Graphene fibers Introduction
Graphene, as the thinnest, hardest, most conductive and new nanometer carbon material, has been praised as "black gold" and "king of
new materials" in the industry . Graphene not only has excellent electrical properties (electron mobility up to 200,000 cm2/Vs at room
temperature), light weight, good thermal conductivity (5000 W/mK), large specific surface area (2630 m2/g), young's modulu s (1100
GPa) and rupture strength (125 GPa), but also has some unique properties, such as quantum hall effect, quantum tunneling effect, etc .
Since 2004, when professor Geim's group at the university of Manchester successfully obtained graphene by mechanical stripping, it
has attracted worldwide attention and attracted numerous researchers to pursue the dream of new materials . Graphene can be widely
used in lithium ion battery electrode materials, supercapacitors, solar battery electrode materials, thin film transistor preparation,
sensors, semiconductor devices, transparent display touch screens and transparent electrodes, etc. (as shown in figure 1).Graphene is
combined with ordinary fiber, which has special functions such as antibacterial, anti-mite, anti-heat, anti-cutting, anti-static, antiultraviolet, far-infrared heating and conduction cooling.

Figure 1 Overview of graphene applications
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Polyester and its production technology
1. Manufacturing technique

Polyester is the trade name of polyethylene terephthalate fiber, which is called triton in the UK and dacron in the us. Advantages: is a
late development of synthetic fiber, but because of its mechanical strength, wear resistance, acid and alkali resistance, not easy to mold
and decay, chemical stability and other characteristics, nearly half a century of rapid development, output has ranked the first synthetic
fiber. Polyester can be made into filament or staple fibers, with almost half the output.
Polyester is made from terephthalic acid (TPA) and ethylene glycol (EG).Polyethylene terephthalate can be synthesized by chemical
synthesis. The synthetic polyethylene terephthalate is cast into a strip and cut into granules to form colorless and transparent solid
particles, usually called polyester resin or polyester chips, which can be dried and then spun. Polyester is fusioned at a temperature of
285~290℃.The polyester melt extrudes from the holes in the spinneret to form a stream of mucus, which cools in the air to form the
primary fiber. The processing of polyester varies with the production quality. When producing polyester filament yarn, it is necessary

to twist through drafting, heat setting, winding and packaging. Polyester staple fiber processing generally includes cluster, drafting,
oiling, crimping, heat setting, cutting, packaging and so on.
2 Properties of polyester
2.1 Physical properties
2.1.1. Color: usually milky white with mercerization. For matte products, TiO2 can be added before spinning; for pure white products,
whitener should be added; for colored silk, pigment or dye should be added to the spinning melt.
2.1.2. Surface and cross section shape: the surface of conventional polyester is smooth, the cross section is approximately round, if the
opposite spinneret hole can be made into a variety of special cross section shape of fiber.
2.1.3. Density: the density of polyester is 1.333g/cm3 when it is completely amorphous; At complete crystallization, the density is
1.455 g/cm3.Polyester usually has high crystallinity and density of 1.38-1.40g /cm3, similar to wool (1.32g /cm3).
2.1.4. Moisture recovery rate: in standard condition, the moisture recovery rate of polyester is 0.4%, lower than that of acrylic (1%-2%)
and acrylic (4%).Due to the low hygroscopicity of polyester, its wet strength decreases less and the fabric can be washed and worn
well. But the static electricity phenomenon is serious when processing and wearing, fabric permeability and hygroscopicity is poor.
Polyester usually has high crystallinity and density of 1.38-1.40g /cm3, similar to wool (1.32g /cm3).
2.1.5. Thermal properties: softening point Ts of polyester is 230-240°, melting point Tm is 255-265°, decomposition point Td is about
300°, polyester can burn in the fire, crimp, and melt into beads, black smoke and aroma. In dyeing and finishing, the temperature
should be controlled above the glass transition temperature and below the softening point temperature. The heat setting temperature in
the printing and dyeing factory is generally 180 ~ 220℃, and the temperature of dyeing, finishing and ironing of garments should be
lower than the heat setting temperature, otherwise the setting effect will be destroyed due to the intensification of molecular chain
activities. Due to the low hygroscopicity of polyester, its wet strength decreases less and the fabric can be washed and worn well. But
the static electricity phenomenon is serious when processing and wearing, fabric permeability and hygroscopicity is poor. Polyester
usually has high crystallinity and density of 1.38-1.40g /cm3, similar to wool (1.32g /cm3).
2.1.6. Light resistance: the light resistance of polyester is second only to that of acrylic fiber. Polyester only has a strong absorption
band in the light wave region at 315nm, so its strength only loses 60% after sunlight exposure for 600h, which is similar to that of
cotton fiber.

