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Large-Area Flexible Core–Shell Graphene/Porous Carbon 
Woven Fabric Films for Fiber Supercapacitor Electrodes
 New porous materials are of great importance in many technological applica-
tions. Here, the direct synthesis of multi-layer graphene and porous carbon 
woven composite fi lms by chemical vapor deposition on Ni gauze templates 
is reported. The composite fi lms integrate the dual advantages of graphene 
and porous carbon, having not only the excellent electrical properties and 
fl exibility of graphene but also the porous characteristics of amorphous 
carbon. The multi-layer graphene/porous carbon woven fabric fi lm creates a 
new platform for a variety of applications, such as fi ber supercapacitors. The 
designed composite fi lm has a capacitance of 20  μ F/cm 2 , which is close to 
the theoretical value and a device areal capacitance of 44 mF/cm 2 . 
  1. Introduction 

 Carbon is a fascinating material that can be found in various 
forms, including fullerenes, carbon nanotubes (CNTs), gra-
phene, diamond, and in an amorphous phase. These forms 
of carbon essentially correspond to different ways of forming 
a bond between carbon atoms (sp 2  and sp 3 ). Carbon materials 
can also form tubes, fi lms, and porous materials, demon-
strating the diversity of macrostructures that can be achieved. 
Different forms of carbon materials have different functions. 
Graphene, a two-dimensional (2D) form of carbon with atoms 
arranged in a honeycomb lattice, has received great interest 
since the discovery of its unique electrical, optical, and other 
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properties. [  1–4  ]  Graphene can be stacked 
to form graphite or rolled into cylindrical 
graphene tubes. [  5  ,  6  ]  Although many of the 
properties of multi-layer graphene (MLG) 
are not better than those of graphene, 
MLG exhibits unique advantages in con-
ductivity. Moreover, MLG can be more 
conveniently processed in macroscale 
applications due to its higher strength. [  7  ,  8  ]  
Products composed of porous amorphous 
carbon, a common carbon material, can 
be highly controlled by changing their 
synthesis conditions. This allows for a 
wide range of applications, from selective 
sorbents to electrical energy storage. [  9–11  ]  
Hybrid structures of different carbon materials further extend 
the diversity of carbon-based macrostructures with combined 
properties inherited from the constituent structures. [  12  ,  13  ]  
For example, graphene adsorbed on the surface of diamond 
behaves as a semiconductor with a fi nite gap, depending on 
the adsorption parameters, with the added advantage of main-
taining the main characteristics of the linear band dispersion 
of graphene. [  14  ]  Composite fi lms made from graphene and 
CNTs possessed high transparencies and electrical conductivi-
ties, showing excellent potential as a transparent electrodes. [  15  ]  
Solar cells assembled and processed using CNTs and fuller-
enes represent a new type of all-carbon-composite photovoltaic 
device. [  16  ]  

 In this work, we report a new form of carbon-based hybrid 
structure composed of MLG and porous carbon (PC). The 
composite fi lms were directly synthesized by chemical vapor 
deposition (CVD) on Ni gauze templates. [  17–19  ]  The MLG/PC 
core–shell structures were uniform and continuous, with mac-
roscale dimensions on the order of centimeters, which were 
only limited by the size of the Ni gauze templates. The MLG 
component was in the form of micrometer-sized tube, which 
was conformally grown and coated on a Ni wire. The PC com-
ponent was an amorphous phase distributed throughout the 
MLG tubes. The characteristics of both MLG and PC have been 
retained in the hybrid fi lms. By adjusting the formulation and 
processing conditions, we could control the pore size distribu-
tion, density and purity of the carbon. The two-dimensionality, 
excellent conductivity, porous characteristics, high strength and 
semi-transparency made the hybrid fi lms ideal materials for 
many applications. Electrochemical measurements indicated 
that the N-doped composite fi lm exhibited enhanced capacitive 
im Adv. Funct. Mater. 2013, 23, 4862–4869
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performance comparing with the pristine fi lm, which was 
ascribed to the pseudocapacitive effect of the N-doping. The 
designed composite fi lm had a capacitance of 20  μ F/cm 2  which 
was close to the theoretical value [  20  ]  and a device areal capaci-
tance of 44 mF/cm 2 . Our results suggest that the use of these 
novel MLG/PC composite fi lms may lead to a new line of port-
able and wearable nano-devices.   

