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Study on PWHT Embrittlement of Weld HAZ in Cr-Mo Steel
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Abstract

Post weld heat treatment (PWHT) of weldment of the low alloy Cr-Mo steel, in general, is
carried out not only to remove residual stress and hydrogen existing in weldment but to improve
fracture toughness of weld heat affected zone (HAZ). There occur some problems such as tough-
ness decrement and stress relief cracking (SRC) in the coarse grained region of weld HAZ when
PWHT is practiced.

Especially, embrittlement of structure directly relates to the mode of fracture and is appeared
as the difference of fracture surface such as grain boundary failure.

Therefore, in this paper, the effect of heating rate on PWHT embrittlement under the various
kinds of stresses simulated residual stress in weld HAZ was evaluated by COD fracture toughness
test and observation of fracture surface.

Fracture toughness of weld HAZ decreased with increment of heating rate under no stress, but
it was improved to increment of heating rate under the stress. Grain boundary failure didn’t
almost appear at the heating rate of 600°C/hr but it appeared from being the applied stress of
294 MPa at 220°C/hr and 196 MPa at 60°C/hr.
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Table 1 Chemical compositions and mechanical
properties
(a) Chemical compositions (wt%)

C lSi‘Mn\P S CuINi cr| Mo

0.193

0. 39.0. 26‘0. 72} 0. 025l 0. 008{ 0. 002|0. 02/0. 98

(b) Mechanical properties

Tens&e/I lg;x;ength Yleld( ﬁtlg:;xgth Elongation (%)
020 | 655 19.2

Rolling
direction

10x10x55 mm
10x10Xx70mm

Fig. 1 Welding plate configuration and extraction
of specimen

Table 2 Welding conditions(submerged arc welding)
Heat | Pre- Current | Voltage [Welding| Wire
input | heating speed

temper-
ature (cm/.
(kJ/cm)| (°C) (A) ) min); (mm)
30 | 200 | 500 | 30 | 0| 32
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Fig. 2 Heat treatment conditions (heating rate)
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Fig. 3 Relation between critical COD and test temperature for heating rate (PWHT conditions :

650°C, 1/4hr)
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Fig. 4 Relation between (4T:)s-0 and heating rate
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Fig. 5 Relation between (4T%).., and applied stress
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Fig. 6 Hardness distribution in HAZ after PWHT (heat input: 30 KJ/cm, applied stress: 98MPa,

PWHT conditions : 650°C, 220°C/hr, 1/4hr)
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Fig. 7 Relation between Hv/(Hv)o-o and heating
rate for applied stress
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Fig. 8 Relation between (4T:)o-0 and Hyv/(Hv)oo
for heating rate
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(a) Heatmg rate : 600°C/hr

Fig. 9 Difference of fracture surfaces for heating rate during PWHT (stress :

(b) Heatmg rate : 220°C/hr .

(c) Heatmg rate : . 60°C/hr
0 MPa)

(a) Heating rate : 600°C/hr

(b) Heating rate : 220°C/hr

(c) Heatmg rate 60 /hr

Fig. 10 Difference of fracture surfaces for heating rate during PWHT (stress : 98 MPa)
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(a) Heating rate : 600°C/hr
Fig. 11 Difference of fracture surfaces for heating rate during PWHT (stress : 196MPa)
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(a) Heating rate : 60°C/hr
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Table 3 Evaluation of fracture surface due to the
change of heating rate

“Heating rate
600°C/hr | 220°C/hr | 60°C/hr
Stress
0 MPa X X X .
98 MPa X X o M
196 MPa > I M 0
204 MPa | M 0 0

X : Nothing grain boundary failure
M : Mixed grain boundary failure and dimple
O : Grain boundary failure

(b) Heating rate : 220°C/hr

(b) Heating rate : 220°C/hr
Fig. 12 Differnce of fracture surfaces for heating rate during PWHT (stress : 294MPa)

(c) Heating rate : 60°C/hr

(c) Heating rate : 60°C/hr
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