0/ X =

ﬁ?]ﬁﬁ@ﬁol ﬁéﬂﬁ%o‘“ 0|X|= BRREL
78| Bt MR

Study on Effect of Solution Temperature on Corrosion
Fatigue of High Strength Steel

B & -

Heonil Yoo

ABSTRACT

A study has been made of the corrosion fatigue of high strength low alloy steel in
“3.5% NaCl solution under tension stress for solution temperature being 25°C, 55°C and
85°C

The main results obtained are as follows;

1) The corrosion fatigue crack growth rate curve could be divided into the First Region,
the Second Region and the Third Region.

2) The corrosion fatigue crack growth rates in the First Region and the Second Region
were Arrhenius temperature-dependent in this test range. The apparent activation
energies for the corrosion fatigue crack growth rate were found to be 2000cal/mol
in the First Region and 3700 cal/mol in the Second Region.

3) Hematite (Fe;03) as the hexahedral crystal and magnetite (Fez O4) as the octahedral
crystal were observed in the corrosion products on the corrosion fatigue fracture surface
at 85°C and the anode fusion seem to be generated in the crack tip region at high
temperature,

4) The complex environment effect ratio which was defined by the ratio of fatigue crack
growth rate in corrosion environment to that in air might be considered not only a
criterion estimating the effect of environment quantitatively but also an important
parameter in the selection of the design stress for the fail safe design. The complex
environment effect was not greater than ten in this test.
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Chemical composition (%)

C Si Mn P

Cu Cr Mo B

0.11 0.28 0.94 0.011

0.005

0.23 0.74 0.42 0.001

o FQAYGFel LT Wl H=% Ags)
P A Bo) ol 1.5me o FLE
Table 30| EA® £ 2 ALolA YAk

Table 2. Mechanical properties

| Yield stress UT.S Elongation
kgt / mm® kgt /mn® %
81 86 21
Table 3. Condition of fatigue precrack
cr'ack Pmaz Pmln .
length R=Pmn| enviro
m kgf kgf Pmas | Nment

0 -0.5| 2600 | 800 0.30 | Air
0.5-1.0 | 2200 800 0.36 | Air
1.0-1.5] 1800 800 0.22 | Air
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Fig.1. Dimension of WOL'CT_ specimen
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Table. 4. Constants from corrosion fatigue crack growth rate curves

(a) 3.5% salt water containing air

rogion temp. 25 °C 55 °C 85 °C ave.
. C 2.45%107% | 3.60x107% | 5.04x107° —
. 3 2.20 2.17 2.17 2.18
I C 1.84x10°° 2.95%107% | 4,72x107° -
0 0 1.23 1.27 1.25 1.25
fatigue in air Cair =377 X 107%, 84y =2.35
(b) 3.5% salt water containing N,
rogion temp. 25 °C 55 °C 85 °C ave,
I C | 4.16x107° 5.55X107° | 3.15x10°° —
) 2.05 2.12 2.24 2.14
I C 9.36X10"* 1.73%107% | 5.59x107* -
: 3 1.36 1.35 1.66 1.46
fatigue in air Cair = 3.77X10°°, dair =2.35 |
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Ft&A4-o] Tl

% ] EEa %1 Eme E Frs) Eb
A= Q; & F3te] Table 5@ < ol v
el E AU Ade @ = 4K %
g 2A WA gon §E4LgdE W

S en FHEY WRMEREE tew 2
o &%

de de'
m= (_d'ﬁ)i/ (W)a

Table 4 28 m2 A 4ste Table 6 i
FATRT 4@, B D WE AG A3}
o ch3-4 6] dojAlch

o o(dey o dey 8
mi — (dN)’/(dN)a_C‘(AK) /

ca( AK)BG = Cni( AK)ai_ 6,;

=y (4K)% %a gxp(—@; /RT) - (6)



(a) Containing air

Table. 5, Apparent activation energy in corrosin fatigue
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3

. cyclic stress intensity kgf -mm™ 2 Q mean
region
50 70 90 150 180 210 cal /" mol
I 2.120 2.090 2.060 - — - 2.090
I - - - 3.710 3.720 3.720 3,720
(b} Containing N,
. cyclic stress intensity kg¢f - m_;} Qmean
region
50 70 90 140 170 200 cal / mol
I 1.720 1.940 2.100 - - - 1.920
I - - - 3.430 3.630 3.790 3.620
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Table. 6. Complex environment effect m

ol &) 8k

(mi)r =10 ®

d
environment [region ﬁ de /N mm/cycle ~ gLN/ (d_f\T *
it 25 °C 55 °C 85 °C air  [25°C | 55°C| 85°C
50 | 1.34%107%1.75X107*|2.45X107*3.71X1075|3.61 | 4.72|6.60
I 70 [ 2.81%107%[3.63%107%|5.09x107%[8.17x107° 3,44 | 4.44|6.23
90 | 4.88X107%[6.27x107¢]8.77X107%1.48X10*[3.30 | 4.24|5.93
3.5% 150 | 8.74X 1074 1.71%107%|2.48%107?/4.90% 107 [1.78 | 3.49|5.06
salt water 1 180 | 1.09%107%2.16X 1073[3.11x107°7.52x107*[1.45 | 2.89]4.14
containing air 210 | 1.32X107%2.62X1073(3.77X107%1.08X107% | 1.22 | 2.43|3.49
50 | 1.26X107%2.22X1074|2.01 X107¢|3.71X107%|3.40 | 5,98 5.42
I 70 12.52X 1074 4.53X107%|4.28%107%[8,17X107° 3,08 | 5.54|5.24
190 | 4.22X 1074 7.71X 1074 7.51X 1074 1.48% 107 | 2.85 | 5.21| 5.07
3.5% 140 | 7.75%107%1.87X107%(2.04x 1073 4,17x107* | 1.86 | 3.29| 4.89
salt water I 270 [ 1.01X107%1,77X107%|2.82X107% 6,58 x107* |1.53 | 2.69| 4.29
containing air, 200 | 1.26X107%2.21%107%{3.69x107%5.63x107*|1.31 | 2.29| 3.83
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Photo, 2, Corrosion fatigue fracture surface at 85°C
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Photo. 3. Magnifying corrosion fatigue fracture surface at 85°C
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