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use the hybrid fi ber as sulfur cathode to fabricate a cable-shaped 
lithium sulfur battery. It demonstrates improved longevity 
and remarkable compliance with deformation, making it out-
perform other fi ber-shaped batteries and rank ahead of other 
fl exible energy devices. This work provides a general strategy 
to bridge the gap between the high fl exibility and high energy 
density in wearable devices. 

 In planar lithium sulfur batteries, sulfur cathode plays a piv-
otal role because the intermediate lithium sulfur compounds 
(soluble polysulfi des) give rise to the chronic degradation during 
draining and recharging cycles. [ 15 ]  A large variety of sulfur 
hosts have been developed including carbon nanomaterials, 
conducting polymers, and inorganic particles. [ 15,16 ]  In this study, 
we developed a general method to prepare fi brous cathodes by 
embracing the sulfur-encapsulated particles inside the aligned 
CNT fi bers during the twisting process ( Figure    1  ). As a demonstra-
tion to this method, we choose a widely-used MC—CMK-3 as the 
host to reserve sulfur (S/C = 3/1 by weight). [ 17 ]  The obtained 
CMK-3@S particles were inspected by scanning electron 
microscope (SEM), transmission electron microscope (TEM), 
Brunauer–Emmett–Teller (BET) analysis, and X-ray diffraction 
(XRD) analysis. The microscopic images and element map-
ping manifest that sulfur was stuffed in the CMK-3 particles 
(Figure S1, Supporting Information), which can be validated by 
the slump in surface area and pore volume in nitrogen adsorp-
tion–desorption isotherms (Figure S2 and Table S2, Supporting 
Information ) . The XRD pattern indicates CMK-3@S particles 
have a combined feature from CMK-3 and sulfur (Figure S3, 
Supporting Information), suggesting the crystallization of 
sulfur was attenuated by mutual interaction. [ 18 ]  To prevent the 
soluble polysulfi des from seeping out, GO layers were intro-
duced as physical barriers through a solution-based method 
(Figure  1 f). [ 19 ]  The aligned CNT sheets were prepared from a 
spinnable CNT array [ 19 ]  (Figure S4a–c, Supporting Informa-
tion). The twisting process from CNT sheet to CNT fi ber allows 
introducing guest materials (Figure S4d,e, Supporting Infor-
mation). The obtained hybrid fi ber has a diameter of ≈200 µm 
and exhibits high fl exibility that can be wrapped around a metal 
wire (diameter of 254 µm) (Figure  1 c,d). The magnifi ed image 
in Figure  1 e displays that sulfur-imbibed particles were apt to 
be tangled by conductive CNTs due to the ultrahigh number 
density of CNTs (≈10 11  cm −2 ) in the sheet. The element map-
ping and energy dispersive X-ray spectrum demonstrate that 
sulfur spread over the entire fi ber inside and out (Figure  1 g and 
Figure S5, Supporting Information).  

 The light weight of CNT sheet (areal density of 1.4 µg cm −2 ) is 
appreciated as a critical merit conducive to a high sulfur content 
in the hybrid fi ber. Thermogravimetric analysis (TGA) revealed 
that the hybrid fi ber had 68 wt% of sulfur reserved (Figure S6, 
Supporting Information). The linear density of the as-prepared 
hybrid fi bers narrowly distributed within 0.17–0.20 mg cm −1  
(Figure S7, Supporting Information). The hybrid fi ber  inherited 

  The increasing popularity of artifi cial skins, imperceptible 
electronic devices, and epidermal sensors has boosted the 
development of fl exible and wearable electronics. [ 1–3 ]  However, 
several challenges in the power accessories have blocked their 
roads toward ubiquity. A major hurdle lies in the mechanical 
fl exibility. Although the fl exible batteries have been material-
ized for years, [ 4–6 ]  their fl exibility, in many cases, is restrained 
by electrode materials and conducting substrates. [ 7,8 ]  These fl ex-
ible devices can only realize simple bending with limited radii 
and they are less able to sustain complex deformations like 
twisting, which render them inferior geometrical conformability 
to irregular epidermal surfaces. Another problem resides in their 
energy storage capacities. [ 8 ]  As for most fl exible batteries listed 
in Table S1 (Supporting Information), they employed conven-
tional cathode materials to store energy whereupon their energy 
densities are intrinsically limited by the theoretical ceilings, 
which implies that the power-consuming wearable devices can 
hardly afford a satisfying longevity. Indeed, the colossal power 
drain is a major problem that plagues all wearable consumer 
electronics and leads to the sluggish growth of wearable markets. 

