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Abstract 

 

 Silicon oxycarbide (SiOC) attracts soaring attention as an anode 

material for lithium ion battery due to its outstanding cycle life and 

unique structure of Si-O-C hybrid bonding. However, poor electrical 

conductivity is the major drawback of SiOC-based electrodes. In this 

work, I synthesized sulfur-doped silicon oxycarbide (S-SiOC) via 

facile pyrolysis from a mixture of commercial silicone oil with 1-

dodecanethiol. The as-prepared S-doped SiOC was applied as an 

anode material for lithium ion battery for the first time. The S doping 

can improve the electrical conductivity of SiOC by providing extra e- 

pathway and accommodate more Li+ by creating additional reaction 

sites. The enhanced electrochemical kinetics of Li+ was verified by 

Randles-Sevcik equation. For the initial cycle, the electrodes 

demonstrated a high reversible capacity of 700 mAh g-1 at 0.1 A g-1 

with initial coulombic efficiency of 66.8%. Additionally, the 

electrodes exhibit a large specific capacity of 378 mAh g-1 with a high 

capacity retention of 84.8%, even after 1000 cycles at 1 A g-1. 

Therefore, this sulfur-doped silicon oxycarbide with excellent 



５ 

electrochemical performances has promising potential as an anode 

material in lihium ion battery. 
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1. Introduction 

  1.1. Lithium ion battteries  

  Lithium-ion batteries (LIBs) with high energy density, power 

density and outstanding cycling performance are considered as 

the most powerful energy storage system (ESS) and have been 

investigated for a variety of applications such as portable devices 

and electric vehicles (EVs) [1-4]. Graphite has been widely used 

and most commercialized as an anodic material in the battery 

field for some reasons such as low operating potential vs. Li, 

relatively less volumetric change during cycling, low cost, etc [4, 

5]. However, as the demand for the outperforming electronics 

increases, graphite has faced limitation because of its low 

theoretical capacity of 372 mAh g-1. For this reason, a large 

number of studies have been conducted to seeking alternative 

candidates. Silicon-based anode is one of the most attractive 

material because of its exceeding theoretical capacity of 3579 

mAh g-1. Nevertheless, the problem of large volume change (up 

to 400 %) during cycling can cause fracture of particles and 

reduced electrical contact. To alleviate this problem, many novel 

strategies for Si/C composite materials were adopted [6-8]. In 
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Si/C composite materials, however, the capacity fading problem 

is still remained due to the structural breakdown during cycling. 

 

 1.2. Silicon oxycarbide 

  In this context, silicon oxycarbide (SiOC) ceramics recently 

has drawn attention as an anode material because they can 

replace carbonaceous and Si-based anodes. SiOCs exhibit 

thermal and structural stability, good cycle performance, simple 

synthesis process and high reversible capacity of ~650 mAh g-1 

which attributed to its unique structure [9]. SiOC ceramics can be 

represented to SiOxC4-x + yCfree (0 ≤ x ≤ 4), the SiOxC4-x term 

stands for Si-O-C glass phase and the yCfree term stands for 

segregated free carbon phase, respectively. The amorphous 

structure of SiOC ceramics can be obtained by pyrolysis of the 

polysiloxane-based precursors in an inert atmosphere at a lower 

temperature (~1100 oC) and the structure can be tunable depend 

on precursors and pyrolysis condition [10]. Recently, silicone oil 

has been widely used as a precursor of SiOC due to the 

advantages of low cost and simple synthesis procedure compared 

to polysiloxane-based precursors [11-16]. Since the first study 
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about lithium ion storage capability of SiOC ceramics reported 

by the group of Dahn in 1990s, many pieces of research were 

conducted for preparing SiOC-based anodes [17-19]. The 

mechanism of lithium storage in SiOC ceramics was not clear yet 

and still controversial, but Si-O-C phases and edges of graphene 

sheets are considered as electrochemically active sites in a 

lithium storage system [20]. Unfortunately, SiOC-based 

electrodes generally present inferior charge transfer which results 

from electrically insulating characteristic and poor ionic transport 

[9, 21, 22]. To address these issues, various approaches have 

been used for the SiOC-based electrodes. Many kinds of 

carbonaceous materials, such as carbon nanotubes [21, 23], 

carbon nanofibers [24] and graphene [25-27] have been 

employed as composite materials with SiOC. Also preparing 

hybrid anodes between SiOC and metal was believed to an 

effective way of improving electrochemical performance [28, 29]. 