 2. Characterizations of MLG/PC Woven Fabric 
Composites  

 2.1. Synthesis and Post-Treatment 

 There have been a number of reports on the CVD growth of 
graphene on metal substrates, such as Ni, Cu, [  21  ]  Pt, [  22  ]  Ir, [  23  ]  
and Ru, [  24  ]  Among the various metals investigated, Ni has 
potential for industrial applications because it is relatively inex-
pensive and has been proven to be a good CVD substrate. The 
CVD process occurred at high temperature, and carbon had a 
signifi cant solubility in Ni. The diffusion of C in Ni was high; 
therefore, upon cooling, MLG precipitated out. In this work, by 
tuning methane feeding rates and reaction times, the forma-
tion of MLG could be well controlled. The process schematic 
and resulting MLG/PC woven structures are shown in  Figure    1   
(see the Experimental Section for details). The general proce-
dure was to prepare MLG on nickel mesh, etch the nickel wires 
to form a carbon hybrid of MLG and PC, oxidize the hybrid 
with acids to produce tree like structure (Figure  1 a). By using 
different types of woven Ni gauzes as templates, MLG/PC of 
different confi gurations grown from CVD retained the network 
structure of the Ni mesh. By tuning the methane feeding rate 
and reaction time of the CVD process, the graphene layer thick-
ness and PC capacity could be tuned, yielding a wide range of 
porosity. The MLG/PC fi lm could be easily transferred from 
one liquid surface to another using glass rollers. Figure  1 b 
shows a typical freestanding sample after being etched for 5 h 
© 2013 WILEY-VCH Verlag G

     Figure  1 .     Fabricating MLG/PC woven fabrics using nickel wire meshes as s
matic of steps for MLG/PC preparation. Bottom plane shows correspond
views of a core–shell structure. B) Optical image of a 10-cm wide MLG/PC fi
of MLG/PC woven fabrics treated by acids.  
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in FeCl 3 /HCl solution (1 M FeCl 3 , 0.5 M HCl). The fi lm could 
be taken out from the solution, revealing that it is of good struc-
tural integrity. This fi lm has a low sheet resistance of less than 
10  Ω /sq. Floating the composite fi lm onto concentrated acids 
(H 2 O 2 , HNO 3  or H 2 SO 4 ) resulted in dissociation of MLG layers 
on the PC surface. In comparison to the starting material, the 
hybrid showed tree-like structure. Figure  1 c shows a series of 
scanning electron microscopy (SEM) images of MLG/PC sam-
ples left in acid for differing periods of time. After etching for 
 ≈ 5–10 min, the graphene leaves were completely lifted up. In 
nitric and sulfuric acids, the MLG/PC samples could remain 
stable for days.    

 2.2. Microstructural Characterizations 

 As shown in the SEM images (Figure  1 c and  Figure    2  a), the 
MLG/PC fi lm consists of two typical structures. When a small 
amount of carbon source feed plus a shorter cooling time was 
employed, the MLG shell thus produced was composed of only 
a few layers, and most carbon species were concentrated in 
the PC core. Due to the high fl exibility of the MLG shell, the 
fi lm collapsed on the PC core. When a large amount of carbon 
source feed as well as a longer cooling time was employed, 
more carbon species precipitated out from Ni, resulting in 
thick MLG shells. Even after etching, the MLG was still able to 
maintain the morphology of the original nickel mesh due to its 
high strength. If the nickel mesh with the MLG shell on it was 
polished before the etching process, the PC core could be 
exposed after etching (Figure  2 b,c). The composite fi lm exhib-
ited the characteristics of both the MLG shell and PC core. The 
thinner walls of MLG would provide a larger specifi c surface 
area and voids for high-performance supercapacitor electrodes. 
The thick walls of MLG would provide a better skeleton struc-
ture to be fi lled with functional materials. The products could be 
tailored by controlling the reaction conditions. The PC retained 
the structure of the original solid solution [  25  ]  because carbon 
rearrangement occurred only by diffusion along the nickel/
mbH & Co. KGaA, Weinh

ubstrates. A) Sche-
ing cross-sectional 

 lm. C) SEM images 
acid interface, and did not involve nuclea-
tion of new grains. The MLG leaves and PC 
structures were observed with the transmis-
sion electron microscopy (TEM). Figure  2 d,e 
show high-resolution TEM images in which 
nanopores are clearly apparent, indicative of 
the 3D porous network. Selected-area elec-
tron diffraction patterns confi rmed the entire 
material is amorphous or polycrystalline.  

