Int. J. Electrochem. Scil5(2020)8791 888 doi: 10.20964/2020.01.56

International Journal of
ELECTROCHEMICAL

SCIENCE
www.electrochemsci.org

Ef fect o f Et hanol ami n&B&8m® CCldr r
St eel I n Si muliatceuti tBeeosnadnaryed
Reactor

Jian,ZShonmi i, ghéac,ZhiLhlifwédegnbi n Hu

School of Material Science and Technol ogy, Tia
Engineering REseamponsesht €Eenndr FVMhoit sbagt¢ atMiao ey i &il
30350, China

‘E-maigla:ozhi ming@tju. edu. cn

Received5 September 2019 Accepted30 October 2019 Published:30 November2019

Ef fect of et hanol amine (ETA) lomw cadrlrooys isotmewed a
pressuri zed PWRtepecro nrdegawyt modriwtai so nsst eldctraehencdl mmethods
scanning electron microsxXopy PFPHSBEMpel @0t mbaor &9

The polarization curve indicated that ETA can
current density decreased with increasing ETA

resi atmandéhe oxide film resistance increased w
i ndi cated that the main compositions 304fi noxihce
di fferent solution (no ETA and f2idlpmp mxi dSe& Vb eamaa
with increasing ETA concentration. Thus, t he

secondary circuit of PWR decreased with an inc

KeywoWB36CN1PSResgkcondarEyl Mgi Wi t

1. INTRODUCTION

The corrosion of 't het bBperceosnsduarriyz ecdi rwsauth er gpiti epde
oper at ihnenc loefar povaer tphlearhtiggh temperature fluid

the pipe wall. This type of corrosion is terr
occasionally cefeogLdn npE@raes if @l fe neva dreotth mem ttsi
pipeline wil lansdeddenglhy treunppteurraet urweh i scthe acna na nidn j v

per samageldamage neRAOGYI qaiprmeddmi nahpei pred d en ecsf i
secondarFyrc ierxtaemepdltee,r pi pi ng of the3 sprrcondanriyz s
reactor pl ant suddeinl yZB@0oHEA CQuase b wgbetctdo h&@AC e s e
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attentebhoratnd havwve Idamymadhe FAC in the seco
mechaspsmasarcd cprgcaution

I n the high temperatur emdt ali dpiopg e IPiWRe smadea ¢
all oy steedxipdeodluayesr The bhedesul &dgpeer. exhibits
struEHt gmeerature fluid can make t he phdetseotliuvaéd
of hoexi de | ayer -ainl eywhbetoeeebloyr tlhoew corr osi on 7t at e
Previ ou8llshtawdn ceistfhthalee process is related to el
t r anfslfueird shear str EgsthBeseonmder dsptauwpdbi petsit nehe d .t he
paramaftffectiange theflfad@der i afll dwcdynmrasmiemsvifracn e rs
fact2pbrs|[ 1

A few research studies about FAC oJ2 gpathem
all3dconcltihchddammo me s ctalmeor edesacfar b@am est eel i n sec
ZhaMpr epotriteemhatx i mum corrositohnennat mosppeide @ahi
corrositohoeut @tr moadt s ildne aonfo ttWaeel dksltbubdayt,le el it Mm@a ct
plsakey r ol e icnortrhoesi emo sbiechma Howevef, QRBBEr st e sl
knowlaklaubeef freeccth amE$SM one FpE€diralileyct rochemi cal é
st ytdlyebj ewasve o study theWBB86CNHNEIi dbowbahawiyorst
secondary <circuit enviromsméntsToNtaosh det efenr eet t
mechani sm of ETA on the corrosion behavior of

2. EXPERI MENTAL
2. 1. Materi al and solution

Tabl@hemical constitue®d of WB36CN1 steel (wt

C Si Mn P S Cr N i Cu Mo N b Al Fe

1 0.3 0.8 0.00<0.00.21.10.6 0.20.010.0Chal a

FiguMectostructulewolt WBBG6CN1
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The chemical CoMBBSEICINILorn owwta%)l ogf stleBhe wa:
m crostructure adft ewWB P60CNIs hdtnggeland et ched with
which is composed of ferrite and bainite.

ThwB36 CdNtle el was machi nedFiignt2h ¢ saanngdgkineess ss hod v
wazamm. The samples were polishedTwenhht BeCspapt
rinsed with deionized water and ut heasibhae®dal Iny
and put in a fdalyliovgi ndg. sehx f eorri nmehret

The teswawsrodpmparieocn from anal ytical reagent E°
to simulate PWR s elchoen da @l ic ocpolncinegnyt)w aattegro. L h eva s
ETA concentratiamd X4 pepgOlf 03, a6 brl2af descript:i
respectivel y. Twrei ctheswasrgpscwrl ad s bawvio it mhwakiag t
deoxygenated by cont i nuwWdu sOf9wWr¥Y aTrhpdod g p e it med Iy te
perf or medl hgtr e3&fugestvi r ovamséd et saturated vapor pr
whi chapwasoxi MPaEheg $Hedt robdj urSgletsipe edowasi mul a
temperature fl uids

(a) &2

|ELuLu|:nE

Lang

10mm |

Figur(ea)Experi ment al sample and Wwdrskihmgnael ec t
refer enciec ceu retce rrYogdées cAmroadl®es ur e gauge)