Kasar et al. suggested a stable SiOC/Sn nanocomposite via 

chemical modifications of two different polysiloxane precursors 

with tin (II) acetate and pyrolysis process of annealing at 1000 oC. 

The prepared SiOC/Sn nanocomposite anode delivered the 
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capacity of 562 mAh g-1 at a current density of 74 mA g-1 with 

little fading over 20 cycles and 133 mAh g-1 at a high current rate 

of 744 mA g-1 [29]. 

 

 1.3. Sulfur doping 

 Doping can be a notable solution for achieving enhanced 

electrical conductivity and electrochemical activity. Introduction 

of heteroatoms (e.g., nitrogen, sulfur, phosphorus) can create 

active sites and modify electronic structures [30, 31]. In an 

energy storage system, for example, various carbonaceous 

materials as anode materials such as graphene, carbon nanotube, 

and porous carbon have adopted heteroatom doping for their 

better performances [32-38]. Among them, sulfur has gained 

attention as a dopant in electrochemical applications due to its 

atomic radius and smaller electronegativity [39, 40]. Moreover, it 

can provide extra pathways for electron transfer with C-S-C 

bonding [41]. H2S gas atmosphere was generally used as a source 

of S in doping procedure [42, 43], but it can be dangerous due to 

its toxicity and flammability. 
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 1.4. Objective 

 In this work, for the first time, I suggest sulfur-doped silicon 

oxycarbide (S-SiOC) as an anode material for lithium ion battery. 

I adopted a sulfur doping strategy for silicon oxycarbide via the 

facile pyrolysis process of commercial silicone oil with 1-

dodecanethiol in an inert atmosphere. I successfully obtained S-

doped silicon oxycarbide from mixed liquid precursors without 

H2S gas. After pyrolysis, doped sulfur atoms formed covalent 

bonds with carbon atoms, including partial heterocyclic structure. 

Sulfur doping can facilitate effective e- transfer by providing 

additional pathways of C-S-C bonding and accommodate more 

Li+ by supplying additional reactive sites. The as-prepared S-

SiOC exhibits remarkable electrochemical performances with a 

high reversible capacity of 700 mAh g-1 with initial coulombic 

efficiency (ICE) of 66.8%. Furthermore, the electrodes show 

long cycle stability and excellent rate capability. After 1000 

cycles, the electrode delivers 378 mAh g-1 with a high capacity 

retention of 84.8% 
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2. Experimental Section 

  2.1 Preparation of SiOC  

 Bare silicon oxycarbide (SiOC) was synthesized via facile pyrolysis 

of liquid precursors. Without any pre-treatment, put the 4 g of silicone 

oil into the alumina boat and place it in the furnace. The oil was 

pyrolyzed in Ar atmosphere, at 800 oC for 5 hrs with the heating rate 

of 5 oC min-1. After heat treatment, cool down the product in the 

furnace to the room temperature and take out the sample. All materials 

were handled without any purification. 

 

  2.2 Preparation of S-SiOC 

 Mix 4 g of silicone oil and 800 mg of 1-dodecanethiol by using a 

mortar and pestle for sulfur doping. Subsequently, put the mixture into 

the alumina boat and place the boat in the tube furnace. And under the 

same condition with the SiOC, pyrolyze the mixture and take out the 

sample after cooling down to the room temperature.  

