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Electrochemical Analysis on the Process of Flow Accelerated Corrosion
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Abstract
Flow accelerated corrosion behavior concerning both activation and mass transfer process of low alloy
steel was studied using rotating cylinder electrode in room temperature alkaline solution by
electrochemical techniques. Passive film was formed from pH 9.8 by step oxidation of ferrous product
into hydroxyl compound. Corrosion potential shifted slightly upward with rotating velocity through the
diffusion of cathodic species. From the analysis between corrosion current and limiting current, there
seems that activation process, which represents formation of passive film on the bare metal surface,

controls the entire corrosion Kinetics



. 2
A 7H: 54 (Flow-Accelerated Corrosion, ©]&F FAC)@AA-S 19861 7Ftd4=2<l v]=;
Surry dae] &F7] AEe ek Apa o] % FEE] AAgon] 1996'd Canadadl
Point Lepreau WA A2 2t (feeder) Tt ALLE F3le] 71 S22 FAC d4to] uj
T Aol BaEQh[1] FAC @42 x7]ol Atst Rawuto] Fdd ehaxity) A=
ol frAldl =EHWA Houw e A ol2o] Fko Aold wE =P (mass
transfer) Wh&-o 2&to] AP Al o] A X]/dHl(stagnant condition)® .t} F2 e 7} 714
HE d4S 48t Ax F2el g% 9 A whg 3 FAlel og 3 AA kol
e Er® doju Hu o AR wiaFATE AHH o2 A Hol HEAA A

2. 4

it

g

2-1 4% @

o

2AHE CANDU #3t8h 27 sl Aol g2 4949 14452 Baat7] 98 EG

.

& G 362 model potentiostat® 3= A AHS o] &3] EI IS sttt =33t

442 Tl 1 M LIOHE dAE = AAs= Wi o= pH 6.96,

S o] &3ttt 7= H F(reference electrode)e X3} 7t2# A A& A=

als
B
oft
O
o
8

<
o,
32

(auxiliary electrode)2 ©ATE AL83}9 o FA}E Z(scan rate)
t}. €A (working electrode)2 93 = F7] wWl#IAZ AFE 52 SA106 Gr.C7rolH

CANDU w349 zj3e] A9l SAL06 Gr. BZ¥} fAFsh 3hst2 43} u]4 128 2tet)

2-2 7 7)38}stx v



dotulek £E5 ok Stern-Geary WA FEET)S Heiglon FAA9 2dd9
WhgS S48 98kl A FE E(limiting current density)& FA3t= HE BEHS
o TE 2SR 54 st 2dA e mavv Y475 wEety] fls)
gigl deg AelolA Autolab PGSTAT30S ol -&ste] x7]shsh4 dujdx=gs F4asitt
A9 E = IMHzA A 1000 HzZh A EApd o2 Fakag wiaus dedsglon 72tz
o] WFAFL o 0.2mVEAN A7PdS} SRl A @A (inearity) & F&=s8k3ivh A
B 2 2L o Ao B 49 ekl

=]
B
E AFetdtt. F24 celldl 953 dd5S 7Feste] motordl] AAE F Aol F2ket

A3 2EYL o8 bridged 7HFde] o F A A AR WEAA olF Baf A9

ne

a9 12 2719 297104 ol sl AEle] pHell whE wjdAje] FAAE Ayjol
A A= pHI 271842 34mV/pHY 7172 74 38t= Nernstian ASES Hola 9]

