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Antimicrobial knitted and woven fabrics were developed from recycled polyester (PET) and silver nanocomposite (SNC) fibers.
Two different fabrics were produced from two different blend proportions of the fibers. The antimicrobial properties of fabrics
were tested against those of the S. aureus (Gram-positive) and E. coli (Gram-negative) bacterial natures, and their yarn
properties and hand-related characteristics were investigated. The results show uneven fabrics properties such as irregularity in
thickness and SNC-recycled PET fiber ratio increase, and the tensile strength decreases while the NEP number increases. This
implies that fabrics made from a blend with higher SNC-recycled PET fiber ratios have higher surface roughness levels, higher
bending rigidity, and harder texture. As a consequence, the antimicrobial efficiency of the fabrics was improved as the
percentage of SNC increased. The recycled PET fiber within the blended yarn shows a good antimicrobial property (above 90%)
observed in all fabrics. The reduction of bacterial colonies was constantly exceeding 90% for both E. coli and S. aureus in all

fabric samples.

1. Introduction

Recycling is the process of converting waste materials into
valuable materials. This is also an alternative way to waste
disposal that can save material and help lower greenhouse
gas emissions. Besides, it helps us prevent and minimize the
waste of potentially useful materials and reduce the con-
sumption of fresh raw materials, thereby reducing energy
usage, air pollution, and water pollution [1-3].

PET is a polycrystalline polymer that contains the ester
functional group in the main chain and is formed from the
esterification of terephthalic acid (TPA) with ethylene glycol
(EG) or from the transesterification of dimethyl tere-
phthalate (DMT) with ethylene glycol [4].

A very important use of PET is in the manufacture of
packaging for the food industry since it does not have any
side effects on human health [5, 6]. The other driving force
for PET recycling is that PET products have a slow rate of
natural decomposition or are nondegradable plastic in

normal conditions as there is no known organism capable of
consuming their relatively large molecules [7, 8].

The recycling of PET can be carried out in many ways.
The PET recycling methods are categorized as mechanical
and chemical methods [10-12]. In the case of the mechanical
recycling method (MRM), the waste bottles are usually
recycled directly as polymer feed, through grinding,
cleaning, separating, dehydrating, drying, and remelting. In
such types of recycling methods, cleaning contaminants and
controlling moisture content (0.8%) are important in order
to have good quality recycled chips [13-15], whereas in the
case of chemical recycling, depolymerization of PET polymer
takes place with different techniques, and the polymer is
broken down into monomers and oligomers. The important
advantage of chemical recycling is the possibility of getting
virgin PET quality, even though the MRM is a cheap and
simple process [16].

Using the melt spinning technique, a drawn textured
yarn of different counts (PET chips) can be produced from
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both recycling methods [17, 18]. The recycled PET chips
show higher Intrinsic Viscosity (IV) than virgin PET chips
because the PET bottles are based on copolyesters, such as
isophthalic acid modified PET, which requires higher fiber
application [19, 20].

Compared with the pure polymer, composite materials
may show enhancement in the mechanical, thermal, optical,
and physicochemical properties. These enhancements attract
the interest of many researchers because they lead to the
wider application of many polymers. Composite materials
obtained using different polymer matrices have been re-
ported [21].

Nowadays, many composite PET fibers have been
researched to improve their thermal and crystalline properties
or introduce new functional fabric properties such as elec-
trical conductivity, antibacterial function, and flame redun-
dancy retardant [8]. Among these functional materials,
antibacterial materials have recently been in focus. When
antibacterial materials are applied to PET fibers, the resultant
self-sterilizing fabrics/textiles have the potential benefits of
reduced disease transfer among the hospital population,
biowarfare protection, and other applications [22, 23].

