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his work was adopted to enhance the electrical conductivity of knitted polyester fabrics by 
incorporation of zinc oxide nanoparticle (NPs) into the fibre vicinity. Five structures of 

PIQUE knitted polyester fabric of variable loop length were treated with ZnO NPs using 

exhaustion technique. The treated fabrics were sewn using two types of stitches: namely three 
thread overedge (504) and five thread full overedge (516). The comfort attributes of the treated 
fabrics; Viz. electrical conductivity, air permeability, and water permeability were assessed. 

Physico-mechanical properties of the different treated and untreated fabrics were also evaluated.  

Atomic absorption spectrometry was used to trace the amounts of zinc ions incorporated onto the 
different treated structures. The alteration in the functional groups of the modified samples was 
monitored by FTIR spectroscopy. Scanning electron microscopy coupled with energy dispersive 

X-ray spectroscopy/elemental mapping were adopted to confirm the inclusion and distribution of 
ZnO NPs onto the modified polyester fabric. The treated polyester knitted fabrics showed 
enhanced electrical conductivity with improved comfort properties without adverse effect on their 

performance and appearance attributes.  

Keywords: Polyester, Knitted, Fabric, Zinc Oxide, Nanoparticles, Comfort, Electrical 

Conductive, Stitches. 

 

 

 

Introduction 

 

Polyester fibres, the queen of fibres, are used in 
production of garments, curtain, cloths, automotive 
interior and many other technical applications. The 
different weaving structures of knitted fabrics make it 
comfortable, Viz. superior stretch and elasticity, an 
amenity of fit to body shape. They have pleasant soft 

touch and afford fresh-like feeling. Due to these 
outstanding characteristics, consumers preferred 
sportswear, casual wear, and underwear which are 
manufactured from knitted fabrics [1-2]. 

 
Weft knitted structures, especially those used for 

high functional performance garments, have 
distinguished features of form-fitting and elasticity by 
virtue of the capability of knitted loops to convert the 
shape under tension [3]. The knitted structure exhibits a 
looped yarn process which could be achieved manually 

for small-scale production or mechanically for mass 
production. The characteristic feature that distinguishes 

knitted fabrics from woven fabrics is that the former 
allows greater stretch. 

 
In many textile processes, nanoparticles are utilized 

due to their versatile characters, such as the huge 
surface area which enables them to act as adsorbent and 

carrier for other substances. Mowafi et al. reported that 
incorporation of nano-sized metal particles into different 
macromolecules imparts new functions [4];  Viz. 
improved bactericidal properties, enhanced resistance to 
UV [5], induced electrical and thermal conductivity  [6], 
amended tensile properties and crease recovery angle, 

better dyeability [7], and fire-resistivity [8]. 
 

Nano ZnO was found to act as antistatic 
finishing agent when applied to polyester fabric 
by pad-dry-cure process with improved antistatic 
property [9]. It was also used on polyester to 

T 

mailto:hosam@trdegypt.org


2913 R. F. El-Newashy et al.                                                                                     

 

 

Egypt. J. Chem. 63, No. 9 (2020) 

increase its electrical conductivity without 
affecting its comfort attributes [10]. ZnO-soluble 
starch nano composites were also synthesized to 

impart antibacterial and UV-protection functions 
for cotton fabrics [11]. 

 
Limited number of research papers has been 

reported for imparting electrical conductivity to 
knitted fabric using conductive composite 

materials [12]. In this study, we adopt a simple 
and easily applicable method to impart 
electrically conductivity to knitted polyesters 
fabric using zinc oxide nano-particle without 
adverse effect on the their inherent properties. 

Experimental 
 

Materials 
Scoured polyester (PET) knitted fabrics 

(PIQUE) of different structures were kindly 
supplied by a private sector in Seoul, South 
Korea. The yarn count is Ne 30, possessing the 
same twist coefficient (αe = 3.6). Table 1 

summarizes the main characteristics, assessed in 
our labs, of the used five knitted PET fabrics. 
Zinc oxide nano-powder (>100 nm) particle size 
and ascorbic acid were supplied by Sigma 
Aldrich. 

