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Development of Determination Method for Permeating Hydrogen Gas

into High-strength Bolts

Yasuhiro HAYAKAWA, Akihiro ONO, Nobukazu SUZUKI and Nobuyoshi UNO

Synopsis :

It is well known that the delayed fracture of high-strength bolts is caused by trace amount of hydrogen

absorbed in the operating environment of bolts.

In order to establish the method for determination of this

hydrogen, the hollow bolt collecting the permeating hydrogen gas has been developed. The detection sys-

tem of hydrogen gas has been also developed by using SnO, semiconductor gas sensor.

The lower limit of

determination for hydrogen is 1vol ppm in this system. The developed hollow bolts were dipped in HCI

solution, or were exposed in the environment of high temperature and high humidity.
was found to change with the condition of the environment.

stress loaded on the bolts.
into the bolts in the practical environment.

The hydrogen content
The hydrogen content was increased with the

The developed system can be used for the determination of hydrogen absorbed

Key words : permeating hydrogen gas into bolts; high-strength bolts; delayed fracture; determination of

hydrogen ; semiconductor gas sensor.
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Schematic diagram of the mechanism for permeating hydrogen gas into

. Iron sheet
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Fig. 2. Schematic diagram of the bolt for collect-
ing of permeating hydrogen gas.
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Table 1. Chemical composition of test specimen
(wt% ).

C Si Mn P S Cr Al B

0.20 0.16 0.77 0.018 0.012 0.65 0.072  0.0022
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Fig. 4. Effect of oxygen concentration on
response of the sensor.
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Schematic diagram of the determination system for permeating hydrogen gas
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Fig. 5. Effect of Ar carrier gas flow rate on the

response of the sensor.
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Fig. 6. Effect of air flow rate on hydrogen deter-
mination.
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Table 2. Analytical precision of proposed method.

0.5%Hj, injection H, concentration R.S. D.
(ml) (vol ppm) (%)
0.1 38.0 1.7
0.05 19.0 2.3
0.01 3.8 3.5
0.005 1.9 10.0
0.002 0.77 21.5
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Fig. 7. Analytical results of permeating hydrogen
gas into a bolt dipped in 25% HCI.
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Fig. 8. Analytical results of permeating hydrogen
gas into a bolt exposed in the environment of high
temperature and high humidity.
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Fig. 9. Analytical results of permeating hydrogen

gas into a bolt of steel A and B exposed in the en-
vironment of high temperature and high humidity.
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Fig. 10. Analytical results of permeating
hydrogen gas into a bolt in various stress.
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