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2. Dept. of Chemistry, State Key Lab. Phgs. Chem. Sold Sutfaces,
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Abstract : In duplex stainless stedl , the two constituent phases, namely ferritic (@)
and austenitic(y ) phases, have different crystal structure and chemical compostion.
They may thus exhibit different corrodon resstances in aqueous environment. In this
investigation , an electrochemical technique with spatia reslution was employed to mear
sure the potentia diff erence between these two congtituent phasesin 2205 duplex stain-
less stedl. Image analyzing techniques were d <0 used to examine the preferentia ocorro-
don betweend andy phases. The experimenta results showed that ferrite had a higher
potentia than austenite in0. 01 mol/L NaC slution. In 2 mol/L H,SO4 + x mol/L
HCd =lution, two distinct peaks appeared in the anodic polarization curve in the pasive
to-active trandtion region. Preferentia corrodon occurred in theferrite phase at alower
anodic peak potentia , while in austenite at a higher anodic peak potential .

Key words: Duplex stainless steel , Selective corroson, Micro-area potentia distri-
bution
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Both the crysta structure and chemica compostion of the congtituent phases, namey
ausgtenitic (y ) and ferritic (@) phases, in duplex stainless sted (DSS) are different. When ex-
posed in agueous environment , they may exhibit different electrochemica potentials. Thus, it is
expected that salective disolution will occur due to galvanic coupling within DSS. Yau and Stre-
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icher!™ indicated that selective corrosion of ferritic phase did occur for Fe-Cr-10 % Ni DSSin re
ducing acid. On the contrary , Sridhar and Kolts?! found that austeitic phasein low nitrogen con-
taining DSS corroded preferentialy in many different environments. They a < found that in high
nitrogen containing DSS, selective disolution occurred in austenitic phase in sulfuric and phos
phoric acids while in ferritic phase in hydrochloric acid. Clearly , the nature of the environment
which &fects the eectrochemica potentia are a s important in decidingthe dte for slective dis
lutionin DSS. In the study of disolution behavior of Fe-21.96 Cr-5.54 Ni-3. 04 Mo-0. 15N
DDSin2 mol/L H,S04+0.1 mol/L HC andin 2 mol/L H,SO4 +2 mol/L HO slutions, Sym-
niotist®! found that the dislution rate of ferritic phase was higher than that of the austentic phase
in2 mol/L H,SO4+0.1 mol/L HCO solution, but the samein 2 mol/L H,SO4 +2 mol/L HCO -
lution. Laitinen and Hanninen!*! pointed out that in 50 % CaCl, solution at 100 |, ferritic phase
corroded preferentidly in a DSS with a compodtion of Fe22.5 Cr-6 Ni-2. 85 Mo-0. 21IN. In
acidic (pH=2) 0.6mol/L NaCl =lution and at passve potential , Schmide Rieder et a!®!. found
that ferriticphasein DSS (Fe-24.4 Cr-6.8 Ni-3.7 Mo-0. 21N) was a9 attacked more easly than
augtenitic phase. These observationsindicated that the congtituent phasesin a DSS have diff erent
susceptibilities to corroson. Each phase may exhibit an eectrochemical potentia different from
the other , which facilitates the occurrence of gavanic corroson. The reverson of sdective corro-
son of the congtituent phase may result from the adloying partition in a gecific DSS. Further-
more, the susceptibility isa o afected by the type or nature of the solution investigated. The po-
tential of each phase in a ecific olution, or at least the potentia diff erence between the two ad-
jacent phases are thus of importance in determining the selective disolution in a DSS.

Therefore, in thisinvestigation, a nove eectrochemical technique with atia reslution was
employed the measure the potentia of each phasein 0.01 mol/L Nad solution. The reverson of
slective disolutionin aDSSwas studiedin 5 mol/L H;SO4 + x mol/L HCO wolution. Morpholog-
ica change asociated with sdective corroson was a o examined.

1 Experimental

A rod of 2205 duplex stainless sted with a chemica compostion (wt %) of Fe-21.95 Cr-
5.72 Ni-2. 9 Mo-0. 174N-0. 017C was used. The rod was diced into severd discs each with a
thicknessof 2 mm for subsequent use. These discs were heat treated either at 1 100 /0.5 hor
at 1200 /100 h. They were then ground, polished, and etched in Murakami etchant (10 g
KzFe (CN)g + 10 g KOH + 100 mL H,O) to reved the duplex microstructure. The regective
chemical compostion of each congtituent phase, namelyy andd , was analyzed usng energy dis
persive ectrosopy (EDS) .

