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ABSTRACT: CoAl-layered double hydroxide/fluorinated
graphene (CoAl-LDH/FGN) composites were fabricated via
a two-step hydrothermal method. The synthesized CoAl-
LDH/FGN composites have been characterized by powder X-
ray diffraction (XRD), Fourier transform infrared spectroscopy
(FT-IR), X-ray photoelectron spectroscopy (XPS), trans-
mission electron microscopy (TEM), field-emission scanning
electron microscopy (FESEM), energy dispersive X-ray spectroscopy (EDS), and electrochemical measurements. The results
indicated that the fluorinated carbon with various configuration forms were grafted onto the framework of graphene, and the C−
F bond configuration and fluorine content could be tuned by the fluorination time. Most of semi-ionic C−F bonds were formed
at an appropriate fluorination time and, then, converted into fluorine rich surface groups (such as CF2, CF3, etc.) which were
electrochemically inactive as the fluorination time prolonged. Moreover, the CoAl-LDH/FGN composites prepared at the
optimal fluorination time exhibited the highest specific capacitance (1222 F/g at 1 A/g), the best rate capability, and the most
stable capacitance retention, which offered great promise as electrode materials for supercapacitors.

KEYWORDS: CoAl-layered double hydroxide, fluorinated graphene, hydrothermal method, electrochemical performance,
supercapacitor

1. INTRODUCTION

The need for renewable energy sources is becoming extremely
urgent due to the fast consumption of fossil fuels and
tremendous serious environmental issues.1 Electrochemical
materials, considered as a substitution for finite fossil fuels,
have attracted more and more concerns because of their high
redox reactivity, low-cost, and environmental friendliness.2,3

The most used electrochemical materials include carbonaceous
nanomaterials for electrochemical double layer capacitors and
conductive polymers and transition metal (Ni, Ru, Mn, Co,
etc.) oxides/hydroxides for pseudocapacitors.4 Layered double
hydroxides (LDHs) containing transition metals (such as Co,
Ni, Mn, etc.) are identified as one kind of the most promising
electrochemical materials for supercapacitors.2 LDHs are
laminar brucitelike structure with the inserted anion between
the positive sandwich.5 The chemical formula of LDHs is
indicated as [Me2+1−xMe3+x(OH)2](B

m−
x/m·nH2O), where Me2+

and Me3+ stand for bivalent and trivalent cations within the
laminar layers, respectively, and Bm− stands for an interlaminar
anion.2,6 LDHs have drawn increasing interest due to their
unique anisotropy, low cost, high specific capacitance, and
ecofriendliness.7−9 However, the electrochemical performances
(ECPs) of LDHs are impeded by their relatively poor electrical
conductivity, low power density and mechanical stability, and
bad cycle life.10,11

To overcome the above hindrances, excellent electro-
conductive carbon materials, like active carbon,12 carbon

nanoparticles,12,13 carbon nanotubes,5,14 carbon nanofibers,15,16

and graphene (GN),6,17 have been used to hybridize with
LDHs. And the corresponding composites exhibited increased
ECPs, like higher specific capacitance and cycling stability and
better rate capability.18 Fluorinated graphene (FGN) is a kind
of graphene derivative, in which fluorine atoms are covalently
functionalized on carbon nanosheet skeletons.19,20 FGN is
identified as one of the important potential materials due to its
increased electrochemical reactivity and outstanding electrode
stability,19 which has been widely used in energy storage
devices,21 catalyst in hydrogen storage,22 and redox for fuel
cell.23 Feng et al. found that the ECPs of fluorinated graphene
hydrogels (FGHs) were better than that of the fluorine-free
graphene hydrogel due to the semi-ionic C−F bonds in FGHs
facilitated the ion transportation, enhanced the electrical
conductivity and provided reactive sites for Faradaic reaction.24

