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A B S T R A C T

Silicon carbon (Si/C) materials are promising anode candidates for high performance lithium ion batteries
(LIBs). However, serious volume expansion and solid electrolyte interface formation limited their actual capacity
during lithiation and delithiation. In the present study, an innovative and low-cost synthetic approach was
developed for synthesizing carbon-rich silicon-containing polymer-derived ceramics from poly(dimethylsilyene)
diacetylenes (PDSDA) and its feasibility to be used as anodes was demonstrated. The attained PDCs@800 °C
exhibited a high specific capacity upto 883 mAhg−1 at 400 mAg−1, with> 99% coulombic efficiency (CE), and
90% capacity retention even after 500 cycles, setting a new record for PDCanode materials in LIBs. The high
specific capacity was attributed to the incessant Si/C network which delivered consistent conductance and a
stable solid electrolyte interphase (SEI). This study opens the door to explore and apply well-designed ceramic
materials derived from tailored polymers as high performance anodes for lithium ion batteries.

1. Introduction

The rapidly developing portable electronics and electric vehicles
demand lighter, safer and high capacity lithium ion batteries (LIBs).
Silicon has emerged as an appealling anode for LIBs due to its high
theoretical capacity (∼4200 mAhg−1) [1]. Unfortunately, the silicon
electrodes suffer from a severe pulverization by volume expansion
(∼280%) during lithiation and delithiation, yielding a fast capacity loss
in the first few cycles [2,3]. Various approaches have been explored to
circumvent the stability issues by forming structured Si electrodes in-
cluding thin films, micro- and nano-sized particles as well as composites

[4]. Highly interconnected Si nanowires prevent individual nanowires
to detach from the substrate to improve the cyling stability [4]. Active
Si nanotube surrounded by an ion-permeable Si shell have been de-
veloped to operate over 6, 000 cycles with more than 85% remaining of
their initial capacity [5]. The outer surface was protected from ex-
pansion by the oxide shell, and the expanding inner surface was not
exposed to the electrolyte, achieving a stable solid electrolyte inter-
phase (SEI). Si-nanolayer-embedded graphite/carbon anode structure
presents a high-first-cycle efficiency up to 92% and a rapid efficiency
increases to 99.5% after only 6 cycles, yielding a capaicty retention of
96% after 100 cycles [6]. Choi and Park et al. have reported a Si-based
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porous composite with high stability [7]. A micro-sized carbon coated
Si-based multicomponent including Si/SiO cores and crystalline SiO2

shells has demonstrated a high reversible capacity with a remarkable
durability [8]. The influence of Si building block size for Si-C compo-
sites has revealed a critical size of 15 nm to achieve high stability and
capacity sponteneously [9].