b S7bdes &antsol AFETIE pH 9.84004 10.47H4= &=

e §
ol
o,
0%
Ru)
=
R
rr
2
L
N

A Furo]l FAEACE pH7L 104004 F7184E BEv|ute] o] uhalgl o

Hgstol Wt N Ty AFVES Fohe] BRHAT

B
ol
28

ofl
oX
(it
e
ol
o
=)
!
4
-
BN
N
=)
o
¢

% 2% pHol wE AHAAE] (open circuit potential)®] A 7]3}sh4 Aduel~ grojt}h. 1

d o] 22 pseudo-capacitance®}t inductance &S Ho|thr}

N
k=)
s
ol
o
N
k=)
BN

o

982 0.19Hz °]s}, pH 10.6& 1.38Hz ©o|sti-H H=xHAA e HApolso 1t

6
£ 243 Wgo] Yehde waslth



F P ow T o
? m_ﬁ.o RS LWU & iy ol
o ‘Hﬂw_ o} o m_. e M = k oo =<
(S _1r H KA ﬂ I~ T ° 0 — < —_
) R R N & = ° 2 N R S~
) o o o= T T B oo o G
H ,w_l 0 ﬂAIL OL O#E ;00 \H . _ ,;J.Jl H;I Mﬂ Oﬁ
= B o =~ B o N F T O L S
_ B Bo - ) = < o) W g wo = 1@ IH <A ol il 3 )
= o oo M Ko 5 L o O w BoRog o, T T MLTO r3
7 X ! ny . K- p—
I - ) + o X m- — of ™ g g 2T £
& OB 5 O < T ~ o =~ v % o A W ok i o _
29 T N ow : = o3 W NN R ol )
0 o —~ i — o ﬂAIL ofM \DI OM :i ﬁa ﬂ ﬁl Z_ 5 o — \mﬂ 1 nﬁ
X Q o K z o o HH I 0 ! = ar
Tow 9o 52 mgﬂi@ T W N T = 7
3 g % I G w D & N ) 5
3 ) = Mo " o o X No ms M N e =)
o oy Hu.m oo o & M\m ﬂ__/ﬁul o H S = < ﬂm_w . w_um g W NN AR d| Iy
o w0 . T = o T T NORT N
T o W o ) ﬂ 5w I %o + X © o a B T T
AT o R g R s poae R T W ow KO T 3
hin ! o ol ool = B R N % - = X A <= ©
O SN I NG < ® L " 8
o/ S, Ho — = N wr X 1 WA Tk = N )
N G T H B = o o o ©
s o T o 0 T A~ < P T 4 N i~ o
ST cl = N X D = < AU a
00 7o o) —_— :.L X —_ 1% — ~o E o . o < i _dﬂ =0
B = ~ o W. V o} \m < oy bl —~ ™ .
o =3 = T of WV 7 0 o O = O o = i o rARE S ™
© N =] T ~ —~ O W N s - o o
O O B « X mm W ooy § 2 o ~ X R — ST TR 0| m_
o o T w g T ooy TG R T oW o w o Moo + o
o ko o 0N N m o~ o - 8 X =T U G GR T o
x x o LU - R T on P z &2 T
- o U B2 ) o = ® S = W X " oo & o
s > & T 9T o B S g e T X oF M
o = = W o E i T g e R 5 Toa
a T ° w A= = o s M — = N B
_ g B on o w TR ° B T @ T 1 o I O
o o C o = X o ren Zl G5 Ao & of & O do T < o
2 N 8 & d T T 3 e F B T8 = o o BB = W el
s M8 ) o © a P o " o X B | gy A oM =y T
— = W g S .0 o o O s LI = 1) g 4r B X
oz D B D ™ — N qim o T =0 (- = N B o o hin A = zo olo o) <
a X < R ) O Ao X X 4 B < 0 = = ” ) = -
o oF T v & X g = = A G W T
o T T B T oo @ Yo T g s X W o I o)) _ zn W
= 9 o= o poNoR = - < N o o % "
o S o = M BN o5 o™ ° RN 9 L W B o o B
%ﬂmo%omAxﬁ.omﬂﬂHTg @%&%}mv}ﬂa
. o N 3 =
N ow & o o2 s z m% e © e i pow = 2 r oz b §
B = B0 s S wom oo R 2.54@% w T : L B
ST T o 7 N B SR L T &5 SOt
0 K ﬂ._v g 1 1__/l —_ g o ﬂﬁ
o o o7 g o ©
Eo ,_ﬂ&l > ,Dl % % oo
T S8 o = 3 o) A



il

7Fste]

=
o

o]+ alkaline 7oA f&o]

It}

o

B

o
=y

ol

)

0|
o~

4r

o] AH3gZ A qkgo] FAH

AAfolnt. o714

el

=
o

}9l o™ capacitance?]

5|

Zhell wheh 2 Fow FTL

23}

pHe| =

-
.

double-layer capacitance

R EED

Al 7]1+=

Eay
°©

1

=
=

7} activation barrier

sx oEde o ol YA 9

=]
T/*\T]

i

A (complexity)e] #

X =z}
=\

2= 1

A A

A5 oF 0.79)

=

l4]=

0.401% wvla A vt

~

w
o)
NI

o

o]
T

~

& Al mlef wln

o] t}

cathodic branch”} A (potential)e] W& =44 (asymptotic) A&

o

B o] ]

KN
=

4. 2
®ATolA ol 4

o

o]Z2 02 AA

AAR=

o] el

B

B o

=]
T

bt ool e 10.4

S

22 pH 9.8%5-8 FA4H7] A=

w0



Sz odhe 2 adegy dsduls AR dalel

fo
ro

a1 &4
[1] K. A. Burill, and E. L. Cheluget, JAIF Int'l Conf. On Water Chemistry, 699 (1998)
[2] T. Misawa, Corr. Sci., 13, 659 (1973)
[3]1J. H. Kim and I. S. Kim, J. of KNS, 32, 6, 595 (2000)
[4] S. Nesic, G. T. Solvi, and J. Enerhaug, Corrosion, 51, 10, 773 (1995)

[5] S. W. Dean, Material Protection, Sept, 61 (1990)



Table. 1. Electrochemical impedance parameters for applied potential

pH 10.6 o.c.p. 1 peak 2" peak Passive
Rs 3.36 x 10° -2.303 x 10° 5.144 x 10° 1.254 x 10?
Rp 5.03 x 10* 1.337 x 10° 2.137 x 10° 1.361 x 10°
N 0.656 0.506 0.816 0.833

Table. 2. Electrochemical impedance parameters for solution pH
0.C.p. 6.98 10.6

T o 0.139 0.0013

R, 5.74 x 10° 5.03 x 10

Ca 1.98 x 10* 2.38x10°
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Fig. 1. Electrochemical results of SA106 Gr.C steel in static condition
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Fig. 2. Bode plot of low alloy steel in alkaline solution
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Fig. 3. Magnified section at active- passive transition regime of polarization curve in alkaline solution
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Fig. 4. Nyquist plot of low alloy steel in alkaline solution with applied potential
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Fig. 5. Profiles of corrosion potential with oxygen content
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Fig. 6. Results of linear polarization with pH difference and rotating velocity
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