However, to the best of our knowledge, almost no studies were
centered on the hybridization of FGN with LDHs.
In this work, CoAl-LDH/FGN composites were synthesized

by a two-step hydrothermal method. The influence of
fluorination time on the C−F bond configuration form,
fluorine content, and ECPs of the resulting CoAl-LDH/FGN
composites were discussed. Compared with pure CoAl-layered
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double hydroxide (pLH for short) and CoAl-layered double
hydroxide/graphene (abbreviated to LG) composite prepared
by the same process, CoAl-LDH/FGN composite exhibited the
highest specific capacitance, the best rate capability, and the
most stable capacitance retention, making it the most
promising electrode material for supercapacitors.

2. EXPERIMENTAL SECTION
2.1. Materials and Chemicals. Natural flaky graphite with the

lateral size of 45 to 38 μm (exceed 99.9% purity) was used to
synthesize GO. KMnO4, CoCl3·6H2O, NaOH, AlCl3·6H2O, NaNO3
and urea in analytical purity, H2O2 (30%), and HF (40%) were
obtained from Sinopharm Chemical Reagent Co., Ltd. (China).
Sulfuric acid (98%) and hydrochloric acid (36%) were purchased from
Xinyang chemical reagent (China). Deionized water (18.25 MΩ·cm
resistivity) was applied in all the work.
2.2. Preparation and Exfoliation of GN and FGN. Graphite

oxide (GrO) was synthesized according to Hummers method as
previously reported.25−27 FGN was prepared from the as-prepared
GrO in the following typical procedures. First, 0.10 g of GrO powder
was dispersed in 100 mL of deionized water via a high-shear
homogenizer (FLUKO, Germany) with 10000 rpm for 3 min. Next,
the GrO suspension was exfoliated via a Sonics ultrasonic processor
(750 W, 20 kHz) with 40% amplitude for 10 min. Then, 4 mL of HF
was mixed with the GO suspension. After ultrasonic dispersion by a
ultrasonic bath (Elmasonic P30H) for 10 min, the mixture was
transferred to a 150 mL of Teflon lined autoclave vessel and remained
at 150 °C for a regular time interval. Finally, the prepared FGN was
washed using deionized water until the supernatant reached neutral by
filtration. Furthermore, GN were obtained in the absence of HF with
the same process at 150 °C for 12 h. Exfoliation of the as-prepared GN
or FGN aggregate was obtained by redispersing it in 25 wt % ethanol
solution (1 mg/mL) using the homogenizer and then exfoliated by the
ultrasonic processor with 40% amplitude for 15 min. The time
intervals for the GO fluorination were 12, 18, and 24 h, and the
corresponding FGN suspension were labeled as FGN-12, FGN-18,
and FGN-24, respectively.
2.3. Synthesis of CoAl-LDH/FGN Composites. A 0.8 mmol

portion of CoCl3·6H2O and 0.4 mmol of AlCl3·6H2O were dissolved
into the above FGN suspension for 2 h stirring. Subsequently, 0.30 g
of urea was mixed with the suspension via a stirring for another 0.5 h.
The resulting mixture was transferred to the autoclave vessel and
remained at 150 °C for 12 h. The synthesized CoAl-LDH/FGN
composite was washed with deionized water and ethanol several times
by centrifugation prior to drying at 60 °C for 12 h in vacuum. The final
composites were labeled as LFG-12, LFG-18, and LFG-24 for the
initial feeding of FGN-12, FGN-18, and FGN-24, respectively. For
comparison, pLH and LG were fabricated in the absence of FGN and
in the presence of GN with the other same experimental condition,
respectively. The contents of CoAl-LDH in LG, LFG-12, LFG-18, and
LFG-24 were determined by dissolving a weighted amount of the
composites with a 1.0 M HCl aqueous solution.10,28 The content of
CoAl-LDH in LG, LFG-12, LFG-18, and LFG-24 were 77.75%,
76.14%, 75.68%, and 75.13%, respectively.
2.4. Characterizations. The microstructure and morphology of

