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Behavior of Hydrogen Induced Cracking Originated in Centerline Segregation

Katsuhiko MURAKAMI, Yutaka TSUCHIDA, Yasuo KOBAYASHI, Masayuki NAKADA and Shigeru ENDO

Synopsis : Influence of centerline segregations on hydrogen induced cracking for sour gas line pipe was investigated. As Crack Length Ratio (CLR)
mainly depends on centerline segregation in the case of well-controlled clean steel, it may discuss CLR with centerline segregations. Distrib-
ution of centerline segregation grains and P, Mn segregation ratio are represented by the experimental formulae for each casting condition. As
a result, effects of casting conditions, soaking conditions and pre-reduction conditions on CLR can be estimated qualitatively, using HIC sen-
sitivity paramenter with those formulae. Estimated CLR corresponds fairly well to measured CLR for several heats.
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Table 1. Casting conditions of test heats.

X-ray Beam Radius: ¢$50 um

Heat No. Chemical Composition (wt %) Casting Soft Red.| EMS ATin [ CLR| Remarks
C Si Mn P S Al Others |Speed (m/min)| (mm/m) TD (%)
A 0.11 0.26| 1.39 10.0016 | 0.001] 0028 1.2 0.7 with 45 38
B 0.11 0.28] 1.39 {0.0016 [ 0.001] 0028 0.8 0.8 without 45 0 ]1300°C X 24Hr,
C 0.13 0.26] 1.43 [0.0110 | 0.001] 0035 1.2 0.7 with 35 88
20 ]1300°C X 24Hr]
D 0.10 0.25) 1.47 [0.0060 | 0.002] 0022 Nb,V,.Ca 1.2 0.8 with 45 60
E 0.12 0.26| 1.4510.0070 | 0.001] 0028 . 0.8 without 26 43
F 0.11 0.27] 1.40 [0.0080 | 0.001] 0021 1.1 0.8 without 30 20
G 0.10 | 0.25] 1.420.0090 | 0.001 0.019 0.8 0.8 without 26 26
H 0.12{ 0.26] 1.43[0.0100 | 0.002 0.025 0.8 0.8 without 35 28
Soft Reduction EMS
Analyzed Area:40 X 40mm Analyzed Area:4 X dmm Analyzed Area:40 X 40mm Analyzed Area:4 X4mm
X-ray Beam Radius: ¢ 10 um

Mn

X-ray Beam Radius: ¢ 50 um X-ray Beam Radius: ¢ 10 um

1

Number of Segregation Grains (1/m)

Fig. 1. EPMA mapping results of Mn or P distribution at near the centerline segregations.

0000
Ve(m/min) SR(mm/m) AT(deg) EMS
1.0 0.8 31~40 with
A 1.2 0.7 30~50 without
- A
3
1000 |
100
10
1 : . .
0 0.2 0.4 0.6 08 1 1.2 14

Segregation Grain Size D(mm)

Fig. 2. Relationship of number and thickness of segrega-

tion grains.
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Fig. 3. Relationship of phosphorous segregation ratio and
segregation grains thickness.
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Fig. 4. Relationship of manganese segregation ratio and
phosphorous segregation ratio.
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Fig. 5. Relationship of estimated CLR and critical segrega-
tion thickness .
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Fig. 6. Correspondence between measured CLR and esti-
mated CLR.
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