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PurposePurpose
Hydrogen embrittlement takes place when

H conc. > 400 wppm (pure V-alloy )

H conc.>  35~160 wppm (Oxidized V-alloy).

Method to reduce hydrogen absorption is required.

Ti-O coating was tried.
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H conc. of V-alloy is similar to that of V-metal.



Experiments Experiments 
SampleSample

NIFS-HEAT-1 V-4Cr-4Ti alloy

Cr * Ti * C N O H Si Nb Mo Fe

4.4 4.1 67 88 181 18 200 <100 <100 200

Chemical composition of NIFS HEAT-1 after heat treatment at 1273 K for 2 hr (wt.%)

As a reference: GA HEAT (#832864)

Sample size: slab sample   (10 mmx10 mmx1mm)

Mechanical Polishing & Pre-baking(1273 K, 2 hr)



TiTi--OO coatingcoating
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Target: Ti

Thickness of Thickness of TiTi--O O filmfilm
0.13~1.1µm



DG

Infrared 
LightFurnace

Sample

TMP RPSample 
Tube

B-A

HH22

QMS

AC Thermocouple

Manipulator
Chamber

Absorption Chamber

Gate
Valve

Sample preparation
Initial gas pressure : 40 Pa
Sample temperature: 573 K

Reduction of gas pressure Reduction of gas pressure 
represents absorption amount.represents absorption amount.

Measurement  of hydrogen absorptionMeasurement  of hydrogen absorption





(3)Change of film thickness and atomic composition by heating

Depth profileDepth profile
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Atomic compositionAtomic composition
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Heating time=5 hrs



Film ThicknessFilm Thickness
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Ti-O film is thermally stable at low temperature.



(4)Reduction of hydrogen absorption speed
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1.1 µm

0.26 µm

0.13 µm

Non-coated

0.52 µm

Initial pressure= 40 Pa, Absorption temperature= 573 K

1.52 Pa

By Ti-O coating, absorption speed was largely reduced.



Time constant of hydrogen absorption, CTime constant of hydrogen absorption, CHH=C=Coo(1(1--ee--t/t/ττ))
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τ with (0.5~1)µm coating is 50 times larger than τ without coating.
Life time of V-alloy can be largely lengthened.


