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Abstract 

The thermal stability and environmental compatibility of Inconel 617, a 
prime nuclear process heat steam reformer candidate alloy, are described In 
this paper. This commercially available wrought nickel-base alloy has 
excellent high-temperature strength but is subject to loss of toughness and 
ductility due to thermal instability. Work -lone to luprove the thermal 
stability of this alloy Is discussed. Room-temperature tensile and 
toughness data and mlcrostructural Information for Inconel 617 specimen* 
exposed at elevated temperatures are presented. Preliminary data indicate 
that controlling the chemistry of Inconel 617 can provide a substantial 
improvement in thermal stability. 

Preliminary work to define the range of high-temperature gas-cooled 
reactor (HTGR) primary coolant compositions within which minimal deleterious 
gas/metal reactions occur with Inconel 617 is described. Within this gaa 
chemistry range a stable surface oxide forms and only slight carburlzatlon 
occurs. In other gas chemistry ranges, rapid carburizatlon or 
decarburlzation can occur. 

The gas corrosion experiments discussed are part of a series of 
relatively short-term exposures to HTGR helium In which the effects of 
different H 20 concentrations (0.01 to 1.0 Pa) were determined as a function 
of the systematic variation of a second constituent (CO and CH, for this 
work) in the test gas. The composition of the basic HTGR helium was 
ItO Pa Hj, t* Pa CO, 0.02 Pa C0 2 , 2 Pa CH, In helium at 0.2 MPa. Two other CO 
levels (1 and 12 Pa) and one additional CH, level (0.63 Pa) were used In 
these experiments. Experimental exposure methods are discussed and the 
results of gas/metal interaction studies are presented. These results 
include carbon analyses and optical and scanning electron microscopy to 
determine the morphology and type of surface and subsurface microstructures. 

*This work was performed for the High Temperature Gas Cooled Reactor 
Division of the U.S. Department of Energy. The work reported here was 
conducted by the General Electric Company in Schenectady, New York under 
DOE contract DE-AC03-80ET34034 and is being continued at the Oak Ridge 
National Laboratory under DOE contract DE-AC05-840R21400 with Hartln 
Harietta Energy Systems, Inc. 



68 INTRODUCTION 

Inconel 617 has been judged to be a prime commercially available alloy 
for steam reformer tubes in proposed nuclear process heat applications of 
the high-temperature gas-cooled reactor (HTGR). This Ni-22Cr-12Co-9Mo-lAl 
alloy can be fabricated into various product forms and can be welded by 
processes using well-developed welding procedures ordinarily used in the 
fabrication of heat exchangers. The alloy has good oxidation resistance in 
air,1 which is important in high-temperature fabrication procedures 
(forging, hot rolling, extrusion, welding) and it has better hlgh-
teaperature stress rupture strength than other commercially available 
wrought, solid-solution strengthened iron- or nickel-base alloys.2 

Recent data3-* have shown that the ductility and toughness of some 
heats of Inconel 617 are reduced substantially after high-temperature 
exposures (>750*C) for relatively short times (1,000-15,000 h) in air or 
simulated HTGR helium. Such degradation in properties might lead to 
premature failure of Inconel 617 reformer components. It has been shown 
that thermal instability can be mitigated by controlling the grain size 
within a range of sizes finer than that usually found in heats most 
susceptible to thermal instability. Such a decrease in grain size, however, 
results in a reduction in creep strength particularly for long times at high 
temperatures. Therefore, other methods for improving the thermal stability 
of Inconel 617 were investigated Including changes in heat treatment and 
better control of alloy chemistry. The chemistry control work was 
performed by INCO Alloys International (IAI), Huntington, West Virginia. 

Elevated-temperature exposures of a wide variety of alloys, including 
Inconel 617, demonstrated that they may be significantly carburized 5• 6 or 
decarburized and oxidized'•B depending on the particular gas composition and 
temperature. If H 20 concentrations are low enough, protective oxides may 

_ not form and carburization can occur through the reaction 

27Cr + 6CO = Cr,,C, + 2Cr,0 s 

or through the reaction 

23Cr + 6CH 4 » Cr a sC, + 12H 2 . 

