
International Journal of Science Vol.5 No.9 2018                                                             ISSN: 1813-4890 

 

90 

 

Preparation and Application Prospect of Graphene Fiber 

Mingjian Zhu 

High School Affiliated to Nanjing Normal University, China 

zhumingjian2019@hotmail.com 

Abstract 

Graphene has unique electrical and mechanical characteristics. The macro graphene fibers are 

assembled from nanoscale graphene, which integrates the outstanding properties of micro 

graphene Therefore, it not only has the flexibility of conventional fibers for textile, but also has 

the advantages of light weight, molding processing andeasy functionalization. The recent 

progress in graphene fiber research is summarized, including its controllable preparation 

technology, functionalization and applications in flexible fiber devices such as actuators, robots, 

photovoltaic cells and capacitors. 
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1. Introduction 

Carbon fiber is widely used in life because of its light weight, high mechanical strength and stable 

performance. But it still has the disadvantages of high cost and high brittleness. Graphene is a new 

material with single-layer honeycomb structure composed of carbon atoms, which is the construction 

basis of other dimension carbon materials [1]. Graphene has many unique properties, such as high 

electron mobility [2], high thermal conductivity [3], good elasticity and stiffness [4]. Therefore, the 

assembly of graphene into macro functional structures such as fibers is an important way to 

realize the practical application of graphene. 

Graphene has anano sheet structure, so graphene can easily get two-dimensional graphene film by solution 
filtration method or three-dimensional graphene block by hydrothermal method [5]. Because the size and 

shape of the chemically synthesized graphene is irregular,and the stack between layers is easy to 

loosen, it seems difficult to assemble micro nanoscale graphene sheets into macro graphene fibers. 

 The successful synthesis of graphene fibers in recent years and its important role in some special 
applications have aroused people's research interest. One-dimensional graphene fibers are not only 

a supplement to two-dimensional thin films and three-dimensional graphene blocks, but also 

play an important role in the development of textile functional materials and devices. This paper 

will give review and prospect on the research status and development of graphene fibers.  This 

paper mainly discusses the controllable preparation, functional modification and application of 

graphene fibers in non-traditional devices(such as flexible fiber actuators, robots, motors, 
photovoltaic cells and supercapacitors). 

2. Preparation of graphene fiber 

2.1 Liquid crystal phase wet spinning method 

It has been found that soluble graphene oxide films can form liquid crystal phase and present sheet 

arrangement or spiral structure, which makes it possible to prepare macro graphene fibers [6].].This liquid 

crystal structure enables graphene oxide to disperse at high enough concentration for efficient coagulation. 

Gao et al. [6] used a syringe to inject graphene dispersion into a sodium hydroxide/methanol solution with 

5% mass fraction, and made even graphene oxide fibers. Then, the graphene fibers were obtained by 

chemical reduction of hydroiodized acid. Although the strength of the fiber obtained by this method needs 

to be improved, this wet spinning method has the potential to produce graphene fibers on a large scale. Yu 

et al. [7] later proved that graphene oxide suspension could be used as the raw material, and the graphene 
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fibers could be prepared by chemical reduction after fluid spinning, and the mechanism of the curly-folded 

structure of graphene oxide fiber was proposed. The wet spinning technology has promoted the 

development of multi-functionalization of graphene and other organic and inorganic composite 

fibers. The methods of wet spinning with graphene oxide are shown in reference [8] and [9]. 

The tensile strength of graphene oxide produced by wet spinning is relatively low, which is related to 

the internal arrangement of graphene oxide layers in the axial direction of the fibers. In order to solve 

this problem, the Tour research team used large sheets of graphene oxide (average diameter is 22 

μm) as raw materials for wet spinning to synthesize fibers[10]. The results show that the tensile 

modulus of the fiber is an order of magnitude higher than that of the previous method. Fiber has a 100% 
high knot rate. 

 By improving the wet spinning process, Qu research team invented a "double capillary coaxial spinning 

method", which can continuously produce hollow graphene fibers with controllable morphology [11]. FIG. 

1 shows the experimental device and preparation process. Because highly viscous graphene oxide 

suspension can directly bubble up, the morphology of graphene oxide fibers can be accurately adjusted. 
For example, instead of the liquid in the inner tube, compressed air can produce hollow graphene 

"necklace" fibers. 

