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Local Corrosion and Its Protection

Takashi SAKAKI
Kinya INAGAKI

Recent studies on fundamental problems related to the localized corrosion of metals used in various en-

vironments are reviewed and some examples of the evaluation methods and protection techniques are describ-
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Re#7"7 (Photo. 2), LALEE, TEEEEBICEC
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BLORIE) cExh, Lo COLEBEMIE
L, ODEVBEICRERAICES Z LbH D,

(3) MBREE

Cathodic reaction

£ Chemical equilibrium
Fe** + H,0 = FeOH* + H*

Anodic reaction
Fe—Fe?*t + 2e”

Fig. 1 Schematic illustration for the breakdown of

passive film
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Local corrosion

Damage by non cracking

l

Damage by cracking

Stress corrosion cracking

(8CC)

Corrosion fatigue
(CF)

Hydrogen embrittlement
(HE)

Active path corr.
(APC)

Intergranular corr.

250 ym

Photo. 1 Appearance of SCC of stainless steel

—
100 gm

Photo. 2 Appearance of pitting corrosion of

stainless steel
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DEREISBERL, HoVEERBLEIEEBIEGLI S
BREINERIC B\ C, BMEBOA 4 v ORGSR X S

(17

| T

[ Pitting corr. Grooving corr,
Crevice corr.

Dezincification cort.

Contact corr. [
Galvanic corr.

Fig. 2 Type of localized corrosion

Photo. 3 Appearance of crevice corrosion of
titanium

pH EF, EEM» 2, BRERSEEL CTEM LT
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KA A (Intergranular Corrosion) &k dbfs i 8
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i, BHEICIEEERESIRY (SSRT) komif )y
EHH B, Table 1V %k (8 Fig.3» iz Z 416 SCC Ak
FEOREETRT,

1) BERER

Uy FEO LS REEARBREI SR OB &Rk
WREBT 22 EMTETHI R Y —= T 2 MO
HTH 5,

EHZELNER LICRHIBRAER % Fig. 4 2R3 03,
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Photo. 4 Appearance of intergranular corro-
sion of stainless steel

Table 1

THART L ARB A IC oW TR AR OBERIL E
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X B sin2y EEAVGTV B2, RIS EEIhRE
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T B8, 7o, Fig. 6 aBAic—En A&z
oo oEEENE AR L, BESLIUOEDE
TRF 2 HDEEMENTH D, KT L 23
¥ Fig. 7 % X (f Fig. 8 1</ 124, SUS304 x5 > 12
MO ENN A RFENI10R IR, £, ElhvEREE
ENDEL B BICTKEL 2B LG DY,

2) EfrEAR
EMEREINAE» SRR EILNEART 50
TRHERNEETA S TH DM, XENAD LERED
WEITKE e DB SCC R 2Rt LS 8
H0DH D,

3) EERES|E ) AR

ETEL TR 0 B8 BB W & -~ fo SR B TR
BRZTIENTE O TEHNEEZ M L SREICKRHT
B bpCE, EofAMECHEMTE 5, LaL, KE
SR 0 BT E M R foi T B IR 0 & 5 2 WiTE A
SCC RESZMFEMENTEL SN TR, BRI HEE
R SCC Wz ¥ TRl S h TV 570, 0 F £iks
F— L LTHERT 2 LR EETCH D, £, SCC
OMERBEOLICER LIcRRETHY, SCC FE4d
7 HLESKREIE AR YRS B a0 EaE) +4

Characteristics of various tests for SCC studies

_Test method -

Evaluation factor

Point of excellence

Weak point

Constant strain
test method

1. Time to failure (7))
2.Crack depth

1.Available to screening test

2.Possible to test with many specimens
simultaneously

3.Applicable in field test

1.Unclear regarding mechanical factor in
test

2.Lack of quantitative information

3.Not available as data for engineering
design

Constant loading
test Method

1.Time to failure (7))
2.Threshold stress (ay;)

1.Possible to evaluate SCC by Ty
2.Clear regarding mechanical factor in
test

1.Lack of accuracy regarding evaluation
of SCC sensitivety because strain rates
are remarkably increased after crack oc-
currence