Of course, other carburization reactions can occur, and other elements in 
the alloy in addition to chromium can be carburized. 

If HjO concentrations are high, oxidation can occur through the 
reaction 

2Cr + 3H 20 = C r 2 0 s + 6H, 

and decarburlzation can occur through the reaction 

C r 2 S C s + 6 H 20 = 23Cr + 6C0 + 6H 2 . 

Carburization and decarburization can adversely affect long-term 
properties such as creep and fatigue and short-term properties such as 

fracture toughness. It has, however, been demonstrated that tor certain 
alloys there are gas environments where the degree of carburization/ 
decarburization is small and acceptable.* 

The compositions of the Inconel 617 materials used for the thermal 
stability studies are given in Table 1. Heat 1 material was 16-mm-thlck 
plate solution-annealed at 1204'c; all the other material was round bar 
solution-annealed at 1177*C or at 1139'C (heat 5). In this paper, attention 
will be focused on heat 1 since it" behavior was typical for commercial 
Inconel 617 and heat 5, a chemistry-modified heat, for the thermal stability 
studies. Material from heat 4 was used for the gas corrosion studies. 

The type of corrosion regime (protective, strongly carburizing or 
strongly decarburizing) that will result from a particular gas mixture 
cannot be calculated a priori. Therefore, extensive experimental testing 
has been pursued to determine gas/metal interaction effects and to develop 
corrosion models and theories. The work of Drs. Quadakker and Schuster at 
the Kernforschungsanlage (KFA)'" 1 2 and Drs. Brenner and Craham for the High 
Temperature Metals Program 7'*• l 3•'* have been most Important In elucidating 
gas/metal corrosion effects. 

Protective or benign gas chemistry offers a means to maximize the 
useful life of materials if the HTGR environment can be controlled to stay 
within the protective limits for the major part of the operating time. The 
objective of the experimental program described in this paper was to 
determine the boundaries of the protective gas chemistry region for 
Inconel 617 at temperatures of 800, 850, 900, and 950*C. The method used 
was to systematically vary impurity concentrations under well-defined and 
well-controlled conditions and evaluate the extent of carburization or 
decarburization under these conditions. Also, the amount and type of 
surface and subsurface oxides that were formed were determined. Within the 
"protective region," carburization was expected to occur at a slow rate. 
Outside the protective region, rapid carburization or rapid decarburization, 
depending on the gas composition, was expected to occur. 

EXPERIMENTAL PROCEDURE 

To study the effects of various modifications of Inconel 617 on the 
thermal stability of the alloy, material was exposed for times up to 
15,000 h at temperatures from 650 to 950'C for normal and modified material. 
To ensure that the evaluation measured only the effects of thermal exposures 
uncomplicated by environmental interactions, the material exposed was In the 
form of rough-cut machining blanks. The blanks were sufficiently greater in 
size than the test specimens so that all atmospheric damage could be 
excluded from the final test specimen by final machining. Exposures could 
have been done in any of several environments (argon, helium, air, vacuum); 
air was chosen as the most cost-effective exposure environment. 

Improvements in thermal stability were evaluated by room-temperature 
tensile and Impact energy tests, and microstructural examination of naterlal 
exposed in the critical temperature ranges. Creep tests were carried out on 
normal material and on material modified by grain size control, heat 
treatment, or changes to the alloy's chemistry. 



Table 1. Composition of Inconel 617 heats in the General Electric 
High Temperature Gas Reactor Materials Test Program (wt %) 

Si Mn Cr Ho Ni Co Al Ti Fe Cu 
Heat 1 
(XX14A6UK) 

Heat 2 
(XX41A0UK) 

Heat 3 
(XX23AOUK) 

Heat A 
(XX63A8UK) 

Heat 5 a 

(XX71A7US) 

