
7 ypc 3 I (iLN a ustcnitic stairllcss 

ce :,tct*l (SS) (IJNS S37653) has bcen 
c:hosen as I he rrrirrrary material 

A of r o.n~str.urtiot li)r tile Prototype 

Fast Rrceclcr Rr.actor (PFBR) to be I-j~lilt 
111 I<c~l~>illil<a~l~, Ilr~dia. 'f'llc ltlloy has bum 
incligcno~~sly developccl arrcl it is essc~itial 
to clocurnent its corrosion properties. As 
ICalpakanl is a coastal arcs, the SS ma- 

tcryial is si~sccptible to localizecl pittir~g 
corrosior~. The  SS con~ponctlts of' L'ITI R 
will hc storecl in a coastal atn-tosplrcre and 
the condensation of'scawatcr ~voulcl lcacl 
to pitting of' st~ckr components. I t  is vs- 
sc~itial lo avoicl pitting in these compo- 
~ rcn t s  through corrosion protection 

rnctkrocls, as thc s~lrfice grirlcling rccluirecl 
fbr rnnoving sucll pits woulcl i rltroclucc 
signific:arlt resiclual strcss at  tllc surface ol' 
the coxnponent. 

I;ollo\ivirlg the production of SS sheets, 
or afier hhr-ication oT the cor~~potlcnts, 

r~itric acicl (I-IN0 i)-basccl pickling or  
S. GPNJA, U, CHI MUDALI, R*K- DAYAL, AND BALDEV ~ J T  passivatiu~r trcatn~ents an: often applicd. 

Jndirn Gi~ndhi C%nl,eJor Alornic Rciearch, Iniha A jjiclding treatmen 1 removes surhc 
inhonlogeneitics such as inclusions, high- 
tctnpcralurc scale, surficc; contarninanls, 
ancl any ac?jaccn~ chromium layer of 

metal, and passivation hvors the fbrrna- 
tion of a paxsivu iilrn. Generally, passiv- 
ation is pcrforrncci in 20 to 'jtUc'/o HNO, 
solutiorrs at temperatures from 293 to 3 13 
K.'  'l'his article prcLsents the effect of 
rncch~lnical atlcl chemical tre;~tmcnts of 
tile s~~rfixcc on ~ I I C  pitting corrosion resis- 

tance ofrrypc3 lIb1,N SS in 0.5 M socli~lni 
cftloriclc (NaC11) solution. 

Experimental Work 

Pz'ttz'ng Cbrrssion Stztcly 
Table 1 gi.ircs thc chen-tical composi- 

tion ofrl'ypc 3 16LN SS used for thi: stucly. 
Solution anr~calecl specimens (10 by 10 
by 10 mln) were nnountcd in ail aralditc 
resin with 5uffic.ient care Lo avoid crevice 

attacli cluring polarization. Mechanical 
trcatrncnt of' t h y  s ~ ~ r l i c c  was clone by 

I%@ MATERIALS PERFORMANCE Ljkilnulrr~i 2009 



Grade Type C M 11 S P S i N i N Cr Mo Fe 

3 1 6Lbl 0.020 1.76 0.01 0.03 0.5 12.09 0.076 1 7.93 2.43 Balance 

1) vivct gri~rding vvith 320 arid GOO-grit 
crnery silicorl carbicle (SIC:) abrasive pa- 

per, 2) poLisl~il~y: to a ciiarnonct firtislr, and 
3) turning the satirplc surlacc on a latllc. 
SurLrce rot lgllncss rncasurernei~ts of tl-lc 

mcc1i;rnicixLly treatecl surfices were cal- 
riecl o ~ t l  using a profilrlorneter ('l'ablc 2). 

