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Relationships between Stress Relief Embrittlement, Microstructures

and Fracture Appearances in Pressure Vessel Steels

Synopsis :

Masaaki KATSUMATA, Kenji KOIDE and Haruo KaJi

It has been known that degradation of toughness in steels accompanying with a decrease in strength
occurs in prolonging stress relief (SR) annealing during the fabrication of pressure vessels. This degrada-

tion of toughness was named SR embrittiement.

The relationship between SR embrittlement and micro-

structure and fracture appearance was investigated in 1.5Mn, 1.5Mn-0.5Mo, 0.5Mn-1Cr-0.5Mo and

0.5Mn-2.15Cr-1Mo steels heat-treated to martensite structure.

725°C.

SR annealings were carried out at 600 to

Carbide size, inter-carbide distance and subgrain size were increased with the progress of SR annealing.
Increases in manganese, chromium and/or molybdenum suppressed the growth of carbide and subgrain and

caused to retard SR embrittlement.

SR annealing did not change cleavage facet size of Charpy impact fracture surface except for Mn-Mo
steel, but increased the distance of tear ridge within cleavage facets in all the steels. The amount of plas-
tic deformation, measured by X-ray line broadening, in cleavage surfaces was decreased by SR annealing.

It is considered that SR embrittlement is mainly caused by a decrease in cleavage fracture strength due

to decrease in plastic work done for crack extension.
crease in distance of a substructure boundaries related to the formation of tear ridge.

The decrease in plastic work was induced by an in-

Since cracking of

carbides themselves or cracking between carbides and matrix occur in a steel containing carbides of more
than 1 pm in diameter, that also decreased cleavage fracture strength and then caused SR embrittlement.
Key words : stress relief embrittlement ; pressure vessel steel ; microstructure ; carbide ; subgrain ; frac-

ture appearance ; cleavage facet ; tear ridge.
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Fig. 1. Relationship between 50% brittle fracture
transition temperature (,T,;) and tempering pa-
rameter in Steels A(0.15C-1.5Mn), B(0.35C-
1.5Mn), C(0.16C-1.4Mn-0.5Mo), F(0.14C-
0.5Mn-1Cr-0.5Mo) and H(0.12C-0.5Mn-2.15Cr-
1Mo).
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a) P=19.0 b) P=21.4
Photo. 1. Change in carbide size with stress re-
lief annealing in Steel F.
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Fig. 2. Changes in mean diameter (d.), maximum
diameter (d ™), inter-particle distance (D) of
carbide with stress relief annealing in Steel A, B,

C and H.
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Table 1. Change in carbide species with stress
relief annealing.

Tempering parameter
Steel Carbide

17 18 19 20 21 22
| ! | | | [
A M;3C d d — d d
M;3C d d d d
C, F Mo,C - n d. d d d
M23Cgq . n. d. n. d. n. d. d
M3C - d d n. d. n. d.
Mo,C — n. d. d d n. d.
H M;C3 — n. d. d d d
M23C6 T n. d. d d d
MgC — n. d. n. d. d d
d : Detected n. d.: Not detected — : Not examined

a) P=19.0 b) P=21.4
Photo. 2. Change in sub-structure with stress re-
lief annealing in Steel F.
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Fig. 3. Change in mean subgrain size (d,) of tem-
pered martensite with stress relief annealing in

Steel C, F and H.
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Photo. 3. Coarse recrystallized ferrite obserbed
at tempering parameter of 20.3 in Steel C.

a) P=19.0 b) P=21.4
Photo. 4. Change in appearance of cleavage frac-
ture surface with stress relief annealing in Steel F.

— 160 —



FENESRBMOISERESE S & LKL 3 7 vl R CIRERAH O BR 365

7 Steel T7
10f ©A 7
a B /'
~ 8l v C Lo
£ aF El
2 6 4 /
Ld
=< LE /.ﬁ:‘{/A/
?E:::-r_vn"*'1
2
o]
]

a0k W‘:S:
= /

30 ¢
g ¥
-
2 201 T/

10 =vu——-=.—_vu.-;v:: T

1 1

c L 1 L 1
16 17 18 19 20 21 22 23
Tempering parameter

Fig. 4. Changes in mean cleavage facet size (/)
and mean tear ridge distance (/,) with stress relief
annealing in Steels A, B, C and F.
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Fig. 5. Change in amount of plastic deformation in
the direction vertical to fracture surface measured
by changing X-ray penetration depth in Steel A.

Table 2. Plastic deformation, measured by mi-
cro-Raue X-ray method, in cleavage fracture facets

of Steel A.

Half width (mm)

Tempering parameter
Surface fractured at—196°C  Surface polished

18.5 7.3 3.9
21.5 4.5 3.8
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B 18 0.13 0.50 0.40  0.25 42 2.6 40| \
C 18.5 0.14 0.50 0.66 0.50 8 2.8 i
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Fig. 8. Schematic representation for change in
+ 1.5 by stress relieving.
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