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The application of Si as the anode materials for lithium-ion batteries (LIBs) is still severely hindered by
the rapid capacity decay due to the structural damage caused by large volume change (> 300%) dur-
ing cycling. Herein, a three-dimensional (3D) aerogel anode of Si@carbon@graphene (SCG) is rationally
constructed via a polydopamine-assisted strategy. Polydopamine is coated on Si nanoparticles to serve
as an interface linker to initiate the assembly of Si and graphene oxide, which plays a crucial role in
the successful fabrication of SCG aerogels. After annealing the polydopamine is converted into N-doped
carbon (N-carbon) coatings to protect Si materials. The dual protection from N-carbon and graphene aero-
gels synergistically improves the structural stability and electronic conductivity of Si, thereby leading to
the significantly improved lithium storage properties. Electrochemical tests show that the SCG with op-
timized graphene content delivers a high capacity (712 mAh/g at 100 mA/g) and robust cycling stability
(402 mAh/g at 1 A/g after 1500 cycles). Furthermore, the full cell using SCG aerogels as anode exhibits a
reversible capacity of 187.6 mAh/g after 80 cycles at 0.1 A/g. This work provides a plausible strategy for
developing Si anode in LIBs.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Rechargeable LIBs have been widely used in portable electronic
products, electric vehicles (EVs) and large-scale power grids [1,2].
However, the current commercial anode, i.e., graphite materials, is
greatly constrained by its theoretical specific capacity (372 mAh/g)
and cannot meet the ever-increasing demands for high energy bat-
teries [3,4]. Therefore, it is very imperative to develop anode ma-
terials with higher energy density and long cycle life. Silicon (Si)
has been deemed as one of the most promising anode materials
to replace the commercial graphite materials due to its relatively
low working potential (~0.4 V vs. Lit/Li), environmental benignity,
high natural abundance and superior theoretical capacity of 4200
mAh/g [5-7].

However, the large volume change (> 300%) caused by the al-
loying/dealloying reactions of Si and Li will lead to the pulver-
ization and structure breakage of the electrode materials, as well
as the unstable formation of the solid electrolyte interphase (SEI)
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films on the electrode surface [8,9]. In addition, the low electronic
conductivity also limits the practical application of Si anode [10].
Many ways have been explored to alleviate these critical issues
by, e.g., constructing appropriate nanostructures or encapsulating
Si materials with various conductive carbon materials. Evidence
has shown that nano-structuring of Si has successfully improved
the physical and chemical properties including shortening the Li*
diffusion path, increasing the contact area of the electrolyte and
the electrode, and alleviating the stress caused by volume expan-
sion [4,11,12]. Alternatively high capacity and stable cycling perfor-
mance of Si can also be obtained by encapsulating Si with conduc-
tive carbon materials [13,14]. The improvement is resultant from
the elastic properties and high conductivity of carbons [15].
Graphene aerogel (GA) with a 3D structure crosslinked by
graphene nanosheets can afford high mechanical stability to
strengthen the structural stability of electrodes [16]. The unique
porous architecture of GA avoids the stacking of graphene sheets,
contributes to the migration and diffusion of lithium ions and
electrolyte, and provides enough space to adapt the large volume
change [17,18]. These unique advantages make GA an ideal matrix
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for Si materials. However, the interaction between pristine Si and
graphene sheets is too weak to guarantee the stability of the hy-
brid structure. In addition, the homogenous dispersion of Si within
3D GA to avoid aggregation of Si nanoparticles has been a chal-
lenge [19].

