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ABSTRACT 

In this study, electromagnetic shielding and solar properties of woven fabrics which were produced 

barium titanate/polyester bicomponent yarns were investigated. 1, 2 and 3% additive ratios of barium 

titanate and three different fabric structures (1/1 plain, sateen and special weave) were used in the 

experiments. The effect of additive ratio and the fabric structure on sheet resistance and 

electromagnetic shielding properties were evaluated. Electromagnetic Shielding Effectiveness 

(EMSE) of the woven fabrics was determined according to the ASTM D4935-10 standard by using 

coaxial transmission line measurement technique in the frequency range of 15–3000 MHz. The fabric 

with the highest content of the barium titanate (3%) and special weave showed the highest shielding 

effectiveness, reaching 13.96 dB at 15 MHz. The solar properties were measured according to 

EN14500 using a UV/VIS/NIR spectrophotometer and results were calculated according to EN 410 

standard. The reflectance values of barium titanate added polyester fabrics increased and the 

transmittance values decreased. 
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1. INTRODUCTION 
 

With the advancement of wireless technology, electronic 

devices become indispensable parts of our daily lives. 

These devices raise different radiations in different 

frequency bands [1]. The electronic devices are capable of 

emitting electromagnetic waves that will result in some 

electromagnetic interference (EMI) troubles [2, 3, 4]. 

Electromagnetic interference (EMI) shielding is a process 

of limiting the penetration of electromagnetic rays into a 

space by blocking them by a barrier made of conductive 

material. It is a very popular method of protecting 

electronic and electrical equipment and even people against 

electromagnetic radiation. The material or protector which 

protects a body, environment or circuit from harmful 

electromagnetic radiation is called a shield. Shields are used 

either to isolate a space from outside sources of 

electromagnetic radiation or to prevent the unwanted 

emission of electromagnetic energy radiated by internal 

sources [5].  

The EMI phenomena can be viewed as a kind of 

environmental pollution of the electromagnetic spectrum [6, 

7]. It is one of the major problems to be resolved. Various 

researchers and industrial companies have shown keen 

interest in providing solutions to overcome this problem. 

Among the various solutions offered, textile products and 

textile-based composite materials have caught the attention 

of researchers [8, 9]. In recent years, conductive fabrics 

have been considered for electromagnetic shielding and 

anti-electrostatic purposes in various applications for the 

defense, electrical, and electronic industries. This is mainly 

due to their desirable properties in terms of flexibility, 

electrostatic discharge, EMI protection, radio frequency 

interference protection, thermal expansion matching, and 

weight [10]. In the literature, there are many studies about 
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conductive textiles and their electromagnetic shielding 

applications [11-17 etc.] 

In the advancement of EM wave absorber technology, wide 

variety of materials have received much attention, such as 

dielectric/magnetic materials [18-25] and conducting 

polymers [26-29]. Barium titanate (BaTiO3) is a member of 

the perovskite compounds family has ferroelectric 

properties with high dielectric constants [30]. Due to its 

unique properties (mechanical and chemically stable, high 

dielectric constant, etc.), barium titanate is one of the most 

important ferroelectric materials studied in a wide range 

[31]. Among other ferroelectrics, BaTiO3 is a well-

referenced, relatively cheap to produce, and lead-free 

material [32, 33]. In the literature, there are some studies 

about electromagnetic shielding properties of barium 

titanate additive textile structures and the results of these 

studies are promising. Most of these studies have focused 

on the composite structures [26, 34, 35] and also in the 

literature, there is a gap in the use of barium titanate in 

conductive fiber/yarn production. However, there are 

limited studies about the solar properties of barium titanate 

and these studies focused on barium titanate added 

composites and film structures [36-38]. 

In our previous study [39], mechanical properties and 

electrical conductivity properties of barium titanate/ 

polyester bicomponent yarns were investigated. Knitted 

fabrics were produced from bicomponent yarns with two 

different fabric densities using a circular knitting machine. 