Silver or silver ions have an extensive surface area than
other salts of silver. As a result, it provides better contact with
microorganisms and a broad spectrum of antimicrobial ac-
tivities, and that is why silver or silver ions show efficient
antimicrobial properties [24, 25]. Heavy metals are usually
toxic and very reactive with proteins due to such properties
since they bind protein molecules, the cellular metabolism is
inhibited and the microorganism dies [26, 27]. The ability of
microorganisms to grow in the presence of metal-containing
materials might result from specific mechanisms of resistance.
Such mechanisms include alteration of chemical structure
and toxicity by changes in the redox state of the metal ions.
However, silver is well known as nontoxic in spite of being
claimed to kill many different disease organisms and skin-
friendly and does not cause skin irritation [28-30].

The SNCs aggregate in the media with a high electrolyte
potential, reducing the antibacterial property; some sup-
porting materials such as zeolite, titanium, carbon, ferrites,
and polymers are applied to the solution of these nano-
particles with nanocomposite formation. Polyethylene,
polydopamine, polyimide, polyvinyl alcohol, and poly-
pyrene polymers have been successfully applied as the
supporting compounds [31].

Silver is a safer antimicrobial agent in comparison with
some organic antimicrobial agents that have been avoided
because of the risk of their harmful effects on the human
body [32]. Silver has been described as being “oligodynamic”
because of its ability to exert a bactericidal effect on products
containing silver, principally due to its antimicrobial ac-
tivities and low toxicity to human cells. In addition, its
therapeutic property has been proven against a broad range
of microorganisms, over 650 disease-causing organisms in
the body even at low concentrations [33].

Antimicrobials are typically applied to give textiles
improved resilience against microorganisms (e.g., prevent-
ing the destruction of polymers and discoloration) and
increased durability of the textile, leading to a longer lifetime
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of use [16]. Antimicrobials can also be used to protect textiles
against colonization of odor-forming bacteria and may also
be applied to textiles to play a role in addressing hygiene in
clinical and sensitive environments by minimizing the
chances for microbial colonization of textiles and the po-
tential for transfer from fabric surface [34].

The functional properties of textiles can be modified by
the addition of nanomaterials that can improve the prop-
erties of textiles, such as antibacterial properties, UV pro-
tection, abrasion resistance, and hydrophobicity [35, 36].
Recently, antimicrobial agents that have been used indus-
trially have included quaternary ammonium salts, metal salt
solutions, and antibiotics. Unfortunately, some of these
agents are toxic or poorly effective, making them unsuitable
for application in healthy foods, filters, textiles, and the
exclusions of pollution. On the other hand, silver is a
nontoxic, nontolerant disinfectant that significantly reduces
many bacterial infections [37].

This study aims to produce sustainable antimicrobial
fabrics from recycled PET and SNC with different propor-
tion ratios and analyses antimicrobial, physical, and me-
chanical properties of produced fabrics.

2. Materials and Methods

2.1. Materials. Recycled PET and SNC fibers were used to
produce antimicrobial fabrics. In order to compare the
antimicrobial and physical properties of the produced
fabrics, different fiber ratios were chosen. Table 1 gives the
details of recycled and nanocomposite fiber blend ratios in
the yarn. The linear density and length of SNC and PET
fibers are 1.4 dtex and 34mm, respectively. Single fiber
tensile strength (cN/tex) and elongation (%) of the fibers
were tested on Instron 3365 based on ASTM D3822/
D3822M.

2.2. Methodology

2.2.1. Yarn Sample Preparation. Firstly, two different blends
of yarn were prepared from recycled PET and nano-
composite PET fibers; secondly, two slivers were also pro-
duced from blended fibers on a carding machine; thirdly,
two rovings from each blend were produced on a simplex
machine; finally, from each roving, two different count yarns
were prepared as shown in Figure 1 and Table 2. Using LMW
LR]J 60A ring frame machine with 12000 rpm and 15000 rpm
spindle speed, 20s and 40s count of yarn with twist multiplier
of 3.5 were prepared. As a result, a total of four types of yarns
were produced for this study.

2.2.2.  Methods of Tensile and Yarn Evenness
Characterization. All yarn tensile strength and extension at
break were examined, and also, during the experiment, four
different types of yarn were tested on Instron 3365 based on
ASTM D2256M. All tests were taken under standard testing
conditions (65% relative humidity and 27°C temperatures).
Each yarn was cut in a gauge length of 25 cm according to
ASTM D3365 standards. The test was run until the yarn
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TaBLE 1: Physical properties of fibers used: nanocomposite PET and recycled PET fibers.

