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Modification of Electrochemical Potentiokinetic Reactivation Test
for Detecting the Degree of Sensitization of Alloy 600
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*Dept. of Materials Eng, Kovea Advanced Institute of Science and Technology
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A double loop(DL)-EPR (electrochemical potentiokinetic reactivation) test has been app-
lied for evaluating the degree of sensitization(DOS) for Alloy 600 aged for 1 to 100 hours
at 700C, and modified to discriminate between varying degrees of chromium depletion while
removing the problems of pitting and general corrosion. The modified DL-EPR testing condi-
tions are obtained in 0.01M H,SO,4+ 10ppm KSCN, 25C and at a scan rate of 0.5mV/sec.
The results of the modified DL-EPR test are compared with those of the standard one.
The standard DL-EPR test produced a poor discriminating power for the various degrees
of sensitization of Alloy 600, resulting from a general corrosion and pitting in addition to
an intergranular corrosion. In contrast to this, the modified DL-EPR test provides an optimi-
zed testing condition for an enhanced discriminating power for the DOS of Alloy 600, and
also for a selective grain boundary attack. This results from a suppression of other types
of corrosion such as general corrosion and pitting in the modified EPR testing conditions.
The difference between the two tests arise from that of corrosiveness of the testing conditions.
The modified EPR test also revealed an excellent discriminating power for the various degrees

of sensitization of Alloy 800.

1. M E

olell )3 mechanism< o}& 7] 8413 3 5 7

o Sl e dwbdez 3 Al oA

stetr - F2d wEAAs #de] ol

£(290~340C) xqte} Z7)%

27 e #Ae] o)

5

SRHY AT 5o ¥ el o) B 53]
ZAA A A el A

A3 QAT PAFLE dAANA T3

ol oA glom, Y £&) slAe e AF
stg Mgs ¥z, 23 a9 Badd AA 2§
FAlgael Y W

% o olelqt FHHA s Bl
sho] Z71A7) AZARE Aol H of



166 A as A A2z

A3sA 1993. 9

S AEE AR JA SAE T Ade g o] Aol
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EPR(electrochemical potentiokinetic reactivation)
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i 6009 BT g ZH s Yol HH
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‘Table 1. Chemical composition of alloys used.

g 7}ald 9leiA SL-EPR Al @2ttt AHo] W&
DL-EPR A1@¥ & o] &3}ed H,S0,9 KSCN ¥ =,
S, FALE T AlP2AS AAXNSE W
SIA1A FA s Ak EAlE ARGz Ya3
2R A3 A s Ao A3
UEE EPR Alg A2 HA & Al xestgx, e
A4 % EPR A18& ¥ 80001 % 483t el §
Follo] H 471545 Ak oh
2, 3y

® AYd AR GRE v INCOAR
Fre 77 1.6mme] 35 600, 800 Aol
o] 3FE 9 A E-S Table 19 #h. 21212

A2 AlAg HodBg At 17
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% 9% F ¢ 60037 8005 A7 700C e} 650
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=& 77 2 P42 A
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393 ¥ EpoxyE °]438e1 cold-mountings: ¥
&, #2000 SiC A7} 712] qlvlat § &9 o]
<} 10X10mme] HEE 2] B&-F silicon sea-
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neck corrosion flack% "]‘%6}03
Ar2 g A A 3] fakel 4
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EPR A14&, A28 haa #4490
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Alloy Cr Fe Ni C Si

Mn S Al Co Cu Ti

600 15.36 7.52 bal. 0034 0.27
800 20.62 bal. 3272 0022 0.14

0.22 0.008 - 0.76 0.28 -
0.71 0001 022 0.03 <0.01 041
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scan) 3 FAH o2 Astdnt. dRIBHEE anodic
scan loop®] 3 ) A 72 %(1,) ¢} reactivation loop ]
HAAFHE(1) 9ol v, F1/LEH Frtstgoh
ol 3} o} PYrEE ofs WA EE EPR A1 271(0.
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1 ¢ (saturated calomel electrode, SCE) & +}e}y]
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3.1 OjM =% 2