The effects of additive ratio and the fabric density on 

electromagnetic shielding efficiency (EMSE) were 

investigated. In the present study, woven fabrics were 

produced from the same bicomponent yarns with three 

different fabric constructions (plain, sateen and special 

weave). EMSE performance of the fabrics was determined 

according to the ASTM D4935-10 standards by using a 

coaxial transmission line measurement technique in the 

frequency range of 15–3000 MHz. The effect of additive 

ratio and the fabric weave type on EMSE were investigated. 

Besides EMSE properties, solar properties of woven fabrics 

were also evaluated in the 280-2500 nm range of the 

electromagnetic spectrum. For the first time, 

electromagnetic shielding and solar properties of barium 

titanate added textiles were evaluated together. 

2. MATERIAL AND METHOD 

2.1 Bicomponent Yarns 

Barium titanate/polyester (core/sheath) bicomponent yarns 

were used in the study. Bicomponent yarns were spun using 

the Spinboy melt spinning machine. Three different adding 

ratios of the barium titanate masterbatch (1%, 2% and 3%) 

were tested. The core/sheath ratio was 30/70. Bicomponent 

yarns consist of 72 filaments.  

Optical microscope images of bicomponent yarns were 

taken with Projectina optical microscope with an objective 

of 40 X. Scanning electron microscope (SEM) images of 

bicomponent yarns were taken with Carl Zeiss / Gemini 

300. The magnification rate was chosen as 2000X and 3000 

X. Differential scanning calorimeter (DSC) thermal 

analysis of reference (%100 polyester) and bicomponent 

yarns were carried out on a Mettler Toledo DSC 823 

according to ISO 11357-7 standard. To determine the 

inorganic (barium titanate) content of bicomponent yarns, 

% ash content test was applied according to the ASTM 

D5630-01 standard. Three measurements were taken for 

each bicomponent yarn, and the average % ash content was 

calculated. 

2.2 Woven Fabrics 

The woven fabrics used in this study were successfully 

produced on a dobby weaving machine (DORNIER®). The 

woven fabrics with 1/1 plain, sateen and special weave 

were made using the three different additive ratios of the 

bicomponent yarns. Fabric weave types were shown in 

Figure 1 schematically. 

The properties of the reference and woven fabrics were 

given in Table 1. Mass per unit area measurements were 

carried out by the TS 251 standard. Each sample was 

weighed three times on a precision scale, and the average 

value was calculated. Thickness measurements were made 

according to TS 7128 EN ISO 5084 standard with James 

Heal’s R & B Cloth thickness tester. Three measurements 

were taken for each fabric, and the average thickness values 

were calculated. 
 

Optical microscope images were taken with Mshot MS 60 

digital microscope instrument. Figure 2 showed the optical 

images of 1B, 1S and 1O coded fabrics.     

 

 

 

Figure 1. Schematic view of woven fabrics 
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Table 1. Specifications of the woven fabrics 

Fabric Code 
Yarn Count 

(dtex) 

Warp 

Density (1/cm) 

Weft density 

(1/cm) 

Mass per unit 
area (g/m2) 

Fabric 

Thickness (mm) 
Constructions 

REF-B 260   157 0.31 1/1 Plain 

1B 261 

45 18 

192 0.37 1/1 Plain  

2B 261 192 0.41 1/1 Plain 

3B 263 195 0.40 1/1 Plain 

REF-S 260 157 0.35 Sateen 

1S 261 184 0.47 Sateen 

2S 261 180 0.47 Sateen 

3S 263 183 0.48 Sateen 

REF-O 260 156 0.39 Special 

1O 261 189 0.52 Special 

2O 261 187 0.55 Special 

3O 263 189 0.52 Special 

 

 

Figure 2. Optical images of woven fabrics 
 

 
 

 

2.3 Sheet Resistance and Electromagnetic Shielding 

Effectiveness Measurement 

 

The sheet resistance of the fabrics was measured ENTEK 

Electronics Four Point Probe instrument. Ten 

measurements were taken for each fabric, and the average 

sheet resistance values were calculated. 