0.060 0.18 0.02 0.002 21.75 8.91 bal 
0.054 0.257 0.034 23.12 9.09 bal 

12.32 1.11 0.30 0.003 0.53 0.11 
12.14 1.31 0.363 0.53 

0.08 0.10 0 .01 0.001 21.84 9.12 56.03 10.76 1.12 0.28 0.002 0.66 0.03 

0.06 0.16 0.01 0.001 22.42 9.65 52.84 12.79 1.07 0.31 0.002 0.69 0.08 

0.07 0.19 0.06 0.001 22.30 9.27 b a l 12.10 1.07 0.37 0.003 1.02 0.09 
0.19 0.049 21.80 9.30 ba l 11.80 0.92 0.39 0.005 0.93 0.092 

0.05 

aChemistry considered proprietary by IAI-Huntington. 

The gas corrosion experiments were carried out in 25.4-mni inside-
diameter high-purity alumina tubes with three tubes in each of four large 
vertical furnaces. Each of the three retorts in each furnace was supplied 
with simulated HTGR (SHTGR) helium with different H 20 levels. The SHTGR 
helium was supplied by a recirculating "loop" 1 5 to each retort at a gas flow 
rate sufficient to limit depletion of any gaseous specie to less than 10*. 
Additional corrosion specimens were exposed to SHTGR helium in two large 
high-purity alumina retorts 1 3 modified to incorporate gas chemistry probes 
at six positions inside the retort. The inlet and outlet chemistries also 
were determined. 

Surface and subsurface mlcrostructures also were studied by scanning 
electron microscopy, where appropriate. This work was done on an Hitachi 
scanning electron microscope (SEM) which contained an energy dispersive 
x-ray (EDX) analyzer which was used to identify the types of oxides and 
carbides present, The SEM work was supplemented by wavelength dispersive 
x-ray elemental analysis using a model SEMQ ARL microprobe. The bulk carbon 
content of each corrosion pin was determined using the Leco combustion 
technique. 
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The corrosion test specimens were pins (cylinders) of 6.35 mm diara by 
50.8 mm long with a 3.68-om hole located 3.175 mm from one end. The 
corrosion pins were weighed before and after exposure. Following the weight 
measurement, a sample for metallographic examination was cut from each 
specimen. The sample was first sputtered with a coating of silver and then 
electroplated with nickel. These procedures were performed to ensure good 
edge retention during sample preparation and polishing. The samples were 
mounted in a thermosetting material and then in clear epoxy. The mounts 
were surface ground and polished through 0.3-mlcron alumina powder and 
examined at magnifications up to 1000 times. Measurements were made of the 
thickness of both the surface and subsurface (where present) oxides as well 
as the zone depleted of carbides Just below the surface and the depth of 
carburization or decarburization, if this could be determined. 
Photomicrographs of selected surface, subsurface, and interior regions were 
made. 

RESULTS 

The effect of exposures at temperatures from 650 to 950*C for exposure 
times from 1,000 to 15,000 h on the postexposure room-temperature Charpy 
V-notch impact strength of commercial Inconel 617 is shown in Fig. 1. 
Exposures at 850 and 950*C resulted in especially severe degradation in 
toughness; this behavior is typical for normal (unmodified) Inconel 617. 
Efforts to reduce this effect by reducing the grain size of the material or 
by "carbide stabilization" heat treatments simply delayed the onset of 
toughness degradation. However, loss of toughness after long-tine 
exposures (6000 h and longer) was not reduced by these methods. Reductions 
in room-temperature tensile ductility also were noted. For material from 
heat 1, the lowest postexposure room-temperature elongation was about 10%. 
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Fig. 1. Effect of exposures for 1,000 to 15,000 h at 650 to 950°C on 
the room-temperature Impact energy of Inconel 617 heat 1. 

Preliminary results of chemistry-modified Inconel 617 (Fig. 2) were 
quite encouraging After 3000 h of exposure at 950°C, material from heat 5 
had an impact strength of 60 J compared to 10 J for material from heat 1 
given the same exposure. After 3000 h exposures, tha lowest tensile 
elongation for chemistry-controlled material was about 40% compared to about 
15% for material from heat 1. 

