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Effect of Heat Treatment on the Intergranular Corrosion of 2205 Duplex
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ABSTRACT

In this study, effect of o phase precipitates on the intergranular corrosion and pitting
corrosion of 02205 duplex stainless steels after heat treatment were investigated. It's found
that precipitation of ¢ phase were found along the ¢/y and o/« grain boundaries after heat
treatment; o phase precipitates were found in & phase when time and temperature were high
enough. Chromium depletion on the aside of the ¢/ interface was more pronounced than that
on the yside. ASTM A262 Practice A oxalic acid etch test and double loop electrochemical
potentiokinetic reactivation (DL-EPR) were used to evaluate the degree of intergranular cor-
rosion in qualitative and quantitative manners, respectively. Cyclic potentiodynamic polariza-
tion measurements, in 1M NaCl solution of pH=3 at 25°C, revealed that Enp and Epp of 2205
duplex stainless steel decreased if o phase precipitation occurred as compared with those of
the solution annealed specimens and intergranular corrosion was observed after electrochemi-
cal testing.
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Table 1 Chemical compositions of 2205 duplex stainless ste (wt%)
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Fig. 1 Optical micrograph of 2205 duplex stainless steel etched
by Groesbeck’s reagent, (a)SA+740°C/1h, (b)
SA+740°C/4h, (c)SA+840°C/20min, (d)SA+840°C/1h
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Fig. 2 Cr content analysis of 2205 duplex stainless steel after
SA+740°C/4h heat treatment (a)WDS (b)EDS (¢)Sche-
matic of Cr distribution in o/yinterface
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Fig. 3 Schematic of Cr distribution in oy interface during o
phase precipitated
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Fig. 4 Optical micrograph of 2205 duplex stainless steel
electroetched in oxalic acid, (a)SA, (b)SA+740°C/
20min, (c)SA+740°C/4h
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Fig. 5 Scanning electron micrograph of 2205 duplex stanless
steel electroetched in oxalic acid (2)SA, (b)SA+740°C/
20min, (c)SA+740°C/4h
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Table 2 Results of micrographic observation of 2205 duplex stainless steel with different heat treat-
ments after etching processes in Groesbeck's reagent and oxalic acid
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Fig. 6 Time-temperature-transformation diagram of 2205 du-
plex stainless steel”
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Fig. 7 Double loops EPR test curves of 2205 duplex stainless
steel in 1M H,S0,4+0.1M KSCN solution
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Fig. 8 Optical micrograph of 2205 duplex stainless steel after
double loops EPR test, (a)SA, (b)SA+740°C/20min, (c)
SA+740°C/4h
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Fig. 9 Effect of heat treatment on oxalic acid etch structure
and anodic peak current density ratio in EPR test

o EHR A RAESBRIEEREE 1, ER{TK
MAEECEEREE 1 EEELIE RN
B = Majidi FAYEH > Bz 304 F 8 1,
EANEL TR REH - 1 B HFE S T2 B 1 i
Ko RERECEFEMHELAMAGZLE > £
ERERNES (N&RE) 2HEEEM -5
HEEm  HILEE  RZHLES - S8R
B2 2205 AT SE SAM S - B o MEEVAT HIFT1RE
HIEE S (oyBl odar) $&ERZ - B2 304 T #5 HAEHEL
LB B RER - A ERHBELEELE
JRE] DL 2R AR AN 8 3l A 57 S B o
[ 8§ EREMBHEMCEBR LEHBRIRES
18 - ETEER 2205 4E T 8% #BIREIEE - BEE
Bl SR » B DABEIR SRR 5 FESASREEA
TEERIIR R - HEE ofBT AR BRI » RS
BRTRE NN - AT R E L EE B EE
HaAE ] LRI ZRFRE 2205 A8 % SRR AR Eh
2 - [ 9 H¥ER EPR HIA R EB S BB
Rt o BERESEEZEPREBRZ LESL »



EeTRE BH+-_BF_H REIF6H

L A:SA -
| B:SA+740 'C/20min WQ
C:SA+740 T/1h WQ
| D:SA+740 T/4h WQ

[ E:As-received

1600

1200

800

Potential (mV, E vs. SCE)

-7.0 -6.0 -5.0 -4.0 -3.0 -2.0 -1.0
Log Current Density (A/cm®)

B 10 2205 8HEF SIE AR #EEE - 7E25°C ~ pH=3
IRE 1M iZ NaCl ARG < 1L iR E

Fig. 10 Cyclic potentiodynamic polarization curves of 2205
duplex stainless steel with different heat treatment in
IM NaCl of pH=3 at 25°C
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Fig. 11 SRM micrograph of 2205 duplex stainless steel heat
treated at SA+740°C/4h, after cyclic potentiodynamic
polarization test in NaCl of pH=3 at 25°C
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