pLH and LFG-12 were detected using a transmission electron
microscope (TEM; JEM2100F, JEOL, Japan) and a field-emission
scanning electron microscope (FESEM; S-4800, Hitachi, Japan) with
an accelerating voltage of 15 kV, along with energy dispersive X-ray
spectroscopy (EDS). Fourier transform infrared (FT-IR) spectra were
examined using a Fourier transform infrared spectrometer (Vector-22,
Bruker, Germany). X-ray diffraction (XRD) patterns were obtained
from a powder X-ray diffractometer (D8 Adwance, Bruker, Germany)
equipped with a Cu Kα radiation (λ = 0.15406 nm) source operated at
40 kV and 100 mA. The specific surface area was achieved by the
Brunauer−Emmett−Teller (BET) method, and the measurement was
performed according to the physical adsorption of N2 at 77 K via a
fully automatic surface area and porosity analyzer (ASAP 2020M,
Micromeritics, America). The electrical conductivities of the

composites were detected via a four-point configuration (MP-01,
Shanghai Advanced Electronic Technology Co., LTD, China) with
probe spacing of 2 mm. X-ray photoelectron spectroscopy (XPS; PHI
3056, PERKIN ELMZR, America) with a Mg anode source operated
at 15 kV was used to obtain the XPS spectra of the composites.

2.5. Electrochemical Measurements. Electrochemical measure-
ments were conducted in a typical three-electrode system on a
potentiostat analyzer (VersaSTAT-450, PAR, USA) at room temper-
ature. A saturated calomel electrode, 1.5 cm × 1.5 cm platinum foil and
6 M KOH aqueous solution were served as reference, counter
electrodes and electrolyte, respectively. The working electrodes were
made by grinding mixing the samples, acetylene black as conductive
material and poly(tetrafluoroethylene) (PTFE) as binder material with
isopropanol in a mass ratio of 8:1:1 to form a homogeneous paste.
After the added isopropanol was evaporated, the resulting paste was
rolled into 10−20 μm thin film and then dried at 60 °C in vacuum for
12 h. The film was punched into 5 mm diameter wafer prior to being
sandwiched into a pair of foamed Ni substrate (1 cm × 1 cm). The
electrode was successfully prepared after pressing under a pressure of
10 MPa for 5 min.

Cyclic voltammetry (CV) was performed over a potential range of 0
to 0.60 V at a scan rate of 5.0 mV/s. Galvanostatic charge−discharge
was tested in the sweep potential range of 0 to 0.50 V at various
current densities. The specific capacitance, Csc (F/g), was calculated by
the equations

= Δ ΔC I t m V( )/( )sc (1)

where I is the constant current of discharging (A), Δt is the time of
discharging (s), ΔV is the difference of potential after a full discharge
(V), and m is the mass of the samples (g). Electrochemical impedance
spectroscopy (EIS) was operated over the frequency range of 10−2−
105 Hz with an ac voltage of 5.0 mV.

3. RESULTS AND DISCUSSION
3.1. Characterization of Materials. Figure 1 illustrates

XRD patterns of the samples. The peaks appeared in the

pattern of pLH well agreed with the standard compound
Co6Al2CO3(OH)16·H2O (JCPDS card 51-0045) with the
diffraction peaks appeared at 2θ = 11.7° (003), 23.6° (006),
34.7° (012), 39.4° (015), and 47.0° (018), respectively,
indicating that CoAl-LDH was generated.14,18 Additionally,
the interlayer spacing of (003) reflection plane was nearly 0.760
nm ascribed to the occupation of CO3

2− and H2O molecules in
the interlamination.11 In comparison, all peaks appeared in the
spectra of the composites were in well agreement with those in