EMSE of woven fabrics was determined according to the 

ASTM D4935-10 standards by using coaxial transmission 

line measurement technique in the frequency range of 15–

3000 MHz. The compact testing equipment (Electro-

Metrics Inc., model EM-2107 A) (Figure 3) was utilized to 

measure the EMSE of the materials. Woven fabrics were 

conditioned at 20ºC± 2°C temperature and 65% ± 2% 

relative humidity. Measurements were repeated three times 

on different areas of the fabrics and the average values of 

the measurements were calculated according to Equation 

(1) 

              

where E0 is measured without the fabric sample and E1 is 

measured with the fabric sample on the test area. 

Requirements for electromagnetic shielding textiles are 

specified and classified (Table 2) by the Functional 

Technical Textiles Standard [40]. To test the EMSE of the 

textiles, the coaxial transmission line method specified in 

ASTM D 4935 was referred to in this classification. 

According to this standard, professional uses include 

medical equipment, quarantine material, professional 
security uniform for an electronic manufacturer, electronic 

kit, or other  new applications; general uses include casual 

wear, office uniform, maternity dress, apron, consumptive 

electronic products, and communication-related products. 
 

 

2.3 Spectroscopic Analysis 

 
The solar properties of the fabrics were examined with 

measurements that performed with Shimadzu UV-3600 

Plus spectrophotometer with an integrating sphere at the 

range of 280-2500 nm. Transmission and reflection were 

measured and the results were calculated with an excel 

program according to EN 410 standard.  The visible 

transmittance (TV: 380-780 nm), visible reflectance (RV: 

380-780 nm), solar transmittance (TS: 300-2500), solar 

reflectance (RS: 300-2500) and UV transmittance (TUV: 

280-380 nm) were calculated by using Equations (2-6) 

according to the EN 410 standard. 
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Figure 3. EMSE test instrument, (a) Set up of the EMSE testing apparatus; (b) and (c) Specimen for reference and  load, respectively. 

 

Table 2. Functional technical textile standard [40] 

 

Type Grade Shielding Effectiveness [dB] Classification 

Class I 

[Professional Use] 

AAAAA SE> 60 dB Excellent 

AAAA 60 dB ≥SE> 50 dB Very Good 

AAA 50 dB ≥SE> 40 dB Good 

AA 40 dB ≥SE> 30 dB Moderate 

A 30 dB ≥SE> 20 dB Fair 

Class II 

[General Use] 

AAAAA SE> 30 dB Excellent 

AAAA 30 dB ≥SE> 20 dB Very Good 

AAA 20 dB ≥SE> 10 dB Good 

AA 10 dB ≥SE>7 dB Moderate 

A 7 dB ≥SE> 5 dB Fair 

 

 
 

                          

           

     

        

 
 

where Dλ is relative spectral distribution of illuminant D65, 

τ(λ) is the spectral transmittance of the material, V(λ) is the 

spectral luminous efficiency for photonic vision, Δλ is the 

wavelength interval, ρ(λ) is the spectral reflectance of the 

material, Sλ is the relative spectral distribution of the solar 

radiation and Uλ,  is the relative distribution of the UV part 

of the global solar radiation [41]. 

 

3. RESULTS AND DISCUSSION 

3.1 Characterization Results of Bicomponent Yarns 

Table 3 showed the % ash content of bicomponent samples. 

With this analysis, an inorganic additive ratio (%) was 

observed. Ash values of bicomponent samples were almost 

consistent with applied additive ratios.   
 

Table 3. Ash content of samples 

Description   Ash Content [%] 

1% BaTiO3 additive bicomponent yarn 1.02 

2% BaTiO3 additive bicomponent yarn 1.91 

3% BaTiO3 additive bicomponent yarn 2.88 

 

Optical cross-section images and SEM images of 

bicomponent yarns were given in Figures 4 and 5, 

respectively. The core-sheath structure of bicomponent 
yarns was seen obviously. It was seen that bicomponent 

yarns had homogenous structures. 

DSC analysis of the barium titanate additive bicomponent 

yarns and reference polyester yarn was given in Figure 6. In 

the DSC graphic, an endothermic melting peak belonging to 

the polyester was observed at approximately 250 ºC. The 

melting began at 246 ºC and finished at 259 ºC in the DSC 

graph of the reference polyester yarn. The increase of 8 ºC 

for the melting point of the melting curve of the 3% 

additive bicomponent yarn was evaluated to reflect the 

effect of the barium titanate on the melting temperature. No 
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peak related to the barium titanate, which does not degrade 

below 1650 ºC, was observed. 

