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The cavity damage evolution of heat-resistant
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Abstract; Creep testing was conducted on two types of welded joints made of martensitic heat-resistant
steel (F92/Co3W2 and Co3W2/Co3W2) at temperatures ranging from 873 K to 948 K and stress levels
ranging from 105 MPa to 250 MPa. The Larson-Miller parameter method was employed to extrapolate
the allowable creep fracture stresses for a service life of 100 000 hours at various temperatures. Addi-

tionally, the cavity damage mechanisms under different creep conditions were investigated. As the ap-
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plied stress decreases, the location, mode, and mechanism of fracture in both types of welds transition
from transgranular plastic fracture in the base metal to intergranular brittle fracture in the fine grain
heat-affected zone (termed type [V fracture). It was observed that cavities undergo a sudden change
when the fracture mode shifts from plastic to brittle fracture. Specifically, cavities associated with plas-
tic rupture exhibit larger size but smaller number density, while cavities associated with brittle rupture
show smaller size but greater number density. When the fracture mode remains the same, the cavities
exhibit an increase in size, quantity, and area fraction as the stress decreases. Notably, a coalescence
phenomenon was observed for cavities near the type [V fracture site, with the coalescence direction being
perpendicular to the tensile direction.

Keywords: Heatresistant steel weldment; Type [V fracture; Creep damage; Cavities; Larson-Miller pa-
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Tab.1 Chemical composition of two martensitic heat-resistant steels (wt. %)
ok C Si Mn P S Ni Cr Co W \ Nb N Al B Cu
F92 0.103 0.42 0.56 0.0060 0.0010 0.48 8.70 — 1.70 0.182 0.064 0.041 — — 0.040
Co3W2 0.110 0.03 0.11 0.0081 0.0024 0.33 10.18 3.32 1.67 0.150 0.064 0.024 0.0025 0.0016 —
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Fig. 1 High temperature tensile creep fracture specimen of heat resistant steel welders
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Tab. 2 Tensile creep test results of heat resistant steel welders at high temperature

s

L] Wie

B Wt WK A/MPa EH/h Mg/ % iy DR Wia

1% F92/Co3W2 873 200 80 73.0 9.9 il F92 B}#f

2% F92/Co3W2 873 190 134 73.0 10.0 il F92 1144

3% F92/Co3W2 873 180 324 73.0 11.0 il F92 B4t

4% F92/Co3W2 873 160 1260 69.0 9.8 AP F92 £14f

5% F92/Co3W2 873 150 2735 62.0 8.0 il F92 B:4f

6% F92/Co3W2 893 140 1134 71.0 12.0 il F92 Bl#f

7% F92/Co3W2 893 120 4775 9.6 2.3 fra F92 4 i AR IX.
8% F92/Co3W2 893 115 6051 12.0 2.2 K3 FO2 2 i S ) X
9% Co3W2/Co3W2 898 250 74 52.0 8.7 s Co3W2 144

10% Co3W2/Co3W2 898 195 1589 8.8 2.4 Ja e Co3W2 4l i3I X
11# Co3W2/Co3W2 923 180 578 1.0 3.2 Mt Co3W2 4l iy #5E 1 [X.
12% Co3W2/Co3W2 923 165 960 8.2 1.8 i Co3W2 4l ffs #4521 [X.
13% Co3W2/Co3W2 923 150 1178 7.5 1.7 it Co3W2 2 & #G i [X.
14% Co3W2/Co3W2 948 105 1153 7.5 1.5 fa Co3W2 2 fts #A 5 M [X.
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(a) 5*: 873 K, 150 MPa (b) 6*: 893 K, 140 MPa (c) 8": 893 K, 115MPa
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Fig. 2 Fracture morphology of F92/Co3W2 welded joint