Fig. 1& A28 F 700Co A 7+7+ 1, 1004]
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e ER=
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Fig. 2& 1213 Al&a9 &5 6008 £% DL-EPR
Al AR E el e T FF el &3 600
o] rAF BA AL = oF —350mVE FAE I,
qF A= Epp(+270mV) Hrp +330mV &2
+600mVE 2Asgtt, £F DL-EPR A2 4|
Ao Tw-& hAF A A AN 6V/hourd] F A}
452 Bragdde +600mV7HA FS5EFTAZ
F o] A glo) =3 atea} FFAF S upte] v} 4]
A o] RARYAA e FAL g Welwa] d
FUEE EAHSE A2 AYsidch. FFT4A
A, #HE=¥EH A (primary passive potential,
E,) ol del & AjHel dxwio) &Alst Abeel 9l7]

Fig. 1. Grain boundary microstructure after electrolytic etching in 8 : 1 HzPO4/H.0 solution of alloy
600 samples sensitized for (a) 1h and (b) 100h at 700%T.
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Fig. 2. Potentiokinetic curve of Alloy 600 aged
(700C/1h) ; measured in the standard EPR tes-
ting conditions.

el 2 oF3FF = (anodic loop) 7} A= b
3 FFALA o= YA E w2t ZFEA G Gk A
Aol L8=7] dEA e AEAHIHFE
(reactivation loop) 7} @A Hel, o] of APA3F
Zoxe HAAFUE [ FFFZeAAML FHd
AFAE L9 v, F I/L,E Auses Hew
Yepdith /LS $9L%, ¥R, FASE 59
Aol E 3 3-g dh=th, Table 2% 700C ol A
A EA ] §F 6002 Al AA|Ztel] = EF DL-

Table 2. Results of the standard DL-EPR test per-
formed on alloy 600 aged at 7007T, tested in
0.5M H,S0,+0.01M KSCN, 30T and at a scan
rate of 1.67mV/sec.

Aging time

e LuAem®) L(pA/emd)  L/1(%)
0 7524 760,842 099
1 114526 718736 1593
5 168421 672,842 2503

10 195179 764631 2553

20 172,210 744000  23.15

50 75663 655578 1154

100 11,789 777,684 152

EPR A& 2535 vpellch, 104)3ke) A E A 7M7) 2]
dl a1t x b Frlstebrh 1041 el A Hol L/, &k
Vehfglar o) f o] Alad M AEndddeny
AEAREo] doli} s} stk 5,
10, 20417 AEAR AHE] [/L(%) gkel
ztz} 2503, 2553, 23.16% & #ol7l VA o
224 EF EPR A¥ 9 dulste o] Hof
A& o 4 olth. EPR A& fo A|H9) Zza4
Fas v oleld AE FA oA Y 5 U=
(Fig. 3), 7L o] AIF-A at ohe} it
Az A deldr] wiolrl, bl sty EE

Fig. 3. Optical micrographs showing etched structures developed on alloy 600 after DL-EPR test
in the standard EPR testing conditions ; (a) aged(700C/5h) and (b) aged(700C/10h).
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DL-EPR Al x719] ¥2]Ae], nud 3& aF
FeF(et 16%)S e T 6000 e AT
Zett= g RAET),

3.3 KSCN 5x9| g#

dAGA A ZH KSCNS EPR AlfolA
Ho)ch, 1 24 o) KSCN %8 A3t~ 93] 25T )
0.01M H,SO, &4lA 0.5mV/sec?] FAEEZR
EPR A g 2A& dAsHA 83 KSCN FE & 0~0.
01M ¥t glel, A 2= Table 390 vebyigl
t}. &43F 9] KSCNel #H7bs 2] fsts A S-ole
A7 dojuha ekska, KSCNE 0.0001IME
Sa% HA/HE AT AT A Ao
2 doju} ouigrt FEe] FAHCE. 0.001M
KSCNe] ¥7}59)& 7%+ Fig. 4(a)ell A £ 5
Sl5o]l AAuael] wh-E dutRte] AlsA Aol
2% 4 4 93z 0.01M KSCN9 7% Fig. 4(b)ell A
A8 gAY e Alg R2-E F3E 7 9t
olg1§ A+ 0.IN H,S0,414 KSCNe| Fx7}
742 2% BEs) SA¥THE Kruger $'09] 2
e} gAbsich, AH ez 2 6009 DL-EPR
A8 Al A e] KSCN %+ 0.000IME vhebytet,

Table 3. Influence of KSCN concentration on the
ratio of /1, for alloy 600(700C/5h), measured
by a DL-EPR technique in a KSCN added 0.01M
H2S0. solution at 25T and at a scan rate of 0.5
mV/sec.