 To further investigate the structural fea-
ture of the MLG/PC composite fi lms, the 
materials were further characterized by 
Raman spectroscopy. [  26  ,  27  ]  The representa-
tive Raman spectra of graphene and PC 
are presented in Figure  2 f. The MLG spec-
trum shows the characteristics of the typical 
multilayer graphite. Two Raman scattering 
bands are clearly observed. The peak at 
1580 cm  − 1  (G band) corresponds to crystal-
line sp 2  hybridization and the broad peak at 
2725 cm  − 1  (2D band) is the typical peak for 
4863wileyonlinelibrary.comeim
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     Figure  2 .     Microstructural characterizations of the MLG/PC core–shell composites. A–E) SEM 
and TEM images, showing the hierarchal pore structure. Inset of (C) shows the electron dif-
fraction pattern of the PC core. F) Raman spectra of graphene and PC. G) TGA profi les of the 
composite fi lm tested in air and argon.  
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graphite. There is no obvious D band, implying highly crystal-
line structure of the MLG shell. Similarly, three Raman scat-
tering bands are observed in the PC core. The peak at approx-
imately 1379 cm  − 1  (D band) is considered to represent a dis-
ordered structure and is commonly present in the range of 
1297–1479 cm  − 1 . The intensity of the D band characterizes the 
PC core’s degree of deviation from perfect symmetry. Moreover, 
the G band at 1580 cm  − 1  and the second-order overtone of the 
D band, i.e., the broad 2D band (2711 cm  − 1 ), corresponding to 
4 wileyonlinelibrary.com © 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Wein
crystalline graphite, suggest that the PC core 
is composed mainly of an amorphous phase 
and graphite particles. 

 X-ray diffraction (XRD) analysis is a fun-
damental technique for studying carbon 
stacking structures. [  28  ,  29  ]  The crystallinity 
and structure of the composite fi lms were 
analyzed by XRD, and the corresponding 
diffraction profi les for the MLG shell and 
PC core are shown in Figure S1 (Supporting 
Information). Both of them have a dominant 
sharp peak at 26.6 °  (MLG) and 26.2 °  (PC), 
corresponding to the (002) plane of graphite. 
The (002) peak for the PC core is dramati-
cally broadened and shows a remarkably 
reduced intensity. These results confi rm that 
the MLG shell is composed of predominantly 
layered carbon, and the PC core contains 
a signifi cant amount of highly disordered 
material, amorphous carbon, which is also 
responsible for the background intensity of 
the diffraction. The strong decrease in the 
(002) peak is clear and an apparent increase 
in the peak band is also noted, which is con-
sistent with the presence of a high density of 
pores. These results are in good agreement 
with the observations made by TEM.  

Figure  2 g shows the results of ther-
mogravimetric analysis (TGA) under an 
ambient and an argon atmosphere. [  30  ]  The 
results obtained in air clearly show two 
weight-loss processes due to the different 
heat resistances of the MLG shell and PC 
core. The fi rst pronounced weight loss at 
between  ≈ 250–450  ° C is associated with 
the PC core, corresponding to a weight loss 
of  ≈ 50–70%. The next step, in the range of 
 ≈ 600–750  ° C, is due to the oxidization of the 
MLG shell. The composite fi lm shows good 
thermal stability in argon. The TGA results 
show that the as-prepared composite fi lm 
experiences a weight loss of less than 10% 
at temperatures up to 900  ° C in argon. Fur-
thermore, after high-temperature treatment, 
the composite fi lm is still able to maintain a 
good three-dimensional structure, which is 
advantageous for use as a support structure 
for material fi lling.   
 2.3. Porous Structure Evaluation 

