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Foreword

587:2007(E)

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
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Introduction

When atomic hydrogen enters steels and certain other metals, for example aluminium and titanium alloys, it
can cause loss of ductility or load-carrying ability or cracking (usually as sub-microscopic cracks), or
catastrophic brittle failures at applied stresses well below the yield strength, or even the normal design
strength, for the alloys. This phenomenon often occurs in alloys that show no significant loss in ductility, when
measured by conventional tensile tests, and is frequently referred to as hydrogen-induced delayed brittle
failure, hydrogen stress cracking or hydrogen embrittlement. The hydrogen can be introduced during elejpning,
pickling, phosphating, electroplating and autocatalytic processes, as well as in service as a result of\cathodic
protection or ¢orrosion reactions. Hydrogen can also be introduced during fabrication prior to cleaning, pjckling
and applicatign of coatings, for example, during roll forming, machining and drilling, due to thé breakdawn of
unsuitable luljricants, as well as during welding or brazing operations. Parts that have been machined, dround,
cold-formed ¢r cold-straightened subsequent to a hardening heat treatment are especially susceptible to
hydrogen embrittlement damage.

The susceptibility to hydrogen embrittlement resulting from the absorption of atomic hydrogen and/pr the
tensile stresges induced during fabrication can be reduced by heat treatment. The time-tempgrature
relationship of the heat treatment is dependent on the composition and structure of steels, as well as pn the
specific coatimgs being applied and the nature of the coating procedures./For most high strength steels, the
effectiveness |of the heat treatment falls off rapidly with reduction of timerand temperature.

This Internatipnal Standard is intended for use by purchasers in.specifying requirements to the electroplater,
supplier or prpcessor, and is to be indicated on the part drawing, or'purchase order.
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Metallic and other inorganic coatings — Pretreatment of iron or
steel to reduce the risk of hydrogen embrittlement
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nternational Standard establishes stress-relief requirements for high strength steels;.in or
susceptibility or degree of susceptibility to hydrogen embrittlement in subsedquent
pplating, autocatalytic plating, chemical conversion and phosphating processes. This
ard is applicable to steels of which the properties are not adversely affectedby heat treatn
°C or higher (see 6.2).

pat treatment procedures established in this International Standard have been shown to

ng the susceptibility of steel having tensile strengths equal to o greater than 1 000 MPa

machined, ground, cold-formed or cold-straightened subsequent'to heat treatment. This h
jure is used prior to any operation capable of hydrogentcharging the parts, such as
jures prior to electroplating, autocatalytic plating and other\chemical coating operations.

hternational Standard does not apply to fasteners.
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D80, Metallic and other inorganic coatings — Surface treatment, metallic and other inorgan
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P686, Metallic and-other inorganic coatings — Automated controlled shot-peening of m
b nickel, autocatalytic nickel or chromium plating, or as a final finish
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stress-relief heat treatment
thermal process carried out over a temperature range and for a duration of time such that no alteration of
metallurgical structures, such as recrystallization, of the basis metal occurs, but at which stress relief of the
parts to be plated is achieved

4 Requirements

Heat treatment shall be performed on basis metals in order to reduce the risk of hydrogen embrittlement in
accordance with Tables 1 and 2. In all cases, the heat treatment shall be deemed to commence at the time at

which

the whole of each part attains the specified temperature.
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Parts made from steel with actual tensile strengths greater than or equal to 1 000 MPa (with corresponding
hardness values of 300 HV 10, 303 HB or 31 HRC) and surface-hardened parts shall require heat treatment
unless class SR-0 is specified. Preparation involving cathodic treatments in alkaline or acid solutions shall be
avoided.

Tables 1 and 2 list stress-relief heat-treatment classes that can be specified by the purchaser to the
electroplater, supplier or processor on the part drawing or purchase order. When no stress-relief treatment
class is specified by the purchaser, then class SR-1 shall be applied.

NOTE 1 The treatment class selected is based upon experience with the part or similar parts, and the specific alloy
used, or with empirical test data. Some parts, because of factors such as alloy composition and structure, size, mass or
design parameters, can perform satisfactorily with no stress-relief treatment. Therefore, Class SR-0 treatment is provided
for parts that the purchaser wishes to exempt from treatment.

NOTE 2  The¢ use of inhibitors in acid pickling baths does not necessarily guarantee that hydrogen embrittlement is
minimized.

NOTE 3 Clgss SR-1, the longest treatment, is the default when the purchaser does notcspecify a class. The
electroplater, gupplier or processor is not normally in possession of the necessary information, such as [design
considerations,| induced stresses from manufacturing operations, etc., that have to be considered’in selecting the forrect
stress-relief treptment. It is in the purchaser’s interest that their part designer, manufacturingengineer or other technically
qualified indiviqual specify the treatment class on the part drawing or purchase order, in ordeér to avoid the extra cost of the
default treatmept.

5 Categofrization of steels

With the excgption of surface-hardened parts the heat treatment conditions shall be selected on the basis of
the actual tengile strength. When only the minimum tensile strength is specified or if the tensile strength|is not
known, the heat treatment condition shall be selected by.rélating known or measured hardness vallies to
equivalent adtual tensile strengths. The tensile strength,”or equivalent derived from known or megsured

hardness valyes, shall be supplied by the purchaser.

Steels that
appropriate tq

ave been wholly or partly surface hardened shall be considered as being in the category
the hardness of the surface-hardened layer.

6 Stress relief

6.1  For high strength steels/thé following conditions apply. For steels of actual tensile strength lesg than
1 000 MPa, sfress-relief treatment is not essential. For steels of actual tensile strength greater than or equal to
1 000 MPa, the conditions‘given in Tables 1 and 2 shall apply. The heat treatment shall be carried out pefore
commencemegnt of any-preparation of cleaning treatment using aqueous solutions, or before any tregtment
liable to caus¢ embritflement.

shown
be at

6.2 Combinations of shorter time at approprlate hlgher temperatures may be used if they have been
not to be dettimen
least 50 °C below the tempenng temperature

6.3 If stress relief is given after shot-peening in accordance with ISO 12686 or other cold working process
to introduce beneficial compressive stresses, the temperature shall not exceed 230 °C.

6.4 For articles made of steel with an actual tensile strength below 1400 MPa, articles having surface-
hardened areas that would suffer an unacceptable reduction in hardness by treatment in accordance with
Tables 1 and 2 shall be heat treated at a lower temperature, but at not less than 130 °C, for a minimum period
of 8 h. Lower-temperature heat treatment can adversely affect the fatigue strength of the article.
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