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a b s t r a c t

In recent years, a large number of experimental studies have shown that graphene fibers, a new type
of carbon fiber consisting of many monolayers of wrinkled and curved graphene sheets aligned in the
axial direction of the fiber, exhibit high tensile strength and many functionalities. Although much effort
has been devoted to improving their mechanical properties, the underlying deformation mechanism
of graphene fibers under tension still remains unclear. Here, we construct simulation models of
graphene fibers with diameters of 10 and 20 nm using wrinkled graphene sheets with topological
defects, hereafter referred to as graphene ruga sheets, as building blocks via a combination of the
phase field crystal method and atomistic modeling. We then perform a series of large-scale molecular
dynamics simulations of the constructed graphene fibers under uniaxial tension. Our simulation results
revealed that the graphene fibers undergo plastic deformation with stress flow and that their tensile
strength (i.e., the peak stress in the stress–strain curve) and Young’s modulus increase with decreasing
fiber diameter, which is mainly attributed to the decrease in the number of defects with reduced
fiber diameter. Our simulations further revealed that the tensile strength is related to nanocrack
nucleation/initiation from nanovoids or sharp corners between neighboring fused graphene sheets,
while the flow stress is determined by interlayer slipping between neighboring graphene layers.
Furthermore, we investigated the influence of structural continuity on the tensile strength of graphene
fiber. The results showed that the tensile strength increases 1.9-3.5 times with the improvement in
the structural continuity of graphene fibers within the investigated range. Our simulations provide
mechanistic insights into the deformation mechanism of graphene fibers, which may be used to guide
their design and fabrication.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Graphene fiber has emerged in recent years as a new type
of carbon fiber with excellent mechanical properties and many
functionalities. As a three-dimensional assembly of monolayer
graphene, graphene fiber consists of many axially aligned, curved
monolayer graphene sheets [1]. Due to its unique microstruc-
ture, graphene fiber exhibits superior mechanical, thermal and
electrical properties, such as a high tensile strength and an ex-
cellent thermal and electrical conductivity [2–6], and thus has
a wide range of potential applications in micro-/nanodevices,
lightweight wires or cables, and wearable flexible devices [1].
Existing studies on graphene fibers have mainly focused on their
fabrication, structural characterization and mechanical testing [1–
9]. Macroscopic neat graphene oxide (GO) fibers and auspicated
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chemically reduced graphene fibers were first prepared by wet-
spinning graphene liquid crystals [7]. These fibers are composed
of a mass of curved GO or graphene sheets (with size around hun-
dreds of nanometers) neatly arranged along the axial direction
of the fiber. Tension tests showed that both GO and graphene
fibers exhibit brittle fracture, with moduli of 5.4–7.7 GPa, tensile
strengths of 100–140 MPa and fracture strains of 6%–7% [7].
Subsequently, stronger graphene fibers were successfully fab-
ricated by wet-spinning giant GO liquid crystals, followed by
wet-drawing and ion-cross-linking [9], achieving a modulus of
11.2 GPa, a tensile strength of 500 MPa, and fracture strain of
∼7% [9]. More optimized graphene fibers were recently fabricated
by performing thermal annealing after wet-spinning [2]. Such
optimized fibers contain both large (approximately 23 µm) and
small (approximately 0.8 µm) reduced GO sheets [2], where large
reduced GO sheets are neatly arranged along the axial direction
of the fiber, while small reduced GO sheets randomly orient
and fill in gaps among the large reduced GO sheets [2]. This
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unique microstructure enables the optimized graphene fiber to
achieve modulus reaching 135 GPa, tensile strength up to 1.08
GPa, and fracture strain around 1.4% [2]. Furthermore, to improve
the fracture resistance of graphene fiber, multiple reduced GO
fibers can be twisted into a twisted hollow yarn that is stable.
These twisted yarns have fracture energy of 43.6 J/m3, which is
3–6 times higher than those of single reduced GO fibers [8], and
tensile strength that can be controlled by adjusting the bias angle
of individual constituent fibers [8].

So far, most existing studies [2–9] have mainly focused on
the fabrication and characterization of microstructures and me-
chanical properties (including Young’s modulus, tensile strength,
and fracture strain or energy) of graphene fibers. However, the
underlying deformation mechanisms that lead to these properties
remain largely unclear. Moreover, the mechanical properties of
graphene fibers are strongly influenced by the structural conti-
nuity of the constituent graphene sheets, and understanding how
this occurs is of great interest.

