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Abstract

The standard Guide for the Fusion Welding of Zirconium and Zirconium Alloys provides instructional guidance for the
welding of zirconium and zirconium alloys. This guide explains processes, equipment, materials, workshop practices,
joint preparation, welding techniques, tests, and the repair of defects.
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Statement on the Use of American Welding Society Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society (AWS) are voluntary consensus standards that have been developed in accordance with the rules of the
American National Standards Institute (ANSI). When AWS American National Standards are either incorporated in, or
made part of, documents that are included in federal or state laws and regulations, or the regulations of other govern-
mental bodies, their provisions carry the full legal authority of the statute. In such cases, any changes in those AWS
standards must be approved by the governmental body having statutory jurisdiction before they can become a part of
those laws and regulations. In all cases, these standards carry the full legal authority of the contract or other document
that invokes the AWS standards. Where this contractual relationship exists, changes in or deviations from requirements
of an AWS standard must be by agreement between the contracting parties.

AWS American National Standards are developed through a consensus standards development process that brings
together volunteers representing varied viewpoints and interests to achieve consensus. While the AWS administers the
process and establishes rules to promote fairness in the development of consensus, it does not independently test, evalu-
ate, or verify the accuracy of any information or the soundness of any judgments contained in its standards.

AWS disclaims liability for any injury to persons or to property, or other damages of any nature whatsoever, whether
special, indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this standard. AWS also makes no guarantee or warranty as to the accuracy or completeness of any information
published herein.

In issuing and making this standard available, AWS is neither undertaking to render professional or other services for or
on behalf of any person or entity, nor is AWS undertaking to perform any duty owed by any person or entity to someone
else. Anyone using these documents should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances. It is
assumed that the use of this standard and its provisions is entrusted to appropriately qualified and competent personnel.

This standard may be superseded by the issuance of new editions. This standard may also be corrected through publication
of amendments or errata. It may also be supplemented by publication of addenda. Information on the latest editions of
AWS standards including amendments, errata, and addenda are posted on the AWS web page (www.aws.org). Users should
ensure that they have the latest edition, amendments, errata, and addenda.

Publication of this standard does not authorize infringement of any patent or trade name. Users of this standard accept
any and all liabilities for infringement of any patent or trade name items. AWS disclaims liability for the infringement of
any patent or product trade name resulting from the use of this standard.

The AWS does not monitor, police, or enforce compliance with this standard, nor does it have the power to do so.

On occasion, text, tables, or figures are printed incorrectly, constituting errata. Such errata, when discovered, are posted
on the AWS web page (Www.aws.org).

Official interpretations of any of the technical requirements of this standard may only be obtained by sending a request,
in writing, to the appropriate technical committee. Such requests should be addressed to the American Welding Society,
Attention: Managing Director, Technical Services Division, 550 N.W. LeJeune Road, Miami, FL 33126 (see Annex D).
With regard to technical inquiries made concerning AWS standards, oral opinions on AWS standards may be rendered.
These opinions are offered solely as a convenience to users of this standard, and they do not constitute professional
advice. Such opinions represent only the personal opinions of the particular individuals giving them. These individuals
do not speak on behalf of AWS, nor do these oral opinions constitute official or unofficial opinions or interpretations of
AWS. In addition, oral opinions are informal and should not be used as a substitute for an official interpretation.

This standard is subject to revision at any time by the AWS G2 Committee on Joining Metals and Alloys. It must be
reviewed every five years, and if not revised, it must be either reaffirmed or withdrawn. Comments (recommendations,
additions, or deletions) and any pertinent data that may be of use in improving this standard are required and should be
addressed to AWS Headquarters. Such comments will receive careful consideration by the AWS G2 Committee on Joining
Metals and Alloys and the author of the comments will be informed of the Committee’s response to the comments.
Guests are invited to attend all meetings of the AWS G2 Committee on Joining Metals and Alloys to express their
comments verbally. Procedures for appeal of an adverse decision concerning all such comments are provided in the
Rules of Operation of the Technical Activities Committee. A copy of these Rules can be obtained from the American
Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126.
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Foreword

This foreword is not part of AWS G2.5/G2.5M:2012, Guide for the Fusion Welding
of Zirconium and Zirconium Alloys, but is included for informational purposes only.

The American Welding Society formed the G2 Committee on Joining Metals and Alloys in 1992 in response to an
industry demand for information on welding the metals and alloys that have not been covered by other documents and
committees. This document is written by the G2 Committee on Joining Metals and Alloys.

This document makes use of both U.S. Customary Units and the International System of Units (SI). The measurements
are not exact equivalents; therefore, each system must be used independently of the other, without combining values in
any way when referring to filler metal properties. In selecting rational metric units, the Metric Practice Guide for the
Welding Industry (AWS Al.1) and International Standard ISO 544, Welding consumables — Technical delivery conditions
for welding filler metals — Type of product, dimensions, tolerances and markings, are used where suitable. Tables and
figures make use of both U.S. Customary and SI Units, which with the application of the specified tolerances, provides
for interchangeability of products in both the U.S. Customary and SI Units.

