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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).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex]
expression
World Trag
iso/forewo

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patént rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

planation of the voluntary nature of standards, the.meaning of ISO specific terms

s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.d
rd.html.

This document was prepared by Technical Committee, 1SO/TC 67