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Variation of Martensite Lath Width and Precipitate Size during Creep
Deformation in a 10Cr—-Mo Steel
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Abstract

The relationship between creep deformation and microstructural changes in martensitic
10Cr—-MoW steel has been studied. Transmission electron microscopy and image analyser
were used to determine the variation of precipitates and martensite lath width size during
creep deformation and aging. As precipitates are coarsened during creep deformation,
dislocations become easy to move and the recovery proceeds rapidly. This leads to the
growth of lath width. The average size of precipitates was linearly increased with creep time.
On the other hand the growth rate of lath width is constant until tertiary creep, but the
growth of lath width is accelerated during tertiary creep. It has been concluded that the
growth behavior of lath width are consistent with creep deformation. Because the growth of
lath width is controlled by the coarsening of precipitates it is important to form more stable
precipitates in creep condition for improvement of creep properties of martensitic steel.
Microstructure of martensitic steel is thermally very stable, so the size of precipitates and

martensite lath width are hardly changed during aging.
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Table 1 Chemical composition of 10Cr-MoW steel

C Si Mn Ni Cr Mo V Nb W N

10Cr-MoW 018 009 047 042 987 049 020 020 2.01 0.02

Table 2 Weight percent of precipitates during creep deformation

As-tempered 1000hr 1500hr 2000hr 2500hr
wt.2% 3.23 3.69 4.49 4.8 4.85
25
20
st
5 10 | H
v
5 —
I 7_—7.-—_/_/___-—/-—/—-_-/
0 0 . 5(IJO . 10I00 . 15I00 . ZOIOO . 25I00
Time(hr)

Fig. 1 Creep curve (o= 195MPa, 600°C)




Fraction (%)

Fraction (%)

50

404 % As tempered
30

20

10

0 W T 1 T 1 T % —Ezaa

0-2 2-4 4-6 6-8 8-10 10-12
Precipitate Size (x10nm)

50
40 after rupture, gage
30

20
10 %

0 T f T f % % a7

6-8 8-10 10-12 12-14 14-16 16-18 18-20

Precipitate Size (x10nm)

50
404 crept for 1500hr, gage
~ - %
g 30
<
c
o
k5
& 20
I
10 %
0 I777I777|' T T T T T T T T T T T T T
0-2 24 46 6-8 8-10 10-12 12-14 14-16 16-18
Precipitate Size (x10nm)
50
40 - 7 after rupture, head
g 304
<
=
Qo
3]
S 20
°
I
10 %
0 T T T T f f T
0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16

Precipitate Size (x10nm)

Fig. 2 Change of precipitates size distribution during creep deformation
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Fig. 3 Variation of precipitates size with creep deformation



(c) (d)

Fig. 4 TEM microstructure of 10Cr-MoW steel (a) as tempered
(b) crept for 1500hr, gage (c) ruptured, gage (d) ruptured,

threaded end
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Fig. 5 Change of size distribution of lath width during creep deformation
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Fig. 6 Variation of lath width with creep deformation
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Fig. 9 Change of Mo and W concentration in

matrix during creep deformation
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Fig. 10 Schematic illustration showing the microstructural change during creep

deformation (a) after tempering (b) before tertiary creep (c) after rupture
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