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weave compositions made of cotton and/or polyester and containing yarns made of many fibers 

and covered with a layer of polyvinyl chloride. The samples were tested using a porosity meter, 

infrared absorption analysis and UPF transmittance. The permeability of dust with sizes of 50-

100 micrometers was also measured. The results in this research showed that the samples made 

of polyester and covered with a layer of polyvinyl chloride containing polyester multi-fiber 

yarns are the most suitable materials with respect to the porosity, UPF, static charges for 

manufacturing a summer cap that maintains the health and vitality of the hair while maintaining 

proper porosity and stain-resistant properties and is easy to care for. 
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allow to prevent dust from the surrounding atmosphere, which is deposited on the surface of 

the outer hair, causing a mud layer, which is a suitable environment for the growth of bacteria 

and fungi, and therefore it cannot be used in the manufacture of the cap. proposed in the design. 

Sample 1 with medium porosity gave a significant impermeability to dust, but it caused some 

small brittleness in the hairs. Samples 5 and 8 did not penetrate the dust significantly and did 

not cause any breakage in the hairs. 

 

  

  

  

Figure (6): Optical microscope for the Hair in bags made of samples codes 3, 4,5,6,1 and 8 subjected to 

dust (50-100 micrometer). 

Conclusion 

Wearing a hat is a great solution to countering UV rays because an extra layer of protection is 

always a plus. If a hat isn't your favorite summer fashion accessory, protect your hair by styling 

it in a way that exposes less of your scalp. The study focused on designing a summer cap that 

can be worn under different conditions. Several proposed fabrics were studied with different 

Sample 4 

Sample 9 

Sample 3 

Sample 6 Sample 5 

Sample 8 
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Effect of weaving structure on the UPF and surface electrostatic charge 

Table 4 shows the results of ultraviolet radiation transmittance through the fabrics under study. 

The results showed that samples 4 and 8 have more transmittance, 33 and 22, respectively. 

While all other samples showed protection from ultraviolet radiation (El-Tahlawy et al 2007; 

Ibrahim 2011; Patankar et al. 2022). 

 

When studying the textile structures of the fabrics under study for the properties of static 

charges on the surface, it was found in Table 4, that the samples numbers 7, 6, 2, and 5 cause 

static charges, which may cause bad effects on the hair, as the static charges cause hair breakage 

and the stability of the hairdos, and also cause increased adhesion of dust and pollutants on the 

hair. 

 

Table 4: Effect of Weaving structure on UPF values and surface 

Electrostatic charges 

Sample # UPF Electrostatic 

Charges 

1 65+ 0.07±0.010 

2 65+ 0.53±0.089 

3 65+ 0.06±0.006 

4 33 0.01±0.000 

5 55 0.35±0.015 

6 65+ 0.75±0.035 

7 65+ 1.93±0.058 

8 22 0.03±0.058 

Protecting Hair from Environment (dust) 

According to WebMD, there are seven main categories of hair and these include straight, wavy, 

curly, frizzy, coarse, fine, thin, or African American. Depending on the hair type, one will 

determine the care needed to maintain it. For instance, curly hair needs to be moisturized more 

often to keep it looking healthy and shiny. Fine hair must be conditioned to look healthy and 

prevent it from breaking easily. Choosing the suitable hair covers (either by scarves, cabs or 

hats) helping the person to protect his/her hair and avoid the side effect of the protecting /care 

materials. The fabric shall be breathable, does not produce any static charges, does not permeate 

the dust or pollutants from the surroundings, anti-stain, hydrophobic, as well as does not allow 

passage of harmful ultraviolet (high UPF values). 

When natural hair samples were placed in a bag made of fabrics under study in a closed 

revolving box (42 revolutions per minute) containing dust whose grain size ranged from 5 to 

100 microns. Figure No. 5 shows that sample 3 is the hair sample without any treatment, and 

sample No. 3 is the best sample for preserving hair, as it is a cloth containing many fibers, which 

gave the cloth a degree of permeability and at the same time impermeable to dust that causes 

friction with the surface of the hair and the lack of accumulation of dust that is deposited with 

the help of air humidity (ranging from 50 to 65% relative humidity). On the contrary, sample 

No. 4 showed, which is the most porous sample, which has a texture structure that does not 
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sample No. 3, which is the least porous, needed a pressure of about 7.15 bar, while the medium sample 

No. 7 needed a pressure of about 0.017 bar, while the highest samples needed a porosity like the other 

samples. Numbers 8 and 4 have a very low pressure of 0.005 bar. It is also clear that by increasing the 

porosity of the fabrics and thus the area of the air-permeable openings, which increases its permeability 

and increases the volume of air that escapes from the samples (Elsa et al. 2021; Zhe et al. 2015; Zhen 

et al. 2021; Irwin 2016). 

