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Table. 1 The Effect of Environmental and Material Variables on Protective Oxidation Rate, TTB and PBR,

Variable Range Protective Rate (K) TTB l PBR
Temperature 633-770K TTK? T1TTIB] T1PBRT
H,0 1-25 wppm No effect HTTTB] HTPBR "
CO 0.5-1.5v/o 05<1.0,1.5 Little effect No effect
Pressure 1.48-2.85 MNm~2 PTK? PTTTB | P1PBR*
Silicon <{0.01-0.40%/o SiTK | SiTTTB? SiTPBR !
Sulphur 0.03-0.27 ¥jo STK | SITTBT STPBR |
Graphite Paint — TK I TIB No effect
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(a) SCALE GROWS INITIALLY BY CATION
DIFFUSION OUTWARDS

(b) VACANCIES ARE INJECTED AND LEAD TO
LOSS OF SCALE-METAL ADHESION.

(c) OXIDE ABOVE VOIDAGE DEVELOPS MICRO

CHANNELS BY CRACKING AND/OR DISSO-

CIATION ALONG GRAIN-BOUNDARIES.

CO BUILDS UP AT THE SCALE-METAL

INTERFACE AS A RESULT OF THE OXIDAT-

ION REACTION.

3Fe+4C0;—Fe304+4CO.

AND RESTRICTS LOCAL CRYSTAL GRO

WTH SO THAT A MICROPOROUS STRUCTU-

RE IS PERPETUATED.

(e) EVENTUALLY A BOUDOUARD CATALYST
IS GENERATED AT THE SCALE-METAL
INTERFACE. CO IS THEN DESTROYED
RAPIDLY BY THE BOUDOUARD REACTION
2CO0——COy+C THE FALL IN LOCAL CO-
LEVEL LEADS TO RAPID (BREAKAWAY)
GROWTH OF INNER LAYER CRYSTALS.
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SCALE.
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Non-uniform nucleation of breakaway oxide beneath
duplex protective scale causes excrescences to disrupt
the overlying oxide.

Excrescences converge to give a band of brecakaway

oxide. Alternatively, breakaway nucleation may occur
unifermly beneath a regular duplex protective layer.

Fig. 2 Protective-Breakaway Transition keneath Duplex
Protective Scale,

Table. 2 Primary Coolant Chemistries of Operating HTGRs

Composition (g-atm)?

Species ! —

Peach Bottom"‘i Dragon AVR
H,0 0.02 1 <1
CO, <1 <0.4 50-150
H, 230 20 50-150
CO 10 12 200-50¢
CH, 23 <2-10
Ny 10-20 3 <5-50
0, <1 <04 | e

ay-atm=ppm by Volume X helium pressure in atm; 23,
20, and 10 atm primary coolant helium for Peach
Bottom, Dragon, and AVR, respectively.

®Peach Bottom was permanently shut down October
31, 1974.
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Fig. 4 Oxidation behaviour of alloy 713LC in impure
helium. Exposure 1580h/850°(.
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Fig. 5 Schematic presentation of corrosion mechanism.
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Fig. 6 Calculated partial pressure of CO in equilibrium
with Cr, Cru:Cs and CrzO; at indicated Cr activ-
ities in accordance with the reaction 27Cr+6CO
==—Crp3Cs+2Cr:03 as a Ffunction of 1/T. Also
plotted are partial pressures of CO in Environme-
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Fig. 7 The stability diagram for the Cr-O-C system at
900°C (1650°F). Also shown in the figure are

calculated oxygen partial pressures in Environments.
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Fig. 8 Optical photomicrographs showing the typical oxide-carbide duplex scale formed on the metal surface of
Alloy 800H (a).
(1650°F) for 3000h. Unetched.
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CARBON ATOMS PENETRATING THROUGH THE OXIDE SCALE TO CARBURIZE THE

SUBSTRATE ALLOY; FOR EXAMPLE.
2C1’23C6"}‘ 690“"23Cr2()3+ 12C

Fig. 9 Schematics of the qualitatively mechanistic model for carburization of metals in high-oxygen potential envir-

onments (A and B) and low-oxygen potential environments (C and D).
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Incoloy 800 at 1000, 1200, and 1400 K.
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