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Foreword

The use of corrosion-resistant alloys (CRAs) as a corrosion-control method in aggressive oil and gas production environments is
now established; however, the complexity of the corrosion effects associated with these severe conditions and the metallurgical
complexities of the many alloys being offered have resulted in challenging materials selection problems for the corrosion
engineer. Further consideration is also given to the performance of the materials in the welded condition for many applications,
as weldments sometimes do not retain the same corrosion resistance as parent materials.

The purpose of this technical committee report is to bring together state-of-the-art knowledge covering experiences in th:
application of CRAs and issues of welding, fabrication, and assessment for successful operation in oil and gas produc'ior.
environments with specific consideration of corrosion and environmentally assisted cracking, and to highlight technologv ge 7s
impacting the industry.

This report is intended to provide engineers worldwide who have knowledge of the characteristics of corrosion danicge i ~odes in
oil and gas production with information to avoid repeated failures and the recurrence of concerns about CRA mc teriz.’ selection.
Some issues remain to be addressed, and these are highlighted as technology gaps. This report does nt €.*ena o refinery or
distribution applications.

This technical committee report was originally prepared in 1992 by NACE Task Group T-1F-21, revised n 1993 by Work Group T-
1F-21b, in 2000 by Work Group T-1F-21g, and in 2012 by Task Group (TG) 328. This report is pui::i=he 4 by NACE International
under the auspices of Specific Technology Group (STG) 32, “Oil and Gas Production—Metallurgy.

NACE technical committee reports are intended to convey technical infor 2atio 1 or state-of-the-art
knowledge regarding corrosion. In many cases, they discuss specific apyiications of corrosion
mitigation technology, whether considered successful or not. “taements used to convey this
information are factual and are provided to the reader as input and g. idance for consideration when
applying this technology in the future. However, these <tatemerits are not intended to be
recommendations for general application of this technolony, €d 1.:1e7 not be construed as such.
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Section 1: Introduc:ion

1.1 Definition of CRA: A corrosion-resistant alloy (CRA) is commor.’« ds fined as an alloy with an inherently low corrosion rate in
the operating environment of interest, typically much lower than carbon and low-alloy steels (e.g., 1 to 2 orders of magnitude
less). However, they are sometimes subject to localized c.rrosinn (crevice and pitting corrosion) or environmentally assisted
cracking, which often determines their envelope of applic «iar.. Processing and welding of these alloys sometimes significantly
influences their corrosion resistance, and thus it is impoii2n. that the final product form and manufacturing route are considered in
the assessment of the suitability of the alloy for the iriter ded vperating environment.

In addition, the mode of operation of the equirmcnt commonly determines the acceptable extent of material degradation. For
example, downhole tools and equipment cnere ting for short periods of time in harsh conditions sometimes use a lower-grade
alloy on a fitness-for-purpose considerz*on = contrast to permanently installed equipment, provided they retain suitable
performance in normal operating condit'Hrs.

1.2 Coverage of Report: This repoi’ covers a wide range of corrosion mechanisms, including stress corrosion cracking (SCC),
forms of hydrogen embrittlem:nt \HE), general corrosion, pitting and crevice corrosion, corrosion fatigue, and liquid metal
cracking. The oil and gas sectcis continuing to develop more demanding wells which are corrosive to carbon steel because of
the composition of the flirids produ ~ed, the production temperature, and the pressure in these wells; as a result, CRAs are used
for successful comoleti-n ai 1 operation.

However, such alloys , resent a range of technical challenges in fabrication and assessment for selection in new fields, which are
often close to liiits of known applicability in extreme cases, or that possibly have reduced corrosion or cracking resistance as a
result of ‘ssucs aiising in manufacturing and welding practices.

This re xrt is vrittun for the engineer who has knowledge of the characteristics of corrosion systems encountered in oil and gas
proriution, =nd who has experience with oilfield applications of CRAs.

1.2 Qrganization of Report: This report is organized to allow information on a specific subject to be found without reading the
znti e report. However, it is desired that the reader consider both the general information and that provided specifically by alloy
ype, before referring to the information on performance experiences.
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1.4 Use of Sl and English Units: Measurements in this report follow the NACE International Publication Style Manual (Fifth
Edition, 2008). Some measurements are listed in U.S. customary units followed by the Systeme Internationale (SI) conversion,
while others are listed in Sl units first. In accordance with the Style Manual, the actual measurements recorded are shown first
followed by the conversion.

1.5 Limitations of Use: This NACE technical committee report does not present standardized materials selection methods or
materials specifications. This report presents information on current industry practices only and is not to be interpreted as
recommending use of the materials listed herein.

In addition, comment on the influence of welding and joining techniques on the CRA materials does not remove any requirem~nt.
to undertake qualification and acceptance tests for the appropriate application as determined by the prevailing standards and ¢ 1d
client requirements pertaining to the same.

This report aims to highlight major considerations for the materials/corrosion engineer in the oil and gas productior, sec.>r and to
identify current technology gaps that industry wants to address to support the demands for applications in inc-easngly harsh
environments of pressure, temperature, and corrosiveness.

1.6 Updating: Users of this report are encouraged to provide information on experiences of materials’ perfort. ance both in terms
of failures and detailed documented information on satisfactory operation in more aggressive conditicns. Also, identification of
additional technology gaps is likely to be useful to focus development of activities in the future. Plea:~ a'vise STG 32 by sending
correspondence to NACE International to allow suggested revisions to be reviewed by TG 328, vhich is assigned this
responsibility under STG 32.

Section 2: General
2.1 Definitions: The definitions used in this version are based on those in N.XCE/ASTM") G193 “Standard Terminology and
Acronyms Relating to Corrosion.” Therefore, the previous version has now been ~wuiied and the section that gave individual
definition of terms has been reduced significantly. However, below are listed ‘erms w.th specific meaning in this report when it is
necessary to clarify for the reader. Note ISO 8044 has not been cited-as an ~xisting International Standard with additional
corrosion terminology.
Activation: The changing of a passive surface of a metal to a chemi ~ally nctive state.
Active Metal: A metal ready to corrode, or being corroded.

Active Potential: The potential of a corroding material.

Air Induction Melting (AIM): A process for melti’ig.and refining metals in which the metal is exposed to air and melted by
induction heating.

Anion: A negatively charged ion that migral=s ti rough the electrolyte toward the anode under the influence of a potential gradient
(expands definition).

Argon-Oxygen Decarburization ( JD): /\ refining process used in the production of stainless steels and nickel-based alloys in
which an argon-oxygen mixture iz hlow.n into the molten metal bath.

Cation: A positively charged io. tiat migrates through the electrolyte toward the cathode under the influence of a potential
gradient (expands definit.cn).

Duplex Stainless teei. A stainless steel whose microstructure at room temperature consists primarily of a mixture of
approximately equal pr.nortions of austenite and ferrite.

Electros.2g 120 elting (ESR): A consumable-electrode remelting process in which heat is generated by passage of current
through> a2 ccnduct ‘e slag.

Hycaro xen cmbrittlement (HE): A loss of ductility of a metal resulting from absorption of hydrogen.

H,drcgen Stress Cracking (HSC): Cracking that results from the presence of hydrogen in a metal in combination with tensile
stre ss. It occurs most frequently with high-strength alloys (also called hydrogen-induced stress cracking, HISC).

" ASTM International (ASTM), 100 Barr Harbor Dr., West Conshohocken, PA 19428-2959.
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