- - Preliminary short-time creep data at 850 and 950°C indicate that 
material from the chemistry-modified heat of Inconel 617 (heat 1) is 
slightly weaker than the average commercial Inconel 617, but the data are 
within the scatter band for commercial Inconel 617. 

For the gas corrosion studies of Inconel 617, the primary gas chemistry 
variable was H 20. However, CO and CHt also were varied (Table 2). 
Although alloy 800H also was included in this study, this paper will focus 
only on the results obtained for Inconel 617 exposed to the low CH, 
environment. The major results of the second and third series of tests 
(different CO concentrations) are included in the summary. The series 1 
exposures were completed at General Electric; evaluation work on the exposed 
specimens and the series 5 exposures will be done at 0RNL. 

U»NL DIVGW7IM 

Fig. 2. Effect of exposures for 1000 and 3000 h at 650 to 950'C on 
the room-temperature Impact energy of Inconel 617 heat 5 (controlled-
chemistry heat). 

Table 2. Gas corrosion studies test matrix 
(All test- at 1000 h exposure time) 

Series 
Gas composition (Pa) Tea iperature Series 

H 20 H 2 
CO COj CH4 

Tea 
CC) 

1 0.15, 0.5, 
-0.01-1.0 

1.0 40.0 
40.0 

4.0 
4.0 

0.02 
0.02 

2.U 
2.0 

850, 
850, 

900, 950 
950 

2 0.15, 0.5, 
-0.01-1.0 

1.0 40.0 
40.0 

1.0 
1.0 

0.02 
0.02 

2.0 
2.0 

850, 
850, 

900, 950 
950 

3 0.15, 0.5, 
-0.01-1.0 

1.0 40.0 
40.0 

12.0 
12.0 

0.02 
0.02 

2.0 
2.0 

850, 
850, 

900, 950 
950 

4 0.15, 0.5, 
-0.01-1.0 

1.0 40.0 
40.0 

4.0 
4.0 

0.02 
0.02 

0.67 
0.67 

850, 
850, 

900, 950 
950 

5 0.15, 0.5, 
-0.01-1.0 

1.0 40.0 
40.0 

4.0 
4.0 

0.02 
0.02 

8.0 
8.0 

850, 
850, 

900, 950 
950 



Table 3. Typical retort outlet/inlet gas analyses in small high-flow retorts 
(Test time, 907-935 h) 

Test 
retort 

Constituent partial pressures, Pa (total pressure 0.2 MPa) 

H 2 (in/out) H 20 (in/out) CO (in/out) C0 2 (in/out) CH t (in/out) 

Temperature, 850*C; helium flow, 3.2 slpa a 

AC-6A 41.2/41.8 0.152/0.144 3 68/3.72 0.0192/0.0200 0.63/0.62 
AC-6B 41.2/41.7 0.512/0.499 3.68/3.73 0.0192/0.0209 0.63/0.63 
AC-6C 41.2/41.8 1.028/1.011 3.68/3.71 0.0192/0.0210 0.63/0.63 

Temperature. 900*C; helium flow, 5.4 slpa a 

AC-7A 41.0/40.9 0.145/0.134 3.67/3.67 0.0193/0.0187 0.63/0.63 
AC-7B 41.0/41.0 0.499/0.485 3.67/3.66 0.0193/0.0202 0.63/0.63 
AC-7C 41.0/41.1 0.988/0.965 3.67/3.68 0.0193/0.0218 0.63/0.62 

Temperature, 950*C; helium flow 11.6 slprn" 
AC-8A 40.7/40.7 0.150/0.141 3.66/3.71 0.0190/0.0188 0.63/0.64 
AC-8B 40.7/41.1 0.510/0.497 3.66/3.67 0.0190/0.0195 0.63/0.63 
AC-8C 40.7/40.8 0.985/0.972 3.66/3.70 0.0190/0.0211 0.63/0.63 

aslpm - Standard liters per minute. 