 

3.2 Sheet Resistance and Electromagnetic Shielding 

Effectiveness Test Results 

It is well known that electrical conductivity depends on the 
amount of the conductive component. The electrical 

conductivity is inversely proportional to the sheet 

resistance. The effect of the additive ratio and fabric type 

on the sheet resistance of woven fabrics was investigated, 

and it was shown graphically in Figure 7. Sheet resistance 

values decreased slightly, with an increasing additive ratio. 

Consistent with previous studies [26, 34, 49], barium 

titanate additive decreased electrical resistance. Fabric 

weave type did not affect sheet resistance significantly. The 

lowest sheet resistance was 125 MΩ/sq for the 3S coded 

sample.   

 
 
 

 
 

Figure 4. Optical cross-section images of bicomponent yarns; (a) 1% BaTiO3 additive, (b) 2% BaTiO3 additive, (c) 3% BaTiO3 additive 

(Mag= 40X) 

 

Figure 5. SEM images of bicomponent yarns; (a) 1% BaTiO3 additive (Mag= 2000X), (b) 2% BaTiO3 additive (Mag= 3000X), (c) 3% 

BaTiO3 additive (Mag= 3000X) 

 

Figure 6. DSC analysis of yarns 
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Figure 7. Sheet resistance test results 

 

 

 

 

EMSE results of fabrics at 15 MHz were summarized in 

Table 4. Figure 8 displayed the EMSE values of REF-B, 

1B, 2B and 3B coded plain fabrics with the frequency in the 

range from 15 MHz to 315 MHz. Although the 
measurements were performed in 15-3000 MHz frequency 

range, shielding efficiency values were 0 dB after 315 

MHz. Therefore, the graphics only covered the frequency 

range at 15-315 MHz. The shielding effectiveness values of 

the reference fabrics (REF-B, REF-S and REF-O) produced 

with 100% polyester yarns were found to be 0-2 dB, as 

could be seen in Figures 8, 9 and 10. It is well known that 

polymers are generally insulating materials and can not 

shield the electromagnetic waves. The SE values of 1B, 2B 

and 3B were in the range of 4-7 dB until 45 MHz. The 

highest SE values were recorded 11.93, 11.98 and 12.32 dB 
at 15 MHz for 1B, 2B and 3B coded fabrics. 

 

 

 

Table 4. EMSE results 

Fabric codes EMSE [dB], f= 15 MHz 

REF-B 0.94 

1B 11.93 
2B 11.98 
3B 12.32 
REF-S 0.95 

1S 13.23 
2S 13.03 
3S 13.44 
REF-O 0.93 
1O 13.93 
2O 13.90 

3O 13.96 

 

Figure 9 displayed the EMSE values of REF-S, 1S, 2S and 

3S coded sateen fabrics with the frequency range from 15 
MHz to 315 MHz. The SE values of 1S, 2S and 3S were in 

the range of 4-8 dB until 45 MHz. The highest SE values 

were recorded 13.23, 13.03 and 13.44 dB at 15 MHz for 1S, 

2S and 3S coded fabrics. 

 

Figure 10 displayed the EMSE values of REF-O, 1O, 2O 

and 3O coded special weave fabrics with the frequency 

range from 15 MHz to 315 MHz. The SE values of 1O, 2O 

and 3O were in the range of 4-9 dB until 60 MHz. The 

highest SE values were recorded 13.93, 13.90 and 13.96 dB 

at 15 MHz for 1O, 2O and 3O coded fabrics. 
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Figure 8. EMSE results of plain weave fabrics 

 

 

Figure 9. EMSE results of sateen weave fabrics 

 

 

Figure 10. EMSE results of special weave fabrics 



 

258 TEKSTİL ve KONFEKSİYON 30(4), 2020 

 

 

 

Additive concentration is a parameter that affects the SE 

values of fabrics. In the literature, the effect of additive 
concentration on EMSE results was investigated [42, 43, 

etc.]. However, when different barium titanate 

concentrations were compared at the same fabric structure, 

all samples had close EMSE values. This situation was the 

same in different fabric weave types. There was no 

significant change between the concentrations tested. SE 

results of fabrics showed that SE values generally have a 

decreasing tendency depending on the increasing 

frequency. Previous studies stated that fabric structures 

have higher EMSE in low frequencies [44-46].  
 