In a continuous search for solving the capacity degradation, Si-
based polymer derived ceramics (PDCs), namely silicon oxy-carbides
(SiOC) or silicon carbon nitrides (SiCN), have been stuided and showed
a higher resistance to crystallization and possessed amorphous carbons
[10–12]. These materials outperform the widely used graphite in terms
of capacity and high rate performance [13–20], undergoing less degrees
of volume expansion compared with Si anodes [21,22]. Halim et al.
synthesized SiOC anode using phenyl-rich silicone oil precursor and the
resulting sample demonstrated the stability up to 250 cycles with 800
mAh g−1 capacity at 200mA g−1, owing to its extremely low volume
change and relatively fast lithium ion mobility with the matrix [23].
David et al. demonstrated a freestanding SiOC in rGO matrix anode
with a 588 mAh g−1 capacity during 1020 cycles without showing
noticeable mechanical failure [23]. The porous rGO matrix played an
important role as electron conductor and current collector with a stable
mechnical structure, whereas SiOC cycled the Li+ with high Coulombic
efficiency. Vrankovic et al. synthesized Si/C/SiOC composites to pro-
vide ∼600 mAh g−1 with almost no capcity decay up to 100 cycles
[24]. The promising performance arises from three folds: i) accom-
modation of the volume changes during lithiation in the open porosity;
ii) high conductivity due to the existence of carbon; iii) encapsulation of
the SiOC favoring the adaption of volume changes and minimizing the
SEI formation. Regarding the SiCN-based composites, Graczyk-Zajac
et al. reported endurable SiCN/graphite composite anodes, exhibiting a
higher capacity than that of the sum of both components [25]. The
remarakble stability arose from the presence of the SiCN ceramic phase.
Feng et al. synthesized anodes from controlled pyrolysis of poly(si-
lylcarbondiimide) to realize 722.4 mAh g−1 capacity at the first cyelc
and 475.1 mAh g−1 after 100 cycles [26]. High rate peformance was
achieved with 800mA g−1 and a capacity as high as 260 mAh g−1.
Typically, the Si-based PDCs were prepared by controlled pyrolysis. For
example, Riedel et al. [27], Su et al. [28], and Fukui et al. [29] de-
monstrated the influence of pyrolysis temperatue on the electro-
chemical performance. Two folds can be reached for this system: i) si-
licon mixed with moderate free-carbon content provides high capacity
and cycle ability [30]; and ii) composites show a better performance
than pure Si and graphite/graphene, etc. On the other hand, the major
challenge facing the Si-based anodes is to achieve good conductivity,
structural integrity at work, and cost-effective synthesis, etc [31].

Herein, carbon-rich PDC derived Si/C networks were synthesized
via a novel synthesis route using poly(dimethylsilyene)diacetylenes
(PDSDA) as single-source-precursor. The structures of Si/Cmaterials
were investigated by FTIR, XRD and Raman spectroscopy, suggesting
the amorphous to crystalline structure for different pyrolysis tempera-
tures. The capacity of Si/C@800 °C reached as high as 883 mAhg−1 at
400 mAg−1 with an enhanced capacity retention of 850 mAh.g−1 after
500 cycles, i.e. 96.3% remaining, creating a new record for PDCs used
as anode materials for LIBs. The effects of pyrolysis temperature on the
structure suggested that the electrochemical performance of the Si/C
ceramic anodes depended on the conductive amorphous carbon net-
work. The Si enhanced the Li ion storage capacity and the carbon
served as a conducting source for LIBs. Therefore, the obtained PDCs
via pyrolysis was used to estabilsih the relationship between amorphous
structure and electrochemical performances, particularly the Li-ion
storage properties and possible new advancement in the research field
of batteries.

2. Experimetal section

2.1. Materials

An organolithium reagent of n-butyllithium (n-BuLi) (2.5M), orga-
nosilicon compound dimethyldichlorosilane (MSDS, (CH3)2SiCl2,
purity> 99.5%), hexachloro-1, 3-butadiene (purity> 96%) and tri-
methylchlorosilane (TCE, (CH3)3SiCl, purity> 98%) were purchased
from Sigma-Aldrich and used as received for the synthesis of poly(di-
methylsilylene)diacetylenes (PDSDA). Anhydrous tetrahydrofuran
(THF) was distilled from Na/benzophenone under nitrogen.

2.2. Synthesis of PDSDA

Poly(dimethylsilyene)diacetylenes(PDSDA) was synthesized under
argon atmosphere according to the published procedures [32]. Briefly,
THF (100mL) and n-BuLi (77.66 g, 0.257mol) were added into a
500mL dried flask at −78 °C in an acetone bath. Then, hexachloro-1,3-
butadiene (17.271 g, 0.066mol) was injected through an argon-purged
syringe. After continuous shaking, MSDS (8.375 g, 0.065mol) was
added and the temperature was maintained at −78 °C. The reaction
was allowed to proceed for one day, and surplus TCE (2mL) was added
into the mixture. PDSDA was obtained after precipitation of their to-
luene solution in methanol and subsequent evaporating. At last, the
PDSDA with a yield of 67% was dried under vacuum for 24 h for further
uses in the preparation of anode materials.