 

FIG. 1. Preparation of graphene tubes by double capillary coaxial spinning method 

 FIG. 2 graphene fibers (a), (b) and knotted (c) winding (d) structures prepared by confined 

hydrothermal method 

 

2.2 Confined hydrothermal assembly method  

As a result of strong π-π interaction between layers, hydrothermal graphene oxide will spontaneously 

form a network of graphene. The Qu research team has invented a confined hydrothermal assembly 
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method [12], which can be directly heated by graphene oxide solution in a tubular reactor to make 

graphene fibers.For example, an 8 mg/mL graphene oxide suspension is injected into the capillary 

glass tube as a reactor. After baking the sealed glass tube ends in 230 ℃ for 2 hours, it can obtain 

graphene fibers with morphology consistent with the glass tube. The diameter of the fiber is 
5~200 μm which is adjustable, and the length is several meters (figure 2). Due to the strong 

interaction between graphene layers in the hydrothermal process, the strength of self -

assembled graphene fibers is high, reaching 180 MPa.  

On the basis of the hydrothermal assembly method, the "double confined assembly method" was developed 

to realize hollow graphene fibers with controllable diameter [13]. A removable linear template (such as 
copper wire, etc.) is used as the core, graphene is hydrothermal assembled in the capillary, and finally 

hollow graphene fibers are obtained by removing the template. Multichannel hollow graphene fibers 

can be obtained by changing the number of fiber templates. 

2.3 Chemical vapor deposition (CVD) assisted synthesis 

Zhu research team invented a "direct drawing" method for graphene fibers to be directly extracted by 

graphene films grown by chemical vapor deposition (CVD) [14]. The method first transfers graphene 

films from the growth substrate to organic solvents(such as ethanol), and then uses tweezer to 

extractgraphene with fiber structure from the solvent. In this process, the surface tension and 

evaporation rate of solvent have great influence on the structure of graphene fibers. The graphene fibers 

obtained by this method have a high conductivity, reaching about 1000 S/m, but are not suitable 

for large-scale production. The same team also used CVD method to grow graphene directly on 

the copper network [15], and then etched the copper network with ferric chloride hydrochloric 

acid solution to obtain reticular hollow graphene fibers, i.e., graphene fabric. The fabric can be 

transferred to a polydimethylsiloxane substrate to form a composite film and used in various devices. 

2.4 Spontaneous reduction and assembly of graphene oxide 

In addition to the above CVD method, hollow graphene fibers can be spontaneously synthesized 

on copper wires by substrate assisted reduction and assembly of graphene oxide [16]. The method 
is mild and effective. In this process, the active metal substrate loses electrons and is oxidized into metal 

ions, while the electrons are reduced from graphene oxide. This method does not need to add any reducing 

agent,and it can reduce the graphene oxide on any conductive substrate and make it accumulate in an 

orderly manner on the substrate, such as zinc, iron, copper, inert metal gold, silver, platinum, 

semiconductor silicon wafer, non-metallic carbon film, and conductive glass (ITO). 

2.5 Carbon nanotube yarn  

Based on the graphene nanoribbons formed by carbon nanotubes [17], Baughman et al. [18] used 

chemical drawing method to pull the graphene nanoribbon gauze from the highly arranged carbon 

nanotube film, and then dried and shrunk into yarn. The original multi-walled carbon nanotubes are 

placed layer by layer on the polytetrafluoroethylene framework and the graphene oxide nanoribbons 

are obtained by solution oxidation. Different reduction methods can be used to adjust the functional 

groups in order to improve the corresponding mechanical, electrical and electrochemical properties. 

In fact, the graphene oxide nanoribbons and the reduced graphene nanoribbons can be dispersed into 
high concentrations of chlorosulfonic acid to form anisotropic liquid crystal phase for wet spinning 

graphene fibers [19]. 