For the experiments in SHTGR helium containing 0.63 Pa CHt , H 20 was 
co-.^rolled at three different discrete levels (0.15, 0.50, and 1 Pa) in the 
mini-returts. Duplicate corrosion pin specimens cf Inconel 617 were exposed 
at 850. 900, and 950"C for each of the three H 20 levels. Typical gas 
chemistries in the mini-retorts for this experiment are given In Table 3. 
The gas flow rates used were those required to keep the retort outlet gas 
chemistry within 10% of the inlet gas chemistry. 

Complementary tests were performed in two large ceramic aging/corrosion 
retorts equipped with gas chemistry probes. Each retort had an independent 
H 20 Injection system which allowed independent control of the Inlet H 20 
concentration. The inlet H 20 concentration, the number of test specimens 
(or the amount of other metallic surfaces) in the retort, and the gas flow 
rate were adjusted to provide a range of H 20 levels inside the retort. For 
the "low CH, experiment," the H 20 concentrations inside the retort ranged 
from about 0.5 Pa at the bottom, inlet side of the retort to very low levels 
of H 20 (<0.012 Pa) at the retort outlet due Co depletion of the H 20. 

Results from these gas corrosion experiments are presented in Table 4. 
As is generally found, the weight change was positive (weight gain) and 
increased with increasing H 20 concentration in the test gas and with higher 
exposure temperature. At 850"C. for H zO concentrations from 0.15 to 1 Pa. 

the increase in carbon concentration was small (but not Insignificant) and 
independent of H 20 concentration. At 900'C, the SHTGR helium containing 
0.15 Pa Hj was slightly more carburlzing (than SHTCR helium containing 0.S 
and 1 Pa H 20) but at 950*C It was significantly more carburlzing, 

For all of the above cases 
on the corrosion pins (the chroml 
shown In Figs. 3 and 4. The thlc 
increasing amounts of H 20 in the 
exposure temperatures. The scale 
thickness, especially for scales 
H 20 concentrations (0.15 Pa, see 
content of the SHTGR helium, the 
(determined by energy dispersive 
shown in Figs. 3 and 4. 

a continuous chromium-rich scale was formed 
urn-rich scales contained some tltanlun) as 
kness of the scale Increased with 
SHTGR helium (Fig. 3) and with higher 
s were of variable (non-uniform) 
formed on SHTGR helium containing lower 
Fig. 4). In general, the lower the H 20 
greater the titanium content of the scales 
x-ray spectral analysis of the scale) as 

The general trend that SHTGR helium with low concentrations of H 20 
(generally below about 0.1 I H 20) is strongly carburlzing to Incoriel 617 
is supported by the data glv.n in Table 5. Inconel 617 corrosion pint 
exposed at 850*C to test gas containing about 0.01 Pa H 20 picked up a large 
amount of carbon (>0.02 wt % carbon Increase) In this short exposure time 
(1000 h). 

A very snail weight gain and a amall Increase In carbon content 
(0.007 wt % C) was observed for the Inconel 617 specimen exposed 1000 h at 
950*C in SHTGR helium with a low concentration of CH, (0.63 Pa) and a vary 
low concentration of H 20 (-0.01 Pa). 

Table 4. Height change and change In carbon concentration for Inconel 617 
corrosion pins exposed for 1000 h In simulated high-temperature 

gas reactor helium containing 0,63 Pa CH, 

Exposure 
temperature 

Nominal H,0 
concentration 

(Pa) 

Weight 
change 
(mg/cm*) 

Carbon 
concentration 

(WC *.) 

Change in carbon 
concentration 

CC) 

Nominal H,0 
concentration 

(Pa) 

Weight 
change 
(mg/cm*) 

Carbon 
concentration 

(WC *.) («t %) (ag/ca*) 

850 0.15 
0.50 
1.00 

0.7660 
0.9914 
1.1141 

0.072 
0.072 
0.073 

0.007 
0.007 
0.008 

0.0930 
0.0930 
0.1063 

900 0.15 
0.50 
1.00 

0.8976 
1.2862 
1.4750 

0.074 
0,072 
0,072 

0.009 
0,007 
0.007 

0.1196 
0.0930 
0.0930 

950 0.15 
0.50 
1.00 

1.0908 
1.8344 
2.2S36 

0.082 
0.072 
0.068 

0.017 
0.007 
0.003 

0.22S9 
0.0930 
0.0399 



70 

Fig. 3. Scanning el»itron 
microscopy photomicrograph and 
energy dispersive x-ray spectra 
of the surface scale on an 
Inconel 617 speciaen exposed 1000 t 
at 950*C in simulated HT&R helium 
containing 0.5 Pa H,0. 0.7 Pa CH, . 
40.0 Pa H,, 4.0 Pa CO, 0.02 Pa CO,. 