Herein, we designed a 3D SCG aerogel structure, in which
N-carbon coated Si nanoparticles were uniformly fixed in the
graphene aerogel. Polydopamine (PDA) serves as both the
hydrogen-bond agent to attach Si on graphene and the precur-
sor for the N-carbon coatings. PDA coating is necessary for the fi-
nal formation of homogeneous 3D SCG aerogels. Benefiting from
the dual protection from the functional N-carbon coatings and the
3D graphene structure, the SCG aerogel exhibits superior electro-
chemical properties in comparison to pristine Si materials, includ-
ing high capacity (712 mAh/g at 0.1 A/g after 100 cycles) and long
cycle stability with high capacity retention (402 mAh/g at 1 A/g af-
ter 1500 cycles). For demonstration, a full cell using SCG aerogels
and commercial NCM622 as the anode and cathode is assembled,
which displays a reversible capacity of 187.6 mAh/g after 80 cycles
at 0.1 A/g and can successfully light up the LED arrays.

In this work, Si powder, dopamine hydrochloride (DA),
graphene oxide (GO) and L-ascorbic acid (VC) were purchased and
used directly without any treatment (Sinopharm Chemical Reagent
Co., Ltd.). First, 400 mg of Si nanoparticles was added to 200 mL of
Tris-buffer solution and dispersed by sonication for 30 min. Then,
200 mg of DA was added to the mixture and stirred for 12 h to ob-
tain polydopamine-coated Si nanoparticles (Si@PDA). After wash-
ing and freeze-drying, the Si@PDA materials were annealed in Ar
at 700 °C for 2 h to obtain SC sample.

In addition, GO suspension (6 mL, 5 mg/mL) and an appropriate
amount of Si@PDA powder were added to 9 mL of water/ethanol
(1:2 vol%) mixed solution with stirring, and then sonicated for 1 h.
After that, VC (240 mg) was added to the mixture with stirring and
kept at 80 °C for 8 h to form a hydrogel. Finally, the SCG aerogel
was obtained after freeze-drying the hydrogel for 12 h and ther-
mal annealing under the same conditions as above. The samples
was named as SCG-x (x = 1, 2 and 3), where x denotes the dif-
ferent mass ratios of Si@PDA:GO of 1:1, 2:1 and 3:1, respectively.
For comparison, GA and Si@graphene (SG) samples were prepared
by the same process, except that Si@PDA was not added or was
replaced by Si.

After the preparation of the samples, their physical and chemi-
cal properties were characterized by various methods. Raman spec-
tra was obtained using Renishaw RM2000 with a laser wavelength
of 532 nm. X-ray diffraction (XRD, Rigaku Smartlab) was investi-
gated to determine the phase structure of the samples. Transmis-
sion electron microscope (TEM) and scanning electron microscope
(SEM) were carried out on Carl Zeiss SIGMA 300 and FEI JEM2010,
respectively. Energy dispersive X-ray spectroscopy (EDX) elemen-
tal mapping and high-resolution transmission electron microscope
(HRTEM) were conducted using FEI Tecnai G2 F20 with an accel-
eration voltage of 200 kV. Fourier transform-infrared (FT-IR) spec-
tra and X-ray photoelectron spectroscopy (XPS) were recorded on
Thermo scientific (Nicolet iz10) and Thermo ESCALAB 250, respec-
tively, and 284.8 eV was used as the reference for carbon. Thermo-
gravimetric analysis (TGA, TG209, NETZSCH) be used to determine
the mass ratio in the nanocomposite.

In addition, electrochemical tests were performed with CR2025
coin-type cells assembled in an Ar-filled glove box (O,, H,0 <
0.1 ppm, Mikrouna, China). A mixture of active material, su-
per P and polyvinylidene fluoride (PVDF) with a weight ratio of
8:1:1 was coated on copper foil to prepare the working electrode.
The loading density of the electrode material SCG is about 0.8-
1 mg/cm?2. In the assembled cells, fresh lithium foil, glass fiber
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Fig. 1. (a) Schematic illustration of the PDA-mediated assembly process for synthe-
sis of SG and SCG aerogel; schematic bonding interactions and digital graphs of (b)
Si/rGO and (c) Si@PDA@rGO hydrogel.

membrane and 1 mol/L LiPFg in DMC/EMC/EC (1:1:1, v/v/v) were
used as reference electrode, current separator and electrolyte, re-
spectively. Galvanostatic cycling tests were performed on the Land
CT2001A battery testing system at a potential range of 0.01-3.0 V
at room temperature. Cyclic voltammetry (CV) curves and electro-
chemical impedance spectroscopy (EIS) tests were performed on
an electrochemical workstation (VSP, Bio-Logic). In detail, the fre-
quency range of the EIS tests were 10~3-10° Hz. The potential
range and scan rate of the CV were 0.01-3.0 V and 0.1 mV/s, re-
spectively.