2.6 Other assembly methods 

The above method provides a variety of ways to synthesize various graphene fibers. There are other 
methods besides this. Kim et al. [20] prepared reduced graphene oxide nanoribbon fibers by 

electrophoresis assembly method. This method uses graphite needle as the positive electrode and inserts 

it into colloidal solution containing graphene nanoribbons. Graphene fibers are obtained by adding a 

constant voltage (1~ 2v) to the electrodes during graphitic needle drawing. This method is similar 

to the direct drawing method mentioned earlier, but the production rate is low and it is not suitable for 

large-scale production. Xu et al. [21] used solution self-assembly method to assemble graphene oxide 
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fibers at gas-liquid interface using graphene oxide solution. The method is dependent on electrostatic 

repulsion, Van der Waals force, and π-π accumulation. In the process of self-assembly and ultrasonic 

testing, the sample is gradually transformed from original graphite powder to graphene oxide sheet. It is 

then transferred to graphene oxide fiber and pure graphene oxide fiber film. Although the mechanism 
of this method needs to be further studied, its fiber diameter is small (1-2 μm ) and its length is 

several hundred microns, which is a potential simple way for scale production of short graphene 

fibers. 

The preparation methods of different types of graphene fibers are provided in various ways, which 

provides a material basis for further functionalization and application of graphene fibers. 

3. Functional composition 

3.1 Composition with functional components 

 The embedding of functional components in graphene fibers will help to realize its application in 
important devices such as sensors and electronic fabrics. Whether in situ composite or synthesis and 

embedding of functional components, graphene fibers provide a good adhesion platform for 

various unique functional materials. For example, adding ferric oxide (Fe O) nanoparticles in the primary 

position of graphene fibers can synthesize magnetic fibers [12]. The magnetic fiber has good mechanical 

flexibility and sensitive magnetic response. 

The doping of titanium dioxide (TiO2) nanoparticles is a typical example of first synthesis and then 
functionalization [12]. The preliminarily synthesized graphene fibers are immersed in the TiO2 

suspension and shaked until the TiO2 nanoparticles are embedded in the graphene sheet layer. After 

drying and annealing, graphene fibers with good photoelectric current response characteristics are 

obtained. It is shown that electron/hole pairs are generated between TiO2 nanoparticles and graphene 

sheet layer by light excitation, which proves the application of this material in photodetector, 

photocatalyst and photovoltaic cell. 

To improve the electrical conductivity of graphene fibers, Gao et al. [22] made graphene/metal 
composite fibers by wet spinning. The specific method is to first mix graphene oxide liquid crystal 

and commercial silver nanowires, then conduct chemical reduction. 

Silver doped graphene fibers have high conductivity (up to 9.3 x 104 S/m) and high current capacity 
(up to 7.1 x 103 A/cm2). Good mechanical strength and flexibility enable the doped graphene fibers 

to be used as stretchable wires in flexible circuits. 

In addition to high electrical conductivity, the outstanding mechanical properties of graphene fibers 
are also expected. Generally speaking, the main influencing factors of mechanical properties are the 

aspect ratio of graphene structures inside the fiber and the alignment degree along the fiber axis. 

Studies have shown that the mechanical strength can be improved by introducing bivalent ions to 

form cross-linking between graphene sheet layers [23], and the tensile strength can reach the record 

value of 0.5 GPa. Further enhancing the strength of graphene fibers and combining graphene sheets 

with hyperbranched polyglycerol (HPG) adhesive will give them a "brick and mortar" structure [24]. 

The hydrogen bond network formed between graphene oxide and HPG is conducive to its super-

strong properties [25]. The results show that the tensile strength of the biomimetic composite can 

reach 0.65 GPa and its rigidity can reach 18 MJ·m-3, which is the best among shellfish bionics. In 
addition, polymer grafted graphene oxide fibers have good chemical corrosion resistance, mainly 

because of their compact layered structure and strong interlayer interaction [26]. The covalent 

interaction between polymer chains on the surface of graphene oxide sheet and the neat and fixed 

tendencyavoid the occurrence of local phase separation. And strong interface interaction is also 
introduced. The polymer chain is then covalently bonded to the nanosheet by free radical in situ 

polymerization of vinyl monomer. 
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3.2 Full carbon composite 

Graphene is a unique two-dimensional nanomaterial, while carbon nanotube is important one-

dimensional material. Combining the two materials may have unexpected effects. Li et al. [27] 

prepared the mixed yarn of two-wall carbon nanotubes and graphene by after- drawing treatment 

using chemical vapor reaction. First of all, the thick rod carbon nanotubes are formed in horizontal 

reactors by chemical vapor deposition method, and graphene is also generated spontaneously in the 

process of carbon nanotubes. Then the mixed yarn of carbon nanotubes and graphene are then drawn 

from the polymer and twisted into a fiber. The mechanical measurement results show that the yarn 

strength obtained by this method can reach 300 MPa and the conductivity can reach 10
5 S·m

-1
. 