 

Table 3: Porosity results of the cotton fabrics tested.  

Parameter Sample 

#1 

Sample 

#2 

Sample 

#3 

Sample 

#4 

Sample 

#5 

Sample 

#6 

Sample 

#7 

Sample 

#8 

Mean Pore 

Size, µm 

14.8498 11.5108 0.0424 116.7883 33.5430 15.7516 26.4750 120.0750  

Bubble Point 

Pressure, bar 

0.0284 0.0320 7.1467 0.0048 0.0167 0.082 0.0171 0.0048  

Bubble Point 

Flow Rate, l/m 

0.000 0.0026 0.0556 0.0003 0.0043 0.0002 0.0034 0.0008  

Pore Density 

(Number) /cm² 

5.6E+04 3.91E+0

4 

1.98E+1

2 

192 5.55E+0

3 

4.44E+0

4 

6.6E+03 168  

Porosity 

(Open Area 

Data), % 

7.a489. 4.647 2727 2.11 4.955 7.721 2.531 1.948 

Pore Open 

Area, cm² 

4.909 4.909 4.909 4.909 7.909 4.909 4.909 4.909  

Pore Surface 

Area, cm²/cm² 

0.000144

7 

8.307E-

05 

18.69 6.148E+

06 

4.452E-

05 

0.000162

8 

2.402E+

05 

5.401E-

06  

Pore Size Run 

Range, µm 

30.0047 

to 5.0350 

30.0047 

to 5.0350 

0.100 to 

0.0304 

149.8829 

to 

80.3011 

64.9746 

to 

201131 

50.00 to 

10.0551 

50.00 to 

10.0661 

140.0438 

to 

70.3297  

 

FTIR Analysis of samples  

 
Figure 5: FTIR spectra of the plain and coated 

Figure 5 shows the FTIR spectra of sample number 2 and the coated Sample number 3.  The 

spectrum showed transmission peaks at 2945 cm-1 for CH2-antissymmetric stretching; 1725 cm-

1 for C=O anti-symmetric stretching; 1410 cm-1 for standard absorption -OH band; at 1143 cm-

1 for C-H stretching second overtone; at 973 cm-1 for O-CH2 stretching and at 868 cm-1 for the 

benzenoids group.  (Ibrahim et al. 2013; Chunga et al. 2004; Abidi et al 2005; Hooman et al. 

2022; Singh and Sheikh 2022).  
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Figure 3: Photo of the porosity meter used 

 

Table 2: Constants used for porosity measurements  

Parameter Sample 

#1 

Sample 

#2 

Sampl

e #3 

Sample 

#4 

Sample 

#5 

Sampl

e #6 

Sampl

e #7 

Sampl

e #8 

Thickness, 

µm 

206.0 192.0 230.0 255.0 238.0 250.0 174.00 250.0  

Diameter, 

mm 

25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.000  

Sample 

Area, cm² 

3.1400 3.1400 3..1400 3.1400 3.1400 3.1400 3.1400 3.1400  

Volume, 

cm³ 

0.06468 0.06029 0.0722

2 

0.08007 0.07473 0.0785

0 

0.0546

4 

0.0785

0  

 

UPF measurement and Electrostatic charge 
UPF was measured using UV-VIS double beam spectrophotometer (Perkin-Elmer, Lambda 35, Diffuse 

transmission technique) according to the American standard (ASTM D6603–2000) and AATCC test 

method [AATCC 183–2000]. The UPF was calculated using the following equation (Tahlawy et al 

2007). 

Electrostatic charge was measured using Electrostatic fieldmeter (Model : FMX-003), made by 

SIMCO-Japan (Paasi et al. 2004).  

 

FTIR Spectroscopy 

Sample number 2 and coated Sample number 3 were measured using Thermo Nicolet FTIR 

spectrophotometer, Transmission mode spectra (400-4000 cm-1) was measured with KBr pellets 

of finely cut and ground fabrics. Sample 3 is known from the weavers that it is coated fabric 

with polyvinyl chloride (PVC).  

 

Results and Discussions 

Effect of weaving structure on the porosity behavior: 

The results in Table 3 shows the porosity and permeability of the fabrics used in this study. The results 

showed that sample No. 3 is the least mean pore size, and samples 2, 6, and 1 (with values ranging from 

11.5 to 15 µm) come in the order. Samples 7 and then 5 (with values of 26.5 to 33.5 µm) while samples 

8 and 4 show the highest porosity (values of 133-134 µm). These different porosities showed that the 

lower the porosity, the higher the pressure the samples needed to measure the bubble point, where the 
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Sample #7: plain 1/1; weft 150/1 continuous, warp 70/1 continuous 

Sample #8: 65% polyester /35 cotton, warp cotton 100% 70/1 dtex; warp blend cotton polyester 

70/1. 