2.High cost for SCC test

Slow strain-rate
test technique
(SSRT)

1.Maximum stress-

strain (ggmay)
2.Maximum stress (omay)
3.Reduction in area (%)
4. Fracture mode (%)

1.Possible to evaluate SCC by short
period

2.Many information on crack propaga-
tion

1.Non control on induction period until
SCC occurrence

2.Impossible to evaluate many specimens
simultaneously

3.Unclear regarding expression for crack
sensitivity

Fracture mechanic
test method

1.da/dt
2.K;scc
3.Fracture mode (%)

1.Many information on crack propaga-
tion
2.Available as data
engineering design

(K]scc) for

1.Non information on induction period un-
til SCC occurrence
2.High cost for test specimens

(18 )
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Evaluation of SCC occurrence and propagation

Evaluation of SCC propagation

Constant Strain Test

Constant Loading

Slow Strain-Rate

Fracture Mechanic

19

Method «U-bend SCC test | U-bend SCC test | Test Test Technique | Test
«C-ring SCC test | with crevice (SSRT)
Method of Bendi i P ing | Tensing with Constant loadin
e ending Bending (1%) | Constant loading consto sirain-rate g
Accelerated Strain Strain Stress Stress/ Strain Stress
factor
1.Crack depth 1.Crack depth 1.Time to failure |1.Max.stress-strain | 1.da/dt
2.Time to failure | 2.Time to failure | 2.SCC threshold |2 Max.stress 2. Kisee
0, -
Evaluation stress 3. Fracture mode(% £
z
[=}
A== pl i B
pa} ]
& n E
) Emx & é Kisce .
Cross-section Cross-section & Stress Intensity
of specimen of specimen |Time to failure Stress Factor
teflon
insulator

outside 0

specimen Q |

inside
(d) C-ring specimen

specimen
(Unit:mm)

(a) single U-bend test (b) double U-bend test (c) prestrain reverse

U-bend test

graphite-fiber specimen

“wooi (56410 x2) ”% ik specimen

glass bar

(e) Wicking test

(f) CBB test {g) bent-beam test

(four-point loaded specimen)

Fig. 3 Characteristics of various tests and shape of specimens for SCC studies

b———s0—— .

9 ®

30 #

]
L ] Hit
I i ]
i Fig. 4 Test specimen used for SCC studies
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BETHETOES—RERDOILNERENETE LI
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Fig. 5 Residual tensile stress of specimen REMEF A Eaficl s, FoEAE LR

used for SCC studies

oo I Measuring apparatus
-—{] [r— ooling water ) )
| of electric resistance

—_—

—

’ |

Electrometer

-—THot water Recorder

o

Fig. 6 Schematic diagram of the experimental arrangement used
for SCC studies

30°C, 5N-H,S0, + 0.5N-NaCl

008 susso

600 - O
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~
g 500 b /\ Without Stress ©
o O
8 s00f
b o
1]
S 300f 0
g o
& 200 (@]
= O

100 (®) Q

000°
0 —&0—@—@—8—&-&—&—&—&—&—&—&—&—&—&-&—&—&-&—
0 10 20 30 40 50 60 70 8 90 100
Time / hr
Fig. 7 Change in electric resistance of specimen with time in SCC

test
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WD b0E, RBEERICIER L CEOME & REEZT
LHDEND D,

i), i) REABROBECLEDRREEE L
B
i) 4xTER RO HER

vy FOREEH L CEER RN E B o8 D0 bicfi
2 IEMTEERE LT 5,

iv) pH o%IfE
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Ltk - C, TEE(LOE S e REHE 280 hiE, 8
goREl, ThbbEy FOBREHILTE D, i
L, BiEE7 7 Vb 243 2RI EB TE e,
2) €BEF

i) wInTcHE
IHEREGBRTICEE RS L 2T 0ICEMTH
B, —MRICHEEBIE YEIREG - & Ad T h L B,

30°C, 5N-H,S0, + 0.5N-NaCl, SUS304

Initial Stress;50kg/mm?
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Fig. 8 Relationship between crack propaga-
tion rate and crack depth
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v) f&Et, TFEosE

