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Abstract

Corrosion fatigue test was performed under rotated bending in 3.5% NaCl aqueous solu-
tion having a temperature from 278°K to 318°K in order to investigate the effects of aqueous
solution temperature on the corrosion fatigue fracture of raw material steel(SS41) and dual
phase steel that was produced from SS41 by a series of heat treatment.

Corrosion fatigue life decreases remarkably with increase in solution temperature or with
decrease in stress level.

The corrosion fatigue life and the crack propagation rate at 303°K show the similar beha-
viors with those at 318°K, which is assumed to be caused by concentration polarization phe-
nomena.

The number and the lengths of microcracks increase with increase in solution tempera-
ture, so they lead to the decrease in corrosion fatigue life.
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Table 1. Chemical composition of raw material
(5541 steel) (wt. %)
C Si Mn P S
0.20 0.25 0.72 0.014 0.017

?i.?

Temperature(°c )
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A(

8

Time ()

Fig. 1 Heat treatment process of dual phase
steel

Fig. 2 Optical micrographs of dual phase steel
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Table 2. Mechanical properties of raw material
(R.M.) and M.EF. dual phase steel

\ tensile elongation reduction Oﬂ
material strength(MPa) (%) area. (%)
R. M. 4864 28.9 62.3
M.E.F. 769.3 16.5 35.6

Table 3. Metallurgical properties of dual phase

steel
ferrite | martensite hardness(Hv)25gf 16)
grain volume connectivity
size(um) |fraction(% ) | martensite | ferrite l ratio (%)
31 | 52 | 543 | 192 | 28 | 97
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Fig. 3 Shapes and dimensions of fatigue test spe-
cimen
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Fig. 4 Circulating system of salt solution for cor-
rosion fatigue test
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Fig. 8 Corrosion crack propagation rate vs.
stress intensity factor range for dual phase
steel
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Fig. 9 Corrosion crack propagation rate vs.
stress intensity factor range for raw mate-

rial(S$41)

ko] 25 A5 slAdEy yaidelste] Fga
HEEEE-S 18] Aol wet dejog wrHE
T oty Bastlnl weld Kk EERe e 8
A& It AKE FHEsksdch Fig 8, 994
{REEI el whet —Mi o 2 B pAAE 7} (2= =
R EHIAEERE s IR, WelkS IR
BEE L7EL 278KE VFez & Ty
AKA M BE7F As el uhel Ho3g o 4 gl
o} =R KRR ZAeE aduye] gEhte] 1
HE 2] RS A9 HIRET A A
22 7R 303°Ket 318°Ke] #4 2 B
e 719 Aolrt gled, oA BHRAEBY K
Wl Zefsliz oo BE} o] fHiel A IR =
= RESBIY 45 7e: F55c

olE RENA ZAMBEFRE 7L 7 scattering
A elhs e EaERY EEE pit %
EFE F opitll A RS Ay z2v)s 8]
ke FA7lsAde] Fobs 7] ool

3.3 EmRavel HEERE
35% NaCl KR4 EEY HEHABM

—144—



35% NaCl k7zmKe BESMLIT HAMKMS] BAERSHEERA fxe & 145

R ERE S-S Fig. 109 viebl ok, &R flo A
2 B8R WHs AR BEEd 2
ojz & wH(step) F7F How, 278K -+ Bl
el A g FHES ¢ 5 Aok O, B
flog ZTE Ay e o & B@inste stepit
Folx ngcl. =¥ KES 74 DollA =74
o2 BEY @ ol  EHRE LK Holx &/
Balo 2 24 #indeg & & Ak )AL, &
el R oR @S fhadel ofxste
choll A R M2 fA AT F ORRK
ol o)=w, HENEh FESA REIT 7 M)
A7 g Held® FABREE Mo”7 HE
of #ingk Aolch H, AeA ZAEIHUR
303°K 9} 318°Koll A BEahik 4530 3 M a4 A%
B> visstd e, Bl WEBEdA
7b choll A B Aol % & FE fAEE & 7
At

by in 2A8* X UB"

{d} in 318° £ {#° 0}

T armar i o

Fig. 10 Macroscopic appearances of the fracture
surfaces

3.4 RERABRE

Fig 112 35% NaCl K#&#AN e $A524
FE Fdolx] B R 1 MRS
o] vlazd-g bl Holch EHHAMMLS pi-

—145—

ttingell o3 Wiz He] B4 - ER H St
Aoz AztAct Ko, SS4188-2 Kol 2EE
g1 (general corrosion) ® ¥, BE £ ¥ A|2HA 7
of we} Wifhe] ERIL sk, BHEPHR}
BAal FellM vlazdE kst 3o #E
2 Aise Ao AR gebx] HEARM
< pittingell o8 Bk vlazde] Fe wot
SS418Kell wla] w]Alede] el ExjFEEA
FadigRe] Ad=EAS Aoz Az
of SIS 2HIEE o BEEE A5
2 EHHA ] Ao r LRIEEA Fa
o] Sol3loelel &%)

(a) dual phase steel

| A
i iy

S
SRR S R SRR IR

(b) raw material(SS41 steel)

Fig. 11 Surface corrosion morphologies ;
dual phase steel shows the pitting, the
raw material the general corrosion

Fig. 12+ HAHAGM oA Hime 29%
ARAE viebd Aolth Ohs-& A MMM 4 5
Ashe T Ee] YA, h/r(h: o], r BK)
= de BEC AU 1.0~159 e 7R
o BEYEZo) ht BWMIIEPREK o] Mine)
vlsted A o] ek Bty ]9} o) M A
Al M RAste WvEe] Y4 A H
fR=lo) glet, Fig 12649} 7o) 899 Mg
hell & Eahvl e WEE ®inste Aok &