The eectrochemica potentia of each phase in 0. 01 mol/L NaC lution was attempted by
employing microprobe technique. The potentia difference betweeny and 0 was detected. The
distribution of surface potential was a0 monitored usng a novel dectrochemical technique with
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atia rewlution. Theinvestigation on selective disolution in duplex stainless sted was conducted
in2mol/L HySO4+ x mol/L HO (x=0.1 2) wlution under potentiostatic polarization condi-
tion. After holding at a predetermined potential for 15 50 minutes, the surface contour or image
was examined by a scanning electron microscope (SEM) or an atomic force microsoope (AFM) to
revea the seective corroson behavior. .

2 Resultsand discussion

Heat treatment could affect the microstructure, grain
sze, dloying element partition andy /a volume ratio in a [~
duplex stainless steel. For the steel heat treated at 1100 /
0.5h, dmost equiaxedy andd rains were seen with an av f
erage grain szeof 10U m. They /a volume ratio was about |
40/ 60. By increasng the heat treatment temperature to .‘
1200 and at aprolonged time (100h) , 0 phase became
the continuous phase and Y grain sze was increased to  Fg. 1 Micrograph of 2205 duplex
about 70U m. An example of the optical micrograph of stainless steel , annedled at
2205 duplex stainless steel heat treated at 1 200 /100 h 1200 /100 h
isillusrated in Fig. 1.

2.1 Potential Spatial Resolution and Scanning Analysis

A novel microprobe monitoring technique was developed to measure the regective potentias
ofy anda phasesof 2205 duplex stainless steel in 0. 001 mol/L Nad lution. The resultsfor the
stedl heat treated at 1100 /0.5h arelised in Table 1. With extreme care, eithery ord of the
etched gecimen was masked with resn under microscope. The potentia of each phase was thus
measured usng a microelectrode. Asshownin Table 1, thepotentidsof y anda were different ,
with or without masking. The results showed that the ferrite phase had a higher potentia than
that of austenite. Inother words,Y was anodic with regect tod in 0.01 mol/L NaC slution.

Td.1l PRotentid differences between austenite and ferrite in diplex stainless sted
in 0.01 mol/L Nad slution(+10 mV vs. Ag/ Agd)

Sample B/ mV No. 1 No. 2
Ferrite(@) 161 101
Yy ora masked Augtenite(y ) - 20 28
Potentid difference 181 73
Y anda phases 206 256

Yy andda phases .
Austenite(y ) - 95 - 28

not masked
Potentid difference 301 284




2 - 173 -

Potentia distribution udng scanning microprobe tech-
nigue was a 9 conducted and analyzed. Figure 2 showsthe 1
potentia variation in an area of 2 000U m x 2 000K m. In '
the examined area, the potential was not constant across
the whole area, but scattered in a manner resembling the | ,
phae distrbution as reveded in the metadlograph. The |
peaksin Fig. 2 might reflect the potentia for one phase |
while the valleys for the other. It is known that , for the
2205 duplex stainless sted , the Cr concentration is lower
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Fg.2 Potentia digtribution on surface

and N is higher iny phase, in contrast to those of 0 phase. of 2205 duplex siaiess sted in
The difference in aloying element partition was the main 0. 01 mol/L Nad lution (X
cause of the fluctuation of potential measured in 0.01 mol/ and Y axes=2 000U m, step-
L Nad solution. ping at 50 and 1004 m, regpec-

tivdy) , E=5mV

2.2 Sdective Corrosion under Potentiostatic
Condition
The potentiodynamic polarization curves of 2205 du-
plex stainless steel in 2 mol/L H>SO4 + x mol/L HO solu or

tions could be &fected by the potentia scan direction. The -moE

curves shown in Fig. 3 were obtained by scanning the poten- _ |

tidsfrom 0 mvV (with respect to Ag/ AgCl electrode) to the %- 200}

cathodic direction. The resultsclearly indicated that 2205 du- g 300

plex stainless steel could be passvated in the solutionsinvesti- % -

gated though the anodic polarization behavior was strongly &-  ~ 4%

fected by the concentration of HCl. The anodic current dens- - spobcu o ) S
ty increased with increasng HO concentration. In each a7 lE_U,g:.ml-E'ﬂm 100!

odic curves, there exhibited a passveto-active transtion
characterigtics. Furthermore, in the trandtion potentia re
gion, two peaks were observed in each anodic curve, which

Fg. 3 Potentiodynamic polarization
curvesof 2205 duwplex stain-

lesssted in 2 mol/L H,SO,

might be asociated with two gecific reactions. Potentiostat- + x mol/L HO slutions

ic polarization tests at the peak potentids were thus per- (x=0.5 2moliL), po-
formed to evaluate the possble reactions involved. The mor- tential scanned from noble to
phologica change ater potentiostaic polarization was a0 ex- active direction

amined by SEM.