2.3. PDSDA derived ceramics

Specified amount of PDSDA was transferred into furnace tube (GSL-
1700×, Kejing Co., China) for pyrolysis in Ar atmosphere. The pyr-
olysis was divided into three steps. First, from 25 to 200 °C, the heating
rate was 2 °C min−1 and then the temperature was held at 200 °C for 2 h
to initiate further cross-linking of the precursor. Second, followed by
cross-linking, the temperature was increased to 800, 1000 and 1200 °C
for 240min at a heating rate of 5 K/min. Third, the temperature was
gradually decreased to room temperature with a cooling rate of 5 °C/
min. The obtained black product was further used as the anode mate-
rials and named as Si/C @ 800 °C, Si/C @ 1000 °C and Si/C @ 1200 °C,
respectively.

2.4. Cell assembly

The anode was prepared by mixing Si/C active material, poly-
vinylidene difluoride (PVDF) and acetylene black with a weight ratio of
8:1:1 typically and then ground into slurry with N-methyl kelopyrro-
lidide (NMP). The Si/C anode material slurry was spread on a high
purity copper foil with a scraping blade. The coated copper foil was
dried at 80 °C in a vacuum oven overnight. Followed by punching the
foil out into individual disk electrodes with a diameter of 16mm, the
electrodes were further dried at 80 °C under vacuum overnight and
transferred into glove box. The battery half-cells were assembled with
an as-prepared individual disk electrode, a lithium disk (as the re-
ference electrode), a Celgard 2500 film (as separator) and a solution of
LiPF6 in ethylene carbonate-dimethyl carbonate (1:1 vol) as the elec-
trolyte in an argon filled glove box. Each half-cell was incubated for 6 h
in the glove box before use.

2.5. Characterizations

Fourier transform infrared spectroscopy (FT-IR) was recorded on a
Nicolet iSTO spectrometer (Varian, Palo Alto, California, USA) over a
range from 4000 to 400 cm−1. The XPS spectra were recorded with a
Kratos Axis 165 X-ray photoelectron spectrometer using a monochro-
matic Al Kα radiation (hν=1486.6 eV) at a take-off angle of 0°. All
binding energy values were corrected to C 1s signal (285.0 eV). The
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pyrolysis of the samples was investigated by thermogravimetric ana-
lysis (TGA) using a thermoanalyzer STA 449 F3 with a heating rate of
10 K/min under argon atmosphere (purity≥ 99.99%) at a gas flow of
50mL/min in a temperature range between 40 and 1400 °C. Powder X-
ray diffraction (XRD) measurements were carried out on X9Pert Pro
Powder diffractometer (Cu Kα radiation, 40 kV, 40mA) (PANalytical
B.V., Netherlands) using crushed sample powders. The X'Celerator sci-
entific RTMS detection unit was used for detection. Scanning electron
microscopy (SEM) observations were performed using a VEGA3XMH
instrument (Tescan Co., Czech Republic). The EDS mapping of Si/C
anode was measured by energy dispersive spectroscopy installed on the
SEM. LIR 2025 type coin cells were assembled in the glove box (1220/
750/900 Mikrouna, China). Charge-discharge performance of cells was
measured galvanostatically at given current densities on LANHE
CT2001A (Wuhan, China) multichannel potentiostat. The cyclic vol-
tammetric (CV) and electrochemical impedance spectroscopy (EIS)
measurements of the PDC anode were carried out with an AMETEK
model 1470E fixed with a 1400 Cell Test System (Solartron analytical).