Fig. 4. Scanning electron 
microscopy photomicrograph and 
energy dispersive x-ray spectra of 
the surface scale on an Inconel 617 
specimen exposed 1000 h at 950"C in 
simulated HTCR helium containing 
0.15 Pa H,0, 0.7 Pa CH, , 40.0 Pa H,, 
4.0 Pa CO, 0.02 Pa CO,. 

Based on previous SEM work that used energy dispersive x-ray analysis 
to determine the elemental content of surface scales, it was predicted that 
the surface scale on the Inconel 617 specimen exposed 1000 h at 950*C to 
SHTCR helium with a low concentration of CH, and a very low concentration 
of H 20 (-0.01 Pa) would be a thin scale of Alj0 3 that should be protective 
with respect to carburizatlon. For the specimen exposed to SHTGR helium 
with a low concentration of CH, and an intermediate concentration of H 20 
(-0.04 Pa), It was expected that a nonprotectlve scale rich in titanium was 
formed. At higher levels of H 20, the scales formed were expected to be 
protective chromium-rich scales. SEM/EDX studies on these specimens 
confirmed these predictions as shown in Figs. 5 and 6. 

SUMMARY 

The available Information on the thermal stability and elevated-
temperature strength of chemistry-modified Inconel 617 Is quite encouraging. 
Additional work will be done at ORNL to determine the long-time thermal 
stability and creep strength for this alloy. 

Tabic 5. Weight change and change In carbon concentration fai 
Inconal 617 corrosion pins exposed at 850 and 900*C 

for 1000 h In simulated high-temperature helium 
containing 0,63 Pa CH, 

Spec Imen H,0 
concentration Weight Carbon 

concen
Change In carbon 
concentration loc« tlon 

etort 
In test gas 

(Pa) 
change 
(mg/cm») 

tration 
(wt *.) In i 

tlon 
etort 

In test gas 
(Pa) 

change 
(mg/cm») 

tration 
(wt *.) (wt *.) <•,/«*) 

No. 1 (bottom) 0.475-0.500 0.9747 0.071 0.006 0.0797 
No. 2 0.324-0,340 0.8689 
No. 3 0.192-0.213 0.6719 0.070 0.005 0.0665 
No. 4 0,069-0,122 0.4423 0.072 0.007 0.0930 
No. 5 0.021-0.047 0.3743 0.076 0.011 0.1462 
No, 6 (top) 0.007-0.012 

Exposure 

0.5018 

temperature 

0.085 

950*C 

0.020 0.2658 

No. 1 (bottom) 0.496-0.545 1.8167 0.074 0.009 0.1196 
No. 2 0,395-0.436 1.5625 0.074 0 009 0.1196 
No. 3 0.292-0.362 1.3036 0,076 0.011 0.1462 
No. 4 0.122-0.180 0.9098 0.080 0.015 0.1994 
No. 5 0.029-0.061 0.7397 0.087 0.022 0.2924 
No. 6 (top) 0.007-0.012 0.2828 0.072 0.007 0.0930 

The work to data haa 
SHTGR containing CO conca 
intaractloni are banlgn ( 
above about 0.15 Pa (whar 
concentrations are below 
scales form). These seal 
tlvely. This hypothesis 
corrosion information obt 
experiments done over tha 

shown that at 950*C whan Inconel 617 la exposed to 
ntratlons above a critical level, gas/metal 
protective) In nature If H,0 concentrations are 
a protective chromium-rich scales form) or If H,0 
about 0.02 Pa (where protective aluminum-rich 
as appear to ba Cr t0,'XT10, and A1,0,, ratpec-
of two protective regimes explains much of the gas 
alned In H,0 depleted fas/metal interaction 
past tan years. 