 Several improvements are underway to leap beyond the geo-
metrical restrictions of planar devices. In particular, 1D linear 
devices resembling fi bers in shape have attracted a wide range 
of interests. [ 9–12 ]  These unique fi ber-shaped energy devices 
exhibit excellent fl exibility and integrability with cloths, making 
them applicable as power accessories in wearable devices. Yet 
they still suffer the low energy density due to the theoretical 
storage limit of electrode materials. As the performances of tra-
ditional lithium ion batteries are approaching their ceilings, [ 13 ]  
lithium sulfur battery having a specifi c capacity of 1675 mAh g −1  
and energy density of 2600 Wh kg −1  is regarded as a promising 
successor. [ 14 ]  Although attempts toward fl exible sulfur cathodes 
have been sparsely reported, [ 15 ]  they aborted their progress 
toward fl exible lithium sulfur batteries. 

 Here, we report a 1D cable-shaped lithium sulfur bat-
tery using a carbon nanostructured hybrid fi ber as the sulfur 
cathode. Benefi ted from the combined merits of aligned carbon 
nanotube (CNT) fi bers, mesoporous carbon (MC) particles, and 
graphene oxide (GO) layers, the fi brous cathode exhibits decent 
physical properties and high electrochemical performances. We 
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the alignment from CNT sheets, which was examined by 
 polarized Raman spectroscopy (Figure S8, Supporting Informa-
tion). [ 20 ]  Due to the 1D structure, aligned CNTs exhibit a pref-
erence in absorbing the polarized light. When the hybrid fi ber 
was illuminated by a vertically polarized (⊥) and a horizontally 
polarized (||) laser, the corresponding Raman intensities at D 
band (≈1320 cm −1 ) and G band (≈1590 cm −1 ) were different, 
suggesting that the introduction of guest particles does not 
eliminate the alignment. Likewise, 2D small angle X-ray scat-
tering pattern of the hybrid fi ber also indicates a preference 
alignment of CNTs (Figure  1 h). 

 The alignment of CNTs has benefi ted the hybrid fi ber in 
three aspects. First, aligned CNTs in hybrid fi ber endow it 
with mechanical strength suffi cient for self-standing. As dis-
played in Figure S9 (Supporting Information), fi ve samples 
from one fi ber were tested. Though the hybrid fi ber was diluted 
by the introduced particles, they exhibited reasonable tensile 
strengths ranging from 31 to 34 MPa and Young’s modulus of 
330–380 MPa. Second, the aligned CNTs create oriented micro-
channels inside the hybrid fi ber, which were in favor of the 
electrolyte permeation. Figure  1 i displays the 3D confocal laser 
scanning microscope image of a hybrid fi ber after absorbing 
electrolyte. Indicated by rhodamine in the electrolyte, fl uores-
cence signals at different depths reveal that the hybrid fi ber can 
be fully infi ltrated with the electrolyte. The dynamic observa-
tion shows that the electrolyte permeated throughout the fi ber 
rapidly (velocity of 2.5 mm s −1 ) (Figure S10, Supporting Infor-
mation). Third, the aligned CNTs made the hybrid fi ber highly 
conductive (10–10 2  S cm −1 ). It can serve as a fi brous cathode 

individually in the absence of conducting additives. Moreover, 
the conductivity was sustainable to hundreds of bending defor-
mations, which highlights the merit of fl exibility and structural 
stability against deformation (Figure S11, Supporting Infor-
mation). The structural integrity was well maintained after 
bending for 50 cycles (Figure S12, Supporting Information). 