In this paper, we first construct simulation samples of
graphene fibers consisting of neatly arranged wrinkled graphene
sheets with topological defects, referred to as graphene ruga
sheets (GRSs), and then perform a series of large-scale molec-
ular dynamics (MD) simulations of these graphene fibers under
uniaxial tension. Our atomistic simulations not only show typical
deformation features of graphene fibers under uniaxial tension
but also reveal underlying deformation mechanisms. We fur-
ther investigate the influence of structural continuity on the
mechanical properties (especially tensile strength) of graphene
fibers.

2. Methods

We construct atomic configurations of graphene fibers and
then perform large-scale MD simulations for their uniaxial ten-
sion using the large-scale atomic/molecular massively parallel
simulator (LAMMPS) [10]. The interatomic interactions are de-
scribed by the adaptive intermolecular reactive empirical bond
order (AIREBO) potential, which includes the bonded and non-
bonded interactions (i.e., van der Waals interactions) between
carbon atoms [11]. We use the software OVITO [12] to visualize
the results of the MD simulations.

2.1. Construction of graphene fibers

According to typical microstructures of experimental samples,
we first construct the full-atom configuration of graphene fibers.
The graphene fibers used in experiments were composed of many
curved graphene sheets neatly arranged along the axial direction
of the fiber [1,9]. Scanning electron microscopy (SEM) images
have shown that individual graphene sheets in graphene fibers
have a wrinkled surface [9]. Based on the structural features of
experimental samples, we constructed simulation samples with
atomic structures similar to those of experimental samples [9]
by using GRSs [13] as a building block, which are generated
by using a combination of the phase field crystal (PFC) method
and atomistic modeling [13]. The GRS structure is obtained by
introducing selected topological defects in a graphene sheet, as
shown in Fig. 1a. The PFC is first applied on a targeted ruga surface
(top picture in Fig. 1a) to evolve a triangular pattern of continuum
density waves to a minimum energy state (bottom picture in
Fig. 1a). The obtained triangular pattern is then converted to a
discrete triangular lattice by identifying the wave crests as nodes.
Next, using Voronoi construction, the triangular lattice is trans-
formed into a full-atom GRS structure, which is then equilibrated
for 10 ps at a finite temperature via MD simulation. During equili-
bration, an isothermal–isobaric (NPT) ensemble is used to ensure

a constant temperature of 300 K and zero pressure along the
two in-plane directions of the graphene (Fig. 1b and c). Finally, a
thermally stable GRS structure with in-plane dimensions (i.e., xG-
yG in Fig. 1b) of 7 × 10 nm2 is generated, as shown in Fig. 1b–d,
where wrinkles are stabilized by the presence of disclination
defects (e.g., pentagons and heptagons). The maximum amplitude
of the wrinkle in the out-of-plane direction is up to 0.8 nm
(i.e., zG in Fig. 1b) due to the presence of the disclinations [14,15].
A larger GRS with dimensions of 7 × 20 nm2 is generated by
doubling the GRS in Fig. 1b along the yG axis, where a few
randomly distributed nanovoids with diameters of 1.4 nm are
introduced by removing some atoms. In the GRSs we constructed,
the topological defects mainly include the disclination defects,
i.e. pentagons and heptagons. As shown in Fig. 1b and c, some
pairs of pentagon and heptagon line up to form a grain boundary.
It indicates that the GRSs we constructed are polycrystalline. The
lengths of grain boundaries (i.e. chain of dislocations) are about
4–10 nm. If we define the number of disclination in per unit area
as the defect density, the defect density of GRS we constructed is
about 0.86 nm−2.