Materials Fineness (denier) Length (mm) Tenacity (cN/tex) Elongation (%) AgO concentration (ppm)
Nanocomposite polyester 1.4 34 44.1 20.60 400
Recycled polyester 1.4 32 50.33 15.5 Nil

7 Blendd Fiber

Blended Yarn

FiGure 1: (a) Two blends of R-PET and SNC-PET (85:15 and 70:30). (b) Blended yarn.

TaBLE 2: Number of samples with recycled polyester and silver nanocomposite polyester blend rate.

Recycled PET (%) Nanocomposite PET (%) Count (Ne) No. of samples Quantity (kg)
85 15 20 and 40 2 5
70 30 20 and 40 2 5

gradually pulled to failure (break) at a 300 mm/min speed.
There were ten samples examined from each yarn type. For
yarn evenness, tests such as thin places, thick places, and
NEP counts were performed on a Premiere unevenness
testing machine based on ASTM D1425/D1425M with a
400 m/min testing speed for 30 seconds. Five samples from
each yarn type were tested.

2.2.3. Knitted Fabric Preparation. Four samples of single
jersey plain knitted fabrics were prepared using Krinzler
circular knitting machine with a machine diameter of 3.5
inches and 14 needles per inch. Table 3 shows the details of
knitted fabric parameters. For fabric moisture vapor
transmission rate testing PERME W3/0G0 machine was
used. The testing temperature was 38°C, relative humidity
was 80%, and two tests were done for each sample fabric.

2.2.4. Woven Fabric Preparation. Four types of plain-woven
fabric samples were produced from the 20 s and 40 s yarns on
CCI sample looms, and the details of samples are shown in
Table 4. Hand-related properties of the woven fabric samples
were carried out on Kawabata Evaluation System (KES), and
Lab-think PERME W3/0G0 were used to test the moisture
vapor transmission rate of woven fabric samples. The testing
temperature and relative humidity were 38°C and 80% for
moisture vapor transmission rate, and two tests were done
for each sample fabric.

2.2.5. Scanning Electron Microscopy (SEM). Scanning
electron microscopy (EVO 18) was used to characterize the
surface morphology of nanocomposite fibers. Figure 2
shows SEM images of silver nanocomposite PET fiber

with a 20,000 magnification scale. In this image, we can see
many tiny particles on the polyester fiber surface, and these
particles are relatively similar without the formation of any
agglomerates.

2.2.6. Differential Scanning Calorimeter (DSC). DSC s a tool
that operates thermodynamically for direct assessment of the
heat energy uptake, which occurs in a sample within a
regulated increase or decrease of temperature. The calo-
rimeter is particularly applied to monitor the changes of
phase transitions. The thermal property of the fibers was
analyzed by the Universal V4.5ATA DSC instrument. DSC
analysis of the fibers was carried out by heating the sample
from atmospheric temperature to 300°C at a rate of 10°C/s.
The fibers’ melting temperature, melting enthalpy, and
crystallinity percentage were calculated and are summarized
in Table 5.

The crystallinity of the fibers can be obtained from
expirations given as

AH
X, = ——— % 100%, (1)
AH

m

where x, is the percent crystallite, AHY, is the melting en-
thalpy of 100% crystallite PET (105.97J/g), and AH,,, is the
melting enthalpy of the sample fibers [17]. As shown in
Figure 3 and Table 5, the thermal properties and crystallite
percentage are almost the same.

2.2.7. Testing of Antimicrobial Activity. The antibacterial
properties of the fabric were evaluated by using AATCC
method 100A against E. coli (Gram-negative) and S. aureus
(Gram-positive) bacteria. Two samples from each fabric



Advances in Materials Science and Engineering

TaBLE 3: Details of knitted fabric parameters.