Figure 1. XRD patterns of pLH (a), LG (b), LFG-12 (c), LFG-18 (d),
and LFG-24 (e).
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pLH, indicating that CoAl-LDH generated during the second
step of hydrothermal process. Furthermore, the intensity of
(003) and (006) plane reflection peaks in the composites
weakened after hybridizing with GN or FGN. These may be
ascribed to that CoAl-LDH crystals deposited on GN or FGN
sheets could prevent themselves from growing to be complete
crystals, resulting in the much lower crystallinity.17

FT-IR spectra of the samples are shown in Figure 2. In
Figure 2a, the spectrum of GN illustrated −OH stretching

vibration at 3427 cm−1, CO (−COOH) stretching vibration
at 1715 cm−1, aromatic CC stretching mode at 1569 cm−1

ascribed from skeletal vibration of unoxidized graphitic
domains, and C−O−C stretching vibration at 1214 cm−1.29

After fluorination, the peaks at 3423, 1713, 1569, 1207, and
1094 cm−1 were observed in the spectrum of FGN, which were
corresponding to −OH, CO, aromatic CC, covalent C−F,
and semi-ionic C−F bonds, respectively.24,30 The existence of
C−F bonds with different configuration forms indicating that F
atoms were grafted onto the framework of graphene during the
process of fluorination. For pLH, the broad peak at 3436 cm−1

belonged to O−H stretching vibration from H-bonded OH
group and water molecules in the interlayer.16 The peaks at
1359 and 793 cm−1 could be assigned as the υ3 bending
vibration of CO3

2−.2,31,32 All other peaks below 800 cm−1 were

ascribed to metal−oxygen (Me-O) stretching and bending
vibration in the crystals.2,32

After hybridization, the characteristic peaks of pLH were still
found in the spectra of the composites (as shown in Figure 2b),
indicating that CoAl-LDH was successfully combined with GN
or FGN. In addition, the peaks of aromatic CC stretching
mode at approximately 1560 cm−1 were remained in the
composites, and the peaks located at 1215 and 1089 cm−1

originated from C−O−C and C−O were found in LG. In
LFGs, the peaks at 1207 and 1102 cm−1 nearby belonged to the
covalent C−F and semi-ionic C−F bonds, respectively.20,30

Moreover, the peak in the spectra of LFGs at 850 cm−1 was
attributed to the characteristic adsorption peak of carbonate
anion.31,32

XPS analysis was used to accurately determine the
composition and chemical bonds in LG and LFGs. As shown
in Figure 3a, Co 2p and Al 2p peaks appeared in the survey
spectra of the composites, suggesting the existence of CoAl-
LDH in LG and LFGs composites. Furthermore, F 1s peaks
were observed in the spectra of LFGs, proving that fluorination
was successfully proceeding during the first step of hydro-
thermal process, corresponding well to the results of FT-IR
analysis. In Figure 3b−e, the C 1s spectra of the composites
were deconvoluted into several symmetrical peaks. In the case
of LG, four peaks centered at 284.6 (C−C/CC), 286.8 (C−
O), 287.6 (CO), and 289.6 eV (O−CO) were observed.33

After fluorination for various time, new peaks appeared at 289.1
eV (−CF) for LFG-12, 289.6 eV (−CF-CF2), and 293.6 eV
(−CF3) for LFG-18, and 290.9 eV (−CF2) and 292.2 eV
(−CF3) for LFG-24 were observed in Figure 3c−e.34 It
indicated that the −CF bonds were converted into −CF2 or
−CF3 bonds as the fluorination time prolonged, which was in
well agreement with previous reports.34−36 The quantitative
element composition of the composites obtained from the XPS
analysis is shown in Table S1. The relative atomic amounts of C
increased in the order of LG < LFG-12 < LFG-18 < LFG-24,
while the relative atomic amounts of O decreased in the order
of LG > LFG-12 > LFG-18 > LFG-24, indicating that the
relative content of CoAl-LDH deposited on the surface of GN
or FGN decreased in the order of LG > LFG-12 > LFG-18 >
LFG-24. It may be due to that part of oxygenous functional
groups on the GO surface were removed or bonded with F
atoms in the first step of hydrothermal process, leading to the
reduction of active sites for the adsorption of bivalent and
trivalent cations.34,37 The relative atomic amounts of F in LFG
composites increased with the fluorination time, were 2.07% for
LFG-12, 3.13% for LFG-18 and 4.22% for LFG-24, respectively.
The FESEM images of pLH and LFG-12, and TEM images