Fig. 1e shows a schematic illustration of the construction pro-
cess of graphene fibers using tens of GRS structures. First, some
GRSs are placed in a simulation box with dimensions of 20 × 20
× 20 nm3. The length direction of GRS is aligned in parallel to the
z axis of the simulation box, and its normal direction is randomly
oriented in the x-y plane of the box, as illustrated by Fig. 1e. The
entire system is then equilibrated via dynamic relaxation at 300
K for 50 ps under an NPT ensemble. During equilibration, periodic
boundary condition is imposed in the z axis. After equilibration,
the simulation system is squeezed by shrinking a constraining
cylindrical surface that surrounds the system and is parallel to
the z axis. The strain rate of squeezing is up to 109 s−1. During
squeezing, a canonical (NVT) ensemble is used to ensure a con-
stant temperature of 300 K. The squeezing is terminated when
the in-plane diameter of the simulated system reaches 10 nm.
After squeezing, a melting-and-quenching process is applied to
the simulation system. Throughout this process, the volume of the
simulated system is kept constant by fixing both the diameter of
the cylindrical confinement and the dimension of the simulation
box in the z axis. During this process, the temperature is first
increased from 300 K to 1200 K within 50 ps, then kept at 1200 K
for 200 ps, and finally decreased to 300 K within 50 ps. This pro-
cess is used to accelerate the fusion of defective graphene sheets,
which involves the formation of new sp2 or sp3 bonds between
atoms with dangling bonds on the edges of GRSs or nanovoids.
Notably, the fusion location between neighboring GRSs can act
as the sites for crack nucleation due to the stress concentration,
as indicated by the subsequent simulations of uniaxial tension
of graphene fibers. After the melting-and-quenching process, the
cylindrical confinement is removed, and the simulation system is
relaxed at 300 K for 200 ps under an NPT ensemble to ensure zero
pressure along the z axis. The right picture in Fig. 1f shows the
atomic configuration of a typical constructed graphene fiber with
a diameter (D) of 10 nm and length (L) of 20 nm. The density
of this graphene fiber is approximately 1.36 g cm−3, which is
close to those (approximately 1.0–1.4 g cm−3) of experimental
samples [1,2]. In the constructed graphene fibers, the typical
spacings between adjacent graphene layers are about 0.34 nm,
which is close to the equilibrium interlayer spacing given by the
Van der Waals interaction function used in the AIREBO potential.
Previous experimental observations [2–8] have shown that the
graphene sheets of experimental graphene fibers are significantly
winkled, which is an important microstructural feature associated
with mechanical properties of graphene fibers. Such wrinkling is
generated due to presence of complicated topological defects (es-
pecially disclination defects). To mimic such wrinkled feature of
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Fig. 1. (a) Geometric model of a ruga surface (top) and a continuous triangular pattern of density waves on the ruga (bottom). (b,c,d) Atomic configurations of
typical GRS in different views. The colors in (b,c) and (d) represent the potential energy and out-of-plane coordinates (i.e., along the zG direction) of the atom,
respectively. The yellow lines are used to indicate the misorientation between neighboring grains. (e) Schematic illustration of the construction process of a graphene
fiber consisting of GRSs. (f) Atomic configurations of typical constructed graphene fibers. The colors in the left and right pictures represent the layer number of the
constituent GRS and the potential energy of the atom. (For interpretation of the references to color in this figure legend, the reader is referred to the web version
of this article.)

Fig. 2. (a–c) Top and front views of the atomic configurations of three graphene fibers with D = 10 nm and FsG = 1, ∼0.5 and 0, respectively. (d–e) Top and front
views of the atomic configurations of three graphene fibers with D = 20 nm and FsG = 1, 0.5 and 0, respectively.

experimental samples, we used the GRSs with disclination defects
instead of flat graphene sheets without ruga structures to con-
struct the simulated samples. The disclination defects can induce

the wrinkling of graphene sheets and reduce their moduli [14,15].
During construction, the density and distribution of disclination
defects are controlled to adjust the amplitude of wrinkles. Fig. 1f
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Fig. 3. (a,b) Uniaxial tensile stress–strain curves of graphene fibers with D = 10 nm and D = 20 nm, respectively.

shows that the constructed graphene fiber has a wrinkled surface
with an asperity amplitude of 0.6–0.9 nm. The ratio of the fiber
diameter to wrinkle amplitude of the constructed samples is close
to those of experimental samples [9].