Yarn count (Ne) Blend ratio (R-PET: SNC-PET) Wales (cm) Courses (cm) Fabric mass (GSM)
20 85:15 19 24 224

70:30 19 24 224
40 85:15 22 27 155

70:30 22 27 155

TABLE 4: Details of woven fabric parameters.

Yarn count (Ne) Blend ratio (R-PET : SNC-PET) PPI EPI Fabric mass (GSM)
20 85:15 46 46 125
70:30 46 46 125
40 85:15 92 92 125
70:30 92 92 125
B o m.o KWD =y mm Signal A = SE1
FIGURE 2: SEM images of silver nanocomposite PET.
TaBLE 5: Thermal properties of fibers calculated from DSC curves.
Fiber type Melting temperature (°C) Melting enthalpy (J/g) Crystallite percentage
R-PET 237.00 45.61 43.2
SNPC-PET 242.07 47.64 45
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FiGURE 3: The DSC heating scan of (a) recycled PET and (b) nanocomposite PET.

were prepared for Gram-negative and Gram-positive bac-
terial testing with a sample size of 2 cm x 1 cm. For solidi-
tying, bacterial growth and bacterial dilution solutions are
prepared from agar (solidifying agent) and Luria broth
(bacterial growth).

All the samples, solutions, and equipments (micropi-
pettes, Petri plates, spreaders, and test tubes) ware pas-
teurized for 20 minutes. A bacterial solution of 0.1 ml is
added to each test tube with 9.9 milliliters of distilled water,
and then the samples are stacked inside the test tubes. The
test tubes were tightly covered with cotton and placed in a
shaking incubator at 37°C for 24 hours to prevent evapo-
ration, as shown in Figure 4.

The bacterial solution from the test tube was diluted six
times (six dilutions), and a Petri plate for each sample also
were prepared. 20 milliliters of agar and Luria broth solution
is put to each Petri plate. After six dilutions of bacterial
solution, 0.1 milliliters of bacterial solution from the 6™ test
tube was added to each Petri plate and spread using
spreaders, as shown in Figure 5.

The Petri plates were placed in the incubator at 37°C for
24 hours. After 24-hour incubation time, the bacterial
colonies were counted on the Petri plates, and the percentage
reduction of bacteria was calculated using the following

expression:
) x 100,

where C, represents the number of bacterial colonies on the
untreated fabric and C represents the number of bacterial
colonies on the fabric loaded with silver NPs.

[(Co-CO)]

R(%) =( (2)

2.2.8. Agar Diffusion Test. The agar diffusion tests include
AATCC 147-2004 (American Association of Textile
Chemists and Colorists), JIS L 1902-2002 (Japanese

Industrial Standards), and SN 1959-201992 (Swiss Norm).
They are only qualitative but simple to perform and most
suitable when many samples are to be screened for the
presence of antimicrobial activity. In these tests, bacterial
cells were inoculated on nutrient agar plates over which
textile samples were also laid for intimate contact. The plates
were incubated at 37°C for 18-24 hours and examined for
the growth of bacteria directly underneath the fabrics and
immediately around the edges of the fabrics (zone of in-
hibition). No bacterial growth directly underneath the fabric
sample indicates the presence of antimicrobial activity.

The zone of inhibition should not be expected if the
antimicrobial agent is firmly attached to the textile (e.g.,
covalently), which prevents its diffusion into the agar. If the
antimicrobial agent can diffuse into the agar, a zone of
inhibition becomes apparent. Its size indicates the potency of
the antimicrobial activity or the release rate of the active
agent [18].

2.2.9. Suspension Test. This type of test is illustrated by
AATCC 100-2004, JIS L 1902-2002, and SN 195924-1992.
These methods were provided quantitative values on the
antimicrobial finishing but were more time-consuming than
agar diffusion tests. Typically, a small volume (e.g., 1 ml) of
bacterial inoculum in a growth media is fully absorbed into
fabric samples of appropriate size without leaving any free
liquid. This process ensures intimate contact between the
fabric and the bacteria. After incubating, inoculated fabrics
were kept in sealed jars at 37°C or 27°C for up to 24 h, and the
bacteria in the fabric were eluted. The total number is de-
termined by serial dilution and plating on nutrient agar
plates.

