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The Effect of Postweld Heat Treatment on Creep Embrittlement
of Cr-Mo Steels

Toshio TAKAMATSU, Yasuo OTOGURO, Kazuhide SHIOTSUKA, and Katsukuni HASHIMOTO

Synopsis:

The effects of PWHT (Postweld heat treatment) on creep embrittlement in weldment of Cr—Mo steels
for use of boiler and chemical reactor vessels were investigated.

The correlation among rupture ductility, density and damping capacity was also investigated.

The following results were obtained.

(1) The rupture ductility of HAZ (heat affected zone) increased with increasing PWHT temperature.

(2) Intergranular cracking which reduced the ductility was observed under an optical microscope in
the earlier period of the secondary creep stage when PWHT had been carried out at lower temperature.

(3) The creep embrittlement of HAZ generally corresponded with decreasing density and increasing
damping capacity.

(4) The creep embrittlement of HAZ of 1Cr-1/2Mo stecl was severer than that for 2 1/4Cr-1Mo steel.

(5) The service temperature where the severest embrittlement occurred was between 500 and 550°C

for the HAZ of 1Cr-1/2Mo steel and between 550 and 600°C for that of 2 1/4Cr-1Mo steel.
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Table 1. Chemical compositions of steels used in the experiment (wt%).

Material ™

Element C SI Mn P S Cl"

Mo |Cu | As | Sn | Sb | Al N

A387-12 | 0.130.25|0.59 |0.010/0.004| 0.90

0.48 | 0.03 |0.004/0.002|0.002/0.002/0.0060

A387-22 10.09|0.29 | 0.51 |0.012/0.005| 2.27

0.97 | 0.02 (0.003|0.002<0.003{<0.002(0.0068

Table 2. Heat treatment conditions.

B.M 910°C X 60min.AC +730C X 30min.AC |+PWHT
A387-12 Peak temp. 1350C )
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Fig. 1. Heat cycle of synthetic HAZ.
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Fig. 2. Geometries of the specimens.

Table 3. Post weld heat treatment conditions.

A387-12|650C X 3h |690C X 3h|720C X 3h|750°C x3h
A387-22 1690 X 3h |720C X 3h(750°C X 3h|780C X 3h
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Fig. 3. Creep rupture properties of synthetic
HAZ specimens of A387-12 steel postweld
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Fig. 4. Creep rupture properties of A387-12
postweld heat treated for 3h at 720°C.
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Fig. 5. Creep rupture properties of synthetic HAZ
specimens of A387-22 steel postweld heat
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Fig. 8. The effects of PWHT temperature on
hardness and tensile strength at 550°C
for synthetic HAZ specimens of A387-12
and A387-22 steels.
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Microphotographs of synthetic creep ruptured specimens.
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Table 4. Tensile properties after various thermal
histories for A387-12 steel quenched for

5min at 1250°C and postweld heat
treated for 3 h at 675°C

02%p.s| Ts. EL | RA
kg/mm? %

N+T+675C x3h FC| 24.9 | 35.6 | 33.9 | 86.0
As QPWHT | 44.4 | 50.1 | 222 | 85.3
oo e | 41.9 | 480 | 204 | 826

Thermal history

Cree

p
(550, 16kg/nn? 48n)| 40.7 | 46.8 | 23.4 | 81.2

Creep 405 | 46.1 | 19.3 | 83.0
(650C. 16ke/m> 1200 407 | 47.2 | 187 | 67.6

Q+675C x3h FC

Creep 408 | 46.9 6.7 | 19.3
(550C, 16ke/nn’ 2160 g 4 | 42.2 27 6.2

?
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Photo. 2. Microphotographs of synthetic HAZ specimens of A387-12 steel creep tested at

550°C under stress of 16 kg/mma?.

Table 5. Tensile properties at 550°C for synthetic HAZ specimens of A387-12 and
A387-22 steels before and after creep test.

Before creep test

After creep for 500h at 550C

PWHT condition| Tg

kg /mm? %

E. |RA | TS| E. [RA | ¢ |t/tr

kg /mm? % kg/mm? 2%

650C x3h FC | 50.2 | 455 | 884 || 432 | 380 | 555 | 19 | 50

750C X3h FC | 421 | 515 | 86.0 | 354 | 57.0 | 843 | 175 | 50

690C X3h FC | 494 | 535 | 889 | 445 | 410 | 750 | 22 | 53

A387-22|A387-12) Steel

780C X3h FC | 39.1 | 58.0 | 853 | 322 | 65.0 | 866 | 13 53

- ‘ t:creep test time(500h), tr: creep rupture time
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Fig. 9. The effect of PWHT temperatute on
change in density for A387-22 steel creep
tested for 500 h at 550°C.
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Photo. 3. Scanning electron micrographs of synthetic HAZ impact spacimens

for A387-22 steel.

Table 6. Young’s modulus of simulated HAZ of 1Cr-1/2Mo steel after

embrittlement.
Stress Heating t/tr | %1 fo *2 E
Specimen (kg/mm?) | condition | (%) | (Hz) | (kg/mm?)
BC12 16 B50TC X48h | 12 210.1 | 2.08%X10*
BC30 16 550°C X 120h| 30 209.1 | 2.06X%10*
BC5H4 16 550°C X216h | 54 2009 | 208X 10°
BH12 S 550°C X48h | — 209.8 | 2.07X10*
BHb54 — 550°C X216h| — 209.7 | 2.07x10*
BSR — No heating | — 210.7 | 2.09x10*

*, Resonance Frequency,

*2 Young’s Modulus

* Heat treatment condition: 1250C X 1min—=W.Q, 675°C X3h—F.C.
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Fig. 12. Stress to rupture time curves at various
test temperatures for A387-12 steel.
(PWHT : 720°Cx 3 h—F. C.)
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Fig. 13. Stress to rupture time curves at various
test temperatures for A387-22  steel.
(PWHT : 720°C x 3 h-»F.C.)
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Fig. 14. Relation between rupture ductility and
Larson-Miller’s parameter for A387-12

steel
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Fig. 15. Relation between rupture ductility and
Larson-Miller’s parameter for A387-22
steel.
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