

اىٖ٘اء ىعْٞبد األقَشٔ اىَعبىجخ، ة( رؤدٙ ٍعبىجخ عْٞبد األقَشٔ فٜ حَبٍبد 

جشاً / ىزش ٍِ  00جشاً / ىزش ٍِ ٍسزحيت اىٖجِٞ ٗ  00رجٖٞض رحز٘ٛ عيٚ 

أعالٓ  اىشاثؾ اىعشػٚ ٗ رشمٞضاد ٍخزيفخ ٍِ أٛ ٍِ اىَشمجبد اىفْٞ٘ىٞٔ اىَزم٘سح

اىٚ صٝبدح مجٞشٓ فٚ فزشح رخضِٝ ٗ صجبد ٍسزحيت اىٖجِٞ ٍع صٝبدٓ فٚ خ٘اص 

األقَشٔ ىيَقبٍٗخ اىجنزشٝب ، ج( ثجبّت اىضٝبدٓ فٚ خ٘اص ٍقبٍٗخ األقَشٔ اىَعبىجٔ 

ىيجنزشٝب فقذ أدٙ اػبفخ اىفبّٞيٞب اىٚ حَبً اىزجٖٞض اىٚ امسبة اىقَبش اىَجٖض سائحخ 

 مٞٔ مَب أدٙ اػبفخ اىنشمٍِ٘ٞ  اىٚ حَبً اىزجٖٞض اىٚ امسبة اىقَبش اىَجٖضص

خظبئض اىحَبٝخ ػذ األشعخ ف٘ق اىجْفسجٞخ ، د( أدٙ اػبفخ صبىش ثٞ٘رٞو 

اىٖٞذسٗمُْٞ٘ اىٚ حَبً اىزجٖٞض اىٚ امسبة األقَشٔ  رحسِ فٜ خ٘اص األقَشٔ 

ّفبرٝخ ثخبس اىَبء ٗ اىحشاسٓ ىَقبٍٗخ اىجنزشٝب ٍع صٝبدٓ ٕبٍشٞٔ فٚ ق٘ح شذ ٍٗقبٍٗخ 

ٍقزشّب رىل ثبّخفبع ؽفٞف فٜ ٍشّٗخ ٗ خشّ٘خ سطح ٗ ّفبرٝخ اىٖ٘اء ٗ صجبد مال 

ٍِ خ٘اص ٍقبٍٗخ اىَبء ٗ رظيت اىعْٞبد اىَجٖضٓ. مَب أصجزذ اىْزبئج أُ ٍسزحيت 

اىٖجِٞ َٝنِ اسزخذأٍ س٘اء فٜ غٞبة أٗ ٗج٘د صبىش ثٞ٘رٞو اىٖٞذسٗمُْٞ٘ مَبدح 

اػبفزٖب اىٚ ٍ٘اد اىزجٖٞض اىفي٘سٗمشثّ٘ٞٔ ىزقيٞو اىزنيفٔ اىْبشئٔ عِ  رجٖٞض َٝنِ

ىزجٖٞض األقَشٔ ػذ اىَبء ٗ اىضٝ٘د. ٗ قذ رٌ  اىفي٘سٗمشثّ٘ٞٔاسزخذاً ٕزٓ اىَ٘اد 

اىٚ ٍسزحيت اىٖجِٞ عيٚ حجٌ  اىٖٞذسٗمُْٞ٘دساسخ أصش اػبفخ ٍبدح صبىش ثٞ٘رٞو 

جضٝئبد حٞش أصجذ اىذساسٔ اُ جضٝئبد ٍسزحيت اىٖجِٞ ثبسزخذاً ٍحيو حجٌ اى

 11اىٚ  5حجٌ جضٝئبد ٕزا اىَسزحيت قذ صادد ثْسجٔ ثسٞطٔ ٍِ ٍز٘سؾ حجٌ 

ّبٍّ٘زش ثعذ اػبفخ ٍبدح صبىش ثٞ٘رٞو اىٖٞذسٗمُْٞ٘ اىٚ ٕزا اىَسزحيت )ٗ رىل ثعذ 

اعبدح رشزٞذ اىَسزحيجِٞ ٍشح أخشٙ ثبسزخذاً اىَ٘جبد ف٘ق اىظ٘رٞٔ ىْفس اىفزشٓ 

رٌ أٝؼب ر٘طٞف سطح األقَشٔ اىَعبىجٔ ثٖزا اىَسزحيت ثبسزخذاً اىضٍْٞٔ(. مَب 

 اىزحيٞو اىحشاسٙ.

 

 

 

 




