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Introduction 

Graphite corrosion in the high-temperature 
gas-cooled reactor- (HTGR) is calculated using 
two key assumptions: (1) the kinetic, cataly
sis, and transport characteristics of graphite 
determined by bench-scale tests apply to large 
components at reactor conditions and (2) the 
effects of high pressure and turbulent flow are 
predictable. To better understand the differ
ences between laboratory tests and reactor con
ditions, a high-pressure test loop (HPTL) Q ) 
has been constructed and used to perform tests 
at reactor temperature, pressure, and flow con
ditions. The HPTL is Intended to determine the 
functional dependence of oxidation rate and 
characteristics on total pressure and gas ve
locity and to compare the oxidation results 
with calculations using models and codes devel
oped for the reactor. 

Theory 

Graphite oxidation is comprised of a se
ries of steps: (1) transport or diffusion of 
water vapor across the boundary layer to the 
surface, (2) in-pore diffusion to active sites 
within the graphite, (3) chemical reaction to 
form products CO and H2, and (4) diffusion of 
products out of the graphite. In this overall 
process, steps 1, 2, and 4 are definitely in
fluenced by total pressure, because the gas 
diffusion coefficients of H2O, CO, and H2 are 
inversely proportional to pressure. 

At higher temperatures, the overall reac
tion rate depends solely on the arrival rate of 
oxidant molecules at the surface via diffusion, 
which Is inversely proportional to total pres
sure. At Intermediate temperatures, the over
all process is controlled by steps 2 and 3, si
multaneous in-pore diffusion and chemical reac
tion. In this case, the overall oxidation rate 
is inversely proportional to the square root of 
total pressure. 

Experimental 

The HPTL consists of a nichrome-resist-
ance furnace and sample array housed in a steel 
pressure vessel. A diaphragm compressor circu
lates helium at pressures to 6.9 MPa (1000 psi) 
and flow rates to 1000 SLPM (2.7 g/s). The 
loop provides continuous bypass purification, 
continuous impurity (H2O, H2, CO) injection, 
and the usual monitoring Instruments. As shown 
in Fig. 1, the sample is a hollow, 9.5-mm l.d. 
cylinder contained in a relatively nonreactive 
graphite crucible. Gas Is forced through the 
central sample channel after being heated first 
by a gas-to-gas heat exchanger, then by the 
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Figure 1 - Schematic of sample and furnace 
configuration In HPTL for 1982 
tests. 

furnace windings. The maximum sample tempera
ture is 1000°C. The gas boundary conditions of 
velocity and mass transport coefficient in the 
reactor core support block are nearly duplica
ted in the HPTL at 5 MPa (50 atm). The HPTL 
Reynolds number is 7500 in the turbulent 
regime. 

A test run is conducted by circulating he
lium containing H2 and H2O (H2/H2O >10) through 
the sample at temperature long enough to 
achieve measurable weight losses. 

At the end of the exposure, the sample 
weight and dimensions are compared with those 
at the start. The oxidation profile is then 
determined by a radial sectioning technique. 
The measured profiles are compared with pro
files calculated using the Graphite Oxidation 
Test (GOT) computer code. 

The graphite used in these tests was Union 
Carbide PGX, a relatively impure graphite which 
is used In the support structure of the Fort 
St. Vrain HTGR. The major impurities were 4000 
ppm Fe, 1000 ppm Ca, 300 ppm Al, and 30 ppm 
each of Si, Ti, and V. 

Analysis Using the GOT Code 

Calculations were performed using the GOT 
computer code, which models the HPTL conditions 
and sample parameters. The GOT oxidation model 
is very similar to the HTGR oxidation codes 
GOP, OXIDE, and CSBBO. These codes model mass 
transport to the surface, in-pore diffusion, 
and chemical reaction. The GOT code provides 
variable "m," the ratio of diffusion coeffi
cients in graphite and helium, respectively 
(that is, the effective diffusion coefficient 
or m value increases during the test as the 
sample burnoff or porosity Increases). There-
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Table 1 
SUMMARY OF TEST CONDITIONS AND RESULTS 

Time 
Test/ (h)/ 
Sample He Flow 
No. (SLPM) 

Pressure (Pa) 

[MPa 
(atm)] 

H2O/ 
Hz 

CO/ 
CO2 

Temp 
(°C) 

Weight 
Loss 

Depth 
of 
lOOX 

Burnoff 
(mm) 

Overall 
Reaction 
Rate 

(s-1 Pa-1 
X IQlO) 

Mass 
Transfer 
Coeff. 
(cm/s) 

GOT 
Code 
F,. 

