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Abstract

Wearable textile electrodes for the identification of bio-potentials are significant tools for the checking and early
finding of chronic illnesses. Conductive textile fabric has acquired incredible consideration from numerous
researchers because of their widespread applications in biomedical instruments, detecting and actuating, data
handling and communication, etc. By coating with carbon and silver nanoparticles as a conductive element the
fabric has been developed. Its use under biomedical application was studied. The application under study is the
textile electrode which has been used to collect ECG recordings. ECG signal was selected for the application as
cardiac diseases are at a rise in the world and requirement of smart textiles for constant health monitoring has
been one of the biggest fields of research.

Our aim was to design electrodes with the best cellulose fabrics coated with Silver and Carbon nanoparticles
which not only are comfortable for the user but also are antibacterial and antimicrobial giving out best results
while monitoring ECG data. And also help us in early detection of any cardiac diseases. ECG arm belt was
designed and used for recording the data. This paper also reports the usage and efficiency of the ECG arm belt
made with the functionalized cellulose fabric.
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Introduction

Improvement of smart textiles is an arising discipline in the previous years where a conductive component is
incorporated into a textile material by certain means. The reason of this exploration was to invent a conductive
textile fabric by covering with carbon and silver nanoparticles as a conductive element and discover its application
in the healthcare industry. Conductive textiles have acquired incredible consideration from numerous analysts
because of their widespread applications in biomedical instruments, detecting and activating, data handling and
communication, etc. [1]. Electrical conductivity is the fundamental necessity for brilliant and electronic textiles
in addition to lightweight property, adaptability and convenience. Textile materials like cotton fabric have
extremely low electrical conductivity with a normal surface resistivity of 107-1016 Q/m? [2], which can be
considered as low conductive materials. There are many strategies to make textile materials electrically
conductive. By making textile materials electrically conductive, it is feasible to utilize them in healthcare field. In
our study we have used Carbon quantum dots and Graphene to enhance and provide conductivity to the material.
Silver nanoparticles have as well been used which provides for an excellent anti- microbial and anti-allergic
material.

Cotton/linen fabrics

Cotton/linen materials have solid hygroscopic performance, great air permeability, and incredible affinity
with the human body. But, it is the porous design that gives a feasible environment for the development and spread
of bacteria, which prompts poor microbial resistance during the utilization. Therefore, it is increasingly more
important to improve a sort of cotton textile dependent antibacterial material that has the features of high
proficiency, long life, and minimal expense. The usage of nanotechnology empowers multi-usefulness of textile
and permit production of unique function fabrics like anti-bacterial, UV protection, simple-clean, water- and stain
repellent and anti-odor.
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Cellulose, specifically, has been the subject of intensive examination due to its sustainability,
biodegradability, and biosafety. The surface changes of the cellulose fibres is viewed as the best course for
acquiring modern functionality on materials for the utilization in clinical applications. Carbon Quantum Dots
(CQD) can be synthesized easily using natural components and are bio-friendly, thus they have a wide usage in
health care industry. Their fluorescent nature makes it useful in the biomedical field.

Silver nanoparticles (AgNPs) have ended up being the best against bacteria, viruses and eukaryotic
microorganisms and are being taken advantage in health care for burn therapy, dental materials, metal covering,
textile fabrics, water therapy etc. Moreover, silver has demonstrated to have less harmfulness to human cells, high
thermal strength and less volatility. It is realized that the size, shape and crystalline structure of AgNPs influence
their toxicological effect on microorganisms. But, the mechanism of bactericidal activities of AgNPs is not yet
completely clarified, especially in light of the fact that the greater part of the available toxicity information are
acquired in water or cell culture media, which do not reflect the complex environment inside living organisms.
Antimicrobial finishing of fabric for biomedical usage has turned into a significant area of research and one of the
quickest developing areas of the textile market.

Advantages of nanoparticles

The huge benefits of utilizing nanoparticles for the preparation of antimicrobial textiles are not only restricted to
the antibacterial activity, but also significantly enhance the thermal stability of the textile fabric, developing
photocatalytic activity in the textiles which can keep away the development of organic contaminants in textiles
that leading to the self-cleaning activity. The antimicrobial agents are usually utilized to stay away three
undesirable impacts in textiles: a) Characteristic degradation phenomena of fabrics, such as coloring, staining,
and deterioration of the fibers, b) Production of unpleasant odour, c) The increase of potential health risks.

The primary goal of the review is to design electrodes with the best cellulose fabrics coated with Silver and Carbon
nanoparticles which not only are comfortable for the user but also are antibacterial and antimicrobial giving out
best results while monitoring ECG data.

Methodology
Fabric Coating

Materials used are Cotton (100%), Linen (pure 80-100%), Graphene oxide, EDTA, Ascorbic acid,
Polyethylene glycol, Trisodium Citrate, AgNo3, Distilled water.