KS(?HI:I)IGS?)“C' L(uA/cm®)  L(pA/em®) L/L(%)
0 0 7133 0o
0.0001 1225 27789 452
0.001 1857 40758 456
001 197 31537 063

3.4 H,S0, SO ¥g

Table 4% 25C2] 0.0001M KSCN &4 0.5
mV/sec®] FAHEEEZ EPR MY x24E U s
3t3 H,S0, ¥ 5% 0.001~1IME HEA|Z £ o
EPR A& ZA3}& vebdit, 0.001M H,SO.7t
FEAE A fole A7 T FshA oA g2
24 agaddds 34 5 A HyS0,7t
0.01M H7FE A& 7ol Uuby-Ao] of 5 5o
ARG GE JHsA #2E 5 A L(Fig. 5
(@), 0.IM )4 Ate dAFAe] Astr <
ojute izt FEo] Ya dEH R =ove

Fig. 4. Optical micrographs showing etched structures developed on alloy 600(700TC/5h) after
DL-EPR tests in a KSCN added 0.01M H,SO, solution, 20T and at a scan rate of 0.5mV/sec : (a)

0.001M KSCN and (b) 0.01M KSCN.
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Fig. 5. Optical micrographs showing etched structdres developed on alloy 600(700C/5h) after
DL-EPR tests in a H.SO4 added 0.0001M KSCN solution, 25T and at a scan rate of 0.5mV/sec ; (a)

0.01M H;S0, and (b) 1M H;SO..

Table 4. Influence of H.S04 concentration on the
ratio of 1./1, for alloy 600(700C/6h), measured
by a DL-EPR technigue in a H,SO; added 0.0001
M KSCN solution at 25C and at a scan rate of
0.5mV/sec.

Hzfgglsf)“c' L(pA/em?)  L(pA/em?) L/L(%)
0.001 0.17 1975 0.009
0.01 1255 27789 4.52
0.1 9147 104000 8.79

31242 171368 18.23

e RS 5 Aok (Fig. 5(b)). Maday 5¥&
30C, 0.001M KSCNel 4 3.3mV/secq] FAEEE
& 6002 DL-EPR A1 8-¢ #3& o 0.5M HySO,
B R AA o] L E zbslo] A=) 3 dubiAfe] dofut
#) 3 Al (intergranular attack, 1GA)®] #¥e] 3
2, 0.05M H,S0,& ¥AjAde] &34 Zslrta
todch, oleldt At o) ¥ A7 Ao} ¥
we) B o) FagEel 3ol Hy80,9 FEele
zol 7} glalak G RAAe] FHANMH B W
o 2| gtchal B ¢ alrt,

w2

o

3.5 SU2REe| A

0.01M H,S0,+0.0001M KSCN &3} 0.5mV,
sec®] FTAMEEI A LYo 22 E 20~50C=
A A S o &7 6009 A7l E o WstE Table
5o vetuidet, £ xrt Fr)ghe] upel &R
st vl Heg FogE o 4 2 50Ce 4
N2 % o = anodic scanA] +1000mV7HA| &= %
el 3h7b et ebol I/L & FAY 5 ¢ladr).
EPR A3 %9 Zx2& Hds) 2 A3 £49
57t 20Cd AY §fAlC] T Falo] iy
st 2wk 2 QAT s} 83 A== 29

L, 30Cd A5w oplel dubiAE Aedas

Table 5. Influence of solution temperature on the
ratio of 1./1, for alloy 600(700C/5h), measured
by a DL-EPR technique in 0.01M H;S0,+0.0001
M KSCN solution at a scan rate of 0.5mV/sec.

Temg’g’ture L(uA/em®)  L(pA/em®) 1/1(%)
20 616 24126 2.55
30 2021 35242 574
40 4303 54653 7.87