3. Results and discussion

The Si/C ceramic anode materials were prepared through pyrolysis
of PDSDA precursor in a controlled manner. Scheme 1 illustrates the
sequential conversion of PDSDA into crosslinking networks and con-
solidated Si/C linkage and amorphous carbon (ceramic product) after
cross-linking and pyrolysis at high temperatures. The thermolysis pro-
cess of PDSDA was firstly investigated by TGA (Fig. 1a). The weight loss
was negligible up to 480 °C, suggesting that PDSDA was stable below
480 °C. Below this temperature, the linear PDSDA was further cross-
linked into networks (Scheme 1). Beyond 480 °C, the PDSDA started to
decompose gradually and release gases such as H2, CH4, and C2H4. The
total weight loss of PDSDA at 1400 °C was ∼16%, owing to the deep
cross-linking even at low temperatures and less content of volatile
groups in the precursor. Thus, the obtained very high ceramic yield of
PDSDA is of great interest for battery industry.

To elucidate the chemical evolution during the pyrolysis, FTIR
spectra of PDSDA and Si/C ceramics pyrolyzed at 800, 1000, and
1200 °C have been further investigated (Fig. 1b). After the cross-linking
and pyrolysis, the sharp peak of PDSDA at 2080.51 cm−1 disappeared
because of the formation of Si-C or C-C bonds from ynyl groups in
PDSDA [33]. The prominent peak at 800 cm−1 correspondes to the Si-C
functionalities (SiC4 tetrahedral species) and the presence of unchanged
diacetylenes groups. The peak at 1042.47 cm−1 indicates the formation

of Si/C ceramic inside an amorphous carbon @ 800 °C [34], owing to
the involved only dimethyl-silyl units without functional groups; and
the peaks became less intensive with an increased conjugation at higher

Scheme 1. Progressive conversion of poly(dimethylsilylene diacetylenes) (PDSDA) intocrosslinking networks and consolidated Si/C linkage and amorphous carbon
(ceramic product) after cross-linking and pyrolysis at high temperature.

Fig. 1. (a) TGA thermogram of PDSDA determined at a scanning speed of 10 K/
min in the presence of argon, (b) FT-IR spectra of: a) PDSDA, b) Si/C @ 800 °C,
(c) Si/C @ 1000 °C, and (d) Si/C @ 1200 °C, respectively.
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temperatures [35]. By comparison, the broad and more intense small
peak at 1245.57 cm−1 for Si-CH3 after pyrolysis confirms the formation
of Si-CH2-Si bond.

To utilize Si/C ceramics as the anode, the crystal structure and
composition of C, Si and O could significantly influence the perfor-
mance. Herein, we measured the XRD to explore the structure evolution
of the Si/C ceramics (Fig. 2a). For both Si/C@80 °C and Si/C@1000 °C
samples, a broad peak at 23° represents amorphous carbon [36,37]. The
prominent peaks at 35.63°, 43.52°, 59.98°, 66.86° and 71.7° suggest the
formation of crystalline Si/C phase for the Si/C@1200 °C samples [36].
These characteristic peaks clearly prove the high degree of crystallinity
for Si/C@1200 °C. Regarding the Si/C@ 800 °C and Si/C@1000 °C
samples, the weak broad peaks at 35.63°, 43.52° and 59.98° suggest the
coexistence of amorphous carbon and Si/C structure. With increasing
the temperature from 800 to 1200 °C, the carbon structure of pyrolyzed
PDSDA involved the evolution from amorphous structure to tetrahedral
SiC structure [38]. Consequently, low pyrolysis temperatures brought
almost no changes of the original structure but increased the Si phase
purity, predicting the beneficial cycling stability performance and Li-
ion transformation. The local carbon structure of the Si/C was further
investigated by Raman spectroscopy. Fig. 2b shows clear subtle changes
of free carbon of the PDC specimens pyrolyzed at different tempera-
tures. The D band at 1334 cm−1 arises from the defects of graphitic C
structure while the G band at 1577 cm−1 consistently increases to
1604 cm−1 from amorphous to crystalline structure after pyrolysis
[39]. The G band originates from the assortment of D band corre-
sponding to the crystallinity of carbon. Both D and G bands are asso-
ciated with the disorder-induced characteristics and sp2 hybridized of
carbon atom. The quantitative curve fitting suggested that the relative
intensity ratio of D and G band increased from 0.87 to 0.99 with in-
creasing the pyrolysis temperatures, indicating more defects generated
and low degree of graphitization [40]. The peak intensity of Si/C @
800 C increases while the positions of D and G bands shift towards
higher wavenumbers at low temperaures. This implies that the electric
conductivity of free-carbon phase increases at low temperature and the
amorphous level of coating on silicon also increases [41,42]. These
defects result from the sp3 hybrid of SiC structure at a higher