2.1.7. Electrical properties: polyester has poor conductivity due to its low hygroscopicity. The dielectric constant is 3.0-3.8 in the
range of -100~160°, making it an excellent insulator.
2.2 mechanical property
2.2.1 High strength: the dry strength is 4~7 dN/ Tex, and the strength does not decrease in wet state. Under proper heat treatment
conditions, the higher the tensile degree of polyester in the spinning process, the higher the orientation of fiber, the higher the breaking
strength of fiber, and the lower the elongation at break. Conversely, it is possible to obtain fibers with low strength and high
elongation. In other words, different kinds of fibers with high strength and low elongation or low strength and high elongation can be
made by changing the stretching and heat treatment conditions.
2.2.2 Elongation: moderate, elongation is generally 20%-50%。
2.2.3 High modulus: in large varieties of synthetic fibers, the initial modulus of polyester is the highest, and its value can be as high as
14-17 GPa. Therefore, the size of polyester fabric is stable, not deformed and not out of shape.
2.2.4 Resilience: very good, polyester resilience is close to wool, when the elongation rate of 5%, after removing the load elongation
can almost completely recover, so polyester fabric is more wrinkle resistance than other synthetic fabrics.
2.2.5 Wear resistance: the wear resistance of polyester is second only to nylon and more than other synthetic fibers.
2.3 Chemical stability
2.3.1 Acid resistance: polyester is stable to acid. After soaking for 24 h at 100° in 5% hydrochloric acid solution or 72 h in 70%
sulfuric acid solution at 40°, its strength has no loss, but it cannot resist the long-term action of concentrated nitric acid or concentrated
sulfuric acid at room temperature.
2.3.2 Alkali resistance: polyester esters on large molecules by the role of alkali hydrolysis, in the room temperature or high
temperature dilute alkali, can destroy the fiber, only the low temperature dilute alkali is more stable.
2.3.3 Solvent resistance: generally has a strong resistance to non-polar organic solvents, polar solvents at room temperature also has a
strong resistance.

Nylon and its production technology
1、Manufacturing technique

Polyamide fiber is one of the main varieties of synthetic fiber, which is called polyamide fiber. Foreign names are nylon, nylon,
capron and so on. Nylon is the first synthetic fiber to achieve industrial production of the variety. Nylon production is mainly filament,
nylon filament by stretching and twisting, can be made into stretch silk. The production of stretch wire adopts twisting method, nylon
filament wire in a machine once complete twisting, heat setting, untwisting three processes, the production of stretch wire. Stretch
yarn made of stretch silk has high elasticity and wear resistance. It is mainly used in knitwear, such as gloves, socks, sportswear and
stretch shirts.
2 Properties of nylon
2.1 physical properties
2.1.1 Density: the density of polyamide fibers is relatively low. Among all fibers, the density is only higher than that of polypropylene
and polyethylene fibers.
2.1.2 Optical properties: polyamide fiber has optical anisotropy, and the birefringence number varies greatly with the stretching ratio.
After stretching, polyamide 66 has a longitudinal refractive index of 1.582 and a transverse refractive index of about 1.519.Polyamide