50 — - -




Fig. 6. Optical micrographs showing etched structures developed on alloy 600(700C/5h) after
DL-EPR tests in a solution temperature added 0.01M H;S04+0.0001M KSCN solution at a scan

rate of 0.5mV/sec ; (a) 30T and (b) 40T,

A7 HE® YA o) HEs] fAFHI
], 40CY A+ AT GubEA R AR A o] B
#9ch(Fig. 6). AAHe2 2 o £42 &7}
20~40C 72| 7} 5ol upe} A ub-A] 3} 9] A §-4) o
oFo] Z7hakE AL o 4 s ol4te Al A
20~30C Ale]8 £57} A4S o F e,
AR ez Pay ANAAE FAL $5te] &
% E 25CE FA 8= Aol ulEA kel ch. Roela-
ndt2} Vereecken'? & &2 6002) SL-EPR 4] & 4]
fHes g 10~65CE HAZHE o §99 £
7b 271§l whalk gAlol Frhdcty ¥.3 skl
ol2lgk ATE LE7L FrMgel wie} ubiA o]
AlEHA doldtle B o7 A FAEFel
el apolt AT = F 25CE #fof dhr
A3 A=,

3.6 FASES| dE

25T 2] 0.01M H,S0O,+0.0001M KSCN &4 o] 4]
ZAHEEE 0.1~5mV/sec® H3217& 9 DL-
EPR A8 s 24= [/1, 32| H3E Table
6 vhetligdch, 0.1~2mV/sec7t A& FAMS =7}
z7lgte 2 a8 1 /1, gto) A 3] FAasdichrt 2~5
mV/secell A= & W37t e b ofsdl o)A

EPR A3 %9 Ajgle] Zmizzs FAFOEHY
o}sh & = glo}k. FAEXE 7} 0.1mV/secE o W&
& T FALe GFAA O AlHEHe] W7 o
St gollof xagowy oy ¥4 Hbgo
qlabe] odubR Azt A F-Ae] AstA dejwka,
0.5mV/sec®] FAE o= A ZFFdA <)
B &3t FEE e, FAS R 2~5mV/secid
whg 44 2w Edo] &3 ubg g A 7ke] FF-4
Z517] ufFoll A 7 2ot B B Al se
o35 &As7)e of#iglvh. o] Z4 DL-EPR #
Poz gF 6009 sleg FAH3t=d el
Ao FALETE 05mV/isecd e & 5 AUk
o] 4ol 4] KSCN ¥%, H,50, 5%, §4L&%,

Table 6. Influence of scan rate on the rato of 1./1,
for alloy 800(700C/5h), measured by a DL-EPR
technique in a scan rate added 0.01M H,S0,+0.
0001M KSCN solution at 25TC.

%Ic:\r; /sr:S L(pA/em?) L (pA/em?) 1/L(%)
0.1 3305 32874 10.37
0.5 1259 32253 3.90
2 169 31453 0.54
5 106 34021 031
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FASES JHE FHAoZ wejel 2 9 ¢
6008] N3 HEE 7hg 2 A% 5 2l H49
EPR A9Z4& Table 73 2&& ¢ + ok
A48 DL-EPR A19¢ ¥ 6000 449 45
AEAZE GE BT WEHE Table 8ol o}
gl ¥% DL-EPR A9l Ao 93 5

Table 7. Testing conditions of the modified DL-
EPR test.

Electrolyte 0.01M H,SO;+0.0001M KSCN
Temperature 25C

Vertex potential +600mV(SCE)

Scan rate 0.5mV/sec

Table 8. Results of the modified DL-EPR test per-
formed on alloy 600 aged at 7007, tested in
0.01M H;S0,+0.0001M KSCN, 25T and at a
scan rate of 0.5mV/sec.

Ag(‘gﬁuﬁ‘)me L(uA/em®)  L(pA/em® 1/L(%)
0 0.1 9910 0001
1 100.2 6790 148
5 325.0 7140 455
10 368.0 939 392
20 123.7 8020 154
50 16.0 8020 020
100 15.3 11,360 014

¥

. B i i
Fig. 7. Optical micrographs showing etched structures developed on alloy 600 after the modified
DL-EPR test ; (a) aged(700C/1h), (b) aged(700T/5h), (c) aged(700T/10h), and (d) aged(700
‘C/100h).
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A7 AEHRD A4 HdA 1/, @& et
Q3 =g AA AEA AAA U= P
o) FHojujri AL #AF 5 Utk oY A
3= 0.05M H,S0,+0.05M KSCN &4 SL-
EPR A 8% 39S o dUgsE AAAe] F
Fbgtoll Wl gA BETZIHY Zof HlH st
zigpP e Astebe ARsl zelrt &S &
2 9lig| o)L olvtx AEA I ARFE F
w2 o 9)o] 4 SL-EPR A3 3 DL-EPR A& Ate] 9}
apolel A 71Qlste AR AgHct.