Fig. 2. (a) X-ray diffraction pattern for Si/C anode specimens, confirming the
amorphous nature @ (800 °C, 1000 °C and 1200 °C), (b) Raman spectra of Si/C,
screening facts of D and G bands @ (800 °C, 1000 °C and 1200 °C).

Fig. 3. XPS survey spectra of (a) PDSDA and Si/C @ (800, 1000 and 1200 °C) respectively. High-resolution XPS data and Shirely fitting analysis of Si/C @ 800 °C (b)
C1s spectrum, (c) O1s spectrum and (d) Si2p spectrum.
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temperature, further confirming the XRD results. The XRD and Raman
analysis verified that the Si/C@800 °C sample was mainly composed of
amorphous Si and carbon with amorphous Si/C layers as confirmed by
the TEM, HRTEM, EDX mapping analysis and their corresponding SAED
pattern (Fig. S1, Supporting Information). The structure of Si/C@
1000 °C lies between the above two structures. The schematic re-
presenting the differentiation of Si/C anode is presented in Fig. S2. The
XPS spectra further revealed the presence of Si and C in the PDC matrix
(Fig. 3). The content of carbon (80.46%) and silicon (19.54%) confirms
that the amorphous rich-carbon coated the silicon particles. Three
peaks in C1s spectra at 284.7, 285.8 and 287.4 eV confirmed the for-
mation of SiC and C-C, respectively [43–47]. The deconvoluted Si2p
triplets peaks at 283.4, 284.7 and 285.8 eV further prove the formation
of Si/C with the C-C Sp2 bonding. The above peaks confirmed the Si/C
bonding in ceramic matrix Si phase and free carbon phase.

The electrochemcial performances of Si/C ceramics have been
monitored with the cyclic voltammetry (CV). The CV curves of the Si/
C@800 °C sample evidently specified the change of the first cycle from
the subsequent cycles (Fig. 4a). The cathodic peaks at 1.623 V vs. Li/
Li+ appeared in the first cycle correspond to the SEI formation during
the lithium insertion [48,49], which leads to a low coulombic efficiency
and irreversible capacity. The cathodic peak at 0.90 V vs. Li/Li+ is at-
tributed to the formation of LixSiy. While the anodic peaks at 1.176 and
1.375 V vs Li/Li+ represent the delithiation reaction of LixSiy [49]. The
differences between the first and subsequential cycles were ascribable
to the decompositioon of organic electrolyte to form SEI. The re-
producible second and third cycles suggest the good cycling stability of
Si/C anode.

To examine the performance of half-cell, the charge/discharge ca-
pacities of the Si/C ceramic anode and lithium foil as commercial
cathode in LiPF6 have been further investigated. The first discharge
capacity of Si/C@800 °C at 100 mAg−1 was 1732.2 mAhg−1 and
dropped to 901 mAhg−1 in the second cycle, while at a higher current
density of 500 mAg−1, the first discharge capacity was 1780.2 mAh.g−1

and decreased to 981.3 mAh.g−1 in the next cycle, thus resulting in a

first cycle loss of 44%. While the charge capacities for the Si/C@
1000 °C and Si/C@1200 °C samples at the corresponding current den-
sities in the first cycle were 63.0 and 137.0 mAhg−1, causing a high first
cycle loss of 76.36% and 81.75% in capacity. A high first cycle loss was
observed due to the quick parasitic reactions at high voltage, and this
loss could be reduced by activating the cell before charge/discharge at a
low current rate [50].