 

Table 1: Fabric weight of the studied samples. 

Paramete

r 

weight 

1 

weight 

2 

weight 

3 

weight 

4 

weight 

5 

weight 

6 

weight 

7 

weight 

8 

Average 

120.68

0 

126.67

0 

150.34

0 

109.83

0 

114.68

3 

117.21

0 

115.81

0 

125.94

1 

stdev 0.0007 0.0015 0.0001 0.5774 0.0003 0.0003 0.1558 0.5773 

 

Cap design 
Design summer caps are an essential part of any fashion wardrobe. They can be worn in various settings 

and are perfect for casual or formal occasions. They can be made from various materials, including 

cotton, linen, or straw. You can also design them in a range of different colors and styles. Cap design 

and patron as appeared in figure (2) established using Gerber (Accumark V18.1.2) designing 

the program. Patterns used in this project were created using the design software Accumark 

made by Gerber Technology, Tolland, USA and can be exported as a 2D DXF drawing (Tarrier 

et al. 2010; Fink et al. 2021). 

 

 
Figure 2: Cab and patron design. 

 

Pore size Testing 

The Promoter Quantachrome 3GWin2-Pore Size Data, which is a series of capillary flow 

parameters for the widest range of through-pore size and bubble point applications. Automatic 

measurements of studied fabrics. Pressure capabilities of 0.015 to 500 psi represent a pore size 

range.  Table 1 shows the identification of the samples for this test. ASTM F316-03(2011). 

Table 2 shows the sample identifications used as constant values in porosity measurements. 
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This work aimed at using different fabrics to design summer caps and evaluate their 

performance to protect the hair with respect to the porosity, fabric weight, and electrostatic 

surface charges. The best fabric was coated with polyacrylate coating to increase the durability 

of the fabric, ultraviolet protection factor (UPF), and antibacterial behavior.  

 

Experimental: 

Substrates: 

The fabrics used in this work are 100% cotton fibers with a plain 1/1 weaving structure. Samples 

2,3 and 6 (in figure 1) have single carbon yarns inserted in the weaving structure every 5 cm.  

Sample 3 is a coated fabric with polyacrylate film. All these fabrics were weaved in Egyptian 

Canadian industrial factory, El Obour city.  Fabric weights are indicated in table 1.  Garment in 

Yasmina fashion co., Alharm, Giza Egypt.  

 

    

#1 

20210911_004712 

#2 green f 

20210911_004834 

#3 green g 

20210911_004936 

#4 dark blue 

20210911_005040 

    

#5 black 

20210911_005147 

#6 brown coated 

2021091 

1_005243 

#7 black 

20210911_005349 

#8 dark blue 

20210911_005453 

Figure 1: Optical Microscope photos for the fabric used 

Weaving structure of the used samples were as follow:  

Sample #1: warp 70/1 plain 1/1; weft 150/1 continuous fiber. 

Sample #2: 1% microfiber fiber 70/1 (4 yarns/inch) and 99% polyester. Microfiber warp, 

polyester 70/1 continuous, weft 150/1 polyester. 

Sample #3: 1% microfiber (4 yarns/inch) fiber and 99 polyester microfiber warp 70/1 2%, 

polyester 70/1 continuous, weft 150 continuous. This sample was coated by polyvinyl chloride 

film. 

Sample #4: polyester 100%, warp 70/1, weft 150/1 continuous.  

Sample #5: plain 1/1; 65% polyester, 35 cotton, warp70/1   spun blended, weft 150/1 polyester 

cont.  

Sample #6: 1% 70/1 microfiber fiber (4 yarns/inch) and 99 polyester microfiber warp 70/1 1%, 

polyester 70/1 continuous, weft 150 continuous. This sample was coated by polyvinyl chloride 

film. 
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1- Having some chronic diseases such as diabetes and arthritis (Gamal et al 2021). 

2- Infection of the scalp skin with some problems such as ringworm infection (burns et al. 

2021). 

3- Taking some drugs and medications such as high blood pressure, heart, and arthritis 

medications (Huang et al (2019). 

4- Lack of some nutrients in the body, such as iron and some vitamins (Zhang et al. 2022). 

5- Follow a diet to lose weight. 

6- Psychological disorders, nervousness, excessive tension, or fear (Huang et al (2019). 

7- Infection with alopecia (Babadjouni et al. 2022). 

8- Chemotherapy for cancer (Adderley et al. 2020). 