'These sarr~ples were then sut?jcctcd lo 

chemical trea lmellt. Piclclirzg was per- 
rirrmed by irnrnersing in 20')/0 FINO,/Y'Y/;, 
h yclrojt ~1or. i~ ilci~l (I-iEJ rlsixtrrn-c for 30 inin 

piclclirlg, a passivation treatment tvas 

given in 2C)"'o 1-INO, for anotllcr 30 rnirl 
at room tempcrature.' The sarnples were 
t l ~ c ~ l  s~rl~~ic:ctccl to anodic. polcntiocly- 
rlarnic l~olarization in 0.5 NI NaCl ~~ricler 
Argon purging, using 21, Nloclcl 13GS7'ATZ' 
30 i l~ttolab Elec troclzewrical Sy5lcn~f. 'l'hc 

exper.inscnzts wcrc rcpcalcd at least three 
tirr~cs to C ~ I L " C ~ ~  fi)r r(~psoc1~~~ibility. Thc 

cletails of tlsc cxpcrimcrlts arc given else- 
where. '- ' 

Auger Electron 
Spectroscopy Stzildies 

The cornposiliortal analysis of'thc as- 

polis tsecl, picllccl, ;~rlcl piclilcd/passivatcc~ 
surfacc.~ was donc by auger elcctrorl spec- 
troscopy (AES). Tlie meas~lrcnzents were 

carriccl in a vacllurn of about 10 "' lorr 
using xn OMILCIKON C,MAI (cytinclrical 
m i r ~ o r  analyzer) hzivirlg an cncrgy rcsol~t- 

tiorl uf C1.4"/~. The sanlples were sputtc~ ecl 
tor o ~ i c  rusin~tlc, ~lsing an Ar -1- ion beam 

energy of' 1 licV, ar~cl the AES S L L ~ ~ L C C  

arialysis T I V ~ L S  rnacle ivith ],earn etzergy 

fixecl at 3 kV allcl beam currcrit at 1 ,I.&. 

Results and Discussisn 
Figure 1 shows tElc ~ol ;~r iz ;~t io~s  clLrrVes 

Sbr 'Type 3 161,N SS i l l  0.5 M NaCl 21 f'tcbr 

war.io~is r i lec l~anic~~l  tlcatnlents. 11 was 
observecl that the cliarnoncl-finished sur- 

irl'r,ldc. rlaruc. 

face (0.909 yrn roughness) cxhihi~ed lflc 

highest pitting potential (394 mV), while 
the lathe-finislie.cI surtacc (0.5 tun) cxhib- 

itccl llrt, least pitting potential (152 rnV). 
?'he pitting potentials of the S i c  cnicry- 
firuisl-tcd surface kll bctweeii tl~ose Tor 

cliarnoncl and lathe-finisliccl surFaces. A 
fi~lcr surfice rcduces the n~irnber of' sites 
availal~lc Sor pit initiation, ~vlliclz reclttc ca 

the probability of pitting a~lcl ixlcl-cases 
the pitti~ig polcrltials. It was found t h ~ t  
thr: cornbin;ttion of an clectrocl~emically 

active sile (incl~lsion) ancl a cleprcssiori in 
the rnetal s~~rSace is rccluired at a. silc fbr 

a n-ietastable pit to bc initiated. The clc- 
p ~ s s i o n  acteci as ;L barrier to clilrixsion of' 

dissolvecl corrosion products, proton$, 
ancl C:l ions from the pit site. Whets t11c 

;~blc  pi^ sites, cvc.1-\ Cor a given clist~ib~~tirsn 
~Siriclusiorss, When the s~rrktce ro~~glt~ness 
was lower, t l ~ c  i~~clusions coulcl not act as 
pit si tcs Isccausc ~licir clcprcssion into the 

surface was not great eno~tglz to provide 
an aclccl~latc cliftiiusion barrier." Figure 2 
shows the polarizstio~z ceirvc E'crr [he 
spccirnens initially mccharzically treated 
ancl l'urther subj ccteci to picMii~g Iscat- 

ment. The  lathe-finished surhce showed 
a suhstar~tial ili.cr,ease to a val~lc of 63 1 

mV aftcr piclcling. h S~~rthel- increase to 
a v;~luc ol' 865 mV was observecl after. 
picklis~g-passiva tion treatment for t.he 

picldecl/passivatecl surfitce as showl~ ill 
Figure 3. A similar enhancement in the 

pi[ting corrosion rcsista nce was obscrved 
for tl-re samples with other s ~ ~ r l a c e  fin- 

surfice ro~lghness was greater, it was 
more likely that an e lectroch ci~lically ac- 
tive incl~rsior~ was associatecl with a con- 