 

 

Table 1: Specification of polyester knitted fabrics (PIQUE) 

 
Sample code Loop 

length (mm) 
Count of  
rows/inch 

Count of  
columns/inch 

Thickness (mm) Weight (g/m
2
) 

1 2.5 37 57 0.71 1.64 
2 2 56 62 0.79 1.58 
3 4 32 47 1.25 2.86 

4 3 36 55 1.05 1.36 
5 3.3 36 56 1. 5 1.34 

 

Method 
Fabric Treatment 

Polyester knitted fabrics of the declared 
fabric structures were treated with an 0.08 % 
(w/v) aqueous suspension of  nano-ZnO at 70°C 
and pH 7 for 60 min with liquor ratio 1:30. The 
treated samples were then washed extensively 
several times with distilled water and left to dry 

at room temperature. 

 
Sewing of Knitted Fabric 

The fabric samples were sewn using two 
overlock stitches. The first: three- threads by 
Siruba model 737E specification 504M2-04, the 
second: five- threads by Siruba model 737D 
specification 516M2-35, as shown in figure 1. 

 

 
 

  

(a) 504 – Three thread overedge (b) 516 – Five thread full overedge 

 

Fig 1: Two types of overlock stitches  

 

Testing and Analysis 

 
Comfort Characteristics 
 

AC Electrical Conductivity 
The electrical conductivity of untreated as 

well as treated fabrics before and after sewing was 

measured using LRC-bridge (Hioki model 
3531zHi Tester, Japan). 

 

Air Permeability 

 Air permeability of the examined fabrics 
was measured on FX 3300 air permeability tester 
(TEXTEST AG, Switzerland) at a pressure of 100 
Pa according to ASTM D737 standard method. 
 
Water Permeability 

The water permeability of the treated as well 
as the untreated fabrics were assessed according 
to ASTM–D 1913 (American Test Method for 
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Water Repellency; Water Spray Test new edition 

2010).    
 
Physico-mechanical Properties 

Surface Roughness 
Surface roughness of treated and untreated 

fabrics was measured according to ASTM D7127-
17- standard test method using surface roughness 
tester Model SE 1700∞ (Kosaka Laboratory Ltd. 

Japan). 
 

Bending Stiffness 
The bending stiffness of untreated as well as 

treated PET fabrics was determined according to 
the standard test method ASTM D1388-2018.The 

bending stiffness was taken as a measure of the 
fabric drapability. 

 
Bursting Strength 

The fabric bursting strength was tested by 
using Tinius Olsen material testing machine 500 

according to ASTM D3787-2001 by applying 50 
kgf load, 95 mm extension range, head speed of 
305 mm/min, 90 mm endpoint and 0.1 kgf 
preload. 

 
Chemical Analysis 

Fourier Transforms Infrared Spectroscopy 
 Fourier transform infrared spectroscopy 

(FTIR) spectra of untreated as well as of treated 
samples were recorded by using an FTIR 
spectrophotometer (Nexus 670 Fourier transform 
infrared spectrometer; Nicolet, USA) in the region 

of 4000–400 cm-1 with spectra resolution of 4.0 
cm

-1
. 
 

 Atomic Absorption Spectrometry (AAS) 
The metal content per gram of fabric was 

determined using flame atomic absorption 

spectrophotometer. Metal nano-particles on the 
different treated structures were extracted by 
immersing 0.2 g of the fabric in 20 mL of 15 wt% 
aqueous nitric acid at 80°C for 2 h. The 
concentration of zinc in the extract was measured 
by Contraa 700 flame atomic absorption 

spectrophotometer (AAS, Analytik, Jena, 
Germany) equipped with a zinc lamp at 213.9nm. 

 
The Zn content in the fabrics was calculated 

according to equation (1)  [31]  
X = C x V / [W x (1- MC/100)] …….…….  (1) 

Where X is the metal ion content in the treated 
fabric (mg/g), C is the metal ion concentration 
(mg/L) in extracted solution, V is the volume of 
extracted solution (0.02 L),W is the weight of 
dried treated fabric (g), and MC is the moisture 
content in dried treated fabric (%). 