 

  2.3 Material characterization 

  The morphology analysis of samples was carried out with a field-

emission scanning electron microscopy (FE-SEM, Hitachi S-4800) 
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and field-emission transmission electron microscopy (FE-TEM, JEOL 

JEM-F200) with an energy dispersive X-ray spectrometer (EDS). X-

ray diffraction (XRD) patterns were obtained using a diffractometer 

(Bruker New D8-Advance) with Cu Kα radiation (λ = 1.5406 Å). X-

ray photoelectron spectroscopy (XPS) analysis was conducted using 

an X-ray photoelectron spectrometer (KRATOS AXIS-HSi). Raman 

spectra were obtained using a Raman spectrometer (THERMO 

DXR2xi) with a 532 nm laser source. 

 

  2.4 Electrochemical measurements 

  The SiOC anode was fabricated by homogeneously mixing 

active materials, Super-P as a conductive material, and sodium 

carboxymethylcellulose (Mw ~90000, Sigma Aldrich) as a binder 

in a weight ratio of 70 : 15 : 15 in DI water using a Mini-Mill 

(PULVERISETTE 23 FRITSCH) for 30 minutes. Using a doctor 

blade, the mixture was spread onto a Cu foil and the electrode 

was dried at 60 oC in a vacuum oven for 4 hrs. The electrode was 

punched into a disk with a diameter of 11 mm. The mass loading 

of the active material was ~1.1 mg cm-2. CR2016 Coin cells were 

assembled in an Ar-filled glovebox (O2 and H2O < 1 ppm). Cells 
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consisting of the S-SiOC as the anode, Li metal disk as the 

counter electrode and Celgard 2400 as the separator. 1.3 M LiPF6 

in a 3 : 7 (v/v) mixture of ethylene carbonate and diethyl 

carbonate with 10% fluoroethylene carbonate additive (PANAX) 

was used as an electrolyte. Cells were galvanostatically measured 

by using WBCS3000S cycler (WonAtech) at a voltage window 

of 0.01 and 3 V (vs. Li/Li+). An electrochemical impedance 

spectroscopy (EIS) analysis was conducted using a ZIVE SP1 

instrument in a frequency range between 100mHz and 100kHz. 

The electrical sheet resistance of electrodes was evaluated by 

four-point probe (CMT-100 MP, Advanced Instrument 

Technology).  
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3. Result and Discussion 

  3.1  Material analysis 

 The synthesis process of S-SiOC was presented in the 

schematic image (Fig. 1). Commercial silicone oil (polyphenyl-

methylsiloxane) was used for precursor and 1-dodecanethiol was 

used as a source of sulfur. Since both silicone oil and 1-

dodecanethiol are liquid, I simply mixed them up without any 

additional solvents or surfactants [12, 14] and the mixture was 

pyrolyzed at 800 oC in an Ar atmosphere. As a result, the black 

powders are obtained, which indicates the forming of carbon 

networks [11]. 
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Figure 1. Schematic illustration of preparing the sulfur-doped silicon 

oxycarbide. 
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 The morphology and the size of the particles are shown in the 

SEM images (Fig. 2). Particles in an irregular shape with various 

size distribution were observed in both samples. Both samples 

are mainly composed of relatively large particles in the range of 

1-3 ㎛  with relatively small particles. Large particles can 

improve the density and small particles can improve rate 

performance by increasing surface area. As shown in SEM 

images, doping sulfur makes no obvious differences in 

morphology between two samples. 

  



２１ 

Figure 2. SEM images of (a) SiOC and (b) S-SiOC 
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X-ray diffraction (XRD) patterns of as-prepared SiOC and S-

SiOC samples are shown in Fig. 3a. SiOC presented the broad 

diffraction peak at 2θ = ~23o which related to amorphous silica 

and the diffraction peak with the low intensity at 2θ = ~44o. 

Peaks of pristine sulfur were not detected, which confirms that S 

is not exist as an elemental state [38]. The broadness and the 

intensity of XRD patterns indicate that SiOC have amorphous 

structure as reported in previous works [14, 44-46]. Similar 

patterns were observed in S-SiOC which means that the doped 

sulfur atoms did not change the amorphous structure of SiOC. 

Besides, SiC crystallization was not detected because the 

pyrolysis temperature is not enough for carbothermal reduction 

[11, 47]. The absence of SiC is advantageous for enhanced 

reversible capacity because of its inaction for lithium ions [20]. 