cavity in the surface that was deep cnr~~rgh 

to suppc'rl pit ir~itiation by gencr;- tio on or 

thc clifli~sion barrier. A greater surfice 
roughness incrcascd tlic nurnbrr of ;wail- 

ishes. The  ctihancclncnt in the pitting 
polcntials tvas tno1.e profound in the 320- 
grit, 600-grit emery-finished, arhcl ctia- 

rnonc~-po~i.shttd surbces. Xurhce rough- 
ness had no significant effect on  the 

pitting potentials after chemical trcal- 

incrlls, l~owever. 'T'ahle 2 siummarizes 
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these resul~s. S cvcral authors have re- 
portecl that pichliiing ylelcls a higher COX.- 

rosiun resistarrcc cownparecl to mcchani- 
cal polislling."~" Thc cnrroblement in the 

pitting corrosion resistance ofcl~eniically 
trcatccl surliccs caxi be attributed to sev- 
eral Fictors. 

Rerrloval of  sizrf'ace irrcgularities, 
mainly inclusions, from ille me tal surface 
is important .  1n Type 3 16 SS (UNS 
S3 1 GOO), -70 ro 80°/0 of the i~lclusions arc 
sulficles c x  rnixccl sirlfic1c/oxiclt. particles. '" 
'I'ht. rili~jority of the resi~lts on pit initia- 
tion on SS ir~clicate that s~zl ficle inclusions, 
espa,ialiy rrzanganese srllficle (MnS) par- 
ticks, act as prcl'erential sites for attack. 
71 tc n7ajj01r be ncficinl cfE'ect of pickling has 
been associated with the removal of these 
irlclusions."' Since I\/InS is tfzerrnody- 
rramically unstable belotv p H  5 ,  it is 
rapiclly attacked by ELNO; according to 

this reaction: Polarization cuwes in 0.5 M NaCl For Type 31 6L.H SS after mechanical treatments. 

Polarization curves in 0.5 M NaC1 for Type; 31 6LN SS after pickling. 
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i\nottler rrlqjor henefi~ of chcniical 
tr-catl-nent is the cnrichmcnt of chromium 
in the passive film, tvhich is higher in 
chcrnically treatccl sur.faces than me- 

ciianically treated surf~ice~.  " Figure 4 
shovvs the compositiorzal analysis fc~r the 
cliarnoklcl-fillishccl surface (as ~nechani- 
cally polishccl arrcl afltcr chemical treat- 
ment) by AES. T h e  illtensity of tlie 
chron~iu~m peak was fourlrl to increasc 
from mechaniczil polishing to pickling to 
piclding/passivation, Pickling fdotvccl by 
passivation yielcled the highcs~ enrich- 
inerrt of'cklrorni~~rrl whet1 comparccl to the 
piclslirzg and as-polished surface; this lecl 
to superior pitting corrosiorl rcsist;lrice. 

Tklc concclitration of iron appearccl 
les:, in the piekied/passiva ted s~rrfkce 
when conlpal.ccl to the as-poliihed sur- 
hce. Tlie enrichrncnt ofctzrorniurn in the 
siirfjcc film has occ~zrrecl at the expense 
oC dissol~ltion of iron ancl oxidation of' 
chromium, as also rcportecl in litcra- 
titre."-' ' l ' he  s ~ ~ r k l c e  composition of iron 



chinecl surface to tvcl. grincling with Sic: 
Auger electron spectra of the diamond-polished, pickled, and pickled/passivated 

abrnsivc paper to a diamond-polished surface. 
surrace. h c;orrespoacling irny rovenxnt 
in the pitting corrosion rcsis tame was 
nbservecl in this same ordcr.. Pickling, anld after chemical treatments. C~ompositional It is recommenclccl that any engineer- 
pickling fbllo-cvrrd by passhation, err- andysis oS the surface by AES showed ing conlponent after k~hrication, even 
hancecl the pitting corrosion resistance, chrorni~krn erzrkchrnerlt In the of nitrogen-bearing SS, bc pickled and pas- 
and the surlice roughness had no signifi- piclded/passivated > pickled > as-pol- sivated prior to commissioning in a plant, 
cant effect on pitting corrosion resistance isl~ed surSace. especially for coastal environments. 
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Pitting resistance: [normalized) as a function of surface roughness. 
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