2.2 Electrochemical measurement s

The el ectrochemicalbbndecyBAldeMeThe 52 tvBerradc hteeans f
sysiTéam. wor ki waseWBB86CHNiHlesBefedr sampé leesx pampme st
wel ded tthe nwiwrea,pped in PTFE tape dhe reserteadei
and counter belPbdc wihoe@ sa.untdorcel ave was heated to 2
befolrectrochelmeadottersttiicdddy nami ¢ pol arization
0. 6(ws. a@CPa) scanning rate of 0.5 mV/s. (TEReS)el
measurements were performed at anWvW alhtdet matit egt
ranged kHpmma@Do
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2.3 Surface morphology and Oxide film characte

After being exposed in simuléht bd PWRpbesowd
with deionidzedy dwiatt leerdeTdéhineaghn dlh.e sampl es were obse
mi croscopic and -Z0M0 0w ecs pescactoipwee IVYH X

2.4 Oxide film characterizati on

Af ter sampl es s emnoenrdeardy ioo diWReg cwa treorswidoae pé
exami nedESQGAULAB nyg5a0hbyXIpXot oel ectron spectromet e

3. RESULTS AND DI SCUSSI| ON

31E1Il S

The EI Smene&atsuva&ri ous ETA concentrations 1in
wataersehown 3i nl Fiopasrfrvenwh t he phase aengHhiebwt ethir me
constTomtssi ndi cated that two r el ax,atiwdohn nparyo cbees s
the formation of an oxide.fiTlhmrer otrlee €U IS alae ¢
the equivalent dwirtcthi Zsi sipWwm Rios eFHwagtr.ieon @he s ie:
corresponmdhe c atphaeci d arnrcikes codnes§ pommdhe resi stance
filQm,she charge transfer capaanRkR awhe cthf i nhe calt
of the electrochemical reaction omal uhéeesampl e
resi stance otfhe hcecehamwagieertiradns fiesr r es b 9 efahb.€ fTehbely
fitted trhieelsgal rtasmedtfea Isl ETA acrbenstatd2bahi dakl e
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As t he concewaisnatriecars eadf, B ThAdRsgsroal duutail ol ng udeesti roset
the ability of ETA to incr.eaSiemutlhteanecondd ot i vi



Int. J. Electrochem. ScMol. 15,2020 88¢

resi Rtbercaane | arger with incwhkiach nign &€T@Aatedceht
Fe atomic iaxngizrag i ®fn @amar pes t hr ough thoer eeolveecrt,
an increadihregs it ©tactiadhreroors waasa ©bbseirtvedidi catierd t h

t hceorrosi onsdmpIime berane fhiees s WNEW ic ool emhsircaht i noank, €
the diffusion of carriers and exteranarr oneadio ra ri

sampl ess Ib@wadne

FiguEéedtrochemical equivalent <circui
Tab2El ectrochemical parameters fitted from the
Rs Y N Ry Y N2 R
R<cri (BLcms) Rcm (B Tc Ms") (R c
0O pr 9097 2.9B6 0.6 6. 0B® 5. 15C 1 5.010
3 pr 791C 3.37® 0.6 8.31B 2. 116 1 5.21B6
6 pr 725t 6.088 0.6 6. 3B 1. 1nd 1 6. 6B
12 p 602¢ 3.918® 0.6 1.0BD 3.400 1 1.17080
24 p 579t 5.1D8 0.5 1. 71503 2. 016 1 3.68B6B

32Pol ari zation curve

Thpotentiodynamic polarization curves of Wl
water for differanmdhobvhASimadyrrcegntdragi bast he EI S
resi sseasatati vienhmwa Hiamgeessaryi.toTled iagunsadtdeo n

|DE| =[PE,|- 1R 3-1

whergg repradrentads olfuttehevdlrue polgay reptE e NN
the absolute value of the _alpBRar einhte prodsaulitz ad fi
curves after eliminati ngFit5pelhseo | puatliaorni zraetsiiosnt acr
afteén minmatt he sol at e oalssteedi SsiltitaanTcaelblee tolbbater aleld a
process curves sho,wewhipals sgrvaavea d nt hhee hfaorri mat i on
the action of t. & paassneccduer r ewmt r edretd[wli Fi]hn c id eEpTEAe a s €
comdgag dtrioam 0O pp nm nt ot h2ed ,epepanmhtei nE€eT A Cc o n c & rhdea talt @ dinc
current d e ndseictrye agsreadd u a ltl gionudmdic iabh ied b dtah EFA an
reactfi2®ms s ho®&nheorr rToashiloen der eamelddaf il t g1 ope
with increasing ETA conceetdrhat icom.r olstt omnh @we dVBIt:
ashe concentration of ETA became | arger.



Int. J. Electrochem. SciMol. 15,2020

06 [(8)

ENV

EN

FigumPel arization curves
ETAoncentrations ((a

solution

Tab3lehe rel ated
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)

of WB36CN1 in simulat
)original pol ari zati on

parameters of polarization cur

ETA ico(rALY m be( V/ dec)
Oppm 40 91910 0.267
3ppm 38 11410 0.216
6ppm 37 41410 0.284
12pm 323710 0.303
2H8pm 308210 -0.406
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3.5 Characterization of microscopic corrosion

Fi §shseswhe SEM i mage of theseakiagef ommor ph dl

concentrations of ETA. Corrosion product mo r
significantly affected by ETA concentrations.
surface oxides beasme gd e&nfsAerc owmictemtirmd i on. | n t
the surface oxide was observed to be the | oose
with the solution, which made the conr o$sieomsol
containing 24 ppm ETA were the densest, t he

hindered the progress of the corrosion reactio

FiguS&M9of WB36CN1 steel after soaking f(aer) 26 h
ppm)

WB36CNl1lreadwlt h dxygeenvat er in a high tempe
magnét@ e The reaction consisted of several ste



