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Even though 304 low-carbon (304L) stainless steel was developed to enhance the resistance to intergranular
corrosion and stress corrosion cracking, it is occasionally subject to degradation in harsh environments. The
degree of sensitization (DOS) of 304L stainless steel was studied as a function of sensitization using a
double-loop electrochemical potentiokinetic reactivation (DL-EPR) method. Sensitizing heat treatment was
performed in an Ar atmosphere at 500°C, 600°C, and 700°C, with heat treatment times varying from 0
to 96 h. DOS was measured by the ratio of the peak current density value of the forward scan to that
of the reverse scan. After the EPR experiment, the specimen surface was observed by scanning electron
microscopy and energy dispersive spectroscopy. The DOS of the specimens heat-treated at 600°C increased
with heat treatment times up to 48 h and then decreased due to a self healing effect. The DOS was higher
in specimens heat-treated at 600°C than those at 500°C or 700°C. Corrosion of the sensitized specimens
occurred mainly at the & - 7 phase boundary. The corrosion morphology at the ¢ -7 phase boundary changed
with sensitizing heat-treatment conditions due to differences in chromium activity in 7 austenite and ¢
ferrite.

Keywords: Intergranular corrosion, Degree of sensitization, Self healing effect, Double loop electrochemical
potentiokinetic reactivation, 0 -y phase boundary
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Table 1 Chemical composition of SS304 specimen (Wt%)

C Cr Ni Si Mn Ti Ca Fe
0.024 | 18.13 | 8.11 | 0.45 1.43 | 0.002 | 0.17 | Bal.
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Fig. 1 Sensitization temperature range depending on the carbon
content of SS304L.
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Fig. 2 EPR corrosion experiment cell.
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Fig. 3 EPR curve of AR sensitized at 500 °C for various times.
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Fig. 4 DOS of AR sensitized at 500 °C for various times.

Fig. S SEM image after EPR test for AR sensitized at 500 °C
(@ 0 h (b) 4 hrs (c) 48 hrs (d) 96 hrs.

3.2 600 °C of|2is}

600 C oA dx]2lgt A# 2] DL EPR 541 Fig. 6°1
12831 DOSE Fig. 7l 2H2F bt 0AIzE d42] Azt
9] DOSE ¢k 6x107*0)Qar, 4AIZHEE] 48A177HA
DOSE= 1.5x10 %04 9x 107202 F43] F7}8lo] 48
AIZE AxE AZrelA Hugks Ba 96AI7Fe A=
4.8x10772 Asoieh. dAe] Alzto] S7haa5 DOS
7} S7FsHh7E 48A17F o4 E DOS7F Aadt 212 Cr
MEE Ao FHksk Cr 1z ool 19l Wiel e
Cro] gatElojq Cr a1z 949 Cr v%7F Z7FeliA
DOS7} 7Hast zlojtt, olefst @S A7] Af+ &%
(self healing effect) 2kal $tth. DL EPR Al@ $ A 3%
WS SEMO 2 &3k 218 Fig. 89 LERATE 600 C ol
ME 8=y AAA N o] BEE T o] 5L Cr
galEo] §—y AAANT AR HEshiM 1 F

39



HYUNG-MIN JANG, DONG-JIN KIM, AND HONG-PYO KIM

0.6

— Wl Cr w2 9Jojo] A7 Ao paer) y—y Aol
AR 600°C Oh A pAe PR ek,
AR 600-C 4hrs

AR 600-C 48hrs . _
AR B00°C 96hrs 3.3 700 C of2l=}

1 700 °C ol|A &g st A]# 2] DL EPR 413 Fig. 9°
Z12]31 DOSE Fig. 10 242 vebsith 0A13F EAg] Al
1 A2 DOSE F 6x107*01%0aL, 4A17E, 4841%F, 96417t
Ax2] A DOSE 0417 A AlH2) DOS K} =7
| Uelstth EPR A8 5 AJH WS SEMO g B8 718
Fig. 119 YeRdth 700 C A %E 6 —y AN
Falo] AAFQIL o] AL Cr ©3tEo] §—y AN

N

E(Volts)

T = -
1E-7 1E-6 1E-5 1E-4 1E-3 0.01 0.1 1 %}d@gi ﬁ%d"ﬂ}ﬂ 1 FWef Cr 212+ Ogg'ﬂo] A A
2, o -
I(Amps/cm”) o % dkEt 700 C EAP &AM y—y dAIA
Fig. 6 EPR curve of AR sensitized at 600 °C for various times. A IR A ekt
0.10 T T T T R ] B B B ] B L L) ALY T
0.6 4 — AR 700=C Ohr B
al — ART700°C 4hrs
0.08 4 _ — AR700°C 48hrs| |
— AR 700°C 96hrs
0.06 - i
* z
O 0.04-] - S 8
a 2
. |
0.02 |
4 /. -
0.00 - ] |
T T T T T 0.6 T T T T T T T
0.01 0.1 1 10 100 1E-7 1E-6 1E-5 1E-4 1E-3 0.01 0.1 1
Sensitization time (H) I(Amps/cm?)
Fig. 7 DOS of AR sensitized at 600 °C for various times. Fig. 9 EPR curve of AR sensitized at 700 °C for various times.
T T T T
0.006 |
0.005 .
0.004 —
8 0.003 | \
a "
0.002 -
0.001 o .
x
0.000 4
i . 0.01 0.1 1 10 100
sz o wonmmeces m xioo om — Sensitization time (H)

Fig. 8 SEM image after EPR test for AR sensitized at 600 °C Fig. 10 DOS of AR sensitized at 700 °C for various times.
(@) 0 h (b) 4 hrs (c) 48 hrs (d) 96 hrs.
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Fig. 11 SEM image after EPR test for AR sensitized at 700 °C
(@ 0 h (b) 4 hrs (c) 48 hrs (d) 96 hrs.
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A& o]g3ste] 43tk Table 29 & —ferrite2} &
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(?_:’]-.
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Table 2 EDS analysis of & phase and 7 phase (wt%)

Spectrum Si Cr Mn Ni Fe
18.53 | 1.32 | 821 | Bal

Spectrum1( 7 phase) | 0.47

Spectrum2( 6 phase) | 0.55 | 29.45 | 1.26 | 3.45 | Bal

19.21 | 1.64 | 844 | Bal

Spectrum3( 7 phase) | 0.41
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Fig. 12 DOS graph according to heat treatment condition.
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