Antimicrobial activities expressed as a percentage of
reduction were also calculated by comparing the size of the
initial population with that following the incubation. Ap-
propriate controls, e.g., samples that have gone through the
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FIGURE 4: (a) Gram-negative and Gram-positive bacteria. (b) Putting the sample in a solution of 0.1 ml bacteria and 9.9 ml distilled water.

Serial Dilution

1.0 mL 1.0 mL 1.0 mL 1.0 mL 1.0 mL 1.0 mL
Transfer Transfer Transfer Transfer Transfer Transfer
— -

(’ 10 mL
J Total
102 10°°

0.1 mL
Transfer

FIGURE 5: Bacterial solution dilution processes.

same processing except the antimicrobial finishing, should
be included in each experiment to ascertain that observed
decrease in bacterial number due to the antimicrobial
finishing.

It should be noted that suspension tests were often
performed under artificial conditions that promote bacterial
growth (e.g., rich nutrients in the inoculum and saturating
moisture in the testing fabrics). The moisture in the tests is
also essential for the action of the biocide. To date, very few
studies have examined the antimicrobial effects under
normal wearing conditions. To more closely mimic the real-
life situation, the JIS L 1902-2002 method recommends
using bacterial cells suspended in heavily diluted nutrient
media to limit nutrient levels. The ISO (International Or-
ganization for Standardization) has developed a test method
(ISO 20743) in which bacteria were printed onto the surface
of textiles without being in an aqueous suspension. The
printed samples were incubated under humid conditions at
20°C for a specified time (18-24 hours), following which the
surviving cells were counted [16].

3. Results and Discussion
3.1. Characterization of Yarn Properties

3.1.1. Tensile Characterization. The tensile testing properties
of yarns were performed for all samples to know each sample’s
strength and elongation properties, to decide further param-
eters for any other kind of tests. The tensile test results for each
sample are shown in Figures 6 and 7 as tabulated in Table 6.
From the obtained result, it is evident that the tensile strength
of ring-spun yarn is mainly affected by the strength of con-
stituent fibers in the yarn, and that is why the tensile strength of
the yarn sample becomes lower when the percentage pro-
portion of silver nanocomposite PET fiber is higher in the
blend ratio, which is due to the lower strength of silver
nanocomposite PET fibers compared to recycled PET fibers.

3.1.2. Yarn Evenness Characterization. From the obtained
result, the numbers of thick places and NEP were found to be
high for fine yarn samples. As shown in Table 6 and Figures 8
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FIGURE 7: NEP counts (+200%) and unevenness of yarn samples.
TaBLE 6: Tensile and evenness properties of yarns.
Yarn details Tenacity Elongation Thin places  Thick places Nap’s (km)
(R-PET : SNC- gf/ Standard Y Standard Unevenness (%) (km) (km) (+200%)
PET) tex deviation deviation (—50%) (+50) gf/tex standard deviation
85:15 (20 Ne) 25.1 0.33 13.01 1.14 10.42 1 17 15
70:30 (20 Ne) 23.31 0.27 15.48 2.05 10.24 6 20 18
85:15 (40 Ne) 26.9 0.36 12.3 1.16 11.63 8 50 50
70:30 (40 Ne) 24.7 0.25 13.67 1.51 12.04 24 73 65

and 9, the thin place, thick place, and NEP percentages
increase as the silver nanocomposite PET ratio increases in
the yarn. This may be due to the different surface properties
of two polyester fibers.

3.2. Characterization of Fabric Properties

3.2.1. Kawabata Evaluation System (KES). Many texture/
hand-related properties of the produced fabrics were
measured using KES testing instruments such as tensile and
shear tester (KES-F1), bending tester (KES-F2), compression

tester (KES-F3), and surface and friction tester (KES-F4).
The tensile, shear, bending, and surface property mea-
surements were carried out in warp and weft directions. The
average value of the measurement in two directions is
presented in Table 7.