(a) 9*: 898 K, 250 MPa (b) 10*: 898 K, 195 MPa (c) 11%: 923 K, 180 MPa
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B 3 Co3W2/Co3W2 JF 445k W v K 5%,
Fig. 3 Fracture morphology of Co3W2,/Co3W2 welded joint
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Fig. 6 Creep damage mechanism of two fracture forms
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Fig. 7 Creep life prediction based on LMP
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Tab. 4 Allowable stress extrapolation of F92/Co3W2 and
Co3W2/Co3W2 welds at different temperatures for
100 000 hours based on LMP method

SR AR BT WMEE/K RS/ MPa
873 93.5
F92/Co3W2 LMP
893 73.4
898 82.8
Co3W2/Co3W2 LMP 923 42.5
948 2.26
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(a) 6%, 893 K, 140 MPa; (b) 8%, 893 K, 115 MPa
Fig. 8

Statistics of cavity distribution at fracture under

two fracture forms'®*

(a) 67, 893 K, 140 MPa; (b) 87, 893 K, 115 MPa
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(a) 873 K, 200 MPa, ##i; (b) 873 K, 160 MPa, ##7; (c) 893 K, 140 MPa, ##; (d) 893 K, 115 MPa, Atk ;
(e) 898 K, 250 MPa, Atir; () 898 K, 195 MPa, Atii; (g) 923 K, 165 MPa, Jelf; (h) 923 K, 150 MPa, # i
Fig. 9 Photo of cavity distribution in the center of high temperature creep fracture of heat resistant steel
(a) 873 K, 200 MPa, plastic fracture; (b) 873 K, 160 MPa, plastic fracture; (c¢) 893 K, 140 MPa, plastic fracture;
(d) 893 K, 115 MPa, brittle fracture; (e) 898 K, 250 MPa, brittle fracture; (f) 898 K, 195 MPa, brittle fracture; (g) 923
K, 165 MPa, brittle fracture; (h) 923 K, 150 MPa, plastic fracture
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Tab. 5 Statistical results of hole at fracture of weldment

FE i 4 5 1% 2% 3% 4% 5%

7 8 9% 10% 11+ 12# 13# 14%

BB /(A /mm?) 136.6 138.9 141.1 146.8 148.3 158.7

TR % 2.5 2.6 2.8 3.5 4.3

472.1 561.0 187.9 216.3 321.4 525.4 690.5 723.8

3.5 4.9 3.6 1.8 2.3 2.6 3.4 4.1

4 & it
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Mrib AR 2 H R A AL, 25 TR AR % 2
W R =X B B 2 40 1 DRI 4 2 728 SRy 24 o AGY
M DX 7 s B IV AR T 8L, 3 3 AL ) by AT &
DAL T P43 2 3 B S PN BT 1) 40 2R TR 6 R 21
Mg Ak, KA X — % A2 G BN T e (F92/
Co3W2) € (120, 140) MPa, 6. (Co3W2/Co3W2) €
(195, 250) MPa. %:F LMP ¥ 150 i4 IR 7% 75 fir
100 000 h AR I 7 3406 2 TR oK.

(2) FE I H PR VR 24, B AR 23 3 2 2 IR T
i Rr PN e 2% ik £ AR ASURE A R AL Bl |
AL 2480, 25 T F A Sk R B /D7 Y RRAE. (]
— Wi L Bl N 198 S AR R AR £, F92/
Co3W2 3k iy as i B B i 873 K i 17 (200
MPa) {4 136. 6 4~/mm?” ¥ i %] 6% (140 MPa) 1y
158. 7 A~ /mm® , F A4 2. 5 Y38 5. 5%.

(3) IR 7 WP e 4 st 528 i KL o S
i Laves SEAHAT A K, By g g ks
T BB AR ANE I 25 TR A I8 32 10 7 ) 3 L
T 377 s P T 1A T A S /N B 27, TRl —
W 24488 X, 23 3 il 1 g 98 b AR K AR &, Co3W2/
Co3W2 23k ()75 TR %5 % B2 i 107 (195 MPa) (1)
216. 3 ~/mm’ ¥4 Jin ] 147 (105 MPa) ) 723. 8
A /mm® , AV B 2. 3% 3 nE] 4. 1%.
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