The synthesis process of 3D SCG aerogel is shown in Fig. 1a.
PDA is coated on Si nanoparticles due to the hydrogen bonding
interaction between the surface hydroxyl of Si and the pheno-
lic hydroxyl of DA [20]. In addition, the PDA coating is necessary
for the formation of homogenous Si@PDA@reduced graphene ox-
ide (Si@PDA@rGO) hydrogel due to the hydrogen bonding, chemi-
cal cross-linking and - stacking between PDA and rGO [21,22].
These abundant bondings endow a strong interaction, which leads
to the successful synthesis of Si@PDA@rGO hydrogel. In the con-
trol experiments without using PDA, as shown in Fig. 1b, it is
noted that although graphene hydrogel can form successfully, the
Si nanoparticle are gathered at the bottom due the weak inter-
action between Si and rGO. In contrast, no precipitates can be
observed in Fig. 1c, indicating Si@PDA nanoparticles have been
successfully embedded in the 3D graphene hydrogel. Finally, af-
ter freeze-drying and annealing, the Si@PDA@rGO hydrogel is con-
verted into SCG aerogel. In particular, the PDA coating is converted
into a N-doped carbon coating, which can avoid contact between
Si and electrolyte, enhance the Li* storage performance and reduce
the generation of SEI film. The carbon coating and the 3D graphene
aerogel structure in SCG can improve the electronic conductivity,
effectively avoid the aggregation of Si nanoparticles, and adapt to
the large volume change of Si during the repeated charging and
discharging. Therefore, the SCG provides the possibility of achiev-
ing long cycle life and good capacity.

The composition of the samples has been determined by XRD,
Raman, FT-IR, TGA and XPS. As shown in Fig. S1a (Supporting in-
formation), the XRD patterns of Si, SC, SG and SCG show sharp
diffractions at 28.4°, 47.3°, 56.1° and 69.1°, which correspond to
the (111), (220), (311) and (400) planes of Si (PDF# 89-2955), re-
spectively [23,24]. Meanwhile, the weak diffractions at 22.0° of SC
and 25.8° of GA belong to amorphous carbon and graphene, prov-
ing the existence of carbon coating and graphene in SCG [25,26].
According to the Raman spectra (Fig. S1b in Supporting informa-
tion), the characteristic band of Si (513.2 cm~!) further indicates
the presence of Si in SCG. In addition, the signals appearing at
1346.7 and 1590.5 cm~! correspond to the D band and the G band
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Fig. 2. FT-IR spectra of (a) Si and Si@PDA, (b) GO and Si@PDA@rGO. High resolution
XPS spectra of (c¢) Si 2p, (d) C 1s and (e) N 1s in SCG-2. (f) TGA curve of Si, SCG-1,
SCG-2 and SCG-3.

of carbon [5,13]. High degree of graphitization (Ip/Ig < 1) in SCG-
2 is beneficial to enhance the electronic conductivity of electrode
materials, as well as the disordered graphitic structure may con-
tribute to the diffusion and transportation of Li*.