Another method is to grow carbon nanotubes directly on graphene fibers. Cheng et al. [28] first 

obtained graphene fibers doped with Fe3O4 nanoparticles by hydrothermal method, and then used 

chemical vapor deposition method to grow carbon nanotubes on graphene fibers. Although the 

mechanical strength of the hybrid fiber produced by this method is relatively low, it can be used to make 

the electrode of flexible super capacitor for flexible textile. Unlike graphene/carbon nanotube, the 
composite fiber, there is also a nuclear shell structure made entirely of graphene. This fiber is 

made by covering graphene fibers with three-dimensional reticulated graphene [29]. Three-

dimensional graphene structures have many outstanding properties, such as high specific surface 

area, high conductivity and good chemical stability. The high conductivity of the graphene fiber 

as a "core" is well combined with the high specific surface area of the outer 3D graphene, so that 

the fiber can be used as a flexible electrode in the fiber device. 

3.3 Polymer composite 

Previous work has shown that carbon nanotubes enhance the strength of polymer fibers more strongly than 

known materials. Kim et al. [30] combined carbon nanotubes and reduced graphene oxide sheets, 

embedded textile polymer fibers, and obtained high strength composite fiber materials. They 

dispersed various proportions of reduced graphene and single-walled carbon nanotubes into a 

sodium dodecyl benzene sulfonate aqueous solution. They then injected the dispersion into a fluid 

of polyvinyl alcohol (PVA) with a mass fraction of 5 percent which coagulates to form the composite 

fiber. 

Finally, the composite fiber based on PVA was obtained by methanol treatment to improve the 

crystallinity of PVA. Graphene sheets are connected to each other to form a network, makingmechanical 

properties of the fiber very good. Polymer composite fibers have a mass rigidity of 1000 J•g-1, far 

exceeding spider silk (165 J•g-1) and Kevlar silk (78 J•g-1). It was observed from the experiments that 

a partially ordered network of graphene sheets and carbon nanotubes was formed during solution 
spinning. This composite fiber has the characteristics of being able to weave, wear and deform into high 

modulus helical springs. 

The study of graphene and polymer composites has been very common. Adding a small amount 

of graphene nanosheets into the polymer can significantly improve the mechanical strength and 

electrical properties of the material. The planar structure of graphene nanosheets has a large 
interface area, which is conducive to the interaction between graphene and polymers, so they 

can be well combined with polymers. In addition, carboxyl groups and hydroxyl functional groups 

at the scale and edge of graphene oxide nanosheets also play a role in linking  graphene and 

polymer. For example, graphene nanoband/carbon composite fiber spinning can be obtained by 

electrostatic spinning with polyacrylonitrile (PAN) [31]. The directional shear force produced 

in the process of electrostatic spinning and the external electric field force interact with the 

flowing spinning solution. Adding a small amount of graphene nanoribbons can greatly improve 

the mechanical properties of composite fiber spinning.  The production of graphene polymer fibers 

(including PVA[32], polyvinyl acetate (PVAc) [33] and polyacrylic acid (PAA) [34]) by electrostatic 

spinning has been widely reported. 
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4. Special application 

4.1 New functional fiber 

The flexibility of graphene fibers enables it to be woven into a variety of macro self -supporting 
textile fabrics (FIG. 3) [12] or blended into cotton fabrics with good electrical conductivity for 

use in electronic fabrics. At the same time, various special shape devices can be made according 

to the need, such as retractable spring, transparent, conductive composite film and so on. 

Because graphene fibers have good conductivity and high elasticity, they can be used on flexible 

wires. Gao et al. [22] proved that silver doped graphene fibers could stretch 150%. Even with 

electricity, the stretching process does not damage the fabric structure. 