Table 7 explains that the resilience is higher in fabrics
made from a lower blend ratio of SNP-PET fiber in both
counts of yarn. There is no significant difference in the
tensile linearity of fabrics that were made from both blend
types. The tensile property is higher in the case of fabrics
with a lower SNC-PET fiber blend ratio with a count of 20s
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TABLE 7: Statistical results of KES-F indices of four fabric samples.
KES Indices R-PET:SNP-PET R-PET:SNP-PET R-PET:SNP-PET R-PET:SNP- PET
(85:15), 20s (70:30), 20's (85:15), 40's (70:30), 40s
LT (-) 0.60 0.64 0.79 0.82
FB1 tensile properties WT (gf.cm/cm?) 15.5 13.8 9.1 10.6
RT (%) 58.7 56.5 57.99 55.77
. B (gf.cm*/cm) 0.13 0.2 0.26 0.29
FB2 bending 2HB (gf.cm/cm) 0.06 0.09 0.18 0.21
G 0.28 0.34 3.52 413
FB2 shear properties 2HG 0.385 0.435 1.60 1.78
2HGS5 1.05 1.32 9.02 9.09
LC 0.35 0.33 0.38 0.44
FB3 compressional WC (gf/cm?) 0.1 0.11 0.08 0.07
behavior RC (%) 51.3 53.1 53.3 53.8
T (mm) 0.45 0.51 0.4 0.37
MIU-1 2.09 2.21 1.79 1.98
FB4 surface roughness MMD-1 1.8 2.03 1.39 1.66
SMD-1 6.47 7.25 3.38 4.15

Areal density mg/sq.cm 13.53 13.62 14.42 14.46
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TaBLE 8: The moisture vapor transmission rate (MVTR) of knitted fabric.

Count (s) Blend ratio (R-PET : SNPC-PET) Thickness (mm) GSM WVTR (g/mz‘ day)
20 85:15 1.06 224 6180
70:30 1.09 224 5073
40 85:15 0.65 155 7101
70:30 0.75 155 7299
TaBLE 9: The moisture vapor transmission rate (MVTR) of woven fabric.
Count (s) Blend ratio Thickness (mm) EPI PPI GSM WVTR (g/mz' day)
20 85:15 0.320 46 46 135 6132
70:30 0.332 46 46 135 6025
40 85:15 0.240 92 92 141 5789
70:30 0.258 92 92 141 5582
MVTR (g/m2. 24 hr)
8000
7299 7101
7000 —
6180 5973
6000
5000 —
4000
3000 —
2000
1000
(=

85:15 R-PET:SNC-PET, 70:30 R-PET:SNC-PET,
20s 20s

[l MVTR (g/m2. 24hr)

85:15 R-PET:SNC-PET, 70:30 R-PET:SNC-PET,
40s 40s

FIGURE 10: MVTR (g/m2. 24 hr) of the knitted fabric sample.

yarn and almost the same for both blends in case of the fabric
made from 40s yarn. Additionally, from the results, the
fabric’s bending rigidity and shearing rigidity with a higher
silver SNC-PET fiber ratio are higher. But shearing hys-
teresis and bending recovery do not show any significant
difference according to the result. Compressional linearity
and compressive energy are almost the same for fabrics
made from both kinds of blends. The coefficient of friction
and surface roughness are higher in the case of fabric
samples with higher SNC-PET fiber for both types of yarn
counts. Generally, we found that fabric samples with a lower
SNC-PET fiber ratio in the blended yarn are softer and
smoother and have good drapability for both types of yarn
count.

3.2.2. Moisture Vapor Transmission Rate (MVTR). The
moisture vapor transmission rate of both knitted and woven
fabric samples was tested by using PERME W3/0G0 under a
certain test temperature and relative humidity, and a vapor
pressure difference was generated between two sides of the

test specimen. The water vapor is carried away by a flowing
stream of dry gas on one side, and the weight loss on another
side was intermittently measured to obtain the water vapor
transmission rate. Three specimens were tested for each
fabric sample at a temperature of 38°C and a relative hu-
midity of 80%, and the average moisture vapor transmission
rate (MVTR) of sample fabrics is tabulated in Tables 8 and 9
and given in Figures 10 and 11.