FT-IR spectra were used to determine the bonding chemistry
of in the samples. As shown in Fig. 2a, the broad peak at 850
cm~! in the FT-IR spectra of Si is related to the asymmetric vi-
bration of Si-OH [27], and it disappears in Si@PDA. In addition,
the bands at 1508 and 790 cm~! of Si@PDA are related to the vi-
brations of the C=C bond and the N-H bond, respectively, which
indicates that the PDA coating is coated on the Si nanoparticles
through hydrogen bonding [20,21]. In Fig. 2b, the peak represent-
ing the stretching vibration of C-O (1043 cm~!) appears in GO,
while it almost disappears in Si@PDA@rGO, which means that GO
is reduced to rGO during the hydrothermal self-assembly process.
As shown in the FT-IR spectra of GO, the broad band centered
on 3186 cm~! is attributed to the hydrogen bond between car-
boxyl groups, while the peaks at 1722 and 1410 cm~! belong to
the vibrations of C=0 and O-H bond of carboxyl group [28]. How-
ever, these bonds related to carboxyl groups in GO and the N-H
bond in Si@PDA are replaced by bands at 3410 and 1674 cm~! in
Si@PDA@rGO, which represent the hydrogen bonds (N-H/O-H or
0-H/O-H) and the C=0 vibration of amide between PDA and rGO,
respectively [21,29]. Furthermore, the latter proves the existence
of chemical cross-linking. In addition, as shown in Fig. 2c, the -7
stacking between rGO and PDA is also beneficial to the formation
of homogenous Si@PDA@rGO hydrogel [22,30]. The above results
further support the bonding interactions shown in Fig. 1.

The structure of 3D aerogel and the dispersion of Si nanopar-
ticles were observed by SEM. In Fig. S2 (Supporting information),
both SG and SCG-2 exhibit a hierarchical structure, which is typi-
cal of graphene aerogel [31,32]. The Si nanoparticles are observed
to severely agglomerate in SG (Figs. S2a and b), as indicated by the
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Fig. 3. (a) SEM and (b) TEM images of Si. (c, d) TEM and (e) HRTEM images of SC.
TEM images of (f, g) SG and (h, i) SCG-2. (j) HAADF-STEM and EDX of SCG-2 with
corresponding elemental mapping of Si, N and C.

white circles. In contrary, the Si nanoparticles are homogeneously
wrapped in graphene in SCG-2 (Fig. S2c and d). The uniform dis-
persion of Si nanoparticles in SCG-2 benefits from the crucial role
of the PDA coating. As shown by the results of FT-IR (Figs. 2a and
b), the Si@PDA and graphene sheets are firmly connected by hydro-
gen bonding, chemical cross-linking and -7 stacking. Therefore,
Si@PDA can be uniformly dispersed and enveloped by graphene
sheets in SCG -2, instead of agglomeration in SG. According to
the digital graphs (Fig. 1b), SEM (Figs. S2a and b) and TEM images
(Figs. 3f and g), if there is no PDA coating, Si nanoparticles cannot
be uniformly distributed on the graphene sheets.

XPS was used to explore the chemical states of elements in
SCG-2. As shown in Fig. 2¢, the high resolution XPS spectrum
of Si 2p shows that there are two valence states of Si, ie., Si*"
(103.7 eV) and Si® (99.7 eV) [23]. The presence of Si** is ascribed
to the oxidized surface layer of SiO,, thereby providing the hy-
droxyl (-OH) interconnected with DA [20]. In Fig. 2d, the high res-
olution XPS spectrum of C 1s shows four peaks at 289.3, 286.6,
285.2 and 284.8 eV, corresponding to the m-m shakeup, C=O0,
C—0 and C-C bonds, respectively [13,33-35]. These carbon-oxygen
bonds suggest successful coating of carbon on Si nanoparticles. The
high resolution XPS spectra of N 1s is deconvoluted into four peaks
at 398.6, 400.2, 401.3 and 402.5 eV (Fig. 2e), representing pyridinic
N, pyrrolic/pyridone N, quaternary N and oxidized N, respectively
[14]. Nitrogen doping in the carbons can improve the lithium stor-
age performance by promoting electrochemical reactions through
creating more defects and increasing active sites for Lit adsorption
[26,36,37].