Graphene Oxide Method:

0.05¢ of Graphene Oxide was blended with water of 50 ml and stirred for 15-20 minutes. Fabric pieces (cotton
and linen) of about 3*2cm were dipped into the GO solution (dip coating) and were stirred using the magnetic
stirrer for 1.5hours. After which they were dried for Smin at 80°C in the oven and cured for another 3min at 120-C.

Figure 1: Graphene Oxide
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Figure 2: Graphene Oxide coated fabrics

Silver Nanoparticles Method:

About 0.25gm of AgNO3 was mixed in 50 ml of water. To this Trisodium Citrate was added dropwise and
stirred using the magnetic stirrer for about 30min. Cotton/Linen cloth pieces of about 3*2cm were dipped into the
Silver Nanoparticle solution (dip coating) and were stirred using the magnetic stirrer for 1.5hours.After which
they were dried for Smin at 80°C in the oven and cured for another 3min at 120-C.
>>Dip Coating- Drying-Curing.

Coating of AgNP was done on prepared coated fabrics of GO and CD for both linen and cotton.

Figure 3: Silver NP

Carbon Quantum Dots:

0.06g of EDTA combined with 2g of ascorbic acid was mixed with 30ml of distilled water. It was kept for
magnetic stirring for approximately 45 minutes. Polyethylene glycol (PEG) added dropwise to the above mixture.
After stirring it completely it was put into a hydrothermal bomb. The entire mixture was kept in the oven for 4
hours at 160°C.The above Carbon dots mixture was filtered with help of filter paper and centrifuged for 10 min
(5000rpm). Fabric pieces of about 3*2cm were dipped into the Carbon Dots (dip coating) and were stirred using
the magnetic stirring method for 5Smin. After which they were cured for 5min at 80°C in the oven and for another
3min at 120°C.
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Figure 4: Filtering of Carbon dots

Figure 5: Carbon Dots

Figure 6: Coated Fabrics samples from GO/AGNP/CQD
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Mechanism of coating of the fabric with GO
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The hydrophilicity of GO is because of various functional groups, such as carboxyl, carbonyl, hydroxyl, and epoxy
groups, which make the GO soluble in water at molecular levels with a high surface adsorption capacity, this
permits a strong adherence of GO onto the surfaces of the materials. When the fabrics are immersed in the aqueous
solution of GO, a thin covering film of GO quickly and strongly adheres to the material surface. This could be
attributed to the development of hydrogen bonds among carboxyl and hydroxyl groups of GO and hydroxyl groups

of the cellulosic fabrics. GO sheets have a high particular surface area, which makes them an exceptional platform
for stabilizing silver nanoparticles.
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After immersing the materials in a silver nitrate solution, electrostatic interaction allows the attraction between
the negatively charged oxygen atoms of hydroxyl (OH-) and carboxyl (COO-) groups of the GO-covered
cellulosic materials and the positively charged silver ions (Ag+). Under warming and mixing conditions, trisodium
citrate allows the development of silver nanoparticles by the concurrent in situ decrease of Ag+ ions to AgO.
Meanwhile, GO additionally will be in situ decreased to Reduced Graphene Oxide (RGO). Furthermore, the silver
nanoparticles are homogeneously distributed between the RGO sheets covered on the fabrics, and the likelihood
of their agglomeration fundamentally is thus diminished.
Study of different applications in healthcare:

Multiple applications were found, the one under study is the Textile electrode.
Design of the ARM belt for ECG Acquisition

The belt was designed using the fabrics that were coated. 2 belts were made for each fabric.
Flexible textile Electrode for acquiring ECG Signals

ECG signal were acquired using the simulator and placement of electrodes was over the arm. Arm belt was
designed in manner where it could be easily worn at the comfort level of user. This belt is placed on both the arms
and the ground is connected to the hand. The recorded ECG data was pre-processed using the help of MATLAB
software to a great extent and the heart rate was calculated.

Figure 7: Six Features of ECG signal
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Results
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Discussion

We were able to develop the textile electrode for ECG recording. If we had more time we would have done
a comparative study of the textile electrode with the standard Ag/AgCl and the Woven knitted textile electrode
and seen for better results and understanding . Also we coul have extracted all components of the ECG signal and
used Machine learning algorithms to classify and predict various diseases based on the patterns observed.

This work can be further enhanced by incorporating it into smart garments. Developing codes for detecting
various patterns and analyzing the signals will result in better device. Also with help of the Machine learning
Algorithms one can categorize them under different cardiac disease as to help people in early detection of the any
underlying cardiac diseases. Also if there is any further work done on this we can make use of 10T and develop
self-monitoring smart garment which will also send signals to the doctor in charge about the patient’s condition
and tell them if there’s any emergency.

Based on the results, study concluded that textile electrodes are well suited for measuring ECG. This textile
electrode is not just appropriate for long-term ECG checking, but also able to track the activity of patient together
when further advancements are made
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