The Raman spectra of both SiOC and S-SiOC are shown in 

Figure 3b. Two major peaks at 1330cm-1 and 1585cm-1 were 

observed, which are generally observed in carbonaceous 
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materials [34, 46-49]. The former peak is related to the D peak 

and the latter is associated with G peak respectively. The 

intensity ratio of the D and G peaks (ID/IG), which generally 

indicate disordering degree, apparently increased from 0.96 to 

1.08 after sulfur doping. This result reflects the increase of 

defects in SiOC material due to doped-sulfur atoms. Because of 

the embedded graphene carbon layer into the amorphous Si-O-C 

phase and amorphous carbon phase, characteristic peaks of the 

graphitic carbon layer in the XRD were not observed despite of 

the existence of a G band in Raman spectra [11]. 

  



２４ 

Figure 3. (a) XRD patterns of SiOC and S-SiOC. (b) Raman spectra of SiOC and 

S-SiOC. 
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For the further analysis of the morphology and the structure, TEM 

images of SiOC and S-SiOC with different magnifications were 

obtained in Fig. 4. In both samples, bulk particles with an irregular 

shape were observed as depicted in SEM images. Microstructures of 

SiOC (Fig. 4b) and S-SiOC (Fig. 4d) were obtained with HR-TEM 

images, which indicates that the sample has a completely amorphous 

structure without any crystallinity. The result verifies that the 

pyrolysis temperature was not enough for the formation of crystalline 

SiC and it is consistent with XRD patterns. Additionally, EDS 

elemental mapping was adopted for verifying the existence of Si, O, C, 

and S elements. It is clear that Si, O and C elements were well 

distributed and S was not contained in SiOC (Fig. 4e). However, S-

SiOC presents a homogenous distribution of Si, O, C and S (Fig. 4f). 

EDS spectra of both samples were presented in Fig. 4g and Fig. 4h. In 

pure SiOC, there were peaks for Si, O, C at 1.74 keV, 0.53 keV and 

0.28 keV respectively and no signal of S. In sulfur doped SiOC, 

however, all the peaks existed including a clear spectrum of the S at 
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about 2.31 keV (~ 3.11% in the atomic ratio). EDS elemental mapping 

images indicate that sulfur atoms were successfully doped into silicon 

oxycarbide. 
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Figure 4. TEM and high resolution TEM images of (a), (b) SiOC and (c), (d) 

S-SiOC. EDS mapping of Si, O, C and S elements in (e) SiOC and (f) S-

SiOC. Quantitative analysis spectra of (g) SiOC and (h) S-SiOC. 
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 The surface chemical state of S-SiOC was characterized by X-

ray photoelectron spectroscopy (XPS). Fig. 5 demonstrates high-

resolution spectra of C 1s, O 1s, Si 2p, and S 2p in S-SiOC with 

the fitted results. The C 1s peak (Fig. 5a) was deconvoluted to 

six peaks of C-Si (283 eV), C=C (283.8 eV), C-C (284.4 eV), C-

S (285.5 eV), C-O (286.5 eV), and C=O (288.3 eV). And the O 

1s peak (Fig. 5b) was deconvoluted to four peaks of O-C (530 

eV), O=C (531.2 eV), O-Si (531.7 eV), and Si-O-Si (532.4 eV). 

The C 1s spectrum in Fig. 5a, the peak intensity of C-C/C=C was 

increased in S-SiOC and C-S bonding peak was clearly observed, 

compared to SiOC (Fig. 6a). It can be inferred that doped sulfur 

atoms had some effects on the redistribution of Si-C and C-

C/C=C bonds, changing the structure of both the Si-O-C glass 

phase and the free carbon phase. In the case of O 1s spectrum in 

Fig. 5b, O=C/O-C bonding peaks were decreased after doping. 