Thickness and openness (EPI and PPI) of the fabric affect
the fabrics’ MVTR, which is why the MVTR of knitted fabric
with lower thickness is higher. In the case of woven fabric
samples, the MVTR of fabric with lower EPI and PPI (more
open fabric) is higher.

3.2.3. Antibacterial Results. As it is mentioned in the testing
procedure above, four samples from two blend ratios of
recycled PET and silver nanocomposite PET for each fabric
sample type were tested against E. coli (Gram-negative) and
S. aureus (Gram-positive) bacteria. The bacterial growth and
the inhabitation are depicted in Figures 12(a)-12(c).
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FIGURE 12: Bacterial growth and inhabitation.

TaBLE 10: Antibacterial activity results for S. aureus (Gram-positive).

Fabric type Yarn count (Ne) Blend ratio (R-PET : SNC-PET) Number of bacterial colonies Bacterial reduction (%)
20 85:15 32 95.6
. . 70:30 5 98.9
Knitted fabric 10 85:15 4l 912
70:30 18 96.1
20 85:15 64 91.5
Woven fabric 70:30 31 95:5
40 85:15 50 93
70:30 26 97

Figures 12(a) and 12(b) show bacterial growth inhabitation made from 100% recycled PET after 24-hour growth time. The
after 24-hour growth time of fabric made from 15:85 and 30: ~ percentage reduction of bacteria is calculated using the for-
70 blend ratio of SNC-PET and recycled PET fibers, re-  mula mentioned above in the procedure, and the antibacterial
spectively, and Figure 12(c) shows bacterial growth in fabric ~ activity result of the fabric is discussed in Tables 10 and 11.
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TaBLE 11: Antibacterial activity results for E. coli (Gram-negative).

Fabric type Yarn count (Ne) Blend ratio (R-PET : SNC-PET) Number of bacterial colonies Bacterial reduction (%)
20 85:15 35 96.3
. . 70:30 4 99
Knitted fabric 0 85:15 45 952
70:30 15 98
20 85:15 15 96.5
Woven fabric 70:30 4 98.2
40 85:15 11 97.5
70:30 5 99

As evident from Table 10 results, the antibacterial ac-
tivity of both knitted and woven fabric, the number of
bacterial colonies become reduced when the percentage of
nanocomposite PET fiber increased in the yarn blend of both
fabric types. In the case of fabrics made from coarser yarn,
the interaction between bacteria and nanocomposite fiber
increases; that is why the antibacterial activity of fabrics
made from coarser yarn is better.

The antibacterial activity of fabric increases with the
increment of the percentage of nanocomposite fibers in the
yarn blend. Woven fabrics with higher cover factors (higher
EPI and PPI) have more yarn surface per unit area. In both
types of blend ratios and for all fabric types, the reduction of
bacterial colonies was reasonably acceptable. All manufac-
tured fabric samples were found to be effective against both
E. coli and S. aureus bacterial types.

4. Conclusions

In this study, we analyze the produced sustainable, func-
tional woven and knitted fabrics from recycled and nano-
composite polyester fibers. The results show that the yarn
tensile strength decreases, and the unevenness of the yarn
increases as the proportion of nanocomposite fiber increases
in the blend. The woven fabrics produced from both types of
yarn count show more surface roughness, higher bending
rigidity, and rough texture when the percentage of SNC-PET
fiber ratio becomes more in the blend.

According to the results, we examined that the per-
centage of nanocomposite fiber is more in the blend, and the
antimicrobial activity in the developed fabric becomes
higher. On the other hand, when the count of yarn increases
(decrease in yarn diameter), it decreases the antimicrobial
activity of the developed fabrics. The increase in cover factor
(EPI and PPI) leads to a gradual increase in the antimicrobial
activity of the woven fabric. All developed fabrics show
reasonably acceptable antimicrobial activity in both blends.
And also, the developed fabric was found to be effective
against both E. coli and S. aureus bacterial types [9].

Data Availability

The data supporting the findings of this study are all in-
cluded within the article.
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