A% DL-EPR A& ¥ ZzAs HAsz
@ Fig. 7904 & § ATl AAH oz FH o
gurialo] Ao AT 7t AlAA ] et
QA g Yo Qg A HEE
g FEg & Uk

Asxo g %% EPR A¥-& /H4% EPR A9
B} 2a4o] 7ate] AR A S At FA o)
U TAe] $utE ] Wl ol Auise HEHe] |
1AE o 4 qleh. wehAl 5 6009 ARIHES
z2g AL FHo dubAE AAMAA A
2z A JATE AdH e A grt
olue dRIBAE Aol W] THYE F UE
4% DL-EPR Al@9) #&o] a7drh

Table 9. Results of the standard DL-EPR test per-
formed on alloy 800 aged at 650T, tested in
0.5M H,SO;+0.01M KSCN, 30T and at a scan
rate of 1.67mV/sec.

Ag(‘ﬁﬁutr?e L(uA/em®)  L(uA/em?) 1/L(%)
0 515,789.5 10484 020
1 6189474 158737 257
5 607,579 82,1053 1352
10 5053684 1111579 1867
24 5877805 1368421 2328
100 6488421 1625263  25.05

Table 10. Results of the modified DL-EPR test
performed on alloy 800 aged at 650T, tested
in 0.01M H,;S0.+0.0001M KSCN, 25T and at
a scan rate of 0.5mV/sec.

Ag(lgﬁu:_l)m ¢ L(pA/em?)  L(pA/em?) L/L(%)
0 10,779.0 03 0003
1 12,1263 62.3 051
5 12.126.3 387.0 3.19
10 11,7053 12000  10.25
24 119579 18905 1581
100 11,6632 30653  26.28

Fig. 8. Optical micrographs showing etched structures developed on alloy 800 after the standard
DL-EPR test ; (a) aged(650C/5h) and (b) aged(650C/100h).
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Fig. 9. Optical micrographs showing ewed structures developed on alloy 800 after the modified
DL-EPR test ; (a) aged(650C/1h), (b) aged(650C/5h), (¢) aged(650T/10h), and (d) aged(650

T/100h).

3.7 JHHE DL-EPR Al&{ol 23t &2 8002
oflalst £y

& 8002] 7ol o s 4= E% DL-EPR A9 =
1’d¥ DL-EPR Al¥& &3l ouisl v & 273}
sl Table 99 Table 1090 7t7 2 HAze
B et Al AA)ZFo] F7bgtel wiel £ PR
d 8t = 7} F7hst x| vk £5 DL-EPR Al g9 AS
© AlEAIZE F7tel wia) uiste Bwgo] 74

<= & 9 ek 10, 100 A7 A1 AR 32 8009
EE DL-EPR 41§ ¥9 iz =2 Has uu

Fig. 8o 4 & £ glEo] Ankiale] AsiA e
U2 Q3 FAE who] atg ®mut ohe} iy
AR Aol e BT JARAYEE 2
o)zt x| o} Y 4l Briwgs o 4
sit}. Fig. 9+ 7/H41¥ DL-EPR Ay Fo Bz
Hg bk, 43 Aubiale] Ao &4 3hx|
WL Ul A Ee] IR Fol glon wix)
SEFNLR A gJAute] Ao g RAlge &
A & 5 ok, =Y A A&7 B o al
4 =7} 5 28] 7 E 7] o) Fol Table 99] 2 b}
& 42 3-¢ 2 4 ok, Mignone $7-& 30T, 0.5M
HyS0,+0.005M KSCN €=z 525, 575TC
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A 10~1000417F A& §+F 8009 EPR A1 4|
ANHer Aert AFPE 27 FPed, o]t
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FART Bl of Aljbe A v]RR AR A
28, Az o2 B oM A% DL-EPR
AP e FF 6008 ohiel 3hF 8008 ARISHAE
2R x A A48 e o F

4, 2 &

1. £% DL-EPR A18¢ & 6007 800 -4
R A% 232HE Q7 YALA o T dnky-
A3t o] fouks] o] o glstE ¥l o) HofR),

2. &3 6009 A EE Hrisld Ui FH
A 2] DL-EPR A% 2712 25T 2] 0.01M H,S0,+0.
0001M KSCN &3} 0.5mV/secd] FAHEEZ 9
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