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Abstract

The effect of non-metallic inclusions on the HAZ hydrogen induced cracking was investigated.
Quench and tempered high tensile stregth steels containing various sulphur contents were employed.
The sulphur contents range between 0.007% and 0.040%.

Non-metallic inclusions were mainly MnS type sulphide and Mn-Al-Si type. The sensitivity of
HAZ delayed cracking was evaluated by implant testing. Diffusible hydrogen content was varied by
controlling the moisture absorbing condition of manual arc welding electrodes. The one was as-
received condition, the other was dipping the electrodes in the water for ten minutes. The main
results obtained were as follows ;

1) The results of implant test showed that critical stress increased with increasing S content up to
0.013%. But steel containing 0.040% S showed lower critical stress than that of 0.013%S. These result
suggest that there will be optimum S content to prevent HAZ delayed cracking of high strength
steels.

2) Under the lower D.H.C. level, critical stress was increased with rolling reduction, but higher D.
H.C. level, effect of rolling reduction was not recognized.
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Table 1 Relation between electrode treatment, absorbed water content of coated electrode and diffusible
hydrogen content determined by glycerin procedure

Electrode treat t Absorbed water content Diffusible hydrogen
ectrode treatmen of coated electrode(wt%) content (ml/100g)
Dipped in water for 10 min. 5.8 10.2

Dipped in water for 10 min. 42 6.8

then baked 100°C for 3 min. : :

Dipped in water for 10 min. 05 26

then baked 100°C 30 min. ’ ’
As-received 0.2 17

(Stored in ambient atmosphere) ’ ’
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Table 2 Chemical compositions of steels
Elements, wt.%
Steels C Si Mn P S Cu Ni Cr Mo Al 0 N Ceq Pem
NS63C| 0,12 0,28 0,55 0,012 0,005 0,07 2.8 0,75 0.40
1Y 0.07 0.18 0.41 0,008 0,007 0,06 2,48 0,54 0,38 0,003 0,017 0.009 0.41 0.19
2Y 0.07 0,28 0.66 0,010 0.013 0.07 2.46 0.44 0,38 0.003 0,018 0,009 0.43 0,20
3Y 0.09 0.44 0,52 0.012 0,040 0.06 2.45 0.50 0,37 0,004 0,016 0,010 0,44 0,22

*Ceq=C+S5i/24+Mn/6+Ni/40+Cr/5+Mo/4+V /14

Pen=C+Si1/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/15+5B
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Fig.5 Relation between sulphur content and sted
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Table 3 Maximum hardness in heat affected zone
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Sulphur content r.r. Max. hardness

Steel 9% % Hv
0 350

1Y 0,007 50 355
75 358

0 351

2Y 0,013 50 356
75 353

0 352

3Y 0,040 50 355
75 357

*r.r. | rolling reduction
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*D.H.C: Diffusible Hydrogen Content
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Fig.15 Effect of rolling reduction on critical stress
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