 

FIG. 3 graphene fiber textile fabrics (a), graphene fiber spring (b) and graphene fiber transparent 

conductive film(c)  

4.2 Graphene fiber actuator 

Intelligent materials, which can respond to environmental stimuli quickly and reversibly, and 

have shape control ability, are attracting increasing attention. Graphene-based materials show 

many properties suitable for actuators [35~37]. Compared with carbon fiber, graphene fiber is 

flexible, easy to weave, light in weight and easy to be modified. This makes graphene fibers 

have greater application advantages in non-traditional flexible devices. Recently, a two-layer 
graphene/polypyrrole (PPy) electrochemical fiber actuator has been made [38]. 

It can be used to make tweezers and mesh actuators with multiple arms, and these actuators will have 

great application prospects in biological research and other fields. 

The Qu research team made graphene/graphene oxide (G/GO) asymmetric fibers by laser localization 
and reduction of graphene oxide fibers [39].The G/GO fiber is very sensitive to humidity. Complex, 

controllable and predictable deformation is shown in moist environments. In turn, the G/GO fiber 

can be used to make a conceptual new type of fiber walking robot, which can move between two 

glass slides. In principle, the walking speed of this concept robot can be accelerated by adjusting the 

alternating period of relative humidity and the length of the device. 

4.3 Graphene fiber motor 

In conventional graphene fibers, graphene sheets are often arranged along the fiber direction. 

Spiral graphene fibers are obtained by rotating and processing the newly spun graphene oxide 
fiber hydrogel, as shown in FIG. 4 (a) [40]. Due to the existence of oxygen-containing 

functional groups, the adsorption and desorption of water molecules occur in graphene oxide 

under a certain humidity, causing the reversible expansion and contraction of graphene layers, 

which induces the rotation movement of fiber and becomes the graphene motor.  Therefore, 

when the relative humidity changes alternately, the spiral graphene oxide fiber can undergo 

reversible rotation, as shown in FIG. 4 (b). The maximum rotation speed can reach 5190 r·min
-

1
.This twisted graphene fiber (TGF) can be used as a new humidity switch. The humidity-sensitive 

property of TGF can also be used to make the generator triggered by humidity.  That is, through 

the change of ambient humidity to achieve mechanical movement, and then into electric power. FIG. 4 

(c) shows that when the ambient humidity changes, TGF drives the magnet to rotate and induces 

the current in the copper coil. Although no experimental conditions have been optimized, the 

generator can generate1 mV open-circuit voltage andshort-circuit current of 40 40 μA . 
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The self-driven micro motor has always been concerned by the scientific community. 

Functionalization of hollow graphene fibers can be used to make micro driving motors that move in 

water [13]. For example, metal platinum nanoparticles are modified on the inner wall of hollow fiber. 

Because platinum can catalyze the decomposition of hydrogen peroxide to produce a large amount of 
oxygen, when ejected from the open end, the thrust is produced to make it move rapidly. This 

graphene fiber concept motor will have important application space in liquid phase drive 

systems. 

 

 

FIG. 4 spiral graphene fibers (a) drive magnets to rotate under changing humidity to generate 

electric power (b) and (c) 

 

4.4 Linear dye-sensitized solar cell 

The good mechanical and electrical properties of graphene fiber make it a new electrode 

material. Peng et al. [41] invented a new linear photovoltaic device, which uses graphene/platinum 

composite fiber as the opposite electrode and Ti wire doped with TiO2 nanotubes as the working 

electrode. The high flexibility, high strength and good electrical conductivity of graphene fibers enable the 

maximum energy conversion efficiency of this device to reach 8.45%, far higher than other linear 

photovoltaic devices. 

Using textile technology, these photovoltaic lines can be embedded in clothes, bags and other portable 
items as a new type of automatic power generation device. 

