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1  Introduction  

    SiC is known to have excellent resistance against 
high-temperature oxidation in the passive oxidation 
regime, in which a protective SiO2 layer prevents 
further oxidation. However, under low oxygen 
partial pressure and high temperature, SiC 
evaporates by the formation of gaseous SiO and CO 
in the active oxidation regime. 
   Fig.1 shows the transition conditions of active-to-
passive oxidation of SiC (APT). In this figure, the 
active oxidation occurs in the lower left region of 
each APT line (high-temperature and low pressure), 
and the passive oxidation regime shows in the upper 
right (low-temperature and high pressure)[1, 2]. As 
shown in this figure, the reported APT conditions 
scatter quite widely. The similar wide variations are 
also observed for active oxidation rates as shown in 
Fig.2. In these figures, (PO2)I, partial pressure of 
oxygen at far field, was used as the horizontal axis. 
However, the active oxidation rate should be 
controlled not by the (PO2)i but by the (PO2)s (PO2 on 
the specimen surface). Even if the (PO2)i is set to the 
same value in the measurements, the (PO2)s should 
vary widely because of difference in oxidative 
environment. In the present paper, it is assumed that 
principal cause of this variation is different 
environments formed by apparatuses. Even though 
there are the other causes of that variation, for 
instance, differences in purity of specimen, crystal 
construction and velocity of gas, it is inconceivable 
that these factors are principal reasons of wide 
scatterings that are more than 103 orders of 
magnitude.  
   In order to precisely demonstrate the effect of 
oxidation environments in the apparatuses, 
numerical calculations were carried out in this study. 

In order to simulate oxidation reaction occurring 
near SiC specimens under the active oxidation 
regime, commercial software “ANSYS FLUENT” 
was used, which can deal with flow, diffusions, and 

chemical reactions. 

 

2  Experiment 

 The mass change of the SiC was continuously 
measured using a thermobalance (Cahn D-101, 
sensitivity 0.5µg). In this system, an SiC specimen 
was suspended at a soaking area in a reaction tube 
using a platinum wire and an alumina thin rod with a 
hook as shown in Fig.2 (a). The reaction tube was 
composed of alumina (inner diameter: 20mm, outer 
diameter: 25mm). Specimen temperature was 
monitored by a Pt6Rh-Pt30Rh thermocouple set at 
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Fig.1. Transition conditions between  

active/passive oxidation regimes of SiC reported 
by various researchers. 



just downstream of the specimen. Reaction gas was 
introduced from the upper part of the tube and 
exhausted from the bottom. Oxidation behavior in a 
thermobalance fabricated by Ulvac Japan (TGD 
9600, see Fig.2 (b)) was also simulated for 
discussion of the effect of oxidation environments.  
   The oxidation tests were carried out according to 
the following procedure. The temperature increased 
step-by-step at a (PO2)i in O2-Ar atmosphere equal to 
50Pa and total gas pressure to 0.1MPa. The 
temperature was changed in a range between 1840K 
and 1973K, and the total gas velocities were varied 
from 1.34×10-6m3/s to 2.43×10-6m3/s. At each step, 
constant temperature was maintained for 15 min, in 
which the first five minutes was assumed as the time 
to reach a stable environment. 
   The experiments were performed using high-
density SiC plates prepared by chemical vapor 
deposition using a mixture of SiCl4, C3H8, and H2 as 
source materials. The SiC plates were of the β type, 
have a density of 3.2×10-3kg・m-3, and include 
impurities at ppb order, have the (111) crystalline 
plane on the plate surfaces. The specimens (0.6mm 
in thickness) were ultrasonically cut into a disk 
shape with 10mm diameter. The surface roughness 
of specimens was 0.02µmRa and 0.2µmRa. 
 

3 Analysis 

   The oxidation reaction rate should be expressed as 
a function of the oxygen partial pressure PO2 on the 
reaction surface of a specimen (PO2)s. However, 
(PO2)s is difficult to experimentally determine, 
Hence, (PO2)s was calculated using a commercial 
software, “ANSYS FLUENT” based on the finite 
volume method. This software can deal with 
chemical reaction of gas and solid in laminar flow. 
   Simulated environment around the specimen 
shown in Fig.2 (a) represents that of the high 
sensitivity thermobalance, Cahn D-101, and in Fig.2 
(b) of TGD. The boundary conditions used in 
calculations were; 1) the temperature of the reaction 
tubes was constant, 2) at first, the reaction tube was 
filled with pure Ar, 3) at room-temperature, O2 
begins to flow into a reaction tube at the start of 
calculation, and specimens were a disk 
(thickness:0.7mm, diameter:10mm) for Cahn R-100, 
and a cube (3×4×4mm) for TGD. The reaction gas 
was introduced from the top of the reaction tube and 
exhausted from the bottom in Cahn R-100, and from 

the bottom to the top in TGD. The Arrhenius 
parameters used in this study are shown in table.1. 

 
Table.1. Arrhenius parameters used in calculations 

Temperature 
T(K) 

Frequency 
factor A 

Activation 
energy Ea 
(J/mol) 

1860.0 275.30 43810 
1900.0 277.10 39860 
1940.0 279.00 35670 
1980.0 280.80 31640 

 

4 Results 

4.1 Adequacy of analysis 

Calculated active oxidation rates in Cahn R-100 
were compared to observed values in Fig.3. As 
shown in this figure, calculated oxidation rates are 
closed to the published experimental-data [1, 2]. 
Similar excellent consistency was also obtained in 
terms of gas flow rate as a parameter.  
 
 
 
 
 
 
 
 
 

  
Fig.2. Specimen supporting-mechanisms of (a) 

Cahn R-100 and (b) TGD. 
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4.2 Thermal gradient in the apparatus  

   The temperatures of gases and the specimen are 
principal parameters determining an active oxidation 
rate of SiC as indicated in Eq.(1) [3]. 
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Here, k is the reaction rate constant, K is the reaction 
rate, Tx is the temperature of x, Ea is the activation 
energy, and [O2]s

SiC is the oxygen partial pressure on 
a specimen surface estimated by the diffusion 
equation. The heat transfer and the heat balance 
caused by radiation, convection and reaction heat in 
a reaction tube were calculated by the numerical 
method. Fig.4 shows the temperature gradient in the 
reaction tube of Cahn D-101 under steady 
temperature distribution. As shown in this figure, 
gas temperature around a specimen almost 
consistent with that of the tube. Thus, the heat 
transfer between the gas and the tube converged to 
zero at the steady state. Between the gas and the SiC 
surface, there was a slight difference of about 10℃ 
in Cahn D-101 and also TGD. The reaction rate 

decreased by 0.9% compared with the case that all 
temperature was constant and uniform. Therefore, 
the thermal gradient in an apparatus was assumed to 
contribute only slightly in the following calculations. 
This result also indicates that the wide variation of 
APT shown in Fig.1 and also that of the active 
oxidation rate are not caused by these factors.  

 
 

4.3 The oxygen partial pressure on the specimen  

   Fig.5 shows PO2 distribution for the Cahn D-101 
(a) and TGD (b). The oxygen partial pressures near 
the SiC surfaces for the apparatuses differ seriously, 
because of difference in the diffusion and flow of 
oxygen. Fig.6 represents the oxygen partial 
pressures on SiC surfaces (PO2)s for two types of 
thermo-balances, Cahn R-100 and TGD under the 
same gas flow rate of 0.0243m/s. It should be noted 
in this figure that (PO2)s of the Cahn D-101 and TGD 
are more than one order of magnitude lower than 
oxygen partial pressure in input gas, and (PO2)s of 
the Cahn D-10a is about 3 times higher than that of 
TGD.  From these results, it was concluded that the 
oxidation rate of SiC cannot be properly evaluated 
unless oxygen partial pressure on the SiC surface 
(PO2)s is determined. 
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Fig.3. Observed and calculated oxidation 
rates are compared to justify calculation 

conditions for Cahn D-101 model at 
PO2=50Pa. 

 
Fig.4. Temperature distributions for Cahn D-
101 (a) at 1980 K PO2=50Pa, v=2.43×10-

3m/s. 
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Fig.7. Difference of active oxidation rates 
evaluated using Cahn-100 and TGD at 1923K, 
PO2=50Pa, v=2.43×10-2m/s.  

 
 

4.2 The oxidation rate  

   Fig.7 shows the oxidation rates as a function of 
1/T obtained using ANSYS/FLUENT for the Cahn 
D-101 and TGD. Fig.7 indicates that the oxidation 
rate obtained using the Cahn D-101 was about 3 
times higher than that of the TGD, and the oxygen 
partial pressure on the specimen surface of the Cahn 
D-101 is also 3 times higher than that of the TGD. 
This result shows that the contribution of the 
temperature distribution is slight. Therefore, the 
oxygen partial pressure on the SiC surface was an 
only factor causing the device dependence of the 
oxidation rate.  
 

 
 
5 Conclusions 

The reported oxidation rates of SiC were expressed 
as a function of input partial pressure of oxygen. 
This study shows that oxidation rate should be 
expressed as a function of partial pressure of oxygen 
on the specimen surface (PO2)S. The large scattering 
shown in the introduction of this paper in terms of 
the oxidation rates and the transition conditions of 
active-to-passive oxidation regimes is very likely 
due to misevaluation of the partial pressure of 
oxygen PO2; input PO2 in the present case is 5~60 
times as high as (PO2)S. From these results, it is 
concluded that the active oxidation rates and the 
transition condition of active-to-passive oxidation 
cannot be quantitatively evaluated unless precisely 
identification of the oxidation environments, in 
particular the oxygen partial pressure on the SiC 
surface (PO2)S. 
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Fig.5. The distributions of oxygen partial pressure 

for (a) Cahn D-101  and (b) TGD at 1980 K, 
PO2=50Pa, v=2.43×10-3m/s. 
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Fig.6. Comparison of oxygen partial pressures on 
SiC surface between Cahn-100 and TGD, when the 
concentrations of input oxygen are the same at 
PO2=50Pa, v=2.43×10-3m/s.    