 The electrochemical performances of the hybrid fi ber are 
illustrated in  Figure    2  . To standardize the electrochemical 
measurement, the hybrid fi bers were paired with lithium 
metal in coin cells. The cyclic voltammogram (CV) curve 
shows two cathodic peaks at 2.04 and 2.30 V, which is in line 
with the two voltage plateaus in galvanostatic discharge curves 
(Figure  2 a and Figure S12, Supporting Information). Figure  2 b 
displays the long-term cycling performance of the hybrid fi ber 
at 0.1 C (1 C = 1675 mA g −1 ). An initial capacity (specifi ed to 
sulfur only) of 1051 mAh g −1  (715 mAh g −1  specifi ed to the 
cathode) was delivered which retained near 600 mAh g −1  after 
running for 100 cycles. Note that the capacity decay mainly took 
place within the fi rst ten cycles where the battery’s capacity was 
decreased by 30%; in the following 90 cycles, only 10% had been 
decreased. The capacity loss in the beginning was attributed 
to the irreversible diffusion of polysulfi des which is probably 
derived from the dissociative sulfur on the surface of CMK-3 
particle. As shown in Figure  2 c, the low plateau capacity—
corresponding to the conversion from polysulfi des to lithium 
sulfi de—continuously decayed from 691 to 473 mAh g −1 . 
The high plateau capacity—specifi ed to the formation of poly-
sulfi des—however, was well maintained since the second 
round trip during cycling. After the electrolyte was saturated, 
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 Figure 1.     Structure of the carbon nanostructured hybrid fi ber. a,b) Schematic illustrations to the carbon nanostructured hybrid fi ber and GO/CMK-3@S 
particle, respectively. c) SEM image of a hybrid fi ber intertwined around a Ti wire ( Φ  = 254 µm). d) Side view of the hybrid fi ber. e) Magnifi ed SEM image 
of (d). f) TEM image of a GO/CMK-3@S particle. g) SEM image and element sulfur mapping of a hybrid fi ber by cross-sectional view. The hybrid fi ber 
was coated with polyvinyl alcohol gel and the cross section was obtained through low-temperature brittle fracture in liquid nitrogen. h) 2D small angle 
X-ray scattering pattern of a hybrid fi ber. i) 3D confocal laser scanning microscope image of a hybrid fi ber infi ltrated with electrolyte. The scanning depth 
was 100 µm and 1% of rhodamine was added as an indicator. Scale bars, c) 300 µm, d,g,i) 100 µm, e) 3 µm, and f) 200 nm.
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the exodus of polysulfi des was suppressed by the nanostructure 
in hybrid fi ber, which can be verifi ed by the overlapped voltage 
profi les at the 50th and 100th cycles (Figure  2 a).  

 The high conductivity and aligned structure has made the 
hybrid fi ber kinetically sustainable for high currents. Gener-
ally, the rate performance of a battery can be refl ected from 
two characteristics—the capacity maintenance at high rate and 
polarization during high-current charge and discharge pro-
cesses. To explore the rate performance of the fi brous cathode, 
we tested the battery at different current rates. The voltage gap 
between charge and discharge plateaus was slightly enlarged 
when the current was tenfold increased and stably kept 
during 100 cycles (Figure  2 d). At a high current rate of 0.5 C, 
the battery still retained a high capacity over 400 mAh g −1 , 
which recovered to 800 mAh g −1  upon turning back to 0.1 C 
(Figure  2 e). The fl exibility of fi brous electrode also contributes 
to the decent electrochemical performance under deformations. 
For instance, the discharge behavior of a coiled electrode was 
negligibly affected by the mechanical deformations (Figure S14, 
Supporting Information). 

 The high rate resistance of the hybrid fi ber can be elucidated 
by the electrochemical impedance spectra (EIS). We recorded 
the EIS of the battery during its discharge process (Figure S15, 
Supporting Information). According to the established phys-
ical model for EIS of lithium sulfur batteries, [ 21 ]  the evolution 
of Ohmic resistance and interfacial charge transfer resistance 
during discharge is depicted in Figure  2 f. As expected, the Ohmic 
resistance of the battery was insensitive to the discharge process 
while the charge transfer resistance changed in accordance with 
the transition spanning from element sulfur, soluble polysulfi des, 
and deposited insulating lithium sulfi de. [ 22 ]  When the battery was 
drained and recharged, the redistribution of sulfur species made 
the battery have a smaller charge transfer resistance, which can 
be regarded as an active process at the fi rst cycle (Figure S16, 
Supporting Information). Over the 50 cycles, the Ohmic resist-
ance and charge transfer resistance slightly varied at recharged 
state, implying a highly-reversible morphology evolution of the 
hybrid fi ber during electrochemical processes (Figure  2 g). 