In Fig. 4b, the Si/C@800 °C sample showed a better capacity re-
tention of 90.32% in the first cycle at 400 mAg−1 and a higher cou-
lombic efficiency of 90% compared to the Si/C@1000 °C sample
(35.48%) and the Si/C@1200 °C sample (31.56%) at the identical
current density (Fig. 4c and d). This low capacity retention of Si/C @
1000 °C and Si/C @ 1200 °C originated from the formation of stable SEI
layer by reacting with electrolyte in the first few cycles in the range of
0.1–2.0 V [48]. The charge curve was at 2.0 V while the discharge
measurements started at 1.15 V because the cell was subjected to the
state of rest at the charge position during electrochemical cycling test.
This difference in the voltage hysteresis was observed due to the
holding time of the anode and/or designated to fewer irreversible in-
sertion sites for the Li ions in the anode material [51]. To the best of our
knowledge, the charge and discharge capacities of ∼752.1 and ∼832.7
mAhg−1 at 400 mAg−1 for Si/C@800 °C presented more remarkable
yielding capacity retention as high as 90.32%, which outperformed the
previously reported PDCs [52]. The larger first insertion and extraction
capacities of the Si/C@800 °C sample suggested more available ion
insertion sites. Considering the capacities of Si/C@1000 °C and Si/C@
1200 °C anodes, the first two cycles loss mechanism depends sig-
nificantly on the Si/C structure which was in close agreement with the
results reported on the SiCN and SiOC ceramics [22,53].

The structural features of Si/C matrix influence the extended cycling
performance with varying current densities (Fig. 5). The reversible
capacity at 170 mAg−1 reaches the largest value, yielding ∼677.87
mAhg−1 for the Si/C@800 °C sample, ∼349.05 mAhg−1 for the Si/C@
1000 °C sample and∼279.79 mAhg−1 for the Si/C@1200 °C sample.
The Si/C@800 °C sample thus achieved the highest capacity, further

Fig. 4. Specific capacity with respect to cyclic voltammetry at a scan rate of 0.04mV s−1 for (a) Si/C @ 800 °C. Galvano static voltage profiles of 1st and 2nd charge-
discharge and corresponding specific capacity for (b) Si/C @ 800 °C, (c) Si/C @ 1000 °C and (d) Si/C @ 1200 °C.
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confirming the first cycle electrochemical performance as shown in
Fig. 4a–c. This might be ascribed to the inferior irreversible capacity
and improved interface kinetics because of the enhanced coulombic
efficiency [54–66]. At a relatively high current density of 400 mAg−1

(Fig. 5d), the Si/C@800 °C sample exhibited the highest capacity value
of ∼883 mAhg−1 and its retention could reach as high as 90% after
even 500 cycles. This arises from the amorphous carbon shell being
well-connected with Si, which both accommodated the volume expan-
sion and served as electrical conducting pathway. Moreover, the high
capacity retention was attributed to the SEI formation at the ceramic
surface during the lithiation and delithiation, preventing the pulver-
ization of the Si. The cycled Si/C@800 °C sample after 500 cycles
showed almost no pulverization (Fig. S4d), no noticed surface cracks
indicate a stable cycling with minor deviations. Fig. 5e shows the steady
rate performance of the Si/C@800 °C sample. When increasing from 0.4
to 4.0 Ag-1, the capacity changed from ∼880 to ∼419 mAhg−1. After
60 cycles at 0.4 Ag-1, the capacity of Si/C@800 °C still retained 835.46

mAhg−1, indicating excellent rate performance of the Si/C@800 °C
anode with> 99% coulombic efficiency. Here, the superior cycling
durability, coulombic efficiency and rate performance of the Si/C@
800 °C sample are due to the presence of amorphous Si/C in the ceramic
matrix behaving as the lithium storage sites, whereas the PDSDA pyr-
olyzed at high temperatures formed crystalline SiC domains with sa-
turated tetrahedral configuration, resulting in low bonding sites for li-
thium ions. The evolution of these structures with temperatures was
confirmed by XRD, Raman and XPS results. Thus, the electrochemical
performance depended essentially on the structures of the Si/C ceramic
materials.