The content of each component and thermal properties of SCG-
2 have been determined by TGA. As displayed in Fig. 2f, the weight
loss before 200 °C is attributed to the evaporation of water in the
sample, while the weight change from 200 °C to 900 °C corre-
sponds to the oxidation of Si and the combustion of carbon and
graphene [14,37,38]. The Si contents in SCG-1, SCG-2 and SCG-3
sample can be roughly evaluated, assuming the Si component in
these samples are fully oxidized in the TGA curves. As a result, the
contents of Si in SCG-1, SCG-2 and SCG-3 sample are approximately
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49.42, 59.52 and 68.88%, respectively. In addition, the content of
carbon and graphene in SCG-2 is calculated to be about 40.48%.

The microstructure of the samples was further investigated by
TEM and HRTEM. As shown in Figs. 3a and b, the Si nanoparticles
used in the prepared samples have a diameter of 100-200 nm, and
they are severely agglomerated together. Since there is no isola-
tion of graphene, the PDA coating of SC forms an interconnected
carbon layer after annealing (Figs. 3¢ and d). In addition, accord-
ing to the HRTEM image of SC (Fig. 3e), the inter-planar spac-
ing of 0.31 nm is related to the (111) plane of Si, and the thick-
ness of the carbon coating is about 10 nm [13]. In the SG sample
(Figs. 3f and g), Si nanoparticles agglomerated together and sim-
ply mixed with graphene without forming a stable structure. This
result is consistent with the conclusion obtained from the SEM im-
ages (Figs. S2a and b) and the digital graph of Si/rGO hydrogel
(Fig. 1a). However, in the SCG sample (Figs. 3h and i), the carbon-
coated Si nanoparticles are tightly wrapped by graphene and are
evenly dispersed in graphene aerogel, which matches the results of
the SEM images (Figs. S2c and d). The HAADF-STEM image of SCG-
2 (Fig. 3j) can prove that the Si nanoparticles coated with nitrogen-
doped carbon are uniformly dispersed in the graphene aerogel
structure.

By comparing the digital graph of Si/rGO hydrogel and
Si@PDA@rGO hydrogel (Figs. 1b and c), as well as the SEM (Fig.
S2) and TEM images (Figs. 3f-i) of SG and SCG-2, it can be found
that the PDA coating can effectively avoid theagglomeration of Si
nanoparticles and make them uniformly dispersed in the aerogel.
This is because the PDA coating can be attached to Si nanoparti-
cles through hydrogen bonding, and connected to rGO by hydrogen
bonding, chemical cross-linking and -7 stacking (FT-IR spectra in
Figs. 2a and b). It is worth noting that this is also essential for
forming a stable structure.

Based on the above results, it can be confirmed that the 3D SCG
structure has been successfully prepared, in which Si nanoparticles
coated with N-doped carbon are uniformly fixed in the graphene
aerogel.

The prepared samples were used as anodes for LIBs to explore
their electrochemical behavior. Fig. 4a shows the CV curves for the
first five scans and of SCG-2. The broad reduction peak from 0.9 V
to 0.2 V that only appeared in the first scan is related to the for-
mation of a stable SEI film [39]. The sharp reduction peak at 0.01 V
represents the lithiation of Si to form LixSi, while the two distinct
oxidation peaks at 0.36 and 0.51 V are attributed to the extraction
of Li* from LixSi alloy [10,14,40]. As the subsequent scans progress,
the area and intensity of the oxidation peaks increase gradually,
which may be due to the activation of the electrode materials [41].
As shown in Fig. 4b, the charge/discharge profiles of the SCG-2 can
be well matched with the CV curves. The plateau of the 1st dis-
charge curve at 0.1 V is related to the reduction peak of the CV
curve at 0.01 V, which represents the lithiation of crystalline Si.
In the subsequent discharge curves, this plateau appears at about
0.3 V due to the conversion of crystalline Si to amorphous Si af-
ter the lithiation/de-lithiation process, which is also the reason for
the change in the intensity of reduction peak (Fig. 4a) [42-44]. In
addition, the long slope between 3.0 and 0.3 V in the discharge
curves may represent the lithiation of graphene [14], while the
gentle slope between 0.3 V and 0.5 V in the charge curves is re-
lated to the de-lithiation of LixSi [45]. In the first cycle of SCG-2
(Figs. 4b and d), the charge and discharge specific capacities are
1244.3 and 1618.1 mAh/g, respectively. Its first cycle coulombic ef-
ficiency is 76.90%, which is higher than SCG-1 (56.97%) and SCG-3
(58.58%) (Fig. S3 in Supporting information).