of LFG-12 are shown in Figure 4. For pLH, most of the sheets
were thin hexagonal shape with an average lateral size of nearly
1.5−4.0 μm, and agglomerated desultorily (Figure 4a), which
was further illustrated by the TEM image of pLH as presented
in Figure S1. The FESEM image of LFG-12 in Figure 4b
showed that the thin sheets of CoAl-LDH were disorderly
entangled with the corrugated and scrolled FGN sheets, and
numerous pores existed in the composite. The measured
specific surface area of LFG-12 was 76.30 m2/g (as shown in
Figure S2). Compared to the sheets of pLH, the sheets of
CoAl-LDH in LFG-12 composite were irregular, which may be
attributed to the interaction between the CoAl-LDH and FGN
sheets. The EDS spectrum in Figure S3 showed that the LFG-
12 composite consisted of C, O, Co, Al, and F elements,
indicating that CoAl-LDH and FGN coexisted in LFG-12,

Figure 2. FT-IR spectra of pLH, GN, and FGN (a) and LG, LFG-12,
LFG-18, and LFG-24 (b).
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agreed well with the results of FT-IR and XPS analysis. The
TEM image of LFG-12 in Figure 4c further shows that the
sheets of CoAl-LDH were disorderly deposited on the wrinkled
sheets of FGN which were approximately 2−3 layers (as shown
in Figure 4d).
Based on the analysis mentioned above, the proposed

synthesis process of LFG composite is shown in Scheme 1.
During the first step of hydrothermal process, fluorine atoms
were grafted onto the framework of graphene, and part of
oxygenous functional groups on GO surface were removed
simultaneously.24,34 When CoCl2·6H2O and AlCl3·6H2O were
mixed into the exfoliated FGN suspension, the positive Co2+

and Al3+ were first attached to the electronegative residual
oxygenous functional groups ascribed to electrostatic attraction.
Then, abundant nuclei formed and CoAl-LDH crystals grew on
FGN surface through intermolecular H-bond or covalent
coordination bond during the second step of hydrothermal
process.10 The in situ growth of CoAl-LDH crystals on FGN
surface could not only hinder the agglomeration of FGN, but

also obtain the desultorily dispersed CoAl-LDH crystallites with
lamellar structure.2

3.2. Electrochemical Measurements. The CV curves of
foamed Ni and pLH are shown in Figure S4. A weak pair of
redox peaks was found in the curve of foamed Ni, which was
caused by the presence of trace amounts of nickel oxide. In
addition, pLH exhibited a notable redox process due to the
reversible reactions of LDH-Co(II)/LDH(OH−)-Co(III) with
OH−.10 Specifically, the current intensity of foamed Ni was far
lower than that of pLH, indicating the capacitance originated
from foamed Ni could be negligible compared to the total
capacitance.
Figure 5a shows CV curves of pLH and the composites. An

obvious pair of redox peaks were found in all the curves,
indicating that Faradaic redox reactions were proceeding during
the charge and discharge processes.38 Based on the viewpoint
proposed previously,5,38,39 OH− ions could rapidly substitute
the interlaminar anions once the electrode was immersed into
the electrolyte (6 M KOH), so the redox reactions could be
presented as

Figure 3. XPS survey spectra of the composites (a). C 1s XPS spectra of LG (b), LFG-12 (c), LFG-18 (d), and LFG-24 (e).
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‐ + ⇔ − +− − −LDH Co(II) OH LDH(OH ) Co(III) esol
(2)

In addition, the redox potential positions of the composites
were shifted a little which may be due to that the inherent
phase stability of the CoAl-LDH in LG, LFG-12, LFG-18, and
LFG-24 composites was worse and the crystallinity was lower
when compared with pLH.40,41 Furthermore, the integral areas
of the CV curves increased in the order of pLH < LG < LFG-24
< LFG-18 < LFG-12, suggesting that the average capacitance of
LFG-12 was the highest.