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary,
AWS G2 Committee on Joining Metals and Alloys, American Welding Society, 550 N.W. LeJeune Road, Miami, FL
33126.
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Guide for the Fusion Welding
of Zirconium and Zirconium Alloys

1. General Requirements

1.1 Scope. This guide provides information on welding processes and procedures that are recommended for use in zirco-
nium fabrication. The document presents detailed and up-to-date technical information on the “best practices” to allow
first time users of zirconium as well as established fabricators to join zirconium parts into high quality components.

1.2 Units of Measure. This standard makes use of both U.S. Customary Units and the International System of Units (SI).
The latter are shown within brackets ([ ]) or in appropriate columns in tables and figures. The measurements may not be
exact equivalents; therefore, each system must be used independently.

1.3 Safety. Safety and health issues and concerns are beyond the scope of this standard; some safety and health infor-
mation is provided, but such issues are not fully addressed herein. Safety and health information is available from the
following sources:

American Welding Society:
(1) ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes
(2) AWS Safety and Health Fact Sheets
(3) Other safety and health information on the AWS website
Material or Equipment Manufacturers:
(1) Material Safety Data Sheets supplied by materials manufacturers
(2) Operating Manuals supplied by equipment manufacturers
Applicable Regulatory Agencies

Work performed in accordance with this standard may involve the use of materials that have been deemed hazardous,
and may involve operations or equipment that may cause injury or death. This standard does not purport to address all
safety and health risks that may be encountered. The user of this standard should establish an appropriate safety program
to address such risks as well as to meet applicable regulatory requirements. ANSI Z49.1 should be considered when
developing the safety program.

2. Normative References

The standards listed below contain provisions that, through reference in this text, constitute mandatory provisions of this
AWS standard. For undated references, the latest edition of the referenced standard shall apply. For dated references,
subsequent amendments to, or revisions of, any of these publications do not apply.
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AWS G2.5/G2.5M:2012

American Welding Society (AWS) standard:!

AWS A3.0M/A3.0, Standard Welding Terms and Definitions, Including Terms for Adhesive Bonding, Brazing, Solder-
ing, Thermal Cutting, and Thermal Spraying

American National Standards Institute (ANSI) standard:?

ANSI 749.1, Safety in Welding, Cutting, and Allied Practices

3. Terms and Definitions

AWS A3.0M/A3.0, Standard Welding Terms and Definitions, Including Terms for Adhesive Bonding, Brazing, Soldering,
Thermal Cutting, and Thermal Spraying, provides the basis for terminology used herein. However, the following terms
and definitions are included below to accommodate usage specific to this document.

alpha grades or alloys. The alpha (o) grades or alloys are generally weldable and nonheat treatable. They are materials
with relatively large amounts of alpha stabilizers and low concentrations of beta (3) stabilizers. They are sometimes
referred to as having predominantly an alpha phase. A common alpha alloy is commercially pure (CP) zirconium.

allotrope. An allotrope is a structurally different form of an element; graphite and diamonds are allotropes of carbon. As
can be seen with the example of carbon allotropes, certain physical properties can vary dramatically from allotrope to
allotrope. Alpha and beta allotropes of zirconium have very different properties. Alpha and beta allotropes are also
referred to as phases.

alpha phase. The low-temperature allotrope of zirconium with a hexagonal close-packed (HCP) crystal structure.

alpha stabilizer. An alloying element that dissolves preferentially in the alpha phase and raises the alpha-beta transfor-
mation temperature. Typical alpha stabilizers, such as aluminum, oxygen, tin, and nitrogen, increase the temperature
at which the alpha phase is stable.

beta phase. The high-temperature allotrope of zirconium with a body-centered cubic (BCC) crystal structure that
occurs above the beta transus.

beta transus. The minimum temperature above which equilibrium alpha does not exist.

body-centered cubic (BCC). A unit cell that consists of atoms arranged at cube corners with one atom at the center of
the cube. This is the typical crystalline structure of the beta phase of zirconium.

embrittled (or embrittlement). The severe loss of ductility and/or toughness of a material, usually a metal or alloy. An
example of embrittlement is when too much oxygen is introduced into the weld during welding causing the weld to
become embrittled.

hexagonal close-packed (HCP). A unit cell that consists of a hexagonal arrangement of atoms on a plane and surround-
ing an atom followed by three atoms in the next horizontal plane. This last plane is offset from the initial plane atoms,
followed by an identical planar location of atoms above this. If the first plane is A and the second is B, then the repet-
itive arrangement of atom planes is A-B-A-B-A-B and so on. This is the typical crystalline structure of the alpha phase
of zirconium.

interstitial elements. An element with a relatively small atom that can assume a position in the interstices of the zirco-
nium lattice. Common examples are oxygen, hydrogen, nitrogen, and carbon.

substitutional elements. To increase the strength of zirconium metal and still maintain useful ductility, substitutional
elements are employed. These elements replace zirconium atoms in the lattice structure rather than situate in the voids
between them, as do the interstitial elements.

U AWS standards are published by the American Welding Society, 550 N.W. LeJeune Road, Miami, FL. 33126.
2 This ANSI standard is published by the American Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126.
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