 
Scanning Electron Microscopy and Energy 
Dispersive X-ray Spectroscopy 

Bruker Nano GmbH Scanning Electron 
Microscope D-12489 Berlin, Germany, was 

applied to investigate the morphological structure 

of the treated as well as untreated samples. The 
samples were mounted on aluminium stubs, and 
sputter coated with chromium in an S150A with 
20 KV scanning voltage. The energy dispersive 
X-ray spectroscopy (EDX) measurements were 
reported at 20 KV accelerating voltage and 15 mm 

working distance. The distribution of particles’ 
diameter was measured using Image J software 
program saved on scanning electron microscope 
(SEM). 
 
Results & Discussion 

 
Amounts of ZnO NPs taken by fabrics 

The amounts of ZnO-NPs adsorbed by all 
modified fabrics were determined using AAS and 
the findings are summarized in Table 2. 
The metal uptake shows its maximum value in 

sample number 2 and its minimum value at 
sample number 3. This can be correlated with the 
yarn counts of the different fabrics structures 
declared in Tables 1 and 2. These tables show that 
as the number of columns per inch increases, the 
zinc uptake by the fabrics is enhanced. 

 
Table 2: Metal contents of the different structures 
treated polyester fabrics 

 

Sample 

code 

Zinc content 

(mg/g) 

Fabric structure 

 

1 

 

 

4.1 

 

 

2 

 

 

4.6 

 

3 0.7871 

 

4 1.3 

 

5 1.7 
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Electrical conductivity (EC) 
Knitted polyester fabrics with five different 
structures were evaluated for their electrical 

conductivity after being treated with nano-zinc 
oxide. Figure 2 shows the values of the EC the  
 

used untreated knitted fabrics as well as those of 
the corresponding treated structures after sewing 
with two types of stitches: three-thread overlock 

(504) and five-thread overlock (516). 
 
 

 
 

Fig. 2 electrical conductivity of 5-structures of knitted polyester fabric 

The knitted fabrics are made up of a single 
yarn, looped continuously to produce a braided 
look, which make the electrical current 

continuous. While the woven fabric composed of 
multiple yarns crossing each other with right 
angles to form a grain, which causes continuous 
cut in the electric circuit of the passing current. 
The extent of improvement in the electrical 
conductivity of the treated fabrics is a function of 

the fabric structure. This can be correlated to the 
data of atomic absorption in table 2, where the Zn 
content increases in the order: structure 3 > 
structure 4>   structure 5 > structure 1 > structure 
2. Figure 2 reveals also that the EC of sample 3 is 
the highest among the other structures. Further 

increase in zinc concentration resulted in lower 
electrical conductivity. This can be rationalized in 
terms of the low concentrations of zinc leads to 
formation of percolated network and creates 
continuous connectivity between the small sized 
zinc particles [14]. The high concentrations of 

zinc represent the critical concentration at which 
formation of cluster starts which behaves as 
trapping centres of different depths. These finding 
are in harmony with the percolation theory of 
Scholl and Binder [15]. 

 

Moreover, the conductivity of the knitted 
treated fabrics after sewing increased, presumably 
due to the nature of the used stitch type which 
would enhance the electrical conductivity by 

making-up of ―cut and sew‖ knitted garment. 
Moreover, sewing would gather more than one 
layer of the conductive layers within the fabric 

network, and improve the overall electrical 
conductivity [16]. 
 Physico-mechanical Properties 

Some of the physico-mechanical properties of 
the modified and native polyester fabrics were 
evaluated and the results were summarized in 

Table 3. 
Data of this table implies that all metallized 

samples have better air permeability than the 
respective untreated ones. The flow rate of air 
across the fabric is highly affected by its porosity. 
The underlined data in Table 3 belongs to the 

fabrics with highest air permeability for each 
fabric structure. On the other hand, the water 
permeability exhibited by each treated fabric 
structure is almost similar as the respective 
untreated fabric. This means that metallization of 
knitted polyester fabrics has no appreciable effect 

on their water permeability. 
 