In the constructed graphene fibers, all the constituent GRSs are
continuous along the z axis (i.e., tensile direction in subsequent
tension simulations). The mechanical properties of a graphene
fiber are determined by its structural continuity (i.e., the con-
tinuity of individual constituent graphene sheets along the ten-
sile direction). In our simulations, we can control the structural
continuity of a constructed graphene fiber by severing some con-
stituent GRSs in the fiber. The severing is achieved by randomly
removing a small strip of atoms in the horizontal plane of a
selected GRS (i.e., x-y plane). Here, we define FsG as the fraction of
nonsevered GRSs in a graphene fiber to characterize its structural
continuity. For example, for a graphene fiber containing 13 GRSs
(which are continuous along the z axis), if 0, 7 and 13 GRSs are
severed, then FsG = 1, ∼0.5 and 0, respectively. The top and
front views of three graphene fibers with FsG = 1, ∼0.5, and
0 are shown in Fig. 2a, b and c, respectively. Fig. 2d, e and f
show the atomic configurations of graphene fibers with D =

20 nm and FsG = 1, 0.5 and 0, respectively. These graphene
fibers consist of 22 GRSs with dimensions of 14 × 40 nm2 and
wrinkling amplitude of 1.6 nm. The diameter of voids introduced
in these GRSs is up to 2.8 nm. As a result, the density of the
graphene fibers with D = 20 nm is approximately 1.0 g cm−3. It is
noted that introduction of nanovoids in simulated graphene fiber
is used to mimic the real experimental samples which contain
some voids of size of 3–5 µm due to the chemical and physical
processing during fabrication [4]. The size of nanovoids is set as
1.4 and 2.8 nm for simulated fibers with diameters of 10 and
20 nm, respectively, in order to ensure the density of simulated
samples to be close to that of experimental samples.

2.2. Simulations on uniaxial tension

We perform a series of MD simulations on uniaxial tension
of all the constructed graphene fibers with D = 10 and 20 nm.
During the simulations, the graphene fibers are stretched along
the axial direction of the fiber at a constant strain rate of 5 × 108

s−1 under an NVT ensemble. The temperature is kept at a constant
300 K, and the periodic boundary condition is imposed in the
axial direction of the fiber. During the simulations, the stress
components of each atom are calculated via the Virial theorem.
The tensile stress of the entire fiber is obtained by averaging the
axial stresses of all the atoms.

3. Results and discussion

3.1. Stress–strain curves and mechanical properties

Fig. 3a–b present the uniaxial tensile stress–strain curves from
MD simulations for graphene fibers with D = 10 and 20 nm,
respectively. The results show that all the simulated fibers first
undergo a linear elastic deformation. After the elastic deforma-
tion, the stress fluctuates slightly as the applied strain increases.
After the stress reaches a peak, it suddenly drops to a lower
level and then exhibits a flow trend. These deformation fea-
tures indicate that the simulated graphene fibers can undergo
plastic deformation, which is different from previous experi-
mental observations [1,2,9] where the graphene fibers fail via
brittle fracturing after elastic deformation. The reason for this
difference may be that the experimental samples have more
defects or flaws, so more microcracks can initiate from these
defects or flaws and then rapidly propagate after the elastic
stage, leading to brittle fracture of the entire fiber. We fur-
ther explain such differences in deformation features between
the simulated and experimental samples when discussing the
deformation mechanisms in the next section.

By fitting the slope of the linear elastic regime in the stress–
strain curve, we obtained the Young’s modulus of the graphene
fiber. We used the peak stress in the stress–strain curve as the
tensile strength of the graphene fiber. Table 1 summarizes the
moduli and tensile strengths of simulated samples with different
diameters and FsG values. The modulus of the simulated fiber
varies from 37 to 285 GPa, which is much higher than that (5.4–
11.2 GPa) of most recently studied experimental fibers [1,7,9]
but comparable to that (∼135 GPa) of optimized experimental
fibers [2]. The tensile strength of the simulated fiber ranges
from 2.1 to 14 GPa, which is higher than that (0.5–1.08 GPa)
of experimental fibers. The higher moduli and strengths of the
simulated samples imply that the simulated fibers are more ideal
and have fewer defects and flaws than the experimental samples.
The higher strengths of the simulated samples are also partly
related to the ultrahigh strain rate used in the MD simulations,
which is several orders of magnitude higher than that used in
experiments. It is seen from Table 1 that for a given diameter,
as the structural continuity decreases (i.e., FsG decreases), both
the modulus and strength of the simulated fiber decrease signifi-
cantly. This is easily explained by the fact that with the reduction
in structural continuity, the number of continuous GRSs that can
bear applied loading in the fiber decreases. It is noted that for
the simulated samples with D = 20 nm, the Young’s modulus of
sample with FsG = 0.5 is slightly higher than that of sample with
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Table 1
Young’s moduli and tensile strengths of the simulated fibers with different
diameters and FsG values.
FsG Young’s modulus (GPa) Tensile strength (GPa)

D = 10 nm D = 20 nm D = 10 nm D = 20 nm

1 285 62 14.0 4.2
0.5 200 70 10.2 3.8
0 74 37 4.0 2.1

FsG = 1. The reason is that the density (1.01 g cm−3) of sample
with D = 20 nm and FsG = 0.5 is just slightly larger than that
(0.90 g cm−3) of sample with D = 20 nm and FsG = 1.