 Even at 1 C, the hybrid fi ber stably delivered and restored 
energy for 200 cycles with Coulombic effi ciencies near 99% 
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 Figure 2.    Electrochemical performances of the hybrid fi ber in a lithium sulfur battery. a) Galvanostatic charge and discharge profi les at increasing cycle 
numbers at 0.1 C. b) Discharge capacities and Coulombic effi ciencies over 100 cycles at 0.1 C. c) The discharge capacities at high and low voltage 
plateaus. The onset voltage of low plateau was defi ned as around 2.0 V. d) Voltage plateaus of charge and discharge processes over 100 cycles at 
0.1 and 1 C. e) Discharge capacities and Coulombic effi ciencies at current rates of 0.1, 0.2, 0.3, 0.5, and 0.1 C. f) Ohmic resistances and charge transfer 
resistances at different cutoff voltages during the discharge process. The inserted graph was a schematic illustration to the conversion of sulfur species 
during the discharge process. g) Electrochemical impedance spectra of a lithium sulfur battery after running for 50 cycles. The battery was recharged 
to 2.6 V. h) Discharge capacities and Coulombic effi ciencies over 200 cycles at 1 C. The battery had been initially run at 0.1 C for three cycles.



494 wileyonlinelibrary.com © 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

C
O

M
M

U
N

IC
A
TI

O
N (Figure  2 h). After running for 50 cycles, the hybrid fi ber was 

observed under SEM and examined by X-ray photoelectron 
spectroscopy (XPS) (Figures S17 and S18, Supporting Infor-
mation). The orientation of CNTs and fi ber diameter were well 
maintained, suggesting the cathode was unaffected by volume 
expansion. The XPS spectra revealed the element sulfur regen-
erated from sulfi de species after recharging. [ 23,24 ]  Multiple 
advantages contributed to the good electrochemical perfor-
mances of the hybrid fi ber. Aligned CNTs provided effi cient 
pathways for electron transport and electrolyte infi ltration. The 
high surface area of the CMK-3 favored the sulfur distribution 
and diluted the current into a lower areal current density. [ 25,26 ]  
GO layer hedged a small chamber that inhibited the chronic 
seeping of polysulfi des, in contrast to the CMK-3@S-CNT 
hybrid fi ber that suffered a continuous capacity decay from 
980 to 473 mAh g −1  (Figure S19, Supporting Information). 

 Using the carbon-nanostructured hybrid fi ber as fi brous 
cathode, we fabricated a prototype of cable-shaped lithium 
sulfur battery enclosed in a plastic tube ( Figure    3  a). The as-pre-
pared battery has an open-circuit voltage of 3.2 V and its spatial 
potential distribution conforms to the geometrical confi guration 

of cable-shaped battery (Figure  3 b and Figure S20, Supporting 
Information). The cable-shaped battery exhibited a high fl exi-
bility. Under bending and twisting deformations, the stress was 
uniformly distributed along the cable-shaped battery without 
concentration, suggesting a better compatibility to wearable 
applications than the planar counterparts (Figure  3 c,d). The 
cable-shaped battery is able to light up a red light-emitting 
diode (LED) (ignition voltage of ≈1.8 V) and when bended 
at different angles, the open-circuit voltage of the battery 
remained unchanged (Figure  3 e,f). Benefi ted from the high 
capacity and energy density, a 1.8 mg hybrid fi ber (10 cm) was 
able to power a red LED for 30 min (Figure  3 g and Figure S21, 
Supporting Information). It should be noted that when the 
cable-shaped battery was deformed, the outer shell mainly 
undertook the stress and the inside hybrid fi ber and lithium 
wire were slightly affected. Hence, as we declared previously, 
the tensile strength of the hybrid fi ber was less important than 
electrolyte permeation in the consideration. To demonstrate its 
wearable applications, we integrated fi ve cable-shaped devices 
into a cloth, making the resultant fabric “energetic” (Figure  3 h). 
The energy fabric delivered a tandem voltage up to 11 V and its 
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 Figure 3.    Demonstration of a cable-shaped lithium sulfur battery. a) Schematic illustration to a cable-shaped lithium sulfur battery. b) The potential 
distribution of a cable-shaped lithium sulfur battery with an open circuit voltage of 3 V. c,d) Photograph and stress distribution of a cable-shaped 
lithium sulfur battery in bending and twisting states. e) A bent cable-shaped lithium sulfur battery lighting up a red LED. f) The open circuit voltages 
of a cable-shaped lithium sulfur battery being bent from 0° to 180°. The inserted photographs display a red LED lit up by the battery bent at different 
angles. g) A red LED lit up by a 10 cm cable-shaped lithium sulfur battery for 30 min. h) A fabric integrated with fi ve cable-shaped lithium sulfur bat-
teries. i) Three white LEDs powered by the fabric under stretching and twisting deformations. Scale bars: c,e) 1 cm and h,i) 2 cm.
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 immunity to bending and stretch deformations enables itself to 
be compatible with different surfaces (Figure  3 i and Figure S22, 
 Supporting Information).  

