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Microvoid nucleation in X80 pipeline steel
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ABSTRACT Inclusions and MA islands in X80 pipeline steel were observed and their statistical size characters were obtained by
scanning electron microscopy and transmission electron microscopy. The mechanism of microvoid nucleation in X80 pipeline steel was
studied through a series of tensile tests with different necking degrees. Microvoid nucleation firstly occurs around calcium treatment in—
clusions at the early necking stage while at the deep necking stage microvoids nucleate by decohesion of MA island/matrix interfaces.
Finally the tensile process was analyzed the curves of true stress to true strain of X80 samples were determined and the strengths of
calcium treatment inclusion/matrix interfaces and MA island /matrix interfaces were calculated by the finite element method.
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Table 1 Chemical composition of X80 steel %
C Mn Si S P Nb Mo \ Ti N Al
0.025 1.85 0.30 0. 004 0. 006 0. 047 0.25 0. 005 0.021 0.007 6 0.015
2 X80
Table 2 Transverse tensile mechanical properties of X80 steel
R 2 /MPa Ry s /MPa R, 5s/MPa R, /MPa A, 1% Ay 1% Al%
1 540.0 541.4 593.62 714.1 10. 00 10. 37 27. 41
2 547.0 548.0 601. 04 713.0 9.59 9.97 27.19
GB/T 228.1—2010 1 : »
A,(10%)
2% 2.2 X80
X80 X80
FEI Quanta400
( SEM) 1 436
JEM—2000FX TI ( TEM)
MA 1.5~5pum 95% 2.66
Mm
50
40
IS
o 30r
E 20+
&
101
2 ]
0 1 1 L |_| 1 H 1 |_| 1 H 1 1 H 1
1.5 20 25 3.0 35 40 45 50 6.0
2.1 X80 AR5 B [ um
3. .
3 Fig.1 Statistical histogram of inclusion size
Table 3 Specimen necking size records after extruding
2.3 X80 MA
( (
) /mm ) /mm /% 2 MA (
3 9.51 9.70 10 ) X80
4 9.28 9.42 12
5 8.31 8.96 14
6 7.82 8.73 16
7 6.73 8.00 18
8 6. 44 7.80 20 MA
3
9 5. 69 7.35 22
10 4.63 5.51 27
MA
3 10% Wang X70 MA
pm MA X

X80
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Fig.2 TEM micrographs of MA islands: (a) MA islands localized at the subgrain boundaries of acicular ferrites; ('b) concentrated MA islands
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Fig.3 Microvoid nucleation for the samples of 14% engineering strain: (a) microvoid at the center of the necking area; ('b) energy spectrum at the

crosshead point; (¢) energy spectrum at the arrow point
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Fig. 6 Stress and strain contours at the necking section with an engineering strain of 14%: ( a) equivalent stress contour ( unit: MPa) ; (b) equiva—

lent strain contour
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