9- Harsh hair care and the use of chemicals on the hair (Paula 2022 et al. 2022). 

10- Polycystic ovary syndrome in women (Tu et al. 2019). 

11- Take birth control pills (Berenson et al 2008). 

12- Birth (Ren et al. 2022). 

13- Progression in old age and aging (Baltenneck et al 2022). 

14- Surgical procedures (Hunt and McHale 2012). 

15- Hormonal changes (Sadick and Arruda 2021). 

16- Increasing the duration of the exercise (Koblinski et al. 2021). 

17- Increase caffeine (Rah et al. 2017). 

18- Wearing tight hats may reduce blood flow to hair follicles (Dachs et al 2003; Koblinski et 

al. 2021). 

 

A study of the effect of environmental factors on hair loss in 92 pairs of identical twins revealed 

that twins who wore hats experienced more hair loss over the forehead than those who did not 

wear hats (Gatherwright et al 2013). 

 

Cotton fiber is a collapsed tube made up of microfibrils in helical windings with frequent 

direction reversals and numerous convolutions along the fiber length. The cellulose chain has 

three active hydroxyl groups in its chemical structure on each building unit (glucopyranose), 

one primary in the 6-position and two secondary groups in the 3,4 positions. The reactivity of 

these hydroxyl groups governs the majority of cotton chemistry (Elnagar et al 2002; El-Nagar 

et al. 2005; El-Nagar et al. 2006). 

 

STEWART-PINKHAM (1989) applied study on 80 children and found that air polluted with 

cadmium has adverse effect on the hair of children.   

 

Woven fabrics are made up of warp and weft yarns that are interlaced at 90 degrees. Warp yarns 

are wound under uniform tension onto a beam and threaded through heddles on loom harnesses, 

with each harness controlling a group of warp yarns that can be raised independently of other 

groups. Weft yarns are threaded through the shed, which is the space between raised and 

unraised warp yarns. A weave draught represents the pattern in which warp yarns are raised 

over weft yarns to form the weave structure. The simplest weave structure, plain weave, 

involves warp yarns alternately being raised and lowered over each weft, producing the 

maximum possible number of interlacing (Meiklejohn et al. 2022).  
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Abstract 

Wearing hats and caps in sunny areas to protect from sunrays is frequent in hot areas or as a 

requirement for fashion lines, especially in summer and spring times. A number of fabrics were 

woven, their permeability properties were measured, and the extent to which they protected hair 

from airborne dust and sunlight, by measuring the porosity of the tested fabrics. The best tested 

fabrics for permeability and porosity were selected and coated with copolymer to increase 

protection from the sun's rays by measuring the sun protection factor (UPF) using diffuse 

transmission spectrophotometer. Cap was designed using Gerber software. The results showed 

that choosing the appropriate fabrics in the manufacture of hats and caps prevents damage to 

the hair. 

 

Keywords 
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 الملخص 

ارتداء القبعات في المناطق المشمسة للحماية من أشعة الشمس أمر متكرر في المناطق الحارة أو كشرط لخطوط الموضة 

الانشاءات و المقاولات خاصة في الصيف والربيع .و هذا البحث جاءت فكرته لمساعدة كثير من العاملين في مجالات 

وصناعة الحديد و الزجاج حيث ان العاملين في هذه المجالات يتعرضون للشمس و الحرارة باستمرار دائم حيث هناك طفرة 

في هذه المجالات في مصر و الدول العربية .فتم نسج عدد من الأقمشة وقياس خصائص نفاذيتها ومدى حماية الشعر من 

قولة بالهواء وذلك بقياس مسامية الأقمشة المختبرة . تم اختيار أفضل الأقمشة المختبرة للنفاذية الغبار وأشعة الشمس المن

 والمسامية وطليها ببوليمر بولي أكريلات لزيادة الحماية من أشعة الشمس عن طريق قياس عامل الحماية من الشمس

(UPF) ام برنامجباستخدام مقياس الطيف الضوئي المنتشر. تم تصميم قبعة باستخد Gerber  المتقدم. أظهرت النتائج أن

 . اختيار الأقمشة المناسبة في صناعة القبعات والقبعات يمنع تلف الشعر

 

 الكلمات المفتاحية

 ، ألياف الكربون  UPFالشعر ، تلوث الهواء ،  

Introduction 

Hair loss is not considered just on the head, but on every part of the human body in general. It 

is usual to lose a certain number of hairs (50 to 100 hairs) during the day, but if the hair loss 

exceeds the normal limit; It may be worrying today, and you should look for ways to treat hair 

loss. Does wearing hats and caps cause hair follicles to itch, causing hair to fall out, there are 

many reasons that lead to hair loss, such as: 
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