The results might be attributed to the fact that the O=C/O-C 

bonds were partially replaced by the C-S bonds. These 

substitutions can be beneficial for conductivity and enhanced 

electrochemical performances [37]. The Si 2p peak in Fig. 5c can 

be deconvoluted to four peaks of SiOC3 (101.2 eV), SiO2C2 (102 
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eV), SiO3C (102.5 eV), and SiO4 (103.3 eV) as in previous 

works [11, 13, 50]. The differences of deconvoluted peaks were 

not changed significantly after S doping compared to bare SiOC 

(Fig. 6c). It can be also interpreted as the structural changes 

between two phases were occurred, without the formation of 

covalent bonds between silicon and sulfur atoms. The clear 

difference between the two samples was presented in the S 2p 

spectrum. The high-resolution S 2p spectrum for S-SiOC was 

consists of four peaks at 163.4 eV, 164.6 eV, 167.9 eV and 168.9 

eV. The former two peaks with a splitting of 1.2 eV may be 

attributed to S 2p3/2 and S 2p1/2 for -C-S-C- bonding with a 

heterocyclic structure [32, 37, 38, 51]. The latter two peaks 

corresponded to oxidized sulfur groups [52]. These observations 

indicate that covalent bonds between sulfur and carbon atoms 

have been successfully formed [32, 49]. In SiOC, however, any 

visible peak did not exist in the S2p spectrum. 
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Figure 5. High resolution XPS spectra of (a) C 1s, (b) O 1s, (c) Si 2p 

and (d) S 2p in S-SiOC. 
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Figure 6. High resolution XPS spectra of (a) C 1s, (b) O 1s, (c) Si 2p 

and (d) S 2p in SiOC. 
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  3.2  Electrochemical analysis 

  Cyclic voltammetry (CV) at a scan rate of 0.1 m V-1 was carried out 

for information about electrochemical reaction. CV curves for S-SiOC 

electrode (Fig. 7b) presented weak anodic peaks and sharp cathodic 

peaks at ca. 0.84 V and ca. 0.03 V (vs. Li+/Li) respectively, which is 

typically obtained in SiOC-based materials [46, 53]. For SiOC 

electrode, similar CV curves were observed with weak anodic peaks at 

0.87 V and sharp cathodic peaks at 0.01 V (Fig. 7a). In previous 

research about SiOC electrode, some irreversible peaks were shown at 

the voltage range of < 1.5 V which is related to lithium consumption 

by functional groups on the surface [54]. However, these peaks were 

not shown in this work, indicating that the functionalities on the 

surface of both samples can be neglected. The potential gap between 

anodic and cathodic peaks become narrower after sulfur doping, 

which infers that the polarization of the electrode was decreased. And 

the response current was increased in the S-SiOC electrode, which can 

be interpreted as the electrical conductivity was increased due to the 

doping process. Galvanostatic charging and discharging curves of both 

SiOC (Fig. 7c) and S-SiOC (Fig. 7d) were obtained for the initial 5 

cycles at 1 A g-1 in the range of 0.01 – 3 V. For the initial cycle, the 
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discharging curve exhibits a plateau at ~0.8 V and no clear plateau 

was obtained, which is consistent with CV curves. Discharge 

capacities of SiOC and S-SiOC for the first cycle at 0.1 A g-1 are 1011 

mAh g-1 and 1048 mAh g-1, respectively. The reversible specific 

capacity of SiOC is 586 mAh g-1 with initial coulombic efficiency 

(ICE) of 58%. In the case of S-SiOC, a higher reversible capacity of 

700 mAh g-1 and improved ICE of 66.8% were exhibited. The 

enhanced capacities of S-SiOC might be owing to the improved 

electrical conductivity by doping sulfur atoms [37]. The low ICE 

might be due to the irreversible side reaction which related to the 

electrolytes and irreversible lithiated products [20, 46]. The second 

discharge capacities of SiOC and S-SiOC are 513.6 mAh g-1 and 

587.5 mAh g-1, and the reversible specific capacities and coulombic 

efficiencies are 480.2 mAh g-1 with 93.4% and 610 mAh g-1 with 

96.3%, respectively. The coulombic efficiencies tended to increase as 

the cycle proceeded.  
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Figure 7. Cyclic voltammograms for the initial 5 cycles of (a) SiOC 