146

g B o] FEDEING: BEHEHS et sz,
WA ER REY fhadg4s LoldA
o} o]e} zhe] WAS P AAEL HEAEEM
s A KRS A Hol Fig 120148} zho]
BE ER ue} Boes Y @243 frh=a
Ao) g0} HolE HNsA iz A=)
278°Ke] 745-(Fig. 12(a)), 2493 &< M
NAREe FAYAY AR A 50umeiell &
stz glow, o] WEE Hojus Mhadse
Fad ) GH8stA] okota] BahESFHG HrlE
F2 Foha Hojzich wylh o]zigt £
A3t FAAAY A2 A9 24AAHQ
=HA oA, Hfiel M= ZAEER Qs

(a) in 278°K(5C)

(b) in 288°K(5C)

() in 303°K(30C)

—146—

GitehE - ERHRAL - AhERER - BTERE - SR

(d) in 318°K(45T)

Fig. 12 Surface corrosion morphologies of the
dual phase steel

o] A5 wl(step)o] HA elhta ik 1
v, Bl A, A EES #wlhad s fE
fFRo 2 <3t &2 50umel 4 300~500
pmE HEmEe] glom, fhaHe] ol oF 10
00um7H#] ARE e As ¥ 4 ok

. A= =

4. %

£
af

SS415M7 B &M sl 35% NaCl X
BEAA BES BEA A FMFY A2AE7=

BEY R <94 R o33 2o
D BE7 BTS2, BaESEaS Bl st

don WEESZAEREEE MEbE ok

2) 303°Ke} 318°)Ke] BERE A S—N st
TR T AERER 7T A9 A3k AL BE
wige] iR o 2o)c),

3) BEEnel wal, #Hfel pitghA o]l o] =
IRt G AeE mnge < 5
el

4) SS41e o] 2HEEASE W, HE
M-S pitting@hel S Jehdch

2 E XM

1) American Society for Metals, “Metal Hand-
book”, Vol. 8, Mechanical Testing, pp. 403~
421, 1985.



2)

3)

4)

5)

6)

7

8)

9)

35% NaCl K#&®Ke BESLIL HEEMMS BMESEHEA Ve BE

AAMKIREG, “WHBORADES", HEH
KR RIZ30FAFELE, pp. 13~17, 1982
AAGREE, "Bk, A% - 5, HIK
BSHET, 58544, pp. 360363, ALER &,
B, 1981

SHES B, BAFSRGHED, Ml %, ‘X7 L
WMOBBES SZERICRIITHREA A VR
EOYE", HABMEBERUEAR, H48%
52436%%pp. 1489~ 1495, 1982.

Komai, K., and Nagano, S., “Influence of St-
ress Cycle Frequency and Stress Ratio on
Corrosion Product —Induced Wedge Effects”,
JSME(A), Vol. 52, No. 476, pp. 867~874, 19
86.

Okada, T. and Hattori, S., “Relation between
Concentration of Salt Water and Corrosion
Fatigue Strength on 0.37 Percent Carbon St-
ructural Steel”, Journal of Engineering Mate-
rials and Technology, Transactions of the
ASME, Vol. 107, pp. 235~239, 1985.

Satio, T. “Kinetics of Corrosion Fatigue
Crack Growth in High Strength Low—alloy
Steels in 3.5% NaCl Aqueous Solution”, Tra-
nsactions ISIJ, Vol. 24, pp. 1055~1062, 1984.
Ritre, EHIR, WA, &RE, 5N
o} ek EfRRER oA REKRES
HE, mERETReEE #2248 #2585, pp
278~286, 1988.

Ritthe, EHR, “HAHEMS WaES Y
o &+ 35% NaCl K&EHKS pHe} BTk
B HR7, KBERBGRUE, F11E F6
8%, pp. 867~876, 1987.

—147—

10)

11)

12)

13)

14)

15)

16)

147

Faskes, C. E., Broek, D., Stater, F. E. and
Anderson, W. E., “Corrosion Fatigue of Stru-
ctural Steels in Seawater and for Offshore
Applications”, ASTM STP 642, pp. 19~47,
1978.

Nishijima, S., Abe, T., Masuda, C., Hirukawa,
H., “Corrosion Fatigue Property and Freque-
ncy Effect of Low Alloy Steels in Salt Water
under Rotating Bending”, JSME(A), Vol. 51,
No. 461, pp. 156~160, 1985.

Fontana, Ms. G., Greene, N. D., “Corrosion
Engineering”, McGraw—Hill book Company,
pp. 305~317, 1967.

RitfE, Bk E, “ElE S e 2T e
BSBR) ZYERA A% WREEI”,
KRB, #4468 H29% pp. 149~161,
1974

Tokaji, K., Ogawa, T., Harada, Y., Ando, Z.,
“Limitation of Linear Elastic Fracture Me-
chanics for Growing Small Fatigue Cracks
and Its Dependence on Microstructure”,
JSMS, Vol. 34, No. 385, pp. 1160~1166, 1985.
Tokaji, K., Ogawa, T., Harada, Y., “Evaluation
on Limit of Linear Elastic Fracture Mecha-
nics for Small Fatigue Cracks under Rotating
Bending”, JSMS, Vol. 35, No. 391, pp. 394~
400, 1986,

Kunio, T., Shimizu, M., Yamada, K., and Su-
zuki, H., “An Effect of the Second Phase Mo-
rphology on the Tensile Fracture Characteri-
stics of Carbon Steels”, Eng. Fract. Mech.,
Vol. 7, No. 3, pp. 411~417, 1975.