4.5 Graphene fiber supercapacitor 

Graphene is a good electrode material for electrochemical capacitors.  Conventional 

supercapacitors are generally bulky, and efficient, miniaturized supercapacitors are important 

for the development of flexible wearable electronic devices. High conductivity graphene fibers 

are combined with high specific surface area 3D graphene to form a nuclear shell structure, 

which can be used as a new electrochemical fiber supercapacitor electrode [29].When coated with 

H2SO4-PVA gel electrolyte, two interwoven fibers are composed of all-solid fiber 

supercapacitors with good elasticity, which can be made into flexible spring supercapacitors, or 
embedded into textile fabrics for wearable electronic products (FIG. 5). Recently, Gao et al. [42] 

developed a coaxial wet spinning method to directly prepare the fiber structure of polymer 

electrolyte coated graphene/carbon nanotubes. Two strands of the fiber are directly wound to 

form a fiber capacitor with high electrical capacity and energy density. 

 

FIG.5Textile fabrics embedded in graphene fiber capacitor. 
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4.6 Solid phase microextraction adsorbent 

Solid phase microextraction (SPME) is simple in operation and easy to be combined with gas 

chromatography (GC), liquid chromatography, capillary electrophoresis, ion chromatography 

and other separation technologies, so it is widely used in the analysis of trace organic pollutants. 

When used with chromatography, SPME can integrate sampling, separation, enrichment, and 

injection to make the analysis easier. Graphene can be used as a coating in SPME. Chen et al. 

[43] used it to separate and prepare pyrethroid pesticides from environmental water samples. 

Compared with commercial fiber products, graphene not only has high separation efficiency for 
target analytes, but also has great improvement in thermal stability and mechanical stability. Feng 

et al. [44] synthesized graphene fibers for SPME by hydrothermal method, and then analyzed 5 

organochlorine pesticides by combination with gas chromatography/electron capture detector 

(GC/ECD). The results show that compared with conventional fibers, graphene fibers have better 

thermal stability and longer life for higher enrichment factors. Because of the interaction of π-π 

accumulation and hydrophobic effect, graphene fibers are used in capillary gas chromatography 

by direct immersion, which is more efficient than aromatics in the separation of n-alkanes [45]. 

In addition, graphene fibers exhibit excellent durability, can be reused more than 160 times, and 

the separation capacity has not significantly decreased. 

5. Conclusion 

In recent years, many interesting discoveries have been made through large amount of research 

on graphene fibers, and many breakthroughs have been made in the synthesis and application of 

graphene fibers. In particular, the assembly of graphene sheets into macro fibers has promoted the 

development of intelligent systems and devices. Typical applications include fiber actuators, 

robots, motors, photovoltaic cells and supercapacitors. So far, the large-scale production of 

graphene fibers has been mature, which has laid a foundation for the application of graphene 

fibers in future devices. Moreover, many functional methods of in-situ and post-treatment have 

given graphene fibers new functions and properties. 

Compared with carbon fiber, which has been developed for a long time, the research of graphene 
fiber is still in its infancy. There is no systematic theory in this field, and there are still many 

problems to be solved. For example, the mechanical strength and conductivity of graphene fibers 

need to be improved. Currently, the strongest graphene fibers are bionic graphene fibers with 

the strength of only 0.65 GPa. As a new type of fiber, graphene fibers still have less mechanical 

and electrical properties than metal wires and carbon fibers, mainly because graphene sheets are 

stacked relatively loosely in fiber. As a light-weight conductor, graphene fiber has low 
conductivity, and adding metal nanowires to it may be a good way to solve this problem. In 

addition, graphene fibers are composed of graphene or graphene oxide nanosheets. The size, 

defect, shape and chemical composition of these materials are all uncertain, which greatly 

influence the properties of the final graphene fibers. For example, graphene fibers made from 

small sheets of graphene and large sheets of graphene have different mechanical properties.  Most 

of the current studies have focused on new methods for the synthesis of graphene fibers. There 

is a lack of systematic study on the comprehensive factors affecting the fiber performance.  In 

addition, although continuous production of graphene fibers can be realized through wet 

spinning, the actual production of high-quality graphene fibers still requires the joint efforts of 

researchers in various fields. In conclusion, the synthesis of macro graphene fibers from micro 
graphene provides new opportunities for the development of new materials and devices.  With 

further understanding of the graphene assembly process, high-performance graphene fibers will 

emerge in the near future, and their new application will be more than just intelligent electronic 

textile. 
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