 SEM images of the PC core are shown in  Figure    3  a–c to pro-
vide further information regarding the core’s porous structure. 
As the etching process proceeded, the carbon species in solid 
solution were slowly separated out from Ni and formed a PC 
core with many folds on the surface. The inside and outside 
of the PC core were rich in nanoscale holes. The nitrogen 
adsorption/desorption isotherms of the as-prepared composite 
heim Adv. Funct. Mater. 2013, 23, 4862–4869
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     Figure  3 .     A–C) SEM images showing the MLG layers and PC cores. D) Nitrogen adsorption/desorption isotherms and E) corresponding pore-size 
distribution of a typical MLG/PC sample.  
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fi lm (Figure  3 d) shows a typical type-I isotherm. It is clear that 
the degree of adsorption increases rapidly at low relative pres-
sure in the adsorption line, implying the existence of a large 
amount of micropores. As the relative pressure increases, the 
adsorption capacity of the sample continues to increase, sug-
gesting the presence of mesopores in the sample. The adsorp-
tion isotherms and desorption isotherms do not completely 
overlap. The hysteresis loop between the adsorption and des-
orption branches implies the existence of a small amount of 
macropores. The specifi c surface area of the samples was meas-
ured to be  ≈ 688 m 2 /g, with a total pore volume of 435 m 3 /g. In 
addition, the pore size distribution of the sample reveals that 
the pore size is mainly in the mesoporous range and the mean 
pore size of the sample is in the range of  ≈ 2–3 nm (Figure  3 e). 
Considering the fact that the effective radii of most salt ions are 
in the range of  ≈ 0.5–1.5 nm, the average pore size of the com-
posite fi lm favors the formation of an electrical double-layer of 
target ions. [  31  ]     

 2.4. Nitrogen Doping 

 Many previous studies have used nitrogen as a dopant and/or 
nitrogen-containing functional groups to enhance the device 
performance of graphene, especially in supercapacitors. [  32–34  ]  
The doping process and the preparation process were per-
formed at the same time. As methane (20 mL/min) was intro-
duced into the quartz tube as the carbon source, ammonia 
(5 mL/min) was added as the nitrogen source.  Figure    4  a,b 
show the SEM images of the MLG shell and PC core after 
the preparation and etching process. Due to the introduction 
of nitrogen, the formation of the MLG shell was restrained 
and many holes appeared. In addition, the morphology of the 
PC core was also affected, showing more defects and grooves. 
The nitrogen bonding confi gurations are further discussed 
© 2013 WILEY-VCH Verlag GAdv. Funct. Mater. 2013, 23, 4862–4869
based on the XPS results (Figure  4 c). The XPS profi le shows 
the presence of carbon, nitrogen, and oxygen atoms. For the 
composite fi lm, the C1s spectrum indicates large amounts of 
sp 3  carbon with C-O or C-N bonds, which results from the 
destruction of the sp 2  atomic structure of graphite. More-
over, the O (17.8%) and N (2.5%) content suggest the same 
result. By doping, nitrogen atoms are expected to replace 
carbon atoms in graphene sheets and form three types of 
C/N structures. In this work, the bonding confi gurations of 
nitrogen atoms were confi rmed by high-resolution XPS, and 
the results show two main peaks. The peak at 398.2 eV is 
ascribed to pyridine N structures (N6 in Figure  4 d), contrib-
uting to the   π  -conjugated system with a pair of p-electrons 
in graphene layers. The peak at 399.8 eV is attributed to pyr-
role N structures (N5 in Figure  4 d), which are associated with 
N-doping in the form of –NH. The sample exhibits excel-
lent N-doped thermal stability. It is also expected that the 
N-doping process would signifi cantly improve the electro-
chemical performance.    

 2.5. Supercapacitor Electrodes 

 The composite fi lms were used to assemble supercapacitors in a 
simple way. [  35–37  ]  First, the fi lms were fi rst twined on metal wire 
electrodes (e.g., platinum) ( Figure    5  ). Then, the dry samples 
were placed in a quartz tube furnace with argon fl owing from 
30 to 800  ° C for 2.5 h and at 800  ° C for 1 h. The performance of 
the MLG/PC-based supercapacitors was measured in an electro-
chemical system. The fi lm was directly adhered to a platinum 
wire and used as the fi ber electrode for supercapacitors oper-
ated in a 1 mol/L aqueous Na 2 SO 4  electrolyte. The electrochem-
ical performances of the N-doped fi lms ( ≈ 35–100  μ m diameter 
with different confi gurations, see Figure  5 b–d) were examined 
using the cyclic voltammetry (CV) method.  Figure    6  a,b show 
4865wileyonlinelibrary.commbH & Co. KGaA, Weinheim
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     Figure  4 .     N-doping of the MLG/PC composite. SEM images of N-doped A) MLG and B) PC. C) XPS spectra. D) Molecular model of N-doping of 
graphene.  
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a set of CV curves with scan rate from 10 to 500 mV/s within 
a 0.0–0.7 V voltage window. These curves show a nearly ideal 
rectangular shape when the rate is less than 200 mV/s, indi-
cating that the device has excellent supercapacitor behavior 
even at high area density. The supercapacitor based on the 
nitrogen-doped MLG/PC fi lm shows a capacitance of 173 F/g 
(Figure  6 c) (225 F/g for MnO 2  coated electrodes), which is 
about 1.5 times higher than the capacitance of pristine MLG/
PC-fi lm-based counterparts, without sacrifi cing other essential 
and useful properties for supercapacitor operations, including 
high power capability, excellent cycle life and compatibility with 
fl exible substrates.   