 Though the renaissance of lithium sulfur battery is acclaimed 
as a breakthrough to energy storage devices, it should be men-
tioned that the merits of high capacity and energy density make 
sense provided that sulfur reserved in the cathode accounts 
for more than 50% by weight (Figure S23, Supporting Infor-
mation). [ 15 ]  Recent achievements in extending the cycle life of 
lithium sulfur batteries may have blurred the fact that their 
sulfur contents, in many cases, were less than 60 wt%. [ 15 ]  On 
this account, better cyclic stability was not enough to offset the 
sacrifi ce in energy density. In this study, the light weight of 
CNT fi ber and CMK-3 particles ensure a high sulfur content of 
68 wt% which is favorable for maintaining high energy densi-
ties. Similarly, the method developed in this work is extendable 
and transferrable to prepare fi brous cathodes using other mate-
rials like graphene (Figure S24, Supporting Information). 

 Our cable-shaped lithium sulfur battery differs from pre-
vious reports in several aspects. [ 12,27–29 ]  First, sulfur cathode 
has higher voltage plateau (2.0–2.1 V) and better cyclic stability 
than fi brous CNT/Si hybrid electrode, which is more applicable 
in wearable devices. Moreover, its capacity (400–700 mAh g −1  
specifi ed to the cathode) is four to fi ve times higher than con-
ventional fi ber-shaped lithium ion batteries (90–140 mAh g −1  
specifi ed to the cathode). It has more balanced performances 
and stands out in energy density ( Figure    4  a and Table S3, Sup-
porting Information). From the perspective of fl exible energy 
storage devices, our cable-shaped lithium sulfur battery exhib-
ited both high fl exibility and energy storage capability by virtue 
of high performance fi brous sulfur cathode. Given the capacity 
decay, we picked the performances at the tenth cycle for a fair 
comparison with planar lithium sulfur battery and other fl ex-
ible devices. In a wide range of current rates (0.1–1 C), the 
gravimetric energy density (specifi ed to the cathode) of cable-
shaped lithium sulfur battery is on par with planar lithium 
sulfur batteries but outperforms fl exible lithium ion batteries 
and supercapacitors, which represents a leap forward in energy 
storage capability of fl exible energy storage devices (Figure  4 b 
and Table S4, Supporting Information). At this stage, the cable-
shaped lithium sulfur battery is still in its infancy. Its translation 
toward industry is challenged by several safety vulnerabilities. 
The present lithium sulfur battery relies on metallic lithium 
as anode which is sensitive to oxygen and humidity. The cable-
shaped battery necessitates strict encapsulation given the poten-
tial leakage of hazardous electrolyte especially when subjected to 
deformations. The future work is needed to displace the lithium 
anode and introduce solid-state electrolyte for the sake of wear-
able applications.  

 In conclusion, a carbon nanostructured hybrid fi ber was pre-
pared by integrating multidimensional carbon nanomaterials. 
The combined merits have culminated in a decent electrochem-
ical performance. Of more importance, the high proportion of 
sulfur enclosed inside the hybrid fi ber has promised a high 
energy density, which edges ahead in performance among fl ex-
ible energy storage devices. Using the hybrid fi ber as cathode, 
a prototype of cable-shaped lithium sulfur battery is material-
ized which is highlighted with light weight, fl exibility, and 
weavability. This work has also provided a general and effective 

approach to leap beyond the limit of lithium ion battery and 
enhance the energy storage capability of fl exible batteries which 
represents a solid progress underpinning wearable devices.  