and (b) S-SiOC, at a scan rate of 0.1 m V s-1. Galvanostatic profiles 

for the initial 5 cycles of (c) SiOC and (d) S-SiOC. The current 

density is 1 A g-1 except for the initial cycle of 0.1 A g-1. 
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For the further investigation of doping effects on the 

electrochemical properties, CV curves with different scan rates 

for SiOC and S-SiOC were carried out (Fig. 8a and Fig. 8b, 

respectively). The scan rate was changed from 0.5 mV s-1 to 4 

mV s-1. As the scan rate increases, the peak current in both 

samples tends to increase. The result might be associated with 

the activation of the electrochemical reactions [46]. To 

examining the role of S doping for electrochemical performance, 

the linear relationship between the anodic peak current and the 

square root of the scan rate was observed in Fig. 8c. Peak A 

(shown in Fig. 8a) and Peak B (shown in Fig.8b) were used for 

SiOC and S-SiOC, respectively. 𝐷𝐿𝑖, the diffusion coefficient of 

lithium ion, were calculated from the CV curves with different 

scan rate by Randles-Sevcik equation, 

I𝑝 = 2.69 × 105𝑛1.5𝐴𝐷𝐿𝑖
0.5𝑣0.5𝐶𝐿𝑖 

where I𝑝 is the peak current, 𝐴 is the area of the anode, 𝑛 is 

the number of electrons in the corresponding reaction, 𝑣 is the 
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scan rate, 𝐶𝐿𝑖 is the lithium ions concentration in the electrolyte 

[55, 56]. From these plots and the equation, the slope was 

calculated to be 8.67 × 10−4 for SiOC and 1.22 × 10−3 for 

S-SiOC. The calculated value for S-SiOC was larger than that of 

SiOC, which indicates the doping sulfur can strongly improve 

the electrochemical kinetics of Li+ [57, 58]. 
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Figure 8. CV curves with different scan rates from 0.5 mV s-1 to 4 mV s-1 of 

(a) SiOC and (b) S-SiOC. (c) Corresponding variation of the anodic peak 

current (A, B) from 8a, 8b with the square root of the scan rate. 
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Next, electrochemical impedance spectroscopy (EIS) was 

carried out to understand the enhanced electrochemical kinetics 

of S-doped SiOC electrodes before cycling. All the half-cells 

were fabricated as symmetric cells for neglecting the effects of 

Li metal. The Nyquist plots of electrodes were shown in Fig. 9a, 

with the inset of magnified in high-frequency region. The 

intercept of X-axis with the curve and the semicircle corresponds 

to the value of interfacial resistance and the charge transfer 

resistance, respectively, at the interface between the electrolyte 

and electrode [36, 59]. As shown in the inset, the intercept of X-

axis with the curve is clearly reduced after S doping. S-SiOC 

presents interfacial resistance of ~ 4.2 Ω, which is much lower 

than that of SiOC (~ 8.4 Ω). And the charge transfer resistance of 

the S-SiOC electrode (~ 20.8 Ω) was significantly reduced 

compared to the SiOC electrode (~ 96.4 Ω), evaluated based on 

the semicircle in the high-middle frequency regions. Thus, EIS 

characteristics inferred that S doping can improve the electrical 
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conductivity and enhance the rate capability of the electrode. The 

rate performance of SiOC and S-SiOC was measured with 

different current densities, as shown in Fig. 9b. The SiOC 

electrodes deliver reversible specific capacities of 455, 353, 295, 

213 and 109 mAh g-1 at 0.2, 0.5, 1, 2 and 4 A g-1, respectively. 