 The diameter of the nickel wire is an important factor infl u-
encing the supercapacitor performance. Supporting Informa-
tion Figure S2 shows the rate-dependent normalized capaci-
tances of supercapacitors made from nickel wires of different 
wileyonlinelibrary.com © 2013 WILEY-VCH Verlag G

     Figure  5 .     A) Schematic of a MLG/PC fi ber electrode of the supercapacit
MLG/PC woven fabrics of four different confi gurations: B)  W   =  35  μ m, 
50  μ m, 20 mesh; D)  W   =  50  μ m, 200 mesh; E)  W   =  100  μ m, 100 mesh
diameter of the Ni wire.  
diameters. N-doped, small-diameter wires are preferred for 
supercapacitor applications, with the capacitance reaching 
23.4  μ F/cm 2  for N-doped, 35- μ m thick wires. The rate capa-
bility of the supercapacitor was also enhanced by N-doping with 
small-diameter wires, showing only a  ≈ 20% capacitance loss 
(20.5 to 16.4  μ F/cm 2 ) when the scan rate was increased from 
10 to 500 mV/s, which is much better compared to the sample 
featuring a pristine fi lm and 100- μ m-thick wires (86% capaci-
tance loss, 5.83 to 0.72  μ F/cm 2 ).   

 Table 1   summarizes the specifi c capacitance ( SC ) values of 
the MLG/PC based supercapacitor. The specifi c device-area 
capacitance ( SC  DA ) is the most important parameter for large-
area application, because of the limited space available. Though 
the gravimetric capacitance of the MLG/PC based device is 
moderate, considering its high  SC  DA  value (44.7 mF/cm 2 ), the 
composite fi lm combining the special woven structure and high 
mbH & Co. KGaA, Weinh

or. SEM images of 
400 mesh; C)  W   =  
.  W  represents the 
fl exibility and semi-transparency still repre-
sents a potentially promising candidate for 
large-area energy-related applications. [  38  ,  39  ]   

 The voltage versus time profi les obtained 
by the galvanostatic charge-discharge tech-
nique conducted at different currents (inset 
of Figure  6 d) show highly linear behavior 
and a nearly symmetrical shape, which also 
confi rm the ideal capacitive behavior. The 
capacitance reached 173 F/g at 20 A/g. The 
fi lm showed a 5% capacitance loss after 
1000 cycles at 20 A/g, revealing its good elec-
trochemical stability.  

Figure  6 e shows the electrochemical 
impedance spectra of the N-doped composite 
fi lm in 1 mol/L Na 2 SO 4  with an amplitude 
of 0.02 V. The plot shows a vertical curve, 
indicating the good capacitive behavior of 
eim Adv. Funct. Mater. 2013, 23, 4862–4869



FU
LL P

A
P
ER

www.afm-journal.de
www.MaterialsViews.com

     Figure  6 .     Electrochemical performance of MLG/PC based supercapacitors. A,B) CV curves for different scan rates. Rectangular shapes indicate the 
capacitive behavior. C) Relationship between the gravimetric specifi c capacitance and the scan rate. D) Cycling behavior and galvanostatic charge–
discharge curves under different constant currents (inset). E) Nyquist plot showing the imaginary part versus the real part of impedance. Inset shows 
the enlarged view of the low impedance range. F) Frequency response of the phase angle.  
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the device. However, the presence of a high-frequency semi-
circle was caused by the charge transfer resistance, [  40  ]  implying 
the ionic conductivity at the interface of the electrodes and 
© 2013 WILEY-VCH Verlag GAdv. Funct. Mater. 2013, 23, 4862–4869
electrolyte could be further optimized. The equivalent series 
resistance obtained from the X-intercept of the Nyquist plot 
(inset of Figure  6 e) is about  ≈ 23  Ω . The impedance phase angle 
4867wileyonlinelibrary.commbH & Co. KGaA, Weinheim



FU
LL

 P
A
P
ER

4868

www.afm-journal.de
www.MaterialsViews.com

   Table  1.     The specifi c capacitance ( SC ) values of the MLG/PC based supercapacitor. 

