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Hydrogen Occlusion Behavior of Si or Si, Ca Added High-Strength Steels
with High Resistance to Delayed Fracture

Kenichi Takal, Jun-ichi Sexi and Goro Y amMAUCHI

Synopsis

: Medium carbon steels added 2.0% Si or 1.5% Si-30ppm Ca with 1400N/mm? tensile strength show high resistance to

delayed fracture. It is important to clarify the hydrogen occlusion behavior to delayed fracture of steels with high
resistance to delayed fracture. The hydrogen diffusion coefficient and hydrogen content were measured by electro-
chemical permeation technique, and hydrogen evolution content after accelerated 'delayed fracture test was directly
measured by hydrogen thermal analysis. It is found that high resistance to delayed fracture of 2.09§ Si steel is due to
the high hydrogen content needed for fracture, in spite of its high hydrogen occlusion rate. Also the high resistance
to delayed fracture of 1.59% Si-30ppm Ca steel is found to be due to the low hydrogen occlusion rate and the low

hydrogen content needed for fracture.
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Table 1. Chemical composition of steels (mass%).

Steel C Si Mn P S Ca
B 0.31 0.48 0.79 0.011 0.004 —
G 0.28 1.44 0.82 0.008 0.003 0.0025
I 0.31 1.94 0.81 0.009 0.003 —
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Table 2. Heat treatment temperature and tensile
strength of steels.

Steel | Quenching temp. (K) | Tempering temp. (K)| Tensile strength (N/mm?)
B 1163 613 1358
G 1238 633 1411
I 1263 653 1397
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Fig. 1. Relationship between applied stress ratio
and time to fracture in FIP test.
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Fig. 2. Hydrogen content and diffusion coefficient

of hydrogen of steels in electrochemical
permeation technique.
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Fig. 3. Relationship between total hydrogen content
and time of FIP test. Total hydrogen con-

tent is measured by hydrogen thermal analy-
sis. Applied stress is 0.7 0.
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Fig. 4. Hydrogen release curves during continuous
heating of steel B measured immediately
after FIP test for 1h.
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Fig. 5. Hydrogen release curves during continuous
heating of steel G measured immediately
after FIP test for 1h.
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Fig. 6. Hydrogen release curves during continuous
heating of steel I measured immediately
after FIP test for 1h.
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Fig. 7. Comparison of total hydrogen content under
various conditions after FIP test for 1h.
Total hydrogen content is measured by
hydrogen thermal analysis.
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Fig. 8. Comparison of hydrogen content of peak 1
under various conditions after FIP test for
1h. Hydrogen content of peak 1 is measured
by hydrogen thermal analysis.
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Fig. 9. Comparison of hydrogen content of peak 2
under various conditions after FIP test for
1h. Hydrogen content of peak 2 is measured
by hydrogen thermal analysis.
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Fig. 10. Comparison of total hydrogen content
under various conditions after FIP test
fracture. Total hydrogen content is mea-
sured by hydrogen thermal analysis.
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Fig. 11. Comparison of hydrogen occlusion rate
under various conditions in FIP test.
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