Due to the enhanced electrical conductivity, S-SiOC electrodes 

deliver much higher capacities of 580, 453, 371, 292 and 200 

mAh g-1 at 0.2, 0.5, 1, 2 and 4 A g-1, respectively. The larger 

reversible specific capacities of 465 mAh g-1 and 612 mAh g-1 

were obtained for SiOC and S-SiOC, respectively, with turning 

back of the current density from 4 A g-1 to 0.2 A g-1. These 

results may be owing to the activation of electrodes during 

cycling. The cycling performances of electrodes were evaluated 

at 1 A g-1, as shown in Fig. 9c. Both SiOC and S-SiOC 

electrodes exhibit outstanding cycling stability with almost no 

capacity decay because of the structural stability in the SiOC-

based electrode [7]. After 1000 cycles, the high coulombic 
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efficiencies of 99.8% were observed in both electrodes. However, 

S-SiOC shows a higher specific capacity of 378 mAh g-1 with an 

excellent capacity retention of 84.9% than SiOC, which has the 

specific capacity 270 mAh g-1 with a capacity retention of 70.3%. 
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Figure 9. (a) Nyquist plots of SiOC and S-SiOC electrodes for fresh 

symmetric cells. (b) Rate performance of SiOC and S-SiOC at 

different current densities. (c) Cycling performance and initial 

coulombic efficiency of SiOC and S-SiOC at 1 A g-1 for 1000 cycles. 
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To find out the beneficial feature of S doping for the electrical 

conductivity, I additionally measured the sheet resistance of the 

SiOC and S-SiOC electrodes (Fig. 10). The sheet resistance was 

measured for 400 times in both electrodes, and the average value 

and the standard deviation of the sheet resistance were noted. 

The measured average sheet resistance and the deviation of S-

SiOC electrodes were 157.34 Ω □-1 with a deviation of 10.54 Ω 

□-1. For SiOC electrodes, however, they exhibit the average sheet 

resistance of 228.98 □-1 with a deviation of 20.16 □-1, which was 

much larger than that of S-SiOC electrodes. Thus, the increased 

electrical conductivity of the S-SiOC electrode can also be said 

to the effect of doping and the reduced polarization in CV curves 

can be explained by these results. These electrochemical results 

match well with the previous assumption, improved conductivity 

due to the S doping. 
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Figure 10. Sheet resistance of the SiOC and S-SiOC electrodes.  



４４ 

4. Conclusion 

 Sulfur-doped silicon oxycarbide (S-SiOC) was successfully 

synthesized via the facile pyrolysis process of a commercial 

silicone oil. In this work, I have demonstrated its outstanding 

performances as an anode material for LIBs. The experimental 

evidences proved that introducing S atoms increased Li+ storage 

capacity and the rate capability by accelerating Li+ diffusion. 

Moreover, electrical conductivity of the material was improved 

due to the formation of covalent bonds between carbon and 

sulfur atoms. Even after the 1000th cycle, the electrode shows a 

specific capacity of 378 mAh g-1 with high a capacity retention of 

84.8%. In the future works, the performances can be enhanced by 

examining the doping mechanism and the structure of materials. 

Therefore, as an anode material in LIBs, introducing dopants into 

silicon oxycarbide can be an effective way to obtain better 

electrochemical performance. 
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국 문 초 록 
 

   실리콘 옥시카바이드는 우수한 사이클 수명과 Si, O, C 

원자들의 결합들로 이루어진 독특한 구조로 인해 

리튬이온전지의 새로운 음극물질로 주목받고 있다. 그러나 

실리콘 옥시카바이드 기반의 음극물질은 낮은 

전기전도성이라는 단점을 가지고 있다. 본 연구에서는 

상용화된 실리콘 오일과 도데칸사이올을 섞어 간단한 열분해 

과정을 통해 황이 도핑된 실리콘옥시카바이드를 합성하고 

이를 리튬이온전지의 음극 물질로 활용하는 연구를 

진행하였다. 황 도핑을 통해 전기전도성을 향상시키고 

추가적인 반응 지역을 만들어 더 많은 리튬이온을 저장시킬 

수 있었고, Randles-Sevcik 방정식을 통해 향상된 

전기화학적 성능을 확인하였다. 결과적으로, 합성된 황 

도핑된 실리콘옥시카바이드는 초기 사이클에서 높은 

가역용량 (0.1 A g-1에서 700 mAh g-1)과 좋은 사이클 

수명 특성 (1 A g-1에서 1000회 충·방전 후, 378 mAh g-

1의 가역용량)을 보인다. 
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