3.2. Deformation mechanisms

Fig. 4a–e capture a sequence of snapshots of stretched
graphene fibers with D = 10 nm and FsG = 1 at different
tensile strains which are labeled in Fig. 3a. In the initial elastic
stage, the wrinkled GRSs become flat due to stretching (Fig. 4a).
As the applied tensile strain increases, multiple nanoscale cracks
initiate/nucleate from the edges of preexisting nanovoids due to
stress concentration and rapidly propagate along a direction per-
pendicular to the stretch direction, leading to abrupt fracturing
of the GRSs (Fig. 4b and c). Such failure events give rise to a large
stress drop at a tensile strain of approximately 6.2%, as evidenced
by Fig. 3a. A similar phenomenon is observed in all the simulated
fibers. It is noted that when the nanocracks nucleate, the stress
simultaneously reaches its peak value along the stress–strain
curve. Therefore, the peak stress (i.e., tensile strength mentioned
above) signals crack initiation/nucleation. In all our MD simula-
tions, the strains for crack initiation/nucleation are in the range
from ∼5% to 9%, which are close to the fracture strains (∼1.4%–
7%) of experimental samples [2,9]. After some constituent GRSs
fracture, interlayer slipping/shear occurs between neighboring
GRSs (Fig. 4d and e). Although the interaction between neigh-
boring GRSs is relatively weak, interlayer slipping/shear becomes
the main mechanism for bearing the applied loading of graphene
fiber after most of the GRSs fracture. As a result, the stress does
not drop to zero but fluctuates along a plateau, exhibiting a stress
flow, as shown in Fig. 3a and b. This indicates that the simulated
fibers can undergo a certain plastic deformation due to interlayer
slipping/shear, which is distinct from the typical brittle fracture
of experimental fibers after elastic deformation [1,2,9]. At the
stress flow stage, a few nanocracks propagate by coalescing with
some defects (such as vacancies, disclinations and dislocations)
ahead of the crack tip (Fig. 4e). For the simulated fiber with D =

20 nm, nanocracks also nucleate from the edge of the nanovoids.
However, during propagation, these cracks interact with some
distributed dislocations, leading to the formation of single-atom
chains along the crack propagation paths, indicating crack bridg-
ing at the atomic scale. This phenomenon has also been reported
in previous MD simulations of crack propagation in individual
GRSs [13]. This atomic-scale crack bridging is attributed to the
influence of the uniform stress field induced by the distributed
dislocations on the crack propagation [13]. Such a mechanism can
contribute to the stress flow and the enhanced fracture energy of
graphene fibers.

Fig. 5a and b show snapshots of stretched graphene fibers with
D = 10 nm and FsG = 0 (meaning that all constituent GRSs
are discontinuous and severed) at 5.9% and 8.6% strain, respec-
tively. During sample construction, the discontinuous GRSs might
fuse with neighboring GRSs during the melting-and-annealing
process, leading to the formation of sharp corners (Fig. 5a),
where nanocracks can nucleate during stretching. A similar phe-
nomenon is seen during extension of the fiber with D = 20 nm

Fig. 4. (a–c) A sequence of snapshots of stretched graphene fiber with D =

10 nm and FsG = 1 at different strains. The nanocracks nucleate from the stress
concentration sites around nanovoids and then rapidly propagate, as indicated by
arrows labeled by numbers. (d–e) Snapshots of stretched graphene fiber with
D = 10 nm and FsG = 1 at 10.3% and 15.0% strain, respectively, indicating
interlayer slipping/shear between neighboring GRSs at the stress flow stage. The
yellow arrows indicate the slipping direction of the GRSs. (f–g) Snapshots of
stretched graphene fiber with D = 20 nm and FsG = 1 at 7.0% and 9.7% tensile
strain, indicating crack nucleation and atomic bridging during crack propagation.
The colors in all these figures represent the potential energy of the atom. (For
interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

and FsG = 0, as evidenced by Fig. 5c and d. It is noted that in
the fibers with FsG = 0, all the constituent GRSs are discon-
tinuous and severed. In this case, the interlayer slipping/shear
between neighboring GRSs dominates the plastic deformation of
the graphene fiber. As a result, there is no apparent stress drop in
the stress–strain curves, and the peak stress is close to the flow
stress (i.e. the stress level at the flow stage), as shown in Fig. 3a
and b.

