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Austenitic stainless steels have been widely used for various systems of nuclear power plants. Among these
stainless steels, small pipes with diameter less than 14 inch have been produced in the form of seamless
pipe. Annealing and cooling process during the manufacturing process can affect corrosion properties of
seamless stainless steels. Therefore, 12 inch-diameter of as-received 304L stainless steel pipe was annealed
and aged in this study. Intergranular corrosion resistance was evaluated by ASTM A262 Practice A, C,
and E methods. The degree of sensitization was determined using a DL-EPR test. U-bend method in an
autoclave was used to evaluate the SCC resistance in 0.01 M Na,S40¢ or 40% NaOH solution at 340 °C.
As-received specimen showed relatively high degree of sensitization and intergranular corrosion rate. Carbon
segregation was also observed near grain boundaries. Annealing treatment could give the dissolution of
segregated carbon into the matrix. Aging treatment could induce segregation of carbon and finally form
carbides. Microstructural analysis confirmed that high intergranular corrosion rate of the as-received seamless
pipe was due to micro-galvanic corrosion between carbon segregation and grains.

Keywords : seamless 304L stainless steel pipe, heat treatment, carbon segregation, intergranular corrosion,

micro-galvanic corrosion
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Table 1 Chemical composition of commercial seamless 304L stainless steel pipe (12” diameter)

Elements C Mn Si S

P Cr Ni

wt% 0.021 1.26 042 0.001

0.031 18.25 822 - - Bal.
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EFFECT OF HEAT TREATMENT ON THE CORROSION PROPERTIES OF SEAMLESS 304L STAINLESS STEEL PIPE

()
Fig. 1 Effect of annealing on the microstructure of seamless 304L stainless steel pipe; (a) as-received, (b) 1,010 °C — 30 min, (c) 1,060 °C
= 30 min, and (d) 1,110 °C — 30 min.
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Fig. 2 Effect of annealing on the ASTM Grain number and average grain size of seamless 304L stainless steel pipe; (a) Average G

number, (b) Average grain size.
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EFFECT OF HEAT TREATMENT ON THE CORROSION PROPERTIES OF SEAMLESS 304L STAINLESS STEEL PIPE

(b) (©)
Fig. 4 Surface appearance of seamless 304L stainless steel pipe(as-received) after the corrosion test in boiling 6% CuSOjs + 16% H,SO;4
by ASTM A262 Practice E method; (a) after bending, (b) after liquid penetration test, (c) optical micrograph (X40).

(a) (b)
Fig. 5 Surface appearance after liquid penetration test on seamless 304L stainless steel pipe after SCC test using U-bend test method;
(a) 340 C, 0.01M Na,S;04 for 1500 hrs, (b) 290 C, 40% NaOH for 500 hrs.

(©)
Fig. 6 Effect of annealing temperature on the sensitization of seamless 304L stainless steel pipe by ASTM A262 Practice A method;
(a) as-received, (b) 1,010 °C - 30 min, (¢) 1,060 °C - 30 min, (d) 1,110 °C - 30 min.
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Fig. 7 Effect of annealing temperature on the intergranular cormro-
sion rate of seamless 304L stainless steel pipe by ASTM A262
Practice C method; (a) corrosion rate at each periods, (b) average
corrosion rate.
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Table 2 The electrochemical values of anodic polarization curves of the 304L seamless stainless steel pipe

Annealing condition As-received 1,010 °C 1,060 °C 1,110 °C
Corrosion Potential, V(SCE) -0.327 -0.258 -0.175 -0.236
Pitting Potential, V(SCE) 0.094 0.352 0.423 0.475
Passive current density
(log i, Alem?) -5.16 -6.48 -6.60 -6.75
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Fig. 9 Effect of annealing temperature on the anodic polarization
curves of seamless 304L stainless steel pipe in deaerated 1% NaCl
at 30 °C.
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Fig. 10 Effect of aging time on the anodic polarization curves
of seamless 304L stainless steel pipe in deaerated 1% NaCl at

30 °C.
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Fig. 12 Elemental distribution analyzed by EPMA in grain and grain boundary of seamless 304L stainless steel pipe (As-received);

(2) SEM-image, (b) Fe, (c) Cr, (d) C.

(c)
Fig. 13 Elemental distribution analyzed by EPMA in grain and grain boundary of seamless 304L stainless steel pipe (annealed at 1,060
°C); (a) SEM-image, (b) Fe, (c) Cr, (d) C.
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Fig. 14 Elemental distribution analyzed by EPMA in grain and grain boundary of seamless 304L stainless steel pipe (aged at 600 °C

for 1h); (a) SEM-image, (b) Fe, (¢) Cr, (d) C.
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Fig. 15 Elemental distribution analyzed by EPMA in grain and grain boundary of seamless 304L stainless steel pipe (aged at 600 °C
for 100h); (a) SEM-image, (b) Fe, (¢) Cr, (d) C.
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Fig. 17 Microstructural change by thermal history of austenitic stainless steel; (a) annealed specimen, (b) weakly sensitized specimen
by carbon segregation, (c) strongly sensitized specimen by carbon segregation and carbide formation.
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