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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The mechanical properties of high strength steels, such as tensile strength, elongation and reduction
of area, would be degraded by the effect of hydrogen, known as hydrogen embrittlement, and the
susceptibility of hydrogen embrittlement becomes greater with increasing the strength level of steels.
This document suggests a standardized test method for the evaluation of hydrogen embrittlement
resistance of high strength steels.
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Steel — Measurement method for the evaluation of
hydrogen embrittlement resistance of high strength
steels —

Part 1:
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Scope

hydrogen delayed fracture) using constant loading test with hydrogen pre-charged
amount of hydrogen content absorbed in the specimens is analysed quantitatively |
brption analysis such as gas chromatography, mass spectrometry. and’so on. In the case
finuous charging such as hydrogen absorption in aqueous sdlution at free corrosior
ogen absorption in atmospheric corrosion environments and hydrogen absorption in hig
ogen gas, the evaluation method is also briefly described. This method is mainly applid
uation of hydrogen embrittlement resistance of high strength steel bolts.

Normative references

re are no normative references in this document.

Terms and definitions
erms and definitions are listed in this document.
and [EC maintain terminolegical databases for use in standardization at the following adg

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia; available at http://www.electropedia.org/

Principle

5 test method is used to evaluate material resistance to hydrogen embrittlement. Figu
bmatic~sequences for a) hydrogen pre-charging method and b) hydrogen continuou
hod.“For the hydrogen pre charglng method [see Figure 1 a)], prepare a test specimen

ah

5 document provides a method for the evaluation of the resistance to¢hydrogen embrittlement

specimens.
by thermal
f hydrogen

potential,
h pressure
able to the

dresses:

e 1 shows
s charging
which has

oad to the

ghar houdragan laval by fo5 00 bl charging vdroocandnta tha coacirany Al copctand
ocT Ty arogetHTeverDoy T0TeToT y \,uou 6‘“6 u_y\.u O s Teo—~nt—Speemt——Yppr _y CoTstTart

hydrogen charged test specimen and measure the time to failure. By testing specimens containing
various contents of diffusible hydrogen, which is mainly responsible for hydrogen embrittlement,
the relationship between diffusible hydrogen content and times to failure can be obtained. Diffusible
hydrogen content can be measured by thermal desorption analysis using the test specimen after failure.
This method can provide at least qualitative comparison of the resistance to hydrogen embrittlement
among several high strength steels having different microstructures or compositions. For the hydrogen
continuous charging method [see Figure 1 b)], a test specimen is loaded in one of the following three
conditions:

a)
b)

in aqueous solution at free corrosion potential;

in atmospheric corrosion environments;

© IS0 2020 - All rights reserved
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c) inhigh pressure hydrogen gas.

Then, hydrogen analysis is carried out after failure of the specimen. If specimens do not fail within 100 h
(up to 200 h if so formerly agreed), qualitative comparison of the resistance to hydrogen embrittlement
can be made by hydrogen analysis of unbroken specimens.

Sample preparation

Q 1 Pl
odIIpPIC pPrepdl dllUll

Hydrogen pre-charging

Plating| prevention from hydrogen release Hydrogen continuous charging

Loading Loading

Removing plating

Hydrogen analysis

Hydrogen analysis

a) Hydrogen pre-charging method b) Hydrogen continuous charging method

Figure 1 — Flow chart illustrating the test methods

5 Specimen preparation

The dimenfions of the specimens shall be in accordance with Figure 2, and other configurations of{the

test specimien may be applied. Unless otherwise specified, diameter of the specimen shall be 10 nm.

For samplds with saraller diameter (i.e. D =5 mm), p/D = 0,02 may be applied[2I[3],

2 © IS0 2020 - All rights reserved
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Key]
d/p| 0,6
p/D| 0,01 0r0,02
Le/D 7
G/D| 5
NOTE1 pisradius of the notch bottom.
NOTE 2  Some types of specimen don't have.thread.
Figure 2 &~ Dimensions and shape of specimens
6 |Hydrogen charging methods
6.1 General
There are four hizdrogen charging methods, such as cathodic charging, hydrogen absorption

soly

tion at free’corrosion potential, hydrogen absorption in atmospheric corrosion environ

in aqueous
ments and

hydirogen abserption in high pressure hydrogen gas. The examples of the condition of each method are

as fi

pllows:

6.2

6.2.