fiber 6 has a longitudinal refractive index of 1.580 and a transverse refractive index of about 1.530.Polyamide fibers have high surface
gloss and usually need to add matting agent TiO2 for matting before spinning.
2.1.3 Light resistance: the light resistance of polyamide fiber is poor, in a long time of sunlight and ultraviolet light irradiation, the
intensity of the decline, yellow color, usually in the fiber to add light resistance agent, can improve the light resistance.
2.1.4 Heat resistance: the heat resistance of polyamide fiber is not good enough. After 5h at 150°, the fiber will turn yellow and its
strength and elongation will decrease. The thermal stability of polyamide 66 is better than that of polyamide 6.Polyamide fiber has
good low temperature resistance, even at -70°, the elasticity of little change.
2.1.5 Electrical properties: low dc conductivity of polyamide fiber, easy to produce static electricity in the process.
2.1.6 Hygroscopicity: the hygroscopicity of polyamide fiber is lower than that of natural fiber and artificial fiber. The hygroscopicity
of nylon 6 is slightly higher than that of nylon 66.
2.2 Mechanical property
2.2.1 Breaking strength: polyamide fiber has high strength due to its high crystallinity, orientation and intermolecular force. Generally,
the breaking strength of polyamide fiber filament for textile is 4.4~5.7 cn/dtex. The moisture absorption rate of polyamide fiber is low,
and its wet strength is about 85-90% of that of dry fiber.
2.2.2 Elongation at break: the elongation at break of polyamide fibers varies with varieties, with strong filaments approximately 20-30%
and ordinary filaments 25-40%.Polyamide 6 staple fibers are a little higher about 40-50%
2.2.3 Initial modulus: the initial modulus of polyamide fibers is lower than that of most other fibers and therefore tends to deform
during use. Under the same conditions, the initial modulus of polyamide 66 fibers is slightly higher than that of polyamide 6 fibers,
close to that of wool and polyacrylamide fibers.
2.2.4 Elasticity: polyamide fiber has excellent elasticity: polyamide 6 filament has an elastic recovery rate of 99% at 10% elongation,
while polyester filament has an elastic recovery rate of 67% at the same elongation, while viscose filament has an elastic recovery rate
of only 32%.
2.2.5 Abrasion resistance: polyamide fiber is the fiber with the best abrasion resistance among all textile fibers. Its abrasion resistance
is 10 times of cotton, 20 times of wool and 50 times of viscose fiber

2.2.6 Resistance to multiple deformation or fatigue: due to the good elasticity of polyamide fiber, its knotting strength and resistance
to multiple deformation is very good. The knotting strength of ordinary polyamide filament is 80-90% of the breaking strength, which
is higher than other fibers. Polyamide fibers deform nearly as much as polyester, but more than all other chemical fibers and natural
fibers. Under the same experimental conditions, the resistance of polyamide fibers to this deformation is 7-8 times higher than that of
cotton fibers, and dozens of times higher than that of viscose fibers.
2.3 Chemical properties
2.3.1 Dyeability: polyamide fibers are easier to stain than natural fibers and synthetic fibers, although not as dyeable as synthetic fibers.
2.3.2 Acid and alkaline resistance: polyamide fiber is alkali resistant, but poor acid resistance and oxidation resistance, good
resistance to reducing effects.
一、Main quality control indicators of graphene fiber:
1、Linear density: thickness of graphene fiber, also known as fiber size, is divided into three units: denier (D), Tex (Tex) and Dtex
(Dtex). The conversion relation of these three is as follows:
1 tex = 10 Dtex
1 tex = 9 D
1D=

10
Dtex ≈ 1.1 Dtex
9

Note :(1) the linear density of graphene nylon DTY is 70D ≈ 77 Dtex = 7.7 Tex.
(2) general description of fiber: 70D/24F means that the fiber has a thickness of 70D and each yarn has 24 strands.
2、Fracture strength: refers to the tensile fracture strength per unit fineness in cn/tex and is read as per centimeter . The calculation
formula is as follows:

Note :(1) the DTY strength of graphene nylon is about 4 cn/tex, and the strength of high-strength graphene nylon is about 8 cn/tex.
(2) in general, the composite fiber strength obtained by adding colored masterbatch to the fiber will decrease compared with the
original fiber, while the composite fiber strength will not decrease after adding graphene masterbatch to nylon or polyester, but will
increase or remain unchanged.
3. Elongation at break: refers to the ratio of elongation length to original length when the fiber is stretched to fracture, expressed as a
percentage, which refers to the elastic size of the fiber.
二、Functional indicators of graphene fibers:
1. Antibacterial performance: it is mainly expressed by the bactericidal rate (refers to the ability to kill bacteria instantly) or the
bactericidal rate (refers to the ability to inhibit the growth of bacteria for a long time).The antibacterial properties of the fibers were
mainly tested against three bacteria, staphylococcus aureus, escherichia coli and candida albicans .This is because bacteria are divided
into gram-positive bacteria and gram-negative bacteria, staphylococcus aureus is the representative of gram-positive bacteria,
escherichia coli is the representative of gram-negative bacteria .Candida albicans is a representative fungus.
The assessment criteria are as follows:
The bactericidal rate was > 95%, and the antibacterial effect was significant.
50% < fungicidal rate < 95%, the sample antibacterial effect is obvious;
The bactericidal rate is less than 50%, and the antibacterial effect of the sample is not obvious.
Note: the fungicidal rate or bacteriostatic rate of the graphene fiber of our company can reach 99.9%, indicating that it has excellent
antibacterial effect. Another expression is the antibacterial activity value. The antibacterial activity value is greater than 3, indicating
that it has excellent antibacterial effect.

2. Anti-mite performance: there are many kinds of mites, and we mainly tested the resistance of fibers to dust mites. Because the
living conditions of dust mites are similar to human beings, there are a large number of dust mites in daily life, such as mattresses,
blankets, plush toys, quilts, etc., and dust mites are obviously harmful to human bodies, causing asthma, allergic rhinitis, eczema and
other diseases.
The evaluation criteria for mite control performance of national standard are:
When the inhibition rate was ≥95%, the samples had strong anti-mite effect.
When the inhibition rate was ≥80%, the samples had strong anti-mite effect.
The samples had anti-mite effect when the inhibition rate was ≥60%.
Note: the inhibition rate of graphene fiber in our company reached 94.90%, indicating that it has good anti-mite effect.
3. UV resistance: mainly represented by UV protection coefficient UPF, uv-a barrier and uv-b barrier.
The American standard uv performance evaluation criteria are as follows:
When UPF≥40, the sample has excellent uv protection performance.
When 25≤UPF≤39, the samples have good uv protection performance.
When 15≤UPF≤24, the sample has good uv protection performance.
Note: the UPF of our graphene fiber has reached 107.5, the uv-a barrier rate has reached 98.85, and the uv-b barrier rate has reached
99.18, indicating that it has excellent UV protection performance.
4. Far-infrared properties: fibers with far-infrared properties have the effect of warmth and health care, because graphene fibers emit
6-14 feet of far-infrared wavelength close to human body, which can effectively activate somatic biomolecules, improve blood
circulation, and achieve the effect of warmth and health care.The main evaluation indexes are far infrared emissivity and far infrared
radiation temperature rise.
The evaluation criteria in national standards are: Far-infrared emissivity ≥0.88
Far-infrared radiation temperature rise ≥1.4℃
Note: the far infrared emissivity of our graphene fibers is 0.89, and the radiation temperature rise is 2.8℃.
5. Food grade: there are seven items in total, which refer to whether the concentrations of harmful substances that can be dissolved
after dissolving in different solvents of graphene fibers can meet the standards.
Note: our graphene nylon can meet the food grade standard.
The evaluation criteria in national standards are:

6. Antistatic performance: the antistatic performance of graphene fiber is in the development stage, and the experimental results have
reached the standard, but the data is not stable enough.
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Graphene Antibacterial Mechanism
Graphene is a two-dimensional carbon nanomaterial consisting of carbon atoms with sp2 hybridized orbitals forming a hexagonal
honeycomb lattice. Graphene and its derivatives, such as graphene (G), GO (GO) and reduced GO (rGO), have unique twodimensional surface chemical structures and sharp physical edge structures, among which GO is the most studied class of antibacterial
and antiviral graphene materials [1,2].According to reports, graphene material antibacterial antiviral ability mainly based on the
following several mechanisms of hybrid synergy: 1) physical cutting, Nano knife (Nano - Knives), also known as graphene material
physical sharp edge can be effectively cutting surface of bacteria, viruses, destroy the cell wall and membrane structure, caused by
intracellular material leakage and metabolic disorders, eventually killing bacteria, virus, is one of the main antibacterial antiviral
mechanism of graphene materials [3, 4];2) Insertion and Extraction of membrane surface components. Graphene materials have a large
specific surface area and hydrophobicity, which can effectively adsorb phospholipid molecules on the surface of bacteria and viruses
by contact or Insertion, thus destroying their cell membrane structure and causing bacterial virus death [5].3) physical capture
(Wrapping). Graphene materials isolate bacteria from surrounding media by Wrapping, thus blocking their proliferation and exerting
bacteriostatic effect [6].4) oxidative stress (ROS). During contact with bacteria, both surface defects and sharp edge structures of
graphene can induce bacteria to produce reactive oxygen species, thus leading to normal physiological and metabolic disorders and
bacterial death [7,8](figure 1).In addition to the above main antibacterial and antiviral mechanisms, charge conduction is also an
important antibacterial mechanism of graphene, which conducts bacterial surface charge through graphene, destroys the physiological
activities and functions of the cell membrane, causes bacterial metabolic disorders, and thus promotes bacterial death [9].