82-1/ 
lA 
IB 
2A 
2B 
3A 
3B 
4A 
4B 

82-2/ 
1 
2 
3 
4 

82-6/ 
1 
2 
3 
4 

40/ 
220 

18.5/ 
200 

40/ 
1000 

1.1 (11) 400/ 
13,000 

6600/ 
132 

1.0 (10) 

5.0 (50) 

400/ 
8000 

250/ 
5000 

2000/ 
150 

5000/ 
100 

937 
940 
937 
935 
925 
920 
910 
900 

830 
840 
836 
820 

815 
840 
840 
850 

4.5 
4.9 
5.2 
5.4 
5.1 
5.1 
4.8 
4.0 

0.68 
0.75 
0.67 
0.53 

0.36 
0.47 
0.44 
0.46 

0.52 
0.72 
1.0 
1.06 
0.98 
0.98 
0.78 
0.65 

0.050 
0.057 
0.047 
0.033 

0 
0 
0 
0 

7.8 
8.5 
9.0 
9.4 
8.8 
8.8 
8.3 
6.9 

2.6 
2.8 
2.5 
2.0 

1.0 
1.3 
1.2 
1.3 

16.5 
16.5 
16.5 
16.4 
16.3 
16.2 
16.2 
16.0 

11.3 
11.4 
11.4 
11.1 

5.0 
5.1 
5.1 
5.1 

80 
90 
103 
119 
118 
124 
136 
114 

119 
111 
104 
109 

86 
74 
69 
61 

fore, in a sample with an oxidation profile, m 
varies with depth, having a value of 1 for 100% 
burnoff and a value of 0.005 to 0.02 for unoxi-
dlzed graphite. The unoxidized m value is a 
function of the particular graphite and its 
pore size distribution. These calculations 
used the value m - 0.02 for virgin graphite. 

The (WT code utilizes an intrinsic reac
tion rate for the impure PGX graphite which is 
equal to that of the relatively pure H-451 (.2) 
graphite times a catalyst multiplier, F,.. In 
bench-scale tests for this particular PGX log, 
Fj, was found to range from 50 to 100. In the 
GOT code analysis, Fj, is varied to obtain the 
best fit to the measured total weight loss. 

Experimental Results 

Table 1 lists test conditions and results. 
Figure 2 compares observed versus calculated 
oxidation profiles. Test 82-1, sample B-2, ex
perienced 5.4% total burnoff, most occurring at 
the surface, where 100% removal increased the 
channel radius by 1.06 mm. The calculation 
matches the observed profile quite well, except 
at the highest burnoff. The (K)T code assumes 
that oxidation stops after 80% burnoff. In the 
test, material at the surface having 70% to 90% 
burnoff would probably be swept away by the 
high-velocity stream. Test 82-2, sample A-2, 
was oxidized to 0.75% total burnoff with 100% 
removal to a radial depth of ~0.057 mm. The 
GOT calculation matches the profile well, ex
cept that it again underpredicted oxidation at 
the surface. 
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Figure 2 - Oxidation profiles of test 82-1, 
82-2, and 82-6. 

Conclusion 

The characteristics of graphite oxidation 
at high gas velocity and different total pres
sures were adequately predicted by conventional 
theory and existing computer codes. Therefore, 
predictions of corrosion in the HTGR correctly 
Include the effects of pressure and flow rate. 

Test 82-6 was oxidized at 5 MPa (50 atm). 
The GOT prediction using F^ « 86 matched the 
observed burnoff quite closely. A comparison 
of the overall weight loss of tests 82-2 and 
82-6 performed at the same temperature but at 
and 5 MPa (10 and 50 atm) reveals that the 
overall oxidation rates are inversely propor
tional to the square root of total pressure as 
predicted by theory for in-pore-dlffusion-
limited conditions. 
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