Our MD simulations showed that the tensile strength of
graphene fiber is related to nanocrack nucleation/initiation in
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Fig. 5. (a,b) Snapshots of stretched graphene fiber with D = 10 nm and FsG = 0 at 5.9% and 8.6% strain, respectively. (c,d) Snapshots of stretched graphene fiber
with D = 20 nm and FsG = 0 at 7.2% and 12.0% strain, respectively. These pictures indicate crack nucleation from the fusion location between neighboring GRSs and
interlayer slipping/shear. The white arrows indicate the slipping direction of the GRSs. The colors in all these figures represent the potential energy of the atom.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. (a,b) Young’s modulus and tensile strength versus graphene fiber di-
ameter. Data from our simulations and previous experiments [7,8,16–24] are
included. As the diameter of the graphene fiber decreases, both the Young’s
modulus and tensile strength increase significantly.

the constituent GRSs. Notably, the nanocracks mainly nucle-
ate/initiate from the edges of the nanovoids or the sharp corners
of neighboring fused GRSs. Therefore, if the nanovoids and sharp
corners related flaws can be reduced in the experimental fibers,
then the tensile strength of the fiber can be enhanced signif-
icantly. Furthermore, in our simulated samples, the interaction
between neighboring constituent GRSs is mainly via the van der
Waals force, which contributes to a high stress level of approxi-
mately 2 GPa at the flow stage. As the van der Waals interaction
is much weaker than covalent bonding, it can be speculated
that similar to other 3D assemblies of graphene (such as carbon
fibers [25] and pyrolytic carbon micropillars [26]), introducing
strong covalent cross-links or bonds between neighboring con-
stituent GRSs could significantly improve the tensile strength of
graphene fibers.

3.3. Size dependences of Young’s modulus and tensile strength

Fig. 6a and b present the variations in Young’s modulus and
tensile strength of graphene fibers with the fiber diameter, re-
spectively. The data included in Fig. 6a–b are from our MD simu-
lations and previous experiments [7,8,16–24]. In the experimen-
tal data, both the Young’s modulus and tensile strength generally
increase with decreasing diameter. Our simulations also show the
same trend, i.e., the fiber with D = 10 nm has a higher Young’s
modulus and tensile strength than the one with D = 20 nm
(see Table 1). Such size dependences can be attributed to the
concentration and size of defects or flaws in the simulated fibers.
It is easily understood that larger samples with more defects or
flaws facilitate crack nucleation and hence have lower tensile
strength. At the same time, the presence of more defects or flaws
results in a decrease in Young’s modulus. Therefore, the reduction
in defect size and concentration contributes to enhanced Young’s
modulus and tensile strength. Furthermore, it is noted that the
simulated fiber with D = 10 nm is more compact and has a
higher density than the one with D = 20 nm. This suggests that
improving the compactness and density of graphene fibers may
facilitate further improvement in their tensile strength.

4. Conclusions

In summary, we constructed full-atom graphene fibers with
microstructures similar to those of experimental samples by us-
ing GRSs as building blocks. These constructed fibers consist of
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wrinkled and curved GRSs neatly arranged parallel to the axial
direction of the fiber. We further performed a series of large-scale
MD simulations of the constructed fibers under uniaxial ten-
sion. Our simulation results revealed that during stretching, the
nanocracks nucleate/initiate from the nanovoids or sharp corners
between neighboring fused GRSs, which determines the tensile
strength of the graphene fiber. At the stress flow stage, interlayer
slipping/shear becomes a dominant deformation mechanism. Our
simulations also showed that the Young’s modulus and tensile
strength of graphene fiber are significantly dependent on the
structural continuity and defect size and concentration. Our study
not only sheds light on the fundamental deformation mechanisms
of graphene fibers but may also provide guidance for the design
and synthesis of high-performance graphene fibers.
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