BB ESHVEIEIERBLERMCBEL SV L
femio TR b, BRI YR Sv X oM
B, miREEEOL B,

v) yavh ==
HAOERILN &G EZ D2 LIk > TIED
BREANEZHIET S0 TH L, Fh, 20 RIZEBIC
it fb Rl 2 EH 2 S H 5,

2) 3L &

(1) FLEOFHEE

LA OMMEIC IFE LA 5 L UMLERIRER O
2N D B, BIAFHRR I BRI 1T 5 7E
EBE&EoO7 /— Fomthiga#kw 30T, Fig. 9@
OEWRD Z &L, JLEREEMOMICFEAE LIcILAD
HABRLT A REE, BLO—EBMCKIT A
BRERR ERHNECE S, S6IEEDERE S CHl
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Table 2 Effect of alloying element on SCC of stainless steels in various solutions

Effect for SCC Test
Element Boiled 45%MgCl Boiled 35%MgCly E"{{,Z%Iig"c/fjgfl

C O O o*

Si O ] ]

Cr X dJ J
Mo X O O

Cu X O O

P X X X

N X X X

N o O o

(O:Effective, X :Non effective
[J:Harmful, *:Effective for IGSCC

(21)
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HRTHMEERTH 5, RETITHBN & L OWER
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EERMEPAET 5RAKETH S, Fig. 10 & L O Fig.
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1 3
Ve V;
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1
(]
Ve
vV
V,: Protection potential V.. Pitting potential
Fig. 9 Schematic polarization curve
of stainless steel in condition
under which pitting may oc-
cur
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(2) ILEDOHEE

SUS304
- 3.5% NaCl, 30°C
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Fig. 11 Anodic polarization curve of
stainless steel
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Specimen

)
1o}
° Potentiostat
O
0 o2
Recorder

]

Reference electrode Electrolytic bath
Fig. 10 Schematic diagram of the experimental arrangement us-
ed for polarization studies
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Fig. 12 Test specimen
used for
crevice corro-
sion studies
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Fig. 13 Anodic polarization curve of
stainless steel specimen with
crevice
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SLOT 1mm wide
0.5mm doop

~=—6° Slot

ST 12° Plateau

® :Specimen

@O @Bolt, nut (M6 x 70m/m, titanium)
® :Washer (titanium)

@ :Parts for formation of crevice (resin)

Fig. 14 Mount for formation of crevice

Table 3 Experimental methods for evaluation of intergranular corrosion

Testing name JIS ASTM Test condition Valuation Detection
H;S04-CuS0Q, corrosion test G0575 A262-70 16%H350445.7%CuSO,+(Cu) | 180° bending Chromium-depleted zone
(Strauss test) -1980 | Practice E | Boiling, 16hr, 24hr or 72hr Electric resistance
Tensile strength
Oxalic acid etch test G0571 | A262-70 10%H,C,0, Peneration rate Carbide
Practice A | Anodic current 1A/cm?
Room tempareture, 1.5min
HyS04-Fey(SO04); corroston test | G0572 A262-70 50%H,50442.5%Fe5(S04)s Weight loss Chromium-depleted zone
(Streicher test) -1980 | Practice B | Boiling, 120hr
65%HNO; corrosion test G0573 A262-70 65%HNO; Weight loss Chromium-depleted zone
(Huey test) -1980 | Practice C | Boiling Carbide
48hr /5times o phase
HNO3-HF corrosion test G0574 | A262-70 10%HNO;+3%HF Weight loss Chromium-depleted zone
(Warren test) Practice D | 70°C, 2hr/2times
HNO3-K;Cry 04 corrosion test 5N-HNO3+KyCr Oy Weight loss
Boiling
CrOs corrosion test 10%Cr0s, Boiling Weight loss
HCI corrosion test 10%HCI, Boiling, 24hr Weight loss
180° bending
EPR test (0580 0.5M-H;S0,4-0.01M-KSCN Max. Value of current | Chromium-depleted zone
30°C

RL, TBELTEETZ20TCROMBERST52
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