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A Theoretical Study on the Formation of Carbide and

Chromium-Depleted-Layer in Austenitic Stainless Steel

Synopsis:

Hiroshi ARl

It is well known that the occurrence of intergranular corrosion in austenitic stainless steel is caused
by the chromium depletion at the grain boundary, where the chromium carbide formed. However,
no clear physical interpretations for the formation of carbide and chromium depleted layer have been

given yet,

The purpose of this paper is to summarize mathematlcally what is the rate determing process for

the formation of carbide.
It is concluded that:

1) the diffusion of carbon to the grain boundary is too rapid to be the rate

determing process; 2) as the chromium diffusion is relatively slow below 500°C, the supply of
chromium to the grain boundary determines the rate of precipitation; and 3) above 550°C, the forma-

tion of carbide itself is the rate determing process.

From the above conclusions, the Time-Temperature-Sensitization (TTS) diagram can be calculat—

ed under certain assumptlons

The theoretical TTS diagram agrees well with the experimental results.

(Received July 9, 1969)
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During sensitization

After sufficient-approach to-equilibration to

restore intergranular corrosion resistance
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Fig. 1. Idealized diagram showing probable distribution of carbon and chromium

concentration (BAIN, ABORN, and RUTHERFORD).
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Table 1. Diffusion coefficients of carbon in some
austenitic phases.
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Table 2. Diffusion coefficients of Cr, Ni- and  Fe in some austenitic phases.

. D, D (at 650°C D (at 1 100°C
Matrix Element (cm?/ sec) (kcal/Qmol) (cm?/ sec) ) (cm?/sec) )
18Cr-8Ni £y ’ Cr 5-3x10-15
LOC:Fe 93 gr 0-71x10-¢ 40'6 18-7x10-1% 2-5%10~-11
ur-re iy ur . Yyxiuo—n
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Fig. 9. Time temperature 4K diagrams of type 304, 304L by theoretical culculation.
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Fig. 10. Time temperature 4C diagrams of type 304, 304L by theoretical calculation.
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Fig. 11. Comparison of -corrosion rate (HUEY)
and index 1.
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Table 3. Comparison of corrosion rate (Huey test
3p) and intergranular corrosion index I.

Carbon |Grain T Huey test |Index
(%) | size Sensitization (g/m?hr) 1

0°033 7 |538°C x2hr 019 00005
0-033 7 1594°C x2hr 045 0-005
0-033 7 |649°C x2hr 0°58 0-023
0-033 7 |677°C X 2hr 053 0°048
0-033 7 |816°C x 2hr 0-22 0-0013
0-033 7 |871°C X 2hr 0-19 0
0-0613> 6 [675°C X 30 min 0-22 0009
0-06! 6 |675°C X 30 min 0-35 0-024
0-0613 6 |675°C X lhr 0-75 0-058
0-061> | 6 [675°C X 20hr 57 030
0-061 | 6 |675°C % 100hr 7-9 061
0-06!% 6 1675°C x 1000hr 3-2 0-22
0°06!% 6 |675°C x 5000hr 0-61 0-07
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Hiz x5 TTS ph#t (Time-Temperature-Sensitization
Curve) BMERTE 5. 881 2Z X T Tyre 304, 304
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Fig. 12. TTS diagrams of type 304, 304L by theoretical calculation.
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Fig. 13. Comparison between theoretical TTS
diagram of type 304L and experimental
one.
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4C =(Co-Co) {1 — exp(—3kt/r,)}
4K =a(Cy—Cuw)
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