Av iltlonal work needed to confirm this hypothesis Includes completion 
of the present gas/metal experiments in standard advanced HTCR heltiim, 
positive identification of t! e stolchlometry of the surface scales by 
extractive electron diffraction experiments, and experiments with vury tight 
chemistry control to accurately define the boundaries of tha protective gat 
chemistry regimes. 



Fig. 5. Scanning electron 
microscopy photomicrograph and 
energy dispersive x-ray spectra of 
the surface scale on an Inconel 617 
specimen exposed 1000 h at 950 °C in 
simulated HTGR helium containing 
0.01 Pa HjO, 0.7 Pa CH4, 40.0 Pa H 2 . 
4.0 Pa CO, 0.02 Pa CO,. 

Fig. 6. Scanning electron 
microscopy photonicrograph and 
energy dispersive x-ray spectra of 
the surface scale on an Inconel 617 
specimen exp"-: 3d 1000 h at 950°C in 
simulated HTGR helium containing 
0.045 Pa H 20, 0.7 Pa CH4 . 40.0 Pa H 3 

4.0 Pa CO, 0.02 Pa CO,. 

Other important results obtained from the gas/metal interaction 
(corrosion) experiments on Inconel 617 carried out over the past several 
years include the following: 
1. Variations in CO concentrations have a major effect on gas/metal 

interactions. When the CO level is less than the minimum required for 
co-existence of oxides and carbides, major carburization (at low H 20 
levels) or decarburization (at high H 20 levels) occurs. The minimum CO 
concentration is a function of the alloy composition and the 
temperature. 

2. Variations in H 20 concentrations have a major effect on gas/metal 
interactions - below 0.05 to 0.10 Pa (depending on the CO and Ch\ 
concentrations), severe carburization occurs. Below about 0.01 to 
0.02 Pa, thin protective A1 20 3 scales form. Above about 0.15 Pa H 20, 
for CO concentrations less than the critical amount, major 
decarburization occurs. 

3. Generally, for H 20 concentrations in excess of 0.05 Pa, Cr203-xTi02 

scales are formed on Inconel 617. 

4. Ti02 (or titanium-rich) scales, formed at intermediate H 20 
concentrations, are not protective. 

5. Variations in CH4 concentrations over the range of about 0.6 to 2.0 Pa, 
have little effect on corrosion. 
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Abstract 

The reactive impurities in the primary cooling' helium of 
advanced high temperature gas cooled reactors (HTGR) can cause 
oxidation, carburization or decarburization of the heat 
exchanging metallic components. By studies of the fundamental 
aspects of the corrosion mechanisms it became possible to 
define operating conditions under which the metallic 
construction materials show, from the viewpoint of technical 
application, acceptable corrosion behaviour. By extensive test 
programmes with exposure times of up to 30.000 hours, a data 
base has been obtained which allows a reliable extrapolation 
of the corrosion effects up to the envisaged service lives of 
the heat exchanging components. 

INTRODUCTION 

The gas-cooled high temperature reactor (HTGR) is under 
development in the Federal Republic of Germany in cooperation 
with Switzerland, in the USA and Japan. Further activities are 
running in Poland, USSR and in China /l/. Besides its present 
uses for electricity generation the HTGR has a unique 
potential for the supply of heat for chemical processes. The 
German HTGH project "Prototype Plant for Nuclear Process Heat" 
(PNP) is aiming at the use of nuclear heat for the steam 
gasification of hard coal and steam reforming of methane 
coupled to the hydrogasification of lignite. The primary 
circuit cooling medium in an HTGR is helium which transfers 
the nuclear heat from the graphitic nuclear core to heat 
exchanging components fabricated from metallic materials. In 
an HTGR designed to supply heat for chemical processes e.g. 
coal gasification or steam reforming, these components arft 
operating at temperatures up to 950 °C. The coolant gas 
contains small amounts of impurities, i.e. Hg, H'20, CH4, 00, 