Cathodicchrarge method

1 Hydrogen charging solution

To estimate the effect of hydrogen on the mechanical properties of steels, the hydrogen is forced to
diffuse into the specimens by the cathodic charging method. For hydrogen pre-charging, the charging
solution should be prepared and the chemical compositions of the solutions are listed in Table 1.

Two kinds of solutions may be used for hydrogen pre-charging. Solution 1 may be used for introducing
a relatively large amount of hydrogen to the specimens and Solution 2 may be used for introducing a
small amount of hydrogen.

© IS0 2020 - All rights reserved
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Table 1 — Chemical composition of the solutions for hydrogen charging

Charging solution Element Co;;nlent Mark
) NaCl 30
Solution 1 Large amount of hydrogen
NH,SCN 3
Solution 2 NaOH Small amount of hydrogen

6.2.2 Hydrogen charging conditions

The electrg-chemical cell for hydrogen pre-charging may be placed in a 200 ml to 1 000 ml bea

is recommended that the anode of the electrochemical cell be made of platinum wire of spifal

of 0,5 mm
(workinge
of its curreé
A charging
time of 72
exposure

hydrogen

calculated
the curren

and curren

6.3 Hyd

For hydrog
solutions 3

temperatu
coefficient

6.4 Hyd

For hydrog
(CCT) incly

processes

ectrode). After the Pt wire and the specimen are placed in the cell, apply the constant cur
nt density in the range of 0 A/m2 ~ 20 A/m2 by using potentiometer/galvanostat for 4
time of 48 h is recommended, but other charging times are also optional-as longas a t
h is reached for hydrogen charging and the homogenization treatment by‘room temperat
ifter cadmium (Cd) plating. For materials with low hydrogen diffusion coefficient,
tharging time and the total time may be increased. The speciméns surface area shal
for proper current supply. The pre-charged hydrogen amount ‘may be changed by vary
L density or pre-charging time. However, it is recommended to-use fixed pre-charging ]
t density to get reproducible test results.

rogen absorption in aqueous solution at free corrosion potential

en charging by corrosion in acid, HCl solutions;érHCl with CH3COOH/CH3COONa buffg

Fe. Immersion time shall be determined baseéd on the specimen size and hydrogen diffu
of the tested material.

rogen absorption in atmospheric corrosion environments

fen charging by atmospheric corrosion, the salt spray test (SST) or cyclic corrosion t
Iding salt spraying, dryingtand humidifying are carried out. As an example, desirable
ire listed in Table 2.

Table 2 — Example of CCT processes

Process Conditions Time

Saltspray 5 % NacCl, 35 °C 2h
Dry 20 % to 30 % humidity, 60 °C 4h
Wet 295 % humidity, 50 °C 2h

pe
in diameter and 2 m in length (counter electrode), and the specimen works as the cat}(;de

kdr. It

fent
8 h.
ptal
ure
the

be
ring
ime

red

re often used. For example, the specimen shall be immersed in 5 % HCI solution at r¢gom

bion

bsts
CCT

6.5 Hyd

rogen abpsorption in nigh pressure nydrogen gas

For hydrogen charging by hydrogen gas, the specimens shall be exposed directly to gaseous hydrogen
up to 140 MPa at above room temperature. Exposure time shall be determined based on the specimen
size and hydrogen diffusion coefficient of the tested material. However, extreme care is necessary, and
it is not recommended due to the danger of experiment.

© IS0 2020 - All rights reserved
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7 Preparation of electroplating solution and electroplating condition

7.1 General

The plating process is applied for the hydrogen pre-charging method in order to prevent hydrogen
release during the loading test.

7.2 Electroplating solution

After hydrogen pre-charging, plating shall be conducted to prevent the release of hydrogen from the
spefimens during constant loading test. Cd is a well-known toxic material but the hydrogen|diffusivity
in (d is known to be nearly zero. Instead of using toxic Cd, other appropriate plating mndterials, for
example, Zn may be applied. The elements for Cd plating solution and the amounts of gach dlement are
listgd in Table 3. The pH of the solution shall be 3 pH to 5 pH. To adjust the pH of the-solutipn, one can
add/ H;BO, or ammonium solution (see Table 3).

IMFPORTANT — When Cd coating is applied, solution should be treated with' special car¢ including

regulatory compliance.

