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Table 1 The conditions of solution and aging
treatments.

No.  Solution treatment Aging treatment

1 807K for 3.6ks 443K for 18.0ks
2 807K for 10.8ks 443K for 18.0ks
3 773K for 36.0ks 443K for 18.0ks
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Fig.1 Typical 3D rendered perspective views of tomographic data, representing the distribution of pores
in the materials that had been solution-treated at (a) 807K for 3.6ks ( V,= 0.044% ) ,(b) 807K for 10.8ks

(V,=0.072% ) and (¢) 773K for 36.0ks ( V,=0.111% ). V;is volume fraction of pores.
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Fig.2 3D rendered perspective views of tomographic data, representing the distribution of pores in the
three different specimens that had been solution-treated at 773K for 36.0ks.(a)V, =0.019%, (b) V,=

0.111%, (¢) V= 0.323%.
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Fig.3 Results of quantitative analysis representing relationships among volume fraction, number density

and diameter of what;(a)average diameter and (b)maximum diameter.
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Fig.4 Results of quantitative analysis on various
morphological parameters in each condition.



102

(a)807K-3.6ks

101 5

100

10—1 -

Normalized number density

0o 200 400 600 800

Diameter of pores , d / pm

102
(b)807K-10.8ks
10] -

100 -

10! f

Normalized number density

L

0o 200 400 600 800
Diameter of pores , d / pm
102
z (c)773K-36.0ks
g
o] 101 L
2
g
=} L
E 100
IS
S
E101}
o
Z i A A

) 200 400 600 800

Diameter of pores , d / um

Fig.5 Histogram of normalized number density of
pores at all specimens that after (a)807K for 3.6ks
(b)807K for 10.8ks (c)773K for 36.0ks solution
treatment.



—_ — —_ —

b A [*)) ~

S O O O
T T T

~h

Maximum stress, o,,/ MPa
@
(=}
T

110
Look 807K-3.6ks —s

90 1 1 1
104 103 106 107 108
Number of cycles to failure, N/ cycles

Fig.6 S-N curves in the fatigue tests .
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Fig.7 Classification of the data points shown in
the S-N plots of Fig.6 according to the level of

volume fraction of pores.



Maximum stress, o,,/ MPa

—
~
S

ODOA No fracture
160 OOA Fracture not from
pores
150 OmA Fracture originated
L4 from pores
140 773§-36.01<SA_>
130
110
100 807K-3.6Ks —s
90 1 1 1
10* 10° 109 107 108

Number of cycles to failure, N/ cycles

Fig.8 Classification of the data points shown in
the S-N plots of Fig.6 according to the fracture
originated from pores near specimen surface.
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(a) 3D views of pores in the specimens that have been obtained by
superposing 3D images captured before and after the fatigue tests.

Crack initiation \ Crack initiation /
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(b) 3D views of the fatigue fracture surface together with pores that
caused fatigue fracture.

Fig.9 3D rendered perspective views of tomographic data, representing the spatial relationships between
fracture surface and pores that had been solution-treated at 773K for 36.0ks. Specimen A: Ve= 0.019 %,
0, = 130 MPa, N = 2.2 X 10 cycles. Specimen B: V,=0.111 %, o, = 145 MPa, N = 2.9X10° cycles.
Specimen C: V,= 0.322 %, g,, = 140 MPa and N = 4.2 X 10° cycles.
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(a) 3D view of pores in a specimen that has been
obtained by superposing 3D images captured
before and after the fatigue test.

Crack initiation

(b) 3D views of the fatigue fracture surface
together with pores that caused fatigue fracture.

Fig.10 3D rendered perspective views of
tomographic  data, representing the spatial
relationships between fracture surface and pores
that had been solution-treated at 807K for 3.6ks. V;
=0.397 %, o,, = 145 MPa and N= 1.0 X 103 cycles.
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