The galvanostatic charge−discharge curves of pLH and the
composites are illustrated in Figure 5b. The charge−discharge
curves were not ideal linear, which further confirmed that
Faradaic reactions were proceeding during the processes.10 The
discharge time of LFG-12 was the longest, implying the best
charge storage performance. At a current density of 1.0 A/g, the
specific capacitances were calculated to be 620 F/g for pLH,
782 F/g for LG, 1222 F/g for LFG-12, 1028 F/g for LFG-18,
and 894 F/g for LG-24 (as shown in Figure 5c). LG and LFGs
composites exhibited higher specific capacitance when

Figure 4. Typical FESEM images of pLH (a) and LFG-12 (b) and TEM images of LFG-12 (c and d).

Scheme 1. Preparation Technique for the LFG Composites
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compared with pLH, which was mainly ascribed to the
synergetic effect between conductive GN or FGN and CoAl-
LDH as reported previously.10,11,28 Particularly, the GN or
FGN in the composites has a superior electrical conductivity
and can offer a conductive matrix for electron transportation
during the electrode reaction processes.10,28 Furthermore, it has
been confirmed that the fluorine rich surface groups (such as
CF2, CF3, etc.) hold insulating properties, leading to the
decrease in electronic conductivity and transport prop-
erty,20,42,43 and the measured electrical conductivities of the
composites were 113 S/m for LG, 197 S/m for LFG-12, 169 S/
m for LFG-18, and 142 S/m for LFG-24. Thus, the differences
in the specific capacitances of LFGs composites may be
originated from the variety of fluorinated carbon configuration
and fluorine content.
Figure 5d shows the galvanostatic charge−discharge curves

of LFG-12 at various current densities, and the specific
capacitances of LFG-12, LG, and pLH at various current
densities are illustrated in Figure 5e. LFG-12 demonstrated

evidently higher specific capacitances than that of pLH and LG
at any current density. Furthermore, the specific capacitances of
the samples decreased as the increasing current densities, which
was ascribed to the resistance and insufficient Faradaic redox
reactions under higher discharge current densities.11 However,
the decrease was significantly less for LFG-12 than those for LG
and pLH with retention rates of 75.3%, 66.1%, and 57.9%,
respectively. Thus, the rate capability of LFG-12 was
remarkably enhanced compared with LG and pLH. It may be
ascribed to that the excellent electrical conductivity and
electrode stability of FGN, and the synergies of FGN and
CoAl-LDH.10

Nyquist plots of the samples electrodes are presented in
Figure 5f. The plots of all the samples contained an incomplete
semicircle in the high-frequency range and a nonstraight line in
the low-frequency region. The semicircle diameter represented
the charge transfer resistance (Rct) at the electrode/electrolyte
interface originated from Faradaic reactions and double layer
capacitance on the samples surface, while the slope of the line

Figure 5. (a) CV curves of pLH and the composites at a scan rate of 5 mV/s. (b) Galvanostatic charge−discharge curves and (c) histogram of the
specific capacitance of the samples at 1.0 A/g. (d) Galvanostatic charge−discharge curves of LFG-12 at various current densities. (e) Specific
capacitances of pLH, LG, and LFG-12 at various current densities. (f) Nyquist plots of the EIS data for the samples.
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corresponded to capacitive behavior and ions diffusion
resistance in the samples.2,44 As shown in the inset part of
Figure 5f, the diameters decreased in the order of pLH > LG >
LFG-24 > LFG-18 > LFG-12 and the slope of LFG-12 was the
greatest, indicating that LFG-12 hold the smallest Rct, the best
capacitive behavior, and the lowest ions diffusion resistance
when compared with the other samples, leading to the highest
reactivity and the fastest reaction kinetics. The results further
indicated that LFG-12 possessed the enhanced ECPs suitable
for the electrode material of supercapacitor.
To evaluate the cyclic stability, pLH, LG, and LFG-12 were

