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Effect of Grain Size on the Intergranular Corrosion Property
of Type 304 Stainless Steel

Y. H. Kim-D. Y. Ryoo*'Y. D Lee
Department of Special Steel. Research Institute of Industrial Science and Technology,
Pohang 690 — 330

The effect of grain size on the intergranular corrosion behavior of sensitized type
304 stainless steel was investigated. Cold rolled specimens were sensitized after annealing
in the temperature range 1000 to 1160C, Reactivation ratio in DL-EPR test and weight
loss in ferric-sulfate test were measured. Also, the degree of intergranular attack
in each sensitized specimen was investigated. At the initial stage of sensitization,
the intergranular corrosion rate per unit area was independent of grain size, but
the rate per unit grain boundary area was increased with increasing the grain size.
However, when fully sensitized, the rate per unit arca was decreased with increasing
the grain size. TEM micrographs showed that the grain boundary carbides at larger

grain size were coarser and denser.
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Table 1. Chemical Composition of STS 304
Alloying Element C Si Mn Ni Cr N Cu Ti B
wt % 0.041 0.56 111 8.61 18.24 0.039 0.25 0.01 0.0025

Table 2. Grain Size and Hardness of Specimens annealed at different Conditions

Annealing Conditions ASTM .
No. Temp.(T) ! Time(min) of Grrlnb%lrZ ¢ Gr%‘ﬂm?% Ha(rI(_ihr;g 5
1 1000 2 10 11.0 1999
2 | 1080 2 8.7 17.3 183.1
3 1120 2 6.9 323 174.1
4 1160 2 6.1 427 1649
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Table 3. Test Matrix of DL-EPR

Cp . Passivation Charge (area under abc)

03

Ca : Reactivation Charge {area under def)
Ir : Maximum Reactivation Current Density
la : Maximum Activation Current Density

!

Electrode PotentiallV vs SCE]

Current Density (uA/eni)
Fig. 1 Schematic diagram of the DL-EPR method
for type 304 stainless steel.

Reactivation Ratio :—% X100( %) (1

Normalized Reactivation Ratio=

I,
I,X5.09544 X 10 “exp(0. 34696 N)

— X100(%) (2)

N P ASTM Grain Size Number
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Test Parameter

Test Condition

Test Solut‘iéfi
Test Temperature

Surface Roughness of Specimen
[nitial Potential

Vertex Potential

Final Potential

Scan Rate

Surface _Area of Spec1men

0.5M H.S0,+0.01M KSCN
Room Temperature

#1200 grit

—50mV(vs Ecorr)
300mV(vs SCE)

0mV(vs Ecorx)

1.7mV/sec

Lem
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Fig. 2 Schematic diagram showing a cross sec-
tion of intergranularly attacked type 304 stainless
steel during DL-EPR test.
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Fig. 3 Microstructures of specimens having dif-
ferent grain size and aged at the different sensiti-
zation conditions at 650C for 10, 30 and 120
minutes, etched using oxalic acid.
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Fig. 4 Relationships between the grain size va-
riation and oxalic acid etched structure of type
304 stainless steel aged at several sensitization
conditions at 650C for 10, 30, 60, and 120mi-
nutes.
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Fig. 5 DL-EPR test results of type 304 stainless
steels having different grain size after aging at
different sensitization conditions.
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Fig. 7 The effect of grain size on weight loss
of sensitized type 304 stainless steel (650T
for 1hr and 2hr) tested in ferric-sulfate solution.
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Fig. 8 Cross-sectional micrographs of sensitized
(650T for 2hr), intergranularly attacked during
DL-EPR test and Cu-electroplated type 304 stain-
less steels with different grain size of 11.04um
(a) and 42.68ym (b)
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Fig. 9 Comparison of the amount of intergranular
attack (width, depth and area) and grain size
(or, normalized reactivation ratio) of sensitized
(650C for 2hr) and DL-EPR tested type 304
stainless steel.
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Fig. 10 SEM micrographs of sensitized (650C
for 1hr and 2hr) type 304 stainless steel dissol-
ved in ferric-suifate solution.
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Fig. 12 Correlation of DL-EPR and ferric-sulfate
tests for type 304 stainless steel.‘
Fig. 11 Transmission electron micrographs sho-

wing carbide morphology at grain boundaries in
several type 304 stainless steels with different
grain size after aging at 650C for 10, 30, and
120 minutes.
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