Since 2010, based on the good antibacterial properties of graphene, a large number of researches on graphene and its composite
antibacterial materials have been reported, further confirming the great potential of graphene materials in antibacterial applications. At
the same time, as a new application direction, the antiviral effect of graphene materials has also been gradually paid attention to and
shown good antiviral application ability [10].At present, specific antibacterial and antiviral properties of graphene materials are still
controversial [11].According to the report and enhope's own experimental antibacterial test results, the antibacterial properties of some
graphene materials show certain selectivity to different types or types of bacteria or viruses, which are manifested as high resistance to
some bacteria, low resistance to some bacteria and even promotion of their proliferation [12].This may have something to do with the
physical and chemical properties of the graphene materials used and the characteristics of the bacteria themselves. In addition, there
are many kinds of graphene in the laboratory and the market at present, and the quality and performance parameters are very different,
which have greatly hindered the development of antibacterial and antiviral application of graphene materials. Therefore, a lot of
research work is still needed to further improve and clarify the specific application technology of graphene materials.

Figure 1. Main antibacterial mechanisms of graphene

Figure 2. Graphene physical and chemical factors influencing antibacterial properties of graphene materials
The antibacterial and antiviral properties of graphene materials are affected by the physical and chemical l properties, biological
factors and abiotic factors of graphene materials. The physical and chemical properties of graphene materials are mainly influenced by
the number of graphene layers, transverse size and chemical composition (carbon-oxygen ratio) [13] (figure 2).The results showed th
at the lower the number of layers of graphene, the stronger the antibacterial ability, which may be related to the increase of specific
surface area of graphene, the increase of defects, and the stronger edge cutting effect [14].By mixing GO with escherichia coli of
different transverse sizes, Chen yuan et al. found that the antibacterial effect of GO on escherichia coli increased with the increase of
the transverse size of GO, which was related to the more effective capture of bacteria by large size GO [15].However, the increased
transverse size of the graphene material has the potential to further weaken the cutting effect of the graphene edge on bacteria and
viruses, thus affecting the actual killing effect. Fan lizhen et al. studied the antibacterial effect of graphene materials with different
surface carbon/oxygen ratios on e. coli, and the results showed that the higher the oxygen content, the stronger the antibacterial ability
[16]
.The structure and physiological conditions of bacteria and viruses themselves also affect the antibacterial ability of graphene
materials. Studies have shown that the antibacterial performance of graphene materials against gram-positive staphylococcus aureus is
better than that of gram-negative e. coli, which may be related to the outer membrane structure characteristics of gram-positive and
gram-negative bacteria [17].External conditions, such as dispersion medium, polymer material and surface charge, will affect the
antibacterial and antiviral ability of graphene materials. In the medium dispersion medium, biomolecules bind and coat the surface of
graphene, thus blocking the antibacterial effect of contact between graphene and bacteria to some extent, thus weakening the
antibacterial property of graphene materials [18].

Qiangsheng graphene technology co., ltd. has independent intellectual property rights for the production of graphene technology,
which can prepare a variety of graphene and its derivatives with different transverse sizes, layers and surface chemical composition,
including graphene, go, modified go, etc. At the same time, based on existing graphene materials, the company further developed a
series of graphene composite fiber products. Based on the above graphene raw materials and composite fiber technology, it has good
antibacterial properties by referring to the national/international standards for antimicrobial testing.
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