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Austenitic stainless steels used in nuclear power plants mainly use pipes made of seamless pipes,
which depend on imports. The manufacturing process and high cost are some of the problems associated
with seamless pipes. Therefore, in this study, the corrosion characteristics of the seamless pipe and
the SAW pipe were assessed to determine the safety and reliability of the SAW pipe in a bid to
replace the seamless pipe. Microstructure was analyzed using an optical microscope and the degree
of hardness was measured using a Rockwell B scale. 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. Anodic polarization test was performed in deaerated 1% NaCl solution at 30 °C and
the U-bend method was used to evaluate the SCC resistance in 0.01 M Na,S4O¢ at 340 °C and 40%
NaOH solution at 290 °C. Weld metal of the SAW pipe specimen showed relatively high degree of
sensitization and intergranular corrosion rate. However, annealing to SAW pipes improved the corrosion
properties in comparison to that of the seamless pipe.
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Table 1 Specimen identification and heat treatment condition

Specimen Heat treatment

SP8 (Seamless pipe) As-manufactured

SAWSB As- manufactured

(SAW welded pipe-Base metal)

SAWSB-1010 1,010 °C
SAW8B-1060 1,060 °C
SAW8B-1110 1,110 °C
(SAW woldod” zggWeld metal) As-welded
SAW8W-1010 1,010 °C
SAW8W-1060 1,060 °C
SAWEW-1110 1,110 °C
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Fig. 1 Effect of manufacturing process and annealing on the microstructure of 304L stainless steel pipe; (a) SP8, (b) SAWSB, (c) SAWSW,
(d) SAWS8B-1010, (¢) SAW8B-1060, (f) SAWSB-1110, (g) SAW8W-1010, (h) SAW8W-1060, (i) SAWSW-1110.
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Fig. 2 Effect of annealing on the surface hardness of 304L stainless 3.1 OM=x A Zzo| Hejof njxl= MXASE2 I
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Fig. 3 Effect of manufacturing process and annealing on the sensitization of 304L stainless steel pipe; (a) SP8, (b) SAWSB, (c) SAWSW,
(d) SAWS8B-1010, (¢) SAW8B-1060, (f) SAW8SB-1110, (g) SAW8W-1010, (h) SAW8W-1060, (i) SAWSW-1110.
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Fig. 4 Effect of annealing temperature on the intergranular corro-
sion rate of 304L stainless steel pipe by ASTM A262 Practice
C method.
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Fig. 5 Effect of annealing temperature on the degree of sensitiza-
tion of 304L stainless steel pipe.

Optical micrograph (x40)
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Liquid penetration test

Fig. 6 Surface appearance of 304L stainless steel pipe after the corrosion test in boiling 6% CuSO; + 16% H,SO4 by ASTM A262

Practice E method.
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Fig. 7 Effect of annealing temperature on the anodic polarization
curves of 304L stainless steel pipe in deaerated 1% NaCl at 30 °C.

SHFA A2 Beo]l el Ag & & At
Fig. 1d~fi= SAW8B Al 72} 1,010 °C, 1,060 °C,
1,10 °Cx gA =t Alde] wMzAoz dxg 57}
71kl webd AAH 7% A AXE A Bod,
Fig. 1g~i¢l SAWSWE vxb7[x| 2 dxje] 2%9] 5ol
Aol vha AX L, SHF-] FA BoFo] tha ¢
slu= AEE BRItk o]t njA A o] eyt Aol
A3t P mA A Lopry] 93] 23U HE B A
& o]gato] A1 0 Fig. 20 YeERith F-A1%
¥ SP8e] AL 86HRBoIU, wdAz] £43 ZA
SAWSBS} €45 SAWSWE 712t 91HRBS} 87HRB2)
AEE Kol gtk Sl tigte] AFAHeEE A3
Hi AF 259 A 3
Kol Qlth ol AR Zuile 93t Ax A g 3
e T}

l

284

3.2 UARA EMof| 0|Xl= MIZSHe Ak

Fig. 32 Alxa7d 9 AA e & 304L AH]QIZ A%
] ASTM A262 Pr.A A9 5 wlA|x2] AR-S UER]
3 9tk Fig. 3a~c ¢] SP8# SAWSB % SAWSW?] ol
3} = ‘step), ‘dual, ‘ditch’ 394 FolA ‘dual 5 9]
3te] AES Holx gkl AdkEth SAWSBe tjslo]
AEAX S B3 Fig. 3d~f 3t Step 0. & LEFSITH
HhH SAWSW A2 Al Fig. 3g~i ¢ A¢ @& Ay
2o A= Dual & Ho|th G 227t 571
A Step FEoE PSS El 4 gk

Fig. 4= 304L FAE#AT &3] diste] ASTM
A262 Pr. CHS 3l [12] 42
T29o|t) SP82 YA A& EE
Kol 9l whA SAWSB % 4
2 0.24 mm/yr=A E55elA tha & FASES Kol
I gk o]y et 8 el thste] AEdx J
AF-HEEE 4 A, S48 249
0.08 mm/yre] £+ 7 MAEg o, 47 &
A= 017 ~ 0.2 mm/yre] 502 RAEATH

Fig. 5 891% A4S 2k 304L FAET} &5 7o)
ti3le] ASTM A262 Pr.Eel whe} [12] AFAAE
Ul s & 39S 3DV P o7 A3 AR 9 HEea)
3l Aol SP8 W SAWSBe thal A& A}, ¢)A 2]
of &t o] TEE A Skt wE SAWSW U AEd
A2 S 3 SAWSW—1110°] thst AlF Ao %= A
H-2lof ot o] wEE A At
Fig. 62 8¢1% 27& zH= 304L A 503} 8439
w352 DL-EPR W07 =438t ouists (DOS)
H w3t Tolth FAIE SP8Q] dWd e 0.47% %
gEdon, ndAy] 43 2A 9 45 47
13% 2 0.61%% SR =EUE 5= Bk Hd 4
Fo] sl rt Sk s JHHoE A 5
It} a8 o3t us S Kol g3 Tkl thsto]
2EEAYE Y3 A, 2FTT A4S
7h A W AP el IAgle]l IA TATS & 5 Ut
ol et A= o] thE JAN-AAE A
S Helth

==

o O o &2

;O

_‘d
ne
2
i,
ol
o

33 YIS 0lxE ABY Py

Fig. 7& 30 °C ©7]9 1% NaCl £ Zo|x X &3t
o} polt}. Fig. 7a & SP8 3 SAWSBE v &
I1¥o]1, Fig, 7b &= SP83} SAWSWZ v w3t 1ot}

Fig. 7a 5 H¥ SAWSBS] 3239 + 310 mV(SCE)
2 SP89 ZAAM2 + 257 mV(SCE) ®r} =& 22149
= yehllon, dA8E g mehd Fd0 9=

oo B BT, wE AN Bl g B B

CORROSION SCIENCE AND TECHNOLOGY Vol 17, No.6, 2018



EFFECT OF MANUFACTURING PROCESS ON THE CORROSION PROPERTIES OF 304L STAINLESS STEEL PIPE WITH 8-INCH DIAMETER

SAWSB

SP8 SAWSB

SAWSW SAWSW-1110

SAWSW-1110

SAWEW

Fig. 8 Surface appearance after liquid penetration test on 304L stainless steel pipe after SCC test using U-bend test method; (a) 340
°C, 0.01M Na,S,05 for 500 hrs, (b) 290 °C, 40% NaOH for 500 hrs.
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