The temperature performance is of great importance for battery
industry. Most researches focused on the electrolyte and the perfor-
mance of anode materials towards lower freezing point and higher
conductivity [67–69]. The Si/C @ 800 °C anode even at −5 °C revealed
a charge capacity of ∼347 mAhg−1 at 400mA g−1with almost an
average coulombic efficiency of 74% (Fig. 6). The rate to transport

Fig. 5. Cycle life competence for (a) Si/C @ 800 °C, (b) Si/C @ 1000 °C and (c) Si/C @ 1200 °C at various current densities; (Average CE of Si/C @ 800 °C associated
to respective anodes; (d) prolonged cycling competence of various as-prepared Si/C anodes at 400mA.g−1and (e) rate test and coulombic efficiency for Si/C @ 800 °C
at different current densities. A cut-off voltage range is 0.001–2.0 V vs. Li/Li+.
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active chemicals is reduced with decreasing the working temperature,
leading to a reduction in the power charge capacity of the battery. The
reduced operational voltage from 2.0 to 0.1 V at −5 °C could be at-
tributed to an improved plug-in polarization of the Si/C anode owing to
the shrinkage in the conductivity of LiPF6 and SEI formation. Thus, the
Li-ion diffusion coefficient (DLi) directly depends on the temperature,
following the Arrhenius equation [69]. At relatively higher tempera-
tures, the charge capacity was decreased to ∼124 mAh g−1 at
400mA g−1 beyond 80 °C. The cell charge capacity decreases with in-
creasing the temperature over the range between 50 and 100 °C. The
coulombic efficiency still retained nearly 99% at higher temperatures.
The loss in capacity arose from the breakdown of SEI layer due to the
physical penetration. Interestingly, the discharge curves of the Si/C @
800 °C sample (Fig. 6c) were comparable at various temperatures,
suggesting high stability and adaptability with temperature variations.

The electrochemical impedance (EIS) was tested to further in-
vestigate the performance of Si/C anodes (Fig. 6d). All EIS spectra
consist of a depressed semicircle from high to medium frequencies
correlated to the SEI and charge transfer impedance (Rct), while an
inclined line at high to low frequencies is attributed to the good ion
diffusion inside the anode [70]. The Rct of the Si/C@ 800 °C sample
(145Ω) was always smaller than that of the Si/C@1000 °C sample
(227Ω) and the Si/C@ 1200 °C sample (161Ω), respectively. The re-
sults indicated that the Si/C@800 °C sample had a high electrical con-
ductivity and was propitious to lithium ion diffusion. Those findings
have further proved the largest capacity and best stability in case of the
Si/C@ 800 °C sample.

4. Conclusions

A novel and cost-effective route was used to prepare the PDSDA-
derived Si/C ceramics. The resultant PDSDA-derived Si/C ceramic an-
odes revealed enhanced Li-ion storage aptitude, specific capacity and
stable cycling by electrochemical test. This structure-based perfor-
mance was mainly caused by the evolution of Si/C matrix from amor-
phous to crystalline structure. The resulting Si/C@800 °C sample ex-
hibited a high specific capacity ∼883 mAhg−1 at 400 mAg−1,
with> 99% coulombic efficiency (CE), and 90% capacity retention

even after 500 cycles, setting a new record for PDC anode materials in
the LIBs. Furthermore, higher charge/discharge performance was cor-
related to the Si/C ultra-sp2 structure due to the amorphous Si/C for-
mation that took place inside the ceramic matrix. This unique structure
and component accommodated the volume expansion, increased the
conductivity, and avoided the electrode liquidation. In addition, this Si/
C ceramics anode preparation is inexpensive, accessible and applicable
to other high ceramic electrode materials. This study proposed a fea-
sible method to utilize Si/C ceramics in large-scale serving as the high-
performance anodes for next-generation lithium ion batteries.
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