Data of this table revels also that the ZnO 

NPs-treated fabrics has better drapability than the 
corresponding untreated sample as indicated from 
the bending stiffness data. The surface roughness 

of different fabric structures increases by 
metallization. The bursting strength of all fabrics 
was not affected by treatment by ZnO NPs. 
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Table 3: Physico-mechanical properties of the Nano-metal treated polyester knitted fabrics 

Test Sample No. Polyester 

Untreated Treated 

Air permeability 
(cm

3
/cm

2
.S) 

Sample1 174.5 167.8 

Sample2 172 122 

Sample3 241 188 

Sample4 220 174 

Sample5 234 174 

Water permeability 
(cm

3
/cm

2
.L) 

Sample1 0.99 1.02 
Sample2 1.03 1.1 

Sample3 0.98 0.8 

Sample4 0.99 1.03 

Sample5 1.04 1.06 

Bending Stiffness 

(cm) 

Sample1 3.9 3.3 

Sample2 3.1 2.8 

Sample3 2.4 1.9 

Sample4 3.4 3 

Sample5 3.1 2.8 

Bursting strength 
(Kg/cm2) 

Sample1 9 9.6 

Sample2 9.6 9.8 

Sample3 13.6 13.7 

Sample4 11.8 12 

Sample5 13 13.4 

Roughness 
(µm) 

Sample1 16.77 18.05 

Sample2 16.31 19.89 

Sample3 14.07 17.44 

Sample4 22.78 23.29 

Sample5 23.37 25.58 

 
Fourier transforms infrared spectroscopy 

According to the data of figure 2 and table 
3, sample 3 exhibits the best electrical 
conductivity with the least negative effect on its 

properties. Therefore, FTIR spectroscopy was 
adopted to assign any variation in the functional 
groups of polyester fabrics as a result of their 
metallization. 

 
FTIR charts of the untreated as well as treated 

fabric were shown in figure 3. The weak-medium 
band at 2963 cm

-1
 corresponds to the (CـــH) 

stretching vibration, the strong band at 1710 cm
-1

 
for (C=O) stretching vibration, at 1243 cm

-1 
as a 

strong peak for CــO, and a strong band at 1093 
cm

-1
 for CــO stretching vibration of primary 

alcoholic groups of the end groups of the 
polyester macromolecule. The intensities of the 
aforementioned bands increased in case of ZnO 
NPs-treated samples. Compared with the FTIR 
chart of untreated sample, no new bands were 
observed in the FTIR charts of the metalized 

fabric, which proves that no creation or 

disappearance of functional groups took place due 
to treatment of polyester fabrics with ZnO NPs  

 

 
 

Fig. 3: FTIR spectra of structure 3, UPET fabric 
and PET treated with ZnO NPs 

 
Microscopic Investigation 

The change in the topographical properties of 

metallized-polyester fabric (sample 3) was studied 
using SEM and EDX (Figures 4 to 5). 
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Figure 4: SEM and EDX analysis for the untreated polyester knitted fabric 
 

  

Figure 5: SEM and EDX analysis for the treated polyester knitted fabric 
 

 

Figure 5 clarifies that the treated fabric was 
loaded with ZnO nano-particles. EDX was 
adopted to affirm the inclusion of the metal 
nanoparticles into the vicinity of the fabrics. 
Signals appear at ca. 1, 8.601 and 9.5 keV for Zn 
beside that around 0.5 keV for O [17].

 
In figure 6, EDX was used to map Zn NPs on 

polyester fabric, which proves that ZnO NPs are 
homogenously distributed all over the tested 

sample. 
 

