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Study on Chemical Kinetics of Carbon Migration in Superalloys
in the Non-Pure Helium Environment in High Temperature
Gas Cooled Reactors
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Abstract: The primary coolant in the high temperature gas cooled reactor (HTGR) contains
impurities of low content, which will cause serious corrosion of the superalloys in the HTGR
operating at the ultra-high temperature. In particular, the carbon migration between the superalloys
and non-pure helium has a great influence on the material performance. This study explores the
chemical kinetics principle of the carbon migration in the non-pure helium environment, from which
the theoretical criteria for material decarburization and carburization are gained. Also, according to
the chemical thermodynamics and kinetics principles, this study calculates the oxygen partial
pressure and carbon activity in the non-pure helium environment, and indicates that a high partial
pressure ratio of CH, to H,O may lead to serious carburization of the alloys. On this basis, this study
presents a widely used carbon migration model, “chromium stable phase diagram” , analyzes the
chromium activity calculation method, and summarizes the recommended values. Finally, the
corrosion behavior of the 10 MW HTGR (HTR-10) designed by Tsinghua University under the
actual operating conditions is obtained by calculation based on the chromium stable phase diagram.
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Fig. 1 Effect of Methane on Carbon Activity
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Fig.2 Changes in Carbon Activity and Oxygen Partial
Pressure in the Oxide Layer
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Tab.1 Mass Fraction of Main Compositions of Alloys in

HTGR
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Nimonic 86 0.06 Base — 25
Incoloy 800H 0.10 32 Base 20
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Fig. 3 Chromium Activity and Temperature of Alloys
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K2 AIF R A R T R
Tab.2 Chromium Activity Values of Different Superalloys

[ sil ac P HORE
Inconel 617 lg ac.=0.381 % (10000/T)—3.673
Nimonic 86 1g ac~ 0.381 % (10000/ T') — 3.673
Hayens 230 In ac=0.434 % (10000/ T') —3.897
Hastelloy X lg ac= 0.315 % (10000/ T) —2.809
Incoloy 800H 1g a=<0.315x(10000/T) — 2.809

24 $#BHREHEERRIL

R I SC A9 5 1T U ST 245 58 251 T B A
EAE . B TR A A S SR Y o AP TE
AALZ Y BT RE CO LAk, LA TE
CO i LA RK 53 Wi FB ik, 3% 45 I A2k
Ml (15) ~X (17) 4. Bl 4451 T Inconel
617 H41E 950°C Y Cr Fag A,

or N
\\\
b N CrCs
- "
~
N

2 BN
S - N
% VNJ i Cros
— N

-3} | ﬂ\\\

N
Cr N
-4+ AN
~
N
~
N
-5 1 1 1 1 1 N
-30 -28 -26 -24 22 20 18

lg Po,/10°ppm

K14 Inconel617 F4:1E 950°C e AHE
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Tab.3 Impurity Content (ppm) of Helium in HTR-10 at
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Fig. 5 Representations of Gas Compositions of HTR-10 in
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