Fabric weave type is a parameter that affects the SE values 

of fabrics. In the literature, the effect of fabric weave type 

on EMSE results was investigated [15, 47, 48, etc.]. To 
evaluate the effect of fabric weave type on shielding 

efficiency of woven fabrics with the same additive ratio but 

different woven structures, the shielding efficiency values 
of coded fabrics were given in Figures 11, 12 and 13, 

respectively. When Figures 11, 12 and 13 were examined, 

while special weave fabrics had the highest shielding 

efficiency, plain weave fabrics had the lowest shielding 

efficiency for each additive ratio. Shielding efficiency 

values of sateen fabrics were close to special weave but 

slightly lower. The highest SE values were recorded 13.93, 

13.90 and 13.96 dB at 15 MHz for 1O, 2O and 3O coded 

fabrics, respectively. The SE values of all samples were 

above 5 dB until 45 MHz. It was found that barium titanate 

affected the electromagnetic shielding properties of fabric 
samples. Consistent with our previous study [39], EMSE 

values of fabrics increased compared to the reference 

fabrics. 
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Figure 11. Effect of fabric weave type on EMSE results for 1% additive ratio 

 
 

 

Figure 12. Effect of fabric weave type on EMSE results for 2% additive ratio 
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Figure 13. Effect of fabric weave type on EMSE results for 3% additive ratio 
 

The range of 20 dB ≥SE> 10 dB EMSE is classified as 

“good” and 10 dB  SE > 7 dB EMSE is classified as 

“moderate” in “General Use” by The Functional Technical 

Textiles Standard. SE values of the woven fabrics were 

"good" at 15 MHz and they were "moderate" up to 45 MHz. 

When it was considered in conjunction with the previous 

studies [26, 49-51], barium titanate could be a promising 

electromagnetic shielding material. However, using barium 

titanate alone in the woven fabric structure did not provide 

sufficient SE for general use. 

 

3.3 Spectrophotometry Results 
 

The spectrophotometry results of fabrics were given in 

Table 5. It was observed that when wavelength was 

between 280 and 2500 nm, ultraviolet, visible and solar 

transmittance values of woven fabrics decreased with 

barium titanate additive. Similarly, in the study of Cai et. al. 

[38], the transmittance values reduced, even for the lowest 

barium titanate concentration (1%) compared to the 

reference fabrics for each fabric weave type. 

 

When the transmittance results of plain weave fabrics were 

investigated, it was shown that UV transmittance (TUV) 

values decreased by 78%, the visible transmittance (TV) 

values decreased by 19%, the solar transmittance (TS) 

values decreased by 16% for 3% barium titanate additive 

ratio compared to REF-B coded fabric, respectively. The 

lowest ultraviolet, visible and solar transmittance values 

2.14 %, 30.39% and 31.94 % were obtained at maximum 

barium titanate additive ratio. When the results of sateen 

weave fabrics were investigated, it was shown that UV 

transmittance (TUV) values decreased by 77%, the visible 

transmittance (TV) values decreased by 16%, the solar 

transmittance (TS) values decreased by 11% for 3% barium 

titanate additive ratio compared to REF-S coded fabric, 

respectively. The lowest ultraviolet, visible and solar 

transmittance values 2.21%, 29.35% and 30.93% were 

obtained at maximum barium titanate additive ratio. When 

the results of special weave fabrics were investigated, it 

was shown that UV transmittance (TUV) values decreased 

by 80%, the visible transmittance (TV) values decreased by 

23%, the solar transmittance (TS) values decreased by 19% 

for 3% barium titanate additive ratio compared to REF-O 

coded fabric, respectively. The lowest ultraviolet, visible 

and solar transmittance values 2.10%, 29.34% and 31.03% 

were obtained at maximum barium titanate additive ratio. 

