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The electrochemical properties of silicon oxycarbide ceramics (SiOC), in view of 

application as anode material for Li-ion batteries, were first studied in the middle of 

the 1990’s by Dahn et al.. Since that time SiOC compounds with various chemical 

compositions have been examined and stoichiometries with an exceptionally high 

content of free carbon were identified as perspective anode materials, with respect to 

gravimetric capacity, rate capability and cycling behavior. 

Within the SFB 595/A4, a comprehensive work on the characterization of carbon-rich 

SiOC derived from commercially available and therefore inexpensive and well-

reproducible polyorganosiloxane RD-684a (Starfire Systems Inc., USA) was 

accomplished. It includes profound i) microstructural and chemical, ii) electrochemical 

and iii) electroanalytical analysis of the ceramic. 

 

 

 

 

 

 
 

 

In a further step, the incorporation of additional electrochemically active, Li-alloy 

forming elements (Si, Sn) intothe SiOC microstructure was addressed. 

Motivation             Results – Carbon-rich SiOC 
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Polysiloxane, Polyramic RD-684a 
(Starfire Systems Inc., USA)  

Crosslinking:  

350°C, 2h, Ar 
 

Pyrolysis: 

1100°C, 3h, Ar 

nano-Si 
(20 wt-%) 

SiOC 
(80 wt-%) 

nano-Si 
i) crystalline: 30-50 nm* 

ii) amorphous: ~36 nm** 

15 wt-% 
+ 

*Nanostructured & Amorphous Materials Inc., USA  

**Strem Chemicals Inc., Germany 

SiOC/nSi_c 

+ 
1000°C 

 

3h, Ar 

Sn precipitates 
(~25 wt-%) 

SiOC matrix 
(~75 wt-%) 

Tin(II)-acetate 

SiOC/nSi: Mixing procedure 

SiOC/Sn: Chemical modification 
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i) Microstructural and Chemical Characterization 
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T (°C) Si (wt-%) O (wt-%) C (wt-%) free C (wt-%) 

1100 33.25 17.55 49.20 41.57 

1300 33.24 17.65 49.11 41.52 

1400 34.43 14.24 51.33 41.95 

1500 41.03 5.01 53.96 38.29 

2000 43.41 0.04 56.55 38.00 

Elemental analysis 

 XRD: Amorphous up to 1200 °C;  T > 1200 °C, SiC crystallization; 

T = 2000°C, formation of graphitic carbon 

 Raman: Free carbon phase composed of disordered carbon, I(D) > I(G);  

increasing carbon organization/graphitization with T ↑, increasing I(2D) 

 EA: Diminishing O-content with T ↑; free C-content ~ 40wt-%;  

similar chemical composition for 1100-1300°C 

 With increasing Tpyr   Increasing carbon organization, partitioning/ decomposition of 

amorphous Si-O-C network and SiC crystallization 

ii) Electrochemical Characterization (GCPL) 

 SiOC 1100 and 1300°C similar chemical composition, 

but microstructural differences 

 Capacity decreases with increasing Tpyr ↑ 

 Enhanced carbon organization  

 Less Li-ion storing sites 

 Si-O-C partitioning/decomposition  

 Loss of Li-ion storing sites 

 Formation of SiC  Electrochemically inactive  

 SiOC performance well comparable with literature 

data, for SiOC/X (X=Si, Sn) further improvement 

0 10 20 30 40 50 60 70
0

100

200

300

400

500

600

700

800

900

1000

 

C
a
p
a
c
it
y
 [
m

A
h
g

-1
]

Cycle number

Lithiation

Delithiation

0

20

40

60

80

100

37mAg
-1

372mAg
-1

74mAg
-1

37mAg
-1






Coulombic efficiency

SiOC 1100°C 
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SiOC 1300°C 
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Overview 

iii) Electroanalytical Characterization (SiOC 1100°C) 

 Estimation of the Li-ion diffusion coefficient as  

a function of lithiation/delithiation potential by 

PITT, GITT and EIS 

 DLi+ amounts 10-9 - 10-11 cm2/s; a similar order of 

magnitude reported for disordered carbons 

 DLi+ almost independent on the potential; 

diffusion pathways within the transition regime 

between the amorphous Si-O-C and free carbon 

phase 
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Comparison with literature 

Schematic illustration of the interrelation between i), ii) and iii) 
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