tested for 3000 galvanostatic charge−discharge cycles at 10 A/
g, and the results are illustrated in Figure 6. After 3000 cycles,

pLH, LG, and LFG-12 remained 62.6%, 81.2%, and 88.3% of
their initial specific capacitance, respectively. LFG-12 composite
exhibited clearly the best capacitance retention and the most
ECPs stability than pLH and LG attributed to the high-
efficiency electron and electrolyte transportation of FGN.45

Furthermore, XRD and FESEM were adopted to check the
crystallographic structure and microstructure of the pLH and
LFG-12 after a 3000 cycle test, to explore the reason for the
decrease of capacitance retention. The FESEM images of pLH
and LFG-12 after 3000 cycle tests at 10 A/g are shown in

Figure 7. For pLH (Figure 7a), a large proportion of the sheets
agglomerated more seriously and the average lateral size
became smaller when compared with that in Figure 4a. As
shown in Figure 7b, although the lateral size of CoAl-LDH
sheets in LFG-12 was smaller and a few of agglomerates were
formed, most of the porous structure was maintained after 3000
cycle tests.
Figure 8 shows the XRD patterns of the pLH (a) and LFG-

12 (b) after a 3000 cycle test. As shown in Figure 8a and Table

S2, although the peaks corresponding to the (012) and (015)
planes of CoAl-LDH (JCPDS card 51-0045) still presented in
the pattern, most of the peaks corresponding to the reflection
planes of Co3O4 (JCPDS card 43-1003) and Al2O3 (JCPDS
card 88-0107) appeared when compared with that in Figure 1a.
It indicated that most of the pLH crystals were destroyed and
transformed into Co3O4 and Al2O3 in the charge and discharge
processes. For the LFG-12 after 3000 cycle tests (Figure 8b and
Table S2), most of the peaks corresponding to the reflection
planes of CoAl-LDH were maintained, only few peaks assigned
to the reflection planes of Co3O4 appeared, indicating that most
of CoAl-LDH crystals remained the original crystallographic
structure and a small number of them turned into Co3O4.
Moreover, the variation of micromorphology and crystallo-

Figure 6. Cycle life of pLH, LG, and LFG at the current density of 10
A/g.

Figure 7. Typical FESEM images of pLH (a) and LFG-12 (b) after a 3000 cycle test at 10 A/g.

Figure 8. XRD patterns of the pLH (a) and LFG-12 (b) after a 3000
cycle test at 10 A/g.
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graphic structure of the electroactive materials may be resulting
in the reduction of capacitance retention in the cycle charge
and discharge processes.

4. CONCLUSION
In this study, CoAl-LDH/FGN composites were successfully
prepared using a two-step hydrothermal method. Fluorinated
carbons with various configuration forms were generated on
GN surface and part of the oxygenous functional groups was
reduced during the first step of hydrothermal process.
According to the analysis of XPS, LFG-12 possessed the
most semi-ionic C−F bonds, and the fluorine rich surface
groups (such as CF2, CF3, etc.) which were electrochemically
inactive, were generated with the increase of fluorination time.
During the second step of hydrothermal process, CoAl-LDH
crystals were in situ anchored on the surface of exfoliated FGN.
The superior electronic conductivity and transport performance
of semi-ionic C−F bonds in LFG-12 composite endowed
superior ECPs, like high specific capacitance, good rate
capability and capacitance retention, making it become a
potential electrode material for supercapacitors.
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