However, the transmittance values slightly reduced with 

increasing barium titanate concentration for each fabric 

weave type. 

 

In contrast with transmittance values, it was observed that 

visible and solar reflectance values of fabrics increased 

with barium titanate additive. Similarly, in the the study of 

Xiang and Zhang [37], the reflectance values increased 

even for the lowest barium titanate concentration (1%) 

compared to the reference fabrics for each fabric weave 

type.  When the reflectance results of plain weave fabrics 

were investigated, it was shown that visible reflectance 

(RV) values increased by 15% and the solar reflectance (RS) 

values increased by 12% for 3% barium titanate additive 

ratio compared to REF-B coded fabric. When the 

reflectance results of sateen weave fabrics were 

investigated, it was shown that visible reflectance (RV) 

values increased by 9% and the solar reflectance (RS) 

values increased by 5% for 3% barium titanate additive 

ratio compared to REF-S coded fabric. When the 

reflectance results of special weave fabrics were 

investigated, it was shown that visible reflectance (RV) 

values increased by 10% and the solar reflectance (RS) 

values increased by 5% for 3% barium titanate additive 

ratio compared to REF-O coded fabric. In all regions, the 

highest reflectance values 68.18% (RV) and 62.80% (RS) 

were obtained with maximum barium  titanate additive ratio 

at plain weave fabric structure. The results showed that the 

changes in the fabric structure did not cause a significant 

effect on the solar properties of woven fabrics.  
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Table 5. Spectrophotometry results 

Fabric 

Code 

TUV % 

(280-380 nm) 

TV % 

(380-780 nm) 

RV % 

(380-780 nm) 

TS % 

(300-2500nm) 

RS % 

(300-2500 nm) 

REF-B 9.90 37.62 59.23 37.98 56.29 

1B 3.00 32.21 63.56 33.55 58.73 

2B 2.15 31.62 65.86 33.30 60.07 

3B 2.14 30.39 68.18 31.94 62.80 

REF-S 9.58 34.87 61.50 34.94 58.06 

1S 3.06 30.62 66.22 31.28 61.11 

2S 2.43 30.63 67.34 31.97 61.59 

3S 2.21 29.35 66.78 30.93 61.17 

REF-O 10.51 38.15 60.10 38.35 57.51 

1O 3.09 32.24 64.57 33.47 59.82 

2O 2.17 30.63 66.27 32.49 60.69 

3O 2.10 29.34 66.01 31.03 60.55 

 

4. CONCLUSION 

In this study, sheet resistance, electromagnetic shielding 

and solar properties of woven fabrics, which were produced 

barium titanate/polyester core/sheath bicomponent yarns 

were investigated. The effect of barium titanate additive 

ratio and the fabric structure on sheet resistance, 

electromagnetic shielding and solar properties were 

evaluated. 

 

The addition of barium titanate caused a small increase in 

the melting temperature of bicomponent yarns. With the 
increasing additive ratio, the sheet resistance values slightly 

decreased. The lowest sheet resistance value was obtained 

for the 3% barium titanate added sateen fabric.  

 

Barium titanate had a positive effect on the shielding 

efficiency of woven fabrics. Compared to the reference 

fabrics, EMSE values increased by 92%, 93% and 94% at 

15 MHz for plain, sateen and special weave fabric, 

respectively. In future works, different woven fabrics will 

be produced using barium titanate and carbon-based 

additive bicomponent yarns to provide higher SE values for 

general use according to the FTTS standard. On the other 

hand, the barium titanate additive improved visible and 

solar reflectance properties. In the highest barium titanate 

additive ratio, the highest decrease rate in solar 

transmittance was 19% for special weave fabric. In 

contrast, the highest increase rate of solar reflectance was 
5% for plain weave fabric.  

 

This study showed that woven fabrics produced from 

barium titanate added bicomponent yarns could provide 

improvements electromagnetic shielding and solar 

reflectance, which were one of the most important issues in 

the technical textile industry. Barium titanate can be 

preferable due to its unique properties such as low cost, 

environmentally friendly, etc. and as it provides 

multifunctional properties to textile products. 
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