Table 3 — Elements for Cd and Zn plating solutions and the amounts of each elethent
Solution Element Type Amount
Cd(BF,), solution”[(C) = 50 %] 427 4
NH,BF, solute 48 g
Cd plating solution H;BO, solute 21,6 g
H,0 (distilled) solvent 460 ml
pH — 3to ]
ZnCl, solute 45g
KCI solute 234 d
. ) H3BO, solute 21,6 ¢
Zn plating solution :
Sodium Podecyl Sulfate solute 0,5g
H,0 (distilled) solvent 700 nl
pH — 5to 6
7.3| Electroplating€onditions
An glectrochemigal/reaction is used for Cd plating. Immerse the metal platinum (Pt) anofle into the
prepared Cd solution, and immerse the specimen in order for it to work as a cathode. Aftef hydrogen
pretcharging, tlean the specimens by mechanical grinding (polishing) or with 0,1 N HCl and p,1 N NaOH
by wltrasonic cleaner for 30 s, respectively. Then, immerse the specimens in Cd plating s¢lution and
apply.d'eonstant current of 0,5 A for 300 s. Other conditions of current and time may also be psed for Cd

platling’ Using the potential difference, Cd is adhered to the surface of the specimen.

The thickness of Cd plating should be at least 15 um or higher to prevent hydrogen release. Extreme
care is needed to handle the solutions containing Cd during the entire Cd plating procedures.

8

8.1
The

a)

©IS

Constant loading test

Constant loading test procedures
suggested methods for the constant loading test are the following.

Use adequate jig to apply uniaxial loading to the specimens.

02020 - All rights reserved
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b)

)

8.2 Pregentation of the results

d)

Specimens containing various diffusible hydrogen contents shall be used to measure the time to
failure. In the case of hydrogen continuous charging, various current densities shall be applied to
measure the time to failure of a specimen.

Unless otherwise specified, stress ratio (applied stress/tensile stress) shall be 0,8. Other stress
ratio may be agreed between manufacturer and purchaser.

NOTE Tensile strength is measured in evaluated type of specimen without hydrogen charge in advance.

If the specimens are not fractured after up to 100 h (up to 200 h, if necessary), one can conclude
that these specimens do not fracture under these conditions and discontinue the test.

To endure reliability, it is recommended that at least three specimens be tested at the\sqme
stress|ratio.

After the constant loading test, diffusible hydrogen contents of the specimen should be immedialtely
measufred. If it is impossible to measure diffusible hydrogen content immediately-following|the
test, specimens shall be preserved below -50 °C, preferably in liquid nitrogen, to'prevent hydrdgen
releas¢ from the fractured surface.

Figurel3 shows an example of the results of the constant loading test.

The alpscissa indicates the time to failure of the specimens{and the ordinate represents [the
diffusiple hydrogen content or the applied stress ratio (applied stress/notch tensile stress).

The crftical hydrogen content below which the fracture-dées not occur is defined as the amouijt of
hydrogen of the specimen which is not fractured up to 100 h (see Figure 3).

It may|be concluded that the susceptibility to hydregen embrittlement is greater if time to failufe is
shortef when tested at the same stress ratio and comparable hydrogen content.

As an addifional evaluation method, local hydrogen concentration and local stress may be calculatedl by
numerical method for comparing the results of specimens with different stress concentration factons[=l.

© IS0 2020 - All rights reserved
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L

0,2 1 %—_:
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0 T T T T
0,01 0,1 1 10 100 X
Key
X time to failure, h
Y diffusible hydrogen content, %{mass fraction)

FP1pT and TM16T denote full pearlite microstructure and tempered martensite microstructure, fespectively,
having the same tensilestrength of 1 600 MPalél

Figure 3 — Example of the results of the constant loading test (time to failure vs diffusible
hydrogen content)
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0,4
0,01 0,1 1 10 100 1000 X

Key
X time to failure, h

Y stress ratio, cap/onb

Stress ratio | (cap/onb) represents applied stress/notch-tensile stress

Figure 4 — Example of the results of the constant loading test

9 Post-fest specimen treatment

For fractuged specimens or-Spécimens not fractured after 100 h or more have elapsed, the following
process shall be applied.

a) To prepent hydrogen desorption, keep fractured specimens or specimens not fractured after 100 h

or moile have_elapsed in liquid nitrogen, or freezer or cooler box containing dry ice below =50 °C.

b) Samples for the hydrogen content analysis are prepared as follows (see Figure 5).

In case of broken specimen, cut out at a predetermined Iength from the flat part closest to the broken
surface.

In case of unbroken specimen, cut out at a predetermined length from the centre of the specimen.

8 © IS0 2020 - All rights reserved
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