As shown in Fig. S3 and Fig. 4c, SCG-2 has better capacity per-
formance than SCG-1 and SCG-3, i.e., 712 mAh/g at 0.1 A/g after
100 cycles and 402 mAh/g at 1 A/g after 1500 cycles. The phe-
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Fig. 4. (a) CV curves and (b) charge/discharge voltage profiles for cycles at a current
density of 0.1 A/g of the SCG-2. (c) Cycling properties at a current density of 1 A/g
of the SCG-1, SCG-2 and SCG-3. (d) The cycling properties at a current density of 0.1
Alg. (e) Rate performances of the Si, SC, SG and SCG-2 for the half cell. (f) Specific
capacity for cycles at 0.1 A/g of the NCM/SCG-1, NCM/SCG-2 and NCM/SCG-3 full
cell.

nomenon that the specific capacity rises first and then decreases as
the Si content in the SCG sample increase may be due to the low
Si content in SCG-1 limits its capacity increase, while the excessive
Si content in SCG-3 causes the structure to not stable. Therefore,
the appropriate specific gravity of Si@C and graphene in SCG-2 can
ensure a higher capacity while maintaining the structural stabil-
ity of the aerogel. Compared to Si and SG, the coulombic efficiency
of SCG-2 is close to 100% and remains stable after a short activa-
tion process (Fig. 4d), showing excellent cycling stability. In addi-
tion, comparing SCG-2 with other samples (Figs. 4d and e), it can
be found that SCG-2 far exceeds the Si, SC and SG samples in re-
versible capacity and cycle stability. This is mainly attributed to the
multiple effects of the N-carbon coating: (1) provide a large num-
ber of electrically contact points to enhance the electronic conduc-
tivity of the electrode; (2) separate the electrolyte and Si to re-
duce the consumption of electrolyte and active materials and sup-
press the formation of SEI film; (3) inhibit and buffer the large vol-
ume change of Si and limit its aggregation. GA has extremely ex-
cellent cycle stability and can provide a stable structure for com-
posite materials. Whether Si nanoparticles are compounded with
carbon or graphene, they have a significant improvement in capac-
ity performance, but their cycle stability is poor (Fig. 4e). There-
fore, the SCG-2 sample, i.e., appropriate proportion of Si nanoparti-
cles coated with N-doped carbon are fixed in 3D graphene aerogel,
can effectively improve the electrochemical performance, which is
mainly due to the double protection provided by the carbon coat-
ing and the graphene aerogel structure. In addition, we summarize
and compare the lithium storage properties of some Carbon-based
Si/SiOx electrodes. As shown in Table S1 (Supporting information),
the performance of SCG-2 sample is superior to other electrodes in
terms of long cycle life.

EIS further clarifies the potential causes of the excellent elec-
trochemical performance of SCG-2 electrode. In Fig. S4 (Support-
ing information), the Nyquist plots consist of a slope curve at low
frequency and a semicircle at the high and medium frequency, re-
spectively representing the diffusion of Li* in the solid electrode
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and the charge-transfer resistance at the interface between the
electrolyte and the electrode [46-48]. It can be seen that both
the diameter of the semicircle and the slope of the slope curve
of the SCG-2 are smaller than that of the Si, which means that the
SCG-2 has a smaller charge-transfer resistance and a larger diffu-
sion coefficient of Li*. This is because the nitrogen-doped carbon
coating and graphene aerogel structure in SCG-2 can effectively
improve the electronic conductivity and lithium ion diffusion rate
[49,50].