  Experimental Section 
  Preparation of Hybrid Fiber : CMK-3@S particles were prepared 

through a conventional melt-diffusion strategy. [ 17 ]  In a typical procedure, 
100 mg of CMK-3 was ground with 300 mg of sulfur in a mortar, and the 
mixture was transferred to a Tefl on-lined stainless steel autoclave and 
heated at 155 °C for 24 h. The GO/CMK-3@S particles were prepared 
through a solution ionic strength engineering strategy. [ 19 ]  5 mg of GO 
was mixed with 100 mg of CMK-3@S particles. GO/CMK-3@S particles 
were dispersed within 15 mL of  N,N -dimethylformamide solution. CNT 
sheets were prepared from a spinnable CNT array that was synthesized 
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 Figure 4.    Comparison of performances of the cable-shaped lithium 
sulfur battery. a) Comparison on electrochemical performances of this 
cable-shaped lithium sulfur battery with previous fi ber-shaped lithium ion 
batteries. Note to the terminology:  C   0 , initial capacity specifi ed to the 
total weight of cathode;  E , energy density specifi ed to the total weight of 
cathode which is obtained by multiplying  C  0  and  V ;  C  N / C  0 , the capacity 
retention after cycling. The details including the related references are 
listed in Table S3 (Supporting Information). b) Energy densities of rep-
resentative fl exible energy storage devices. LIB: lithium ion battery; LSB: 
lithium sulfur battery (Supplementary Note 1, Supporting Information).
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by chemical vapor deposition (Supplementary Note 2, Supporting 
Information). [ 19 ]  In this study, two layers of 4 cm wide CNT sheets were 
stacked on a polytetrafl uoroethylene substrate. Then, the stacked CNT 
sheets were immersed into the suspension, followed by twisting into 
a hybrid fi ber. The hybrid fi ber was dried in vacuum at 60 °C for 12 h. 
Similarly, a CMK-3@S-CNT fi ber was obtained from a suspension where 
100 mg of CMK-3@S particles were dispersed as a comparison. 

  Electrochemical Measurement : The electrochemical performances 
of hybrid fi ber were conducted in 2025 coin cells. 1  M  of lithium 
bis(trifl uoromethanesulfonyl)imide and 0.5  M  of LiNO 3  in a mixture 
solvent of dimethoxyethane and 1,3-dioxolane (1:1 in volume) were 
used as the electrolyte. The dosage of electrolyte was controlled to 
be 40–60 µL. The electrochemical tests were conducted on an Arbin 
multichannel electrochemical testing system (MSTAT-10V/10mA/32 
Channels). CVs were recorded on a CHI 660D electrochemical station at 
0.1 mV s −1  versus Li/Li + . The electrochemical impedance measurement 
was conducted from 10 mHz to 1 MHz with a voltage amplitude of 5 mV. 

  Fabrication of Lithium Sulfur Battery : The cable-shaped lithium sulfur 
battery was assembled using the hybrid fi ber as a cathode and lithium 
wire as the anode in Ar-fi lled glove box (MIKROUNA Super 1220/750). 
The two electrodes were encased in a heat-shrinkable polyolefi n tube 
and sealed with ultraviolet curing adhesive at two ends. 

  Characterization : The structure and morphology were characterized 
by SEM (Hitachi FE-SEM S-4800) and TEM (JEOL JEM-2100F). The 2D 
small angle X-ray scattering pattern was carried out on beamline BL16B1 
at Shanghai Synchrotron Radiation Facility (SSRF). The 3D laser confocal 
microscope image was taken from Nikon C2 + . An energy dispersive X-ray 
spectrometer affi liated to the SEM was used to conduct element analysis 
and element mapping at an accelerating voltage of 20 kV. XRD analysis was 
conducted on an X-ray power diffractometer (Bruker, D8 ADVANCE) with 
fi ltered Cu Kα radiation. X-ray photoelectron spectroscope was carried out 
on an RBD upgraded PHI-5000C ESCA system (Perkin Elmer) with Mg Kα 
radiation ( hν  = 1253.6 eV). Nitrogen adsorption–desorption isotherms 
and BET surface area measurements were conducted on a Micromeritics 
ASAP 2020  M  at 77 K. The 3D profi le of CNT bundle was obtained from 
Scanning Probe Microscope (Bruker, Multimode 8). The surface profi le of 
CNT sheets was scanned using the surface profi ler (Veeco, Dektak 150). 
The sulfur content was obtained from a TGA (Shimadzu, DTH-60H) at 
a heating rate of 10 °C min −1  in an N 2  atmosphere. The Raman spectra 
were produced from Renishaw inVia Refl ex Raman spectroscopy system 
with an excitation wavelength of 632.8 nm. The tensile tests of hybrid 
fi bers were carried out by HY0350 Table-top Universal Testing Instrument. 
The optical micrographs and fl uorescence micrographs were taken from 
optical microscope (OLYMPUS-BX51). The photographs were taken by a 
digital camera (Nikon J1).  

  Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  
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