 

 

  
 

Figure 6: EDX mapping of ZnO NPs on polyester knitted fabric 

 

 
Conclusion 

Polyester knitted fabrics of different loop 
length were successfully treated with ZnO NPs to 
improve their comfort attributes. Metalized 

polyester fabrics exhibited enhanced electrical 
conductivity compared to the corresponding 
untreated sample.  
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The electrical conductivity of the treated 

samples after sewing was also found to be 
enhanced for the two stitch types. Different 
structures of knitted fabric were found to have 
different values of electrical conductivity, 
indicating that the structure of the fabric affects 
the metal uptake and consequently affects the 

electrical conductivity.  
SEM and EDX were adopted to affirm the 

inclusion of ZnO NPs into the treated polyester 
fabrics. The proposed process has no negative 
impact on the comfort attributes and physico-
mechanical characteristics of the metallized 

fabrics. 
The proposed metallized knitted polyester 

fabrics could be a suitable nominee for the 
manufacture of conductive medical textiles used 
in physical therapy as suits. 
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 سيد الزنك النبنومتريةالقمشة البولى استر التريكو ببستخدام  جزيئبت أكالتوصيل الكهربى  تحسين خواص
 

ساَيب انُٕيشٗ
1

، سهٕٖ يٕافٗ
2

، يشٖٔ أثٕ طبنت
2

، حسبو انسيذ
2

 
 انقبْشح -انجيضح -انذقٗ -ش انجحٕس 33 -انًشكض انقٕيٗ نهجحٕس -سى ثحٕس صُبعخ انًالثس ٔانزشيكٕق 1

 انقبْشح -انجيضح -انذقٗ -ش انجحٕس 33 -انًشكض انقٕيٗ نهجحٕس -يبف انجشٔريُيخ ٔانصُبعيخقسى االن 2
 
 

ٗ إسزش انزشيكٕ عٍ طشيق االديبج انذاخهٗ نجضيئبد أكسيذ  ٗ القًشخ انجٕن ٍ انزٕصيم انكٓشث ٗ رحسي يٓذف ْزا انعًم إن
ل يخزهفخ يٍ أقًشخ انجٕنٗ اسزش انزشيكٕ انضَك انُبيزشيخ داخم انًُبطق انجيُيخ نالنيبف. رى يعبنجخ خًس أشكب

(PIQUE راد االخزالف فٗ طٕل انغشصح ثأكسيذ انضَك انُبَٕيزشيخ ثإسزخذاو طشيقخ انحًبو انًبئٗ. رى حيبكخ االقًشخ )
(. رى رقييى 516( ٔ انخًس خيٕط )504انًعبنجخ ثإسزخذاو َٕعيٍ يٍ غشص انحيبكخ )االٔفش( ثبسزخذاو انثالس خيٕط )

ٔيُٓب انزٕصيم نهكٓشثبء، َفبريخ انًيبِ َٔفبريخ انٕٓاء كًب رى رعييٍ انخٕاص  شاحخ انًهجسيخ نألقًشخ انًعبنجخخٕاص ان

انفيضيقيّ ٔانًيكبَيكيخ انًخزهفخ نالقًشخ انًعبنجخ ٔغيش انًعبنجخ. رى رحذيذ كًيخ أيَٕبد انضَك داخم األشكبل انًخزهفخ 
ٍ طشيق اال ٗ اسزش انًعبنجخ ع يزصبص انزسٖ انطيفٗ انعُصشٖ. كًب رى دساسخ انزغييش انكيًيبئٗ نالقًشخ القًشخ انجٕن

انًعبنجخ عٍ طشيق يطيبف االشعخ رحذ انحًشاء ْزا ٔقذ أكذد صٕس انًيكشيسكٕة انًبسح االنكزشَٔٗ ٔيطيبفيخ 
اخم أقًشخ انجٕنٗ رشزذ انطبقخ ثبألشعخ انسيُيخ ٔانزٕصيع انعُصشٖ عهٗ اديبج جضيئبد انضَك انُبَٕيزشيخ ٔاَزشبسْب د

ٍ انزٕصيم نهكٓشثبء ثبالضبفخ انٗ رحسيٍ خٕاص انشاحخ  ٗ اسزش انًعبنجخ رحسي اسزش انًعبنجخ. ٔقذ أظٓشد أقًشخ انجٕن
 انًهجسيخ دٌٔ انزأثيش انسهجٗ عهٗ سًبرٓب األدائيخ ٔانًظٓشيخ.   

 
 

 
 
 

 
 