The influence of repeated charging and discharging process on
the stability of electrode structure was studied by TEM. After 100
cycles at a current of 0.1 A/g, SCG-2 electrode still maintains
the stable structure before cycling, and the Si nanoparticles are
tightly wrapped by graphene sheets (Fig. S5b in Supporting in-
formation). However, as shown in Fig. S5a (Supporting informa-
tion), Si nanoparticles in the SG electrode are separated from the
graphene, severely aggregated and broken. Therefore, the stable
structure can endow SCG-2 electrode with excellent electrochem-
ical performance, which matches the results of the cycling test in
Fig. 4.

To explore the potential of the SCG aerogels for practical appli-
cations, the SCG-2 anode and commercial NCM622 cathode were
used to assemble a full cell (named as NCM/SCG). The electrolyte
used in the full cell is same as that used in the half cell, that
is, 1 mol/L LiPFg in DMC/EMCJEC (1:1:1, v/v/v). According to the
charge/discharge voltage profiles of SCG-2 half cell and NCM622
half cell (Fig. S6a in Supporting information), the working volt-
age range of NCM/SCG full cell is set to 2.5-4.35 V. In order
to explore the influence factors of electrochemical performance,
the SCG-2 anodes used to assemble NCM/SCG-1, NCM/SCG-2 and
NCM/SCG-3 are respectively treated as follows in half cell before
the full cell is assembled: pre-lithiation, completing 300 cycles
charge/discharge at 1 A/g (the performance of the SCG-2 anode
material has been stable under this condition in Fig. 4c) or us-
ing more PVDF binder when preparing the working electrode (SCG-
2:super P:PVDF = 8:0:2).

As shown in Fig. S6b (Supporting information), the reversible
capacity of commercial NCM622 half-cell is very stable and even
increases with the activation of active materials, therefore does
not cause the performance degradation of the full cell. In Fig. 4f,
the NCM/SCG-1 full cell has a relatively stable performance after
a large attenuation in the first 40 cycles, and exhibits a reversible
capacity of 131.1 mAh/g after 80 cycles at 0.1 A/g. The specific ca-
pacities of the NCM/SCG-2 and NCM/SCG-3 remained 187.6 and
154.3 mAh/g after 80 cycles, respectively. More importantly, their
specific capacity attenuation is better than that of NCM/SCG-1. It
may be because the structure of the NCM/SCG-2 anode has been
adjusted after a long cycle in the half cell, and the final stable SEI
film has been formed on the electrode surface, which reduces the
consumption of electrolyte and the reduction of capacity. In addi-
tion, by comparing the capacity attenuation in Fig. 4f, it can be
seen that more PVDF binder in the NCM/SCG-3 anode can effec-
tively inhibit or delay the shedding of the active material. There-
fore, it can be inferred that the attenuation of NCM/SCG-1 full cell
is not only related to the consumption of electrolyte [51], but also
due to the structural adjustment and partial shedding of active
material in SCG-2 anode. Furthermore, as shown in Fig. S6¢ (Sup-
porting information), the NCM/SCG full cell can successfully light
up the red light emitting diode (LED, standard operating power
0.02 W) arrays, which proves its prospect towards real application.

In summary, a 3D SCG aerogel structure has been rationally de-
signed by a PDA-assisted assembly strategy. The chemical inter-
action between PDA and the oxygen-containing groups of GO is
the key to the formation of homogeneous SCG aerogels. The N-
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doped carbon coating and graphene aerogel structure synergisti-
cally solve the problems of poor electronic conductivity and crush-
ing and shedding of electrode material caused by large volume
change during repeated charge and discharge. Therefore, the SCG
aerogels shows much better electrochemical performance than Si
and SC in terms of specific capacity, rate performance and cycle
stability. A full cell was also assembled to explore its practical po-
tential of the as-designed SCG aerogels. The proposed strategy and
the excellent electrochemical properties delivered by the Si com-
posites suggest a feasible protocol to synthesize high performance
Si-based anodes for future LIBs.
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