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Development of an Etching Method for Determining Susceptibility of
Type 409 Stainless Steel to Intergranular Attack

Mee Cha Cho
Department of Metallurgy Pohang Junior College,
55 Chuckchon-dong Hunghae-up Yongil-gun Kyong Buk 795-940, Korea

Type 409 stainless steel has an engineering importance in various industries, however,
no suitable etching technique has been developed for determining the intergranular corrosion
or sensitization by welding or heat treatment. The existing etching techniques recommended
for ferritic stainless steels are good for high Cr-containing ferritic stainless steels(such as
Type 430), but not for Type 409 stainless steel because of severe matrix corrosion due to
its low Cr content. In this investigation, a new etching technique was attempted mainly
to optimize contents of sulfuric acid and copper sulfate, and etching time. The optimum
etching condition for Type 409 stainless steel was proved to be etching in a boiling 30% (by
volume) sulfuric acid solution plus 160g/liter of copper sulfate for 4 minutes. Requirement
of simple test equipment for this etching technique can be of another advantage to utilize
easily in various industries for quality control. This etching technique can be substituted
for the oxalic acid etch test for Type 409 stainless steel.
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Table 2. Heat treatment conditions utilized for
Type 409 stainless steel

Heat Treatment ..
reatmen Conditions of Heat Treatment

Number
1 1093C X 1Hr, Air cool(Sensitizing)
2 1093C X 1Hr, Water quanch
(Slightly sensitizing)
TIG Weld(Welding-induced sensitizing)
4 As received

Table 1. Chemical compositions of Type 409 stainless steel

Composition(Weight %)

Alloy C N Si P 5 Cr Ti Nb
A 002 0012 05 041 0019 0004 113 0215 022
B 002 0012 06 052 0023 0009 112 0180 -
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Fig. 1. Microstrutures of sensitized ferritic stainless steels after the etch test in 60% sulfuric acid
plus 120g/¢ copper sulfate solution for 5 minutes.!” (a) Type 430, (b) Alloy A, (c) Alloy B,

(d) HAZ of welded Alloy A
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Fig. 2. Etched microstructures of welded Type 409 stainless steel of alloy A after the etch test
in various test conditions.

(a) 20% sulfuric acid+160g/¢
(a) 30% sulfuric acid+160g/¢
(a) 40% sulfuric acid+160g/¢
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Fig. 3. Dark field microstructures of HAZ of welded alloy A after the etch test in 30% sulfuric
acid plus various copper sulfate solution for 4 minutes. (a) 100g/¢, (b) 120g/¢, (c) 140g/¢, (d)
160g/¢, (e) 180g/¢, (f) 200g/¢.

Fig. 4. Effect of etching time on the microstructures of sensitized alloy A after the etch test in
boiling 30% sulfuric acid plus 160g/¢ copper sulfate solution. (a) 2min, (b) 4min, (c) 6min,
(d) 8min, (e) 10min
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Fig. 5. Effect of etching time on the microstructures of sensitized alloy B after the etch test in
boiling 30% sulfuric acid plus 160g/¢ copper sulfate solution. (a) 2min, (b) 4min, (¢c) 6min,
(d) 8min, (e) 10min
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Fig. 6. Effect of etching time on the microstructures of HAZ of weld alloy A after the etch test
in boiling 30% sulfuric acid plus 160g/¢ copper sulfate solution. (a) 2min, (b) 4min, (¢) 6min,
(d) 8min, (e) 10min
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Fig. 7. Optical microstructures of as received and slightly sensitized alloy B after the new chemical
etch test in boiling 30%- sulfuric acid plus 160g/¢ copper sulfate solution for 4 minutes.
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