Gravimetric SC [F/g] Surface areal SC [ μ F/cm 2 ] Device areal SC 

[mF/cm 2 ]

Pore volumetric SC 

[mF/m 3 ]

 
SC G = 1

s ·m·�V

∫ V0+ �V
V0

I dV
   

a)

  
SC SA = C G

Sa

   b)

  
SC DA = C G ·m

Sd    

c)

  
SC PV = CG

Vp    

d)

 

173 20.5 44.7 328

    a)  I  - Current,  s  - Scan rate,  m  - Sample mass;      b)  S  a  - Specifi c surface area;      c)  S  d  - Device area;      d)  V  p  - Pore 
volume.   
plot is shown in Figure  6 f from 100 KHz to 0.1 Hz. Most super-
capacitors show a similar capacitor-to-inductor transition at AC 
frequencies as the frequency increases. The nearly  − 90 °  phase 
angle at low frequencies indicates capacitive behavior. Although 
the capacitor-to-inductor transition occurred as the frequency 
increased, the capacitor device showed a stronger response 
between 10 2  and 10 4  Hz. The supercapacitors were observed to 
always retain their capacitance characteristics. 

 Compared to their counterparts, our supercapacitors inte-
grate the electrical conductivity of graphene and the porous 
characteristics of amorphous carbon. Most importantly, the 
capacitor electrodes were directly fabricated by CVD. Due to 
the unique skeleton structure, these fi lms could also be used 
as support structures for functional materials fi lling to further 
improve the capacity performance (e.g., MnO 2  fi lling) [  41  ,  42  ]  
or make the composite fi lm magnetic (e.g., Fe 3 O 4  fi lling), [  43  ]  
as shown in Supporting Information Figure S3. For example, 
MnO 2  nanoparticles were deposited on the surfaces of the MLG 
and PC by a facile and effective chemical method (see the Sup-
porting Information), which improved the capacitor perfor-
mance by 30% to 225 F/g.    

 3. Conclusions 

 In summary, we report the direct synthesis of multi-layer gra-
phene and porous carbon (MLG/PC) woven composite fi lms 
by chemical vapor deposition on Ni gauze templates. The com-
posite fi lms integrated the dual advantages of graphene and PC, 
having not only the excellent electrical properties and fl exibility 
of graphene but also the porous characteristics of amorphous 
carbon. The MLG/PC woven fabric fi lm created a new platform 
for a variety of applications, such as supercapacitor electrode 
materials. By carefully tuning the synthesis parameters and 
nitrogen doping, the specifi c capacitances of the supercapaci-
tors based on the composite fi lms reached 44 mF/cm 2  (device 
areal) and 20  μ F/cm 2  (surface areal), illustrating the promise 
for use as electrodes for portable and wearable energy storage.   

 4. Experimental Section  
 Synthesis of MLG/PC Woven Fabric Composite Films : A Ni gauze 

template (wire diameter:  ≈ 35–100  μ m,  ≈ 20–400 mesh) was fi rst 
prepared by cleaning with hydrochloric acid and water as shown in 
Figure  1 a. After argon drying, the Ni gauze template was placed in the 
middle of a quartz tube located in a CVD thermal furnace. When the 
furnace was heated to 1000  ° C, ethanol was introduced at 20 mL/min 
into the quartz tube as the carbon source. After a 20 min reaction, the 
wileyonlinelibrary.com © 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Wein
sample was cooled to room temperature under 
argon fl ow. The as-obtained MLG/PC fi lm is shown 
in Figure  1 b. After etching Ni away using a FeCl 3 /
HCl solution (FeCl 3 : 1 mol/L, HCl: 0.5 mol/L), solid 
dissolved carbon separated out into the amorphous 
form along the axis of the MLG microtube.  

 Electrochemical Test : To prepare the electrode 
for the fi ber supercapacitor, the platinum wire 
was wrapped up with the MPG/PC fabric fi lm. The 
electrochemical data were recorded with a CHI 
660B electrochemical workstation (Shanghai CH 
Instrument Co.) at a scan rate of 10–500 mV/s 
within the potential range of 0.0–0.7 V.   
 Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  
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