Figures4 and 5 are the SEM micrographs of 2205 du-
plex stainless steel ater exposng in 2 mol/L H,SO4 + 0.5 mol/L HC =lution and holding at
- 317 and - 263 mV (vs. Ag/ Agd) for 1 800 seconds, regectively. These two potentia s were
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located at the two peaks as gopeared in the polarization curvein Fig. 3obtainedin 2 mol/L Hy SO,
+0.5 mol/L Hd =lution. At an goplied potential of - 317 mV , the SEM micrograph reveaed
that Y phase was convex whiled phase was concave (Fig.4) . The respective phases were identi-
fied with EDS. The result indicated that selective corroson occurred in0 phase under goplied po-
tential at - 317 mV. Onthecontrary ,Y phas waspreferentially attacked and became concave at
- 263 mV as depicted in Fig. 5. Thought phase corroded at a rate less than that of Y phase,
many pits were found on its surface. The above SEM micrographs not only demonstrated that s=
lective corroson occurred in 2205 duplex stainless steel , but a9 indicated that a reverson of s
lective corroson could occur if the potentia was changed. Smilar results were found in 2 mol/ L
H, S0, lutions with the additions of different concentration of HCl (0.1 0.2 mol/L).

e — e ————p

‘-Hfl D Ih.‘.l‘.

—

Fg.4 SEM microgrgph showing sHective disolution Fg.5 SEM microgrgph showing sdective disolution

of a phase in 2205 dwlex stainless sted in 2 of y phasein 2205 duwplex stanless sted in 2
mol/L H,S0, +0.5 mol/L HCA slution &ter mol/L H;S04 + 0.5 mol/L HO solution ater
holding at - 317 mV (Ag/ AgCl) for 1 800 s holding at - 263 mV (Ag/ Agdl) for 1 800 s

AFM was a9 employed to examine the surface morphology of 2205 duplex stainless stedl ex-
hibiting sdlective corroson. Fg. 6 shows the AFM image for the pecimen immersed in 2 mol/L
H,SO, +0.1 mol/L HCO lution and at - 328 mV for 900 seconds. Clearly , the disolution rate
of a phase was higher than that of Y phase, resulting a dgnificant differencein the surface profile
as reveded in Fig.6.

The occurrence of sdlective corroson is no doubt attributed to the partition of aloying ee
ments. Ni tand N are enriched iny phase while Cr, Mo ina phase. It is generally recognized
that Cr and N asd<t pasdvation of stainless steel. But these two elements are sgparated in the two
different congtituent phases. The réeative abilities to passvation of these two phases are dependent
on the gross compostion of duplex stainless steel. In high nitrogencontaining duplex stainless
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sted ,Y phase may be pasdvated more eadly thana phase because of its higher nitrogen content.

The experimenta results obtained in thisinvestigation d demonstrated that selective corroson
was greatly afected by the eectrochemica potential applied. The resultsimplied that transtions
either from active to-passve or passve to-activefory andd phasesoccurred in different potentia
regimes. More ecifically , the anodic peaks as gppeared in Fig. 3 might be disociated into two
curves as shown in the deconvolution diagram of Fig. 7. The deconvolution curves indicate that
passveto-active trandtion of 0 phase takes place at a relative lower potentia region while it oc
curs at arelative higher potentia regionfory phase. Inother words,Y andd phases have differ-
ent anodic polarization behaviorsin the solution investigated. The different surface morphologies
as depicted in Fig. 4 and 5 were mainly attributed to the differencesin the polarization characteris

ticsof the two congtituent phasesin the duplex stainless sted.
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Fg.6 AFM image showing the difference of disolution Fg.7 Schematic diagram showing the deconvolu-

rate betweeny /0 in 2205 duplex stanless sted tion of the pasdve to-active trandtionin the

in2mol/L H;SO, + 0.1 mol/L HCA lution &- anodic polarization of 2205 duplex stainless

ter holding at - 328 mV (Ag/ Agdl) for 900 s ged in2 mol/L H;S0, +0..5 mol/L HA

lution

3 Conclusions
1) An éectrochemica technique with gecia resol ution could be used to measure the potential

of the congtituent phasesin 2205 duplex stainless steel. In 0.01 mol/L NaCl lution, the poten-
tial fory phases was lower than that @ phases, indicatingy was anodic with regpect to 0 phase.
2)In2 mol/L H,S0, + x mol/L HA slution (x=0.1 2) , the potentiodynamic polariza
tion curves exhibited passve to-active trangtion characterigtics as the potentia scanned from arr
odic to cathodic direction. Two anodic peaks appeared in each anodic polarization curve. Preferen
tial disolution in duplex stainless sted could occur if the potential was controlled at one of these
two peak potentials. A reverdon in selective corrogon was observed if the peak potential con-
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trolled was reversed.
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