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Establishment of precise analysis system for oxidation behavior of carbon

based composites via thermogravimetry-exchanged gas analyzer

by
Hideaki SANO™, Guo-Bin ZHENG™ and Yasuo UCHIYAMA *

The novel thermogravimetry-exchanged gas analyzer and analysis system for oxidation of the
carbon composites was established in order to clarify their oxidation kinetics. Accuracy of the system
was improved through fixing nine kinds of calibrated parameters and using analysis software
containing their correction terms. The analysis system can estimate successfully the experimental
result of oxidation kinetics of the carbon / B4C / SiC composite by means of calculation using a

parameter concerning with mass change, gas formation of CO and CO,, and oxygen gas consumption.
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Fig.1 Schematic diagram of the TG-EGA apparatus.
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Fig.2 TG curves of the high purity graphite block
with oxidation temperature during non-
isothermal heating in 20vol% O2 gas with flow
rate of 50 ml-min™".
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Fig.3 TG base curves and their average curve of the
blank alumina crucible. Three corrected TG base
curves were calculated by subtraction the average
curve from the base curves.
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Fig.5 Concentration curves of oxygen gas with time
measured by two oxygen sensors. Synchronous
calculation of concentration of oxygen gas
detected by sensors was performed using Eq.(4)
and Eq.(6). Difference curve is calculated by
subtraction the curves of the oxygen sensorl from
the oxygen sensor2.



TG-EGA

RS (6) = Ry (1) + R (1) @)
Ry, (6) = Ry (1) x D (1) 3)
()= CS (1 + 7,/ R (1)) @)
Ry, (6)= RG™ (=, 1 RY™ (1)) )
O ()= Coy (1 =1,/ RG™(1)) (6)

CIT.>RFRELOMELBIIRAT LI LA
BT 5, BER A AP C, (¢) [vol%iX FHAIKER ¢ DB
BThHO ., CNBIOCYS ORBIHIES OMERFERE %
ENENCET B LOCET L Lz, ¥72, B —
D TG & - BEOEEV,, [mlliX, V,=V,+V, T
KIh, BEEUF— (S) LHBHOERE - EEO
AV, [ml], BLORBEBEE T — (5,) LD
OHE - BE ORI Y, m]O&ERE Lz, £72. Bk
HADOWERS X, ¥ A7 —arvbog—F—
MFC[N,]3 &L 0" MFC[O,] CFRE L 7= £V A jit &
RYS BIOMEELT AR RS ofne LTHE L,
KON XV R EDORE RC™ 25 L=, K@), (5)
BEO(O)IC &L 2 A AL B R & S g i 92 2 &
XV, TG BIEERD R V,, A 50ml & L7=354A . Figs
WORT R D ICESHRIISIFERE o, BETAEL
DIimET, MEE - BEENE BT 2BEORME ORI
L0 HERITTERL U 7o B2 38 IR B BRS040 08 RIS 7
LI LICERTLIEEZOND, RO RMLET,
CO BIW CO, HWAMPEMBIZHLE L 725, Figb I
CO B LV CO, YN A DYLEEZA & R [# D B bR %2 R
T NDIR # & D CO & CO, H AR O O ERFE % V,

100 1000

dead volume, Vs = 32 ml

80 -1800
60 -1600
40+ 400
20 —_//: 1200
= CO2 content, Cco2
100 1000

dead volume, Vs = 0 ml

(o]
o
o

80

Concentration of CO gas, Cco / vol%
o
Concentration of CO2 gas, Cco, / vol%

60} 600
40 400
20 /=—f o <200
0 1 1 Il 1 1 1 0
0 500 1000 1500 2000 2500 3000

Testtime /s

Fig.6 Concentration of CO and CO, gas with time
measured by NDIR. Synchronous calculation of
concentration was performed using Eq.(8).
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Fig.7 Concentration of CO and CO, gas formed during
oxidation of the high purity graphite block with
time.
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Fig.8 Volume and formation rate of CO, gas with
oxidation temperature, and flow rate of dilution
gas and analyzing gas. The formation rate of CO,
gas was calculated using Eq.(9).
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Fig.9 TG curve, calculated mass curve and their
difference curve with oxidation temperature. The
calculated mass curve was given by Eq.(13).
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Fig.11 Amount of consumed O, gas with oxidation
temperature. The consumption rate of O, gas
estimated from CO and CO, gases, and O,
sensors was performed using Eq.(17) and
Eq.(18). Difference curve is calculated using

Eq.(19).
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Table 1

52

The optimized parameters of the numerical fitting calculation for the mass change and gas quantitative

analysis data from the TG-Gas oxidation analysis system for graphite block oxidized at 1000°C in

N,-20vo0l%0, gas

Sample initial

Run mass / mg Vl / ml Vz/ ml V3/ ml Sa Sb SCOX Sox
1 2.16 17.5 32.5 10.0 -0.194 -0.0106 1.018 0.953
2 3.92 17.5 32.5 12.0 -0.191 -0.0090 1.010 0.950
3 3.56 17.5 32.5 12.5 -0.194 -0.0106 0.993 0.933
4 10.09 18.5 31.5 12.0 -0.196 -0.0068 1.026 0.953
5 9.86 19.0 31.0 11.0 -0.191 -0.0068 0.996 0.942
6 9.66 19.0 31.0 11.0 -0.164 -0.0113 0.992 0.956
7 20.64 17.5 32.5 11.0 -0.199 -0.0143 1.010 0.952
8 19.02 17.5 32.5 11.0 -0.199 -0.0143 1.011 0.952
9 19.45 17.5 32.5 11.0 -0.199 -0.0143 1.011 0.952
10 20.17 18.5 31.5 11.0 -0.205 -0.0023 1.011 0.955
11 19.74 18.5 31.5 11.5 -0.197 -0.0023 1.015 0.955
12 19.15 18.5 31.5 11.5 -0.197 -0.0023 1.024 0.955
13 19.30 18.5 31.5 11.8 -0.181 -0.0196 1.004 0.955
Average 18.1, 31.8g 11.3; -0.192¢ -0.0095, 1.009; 0.951,
S.D.,c 0.6, 0.6, 0.6, 0.0105 0.0054, 0.010, 0.0065
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Fig.12 TG curve, calculated mass curves and their
difference curve of the C / B,C / SiC composite
with oxidation temperature. The calculated mass
curves were calculated by Eq.(26) and (27).
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Fig.13 TG differential curve and rate of O, gas
consumption curves of the C / B,C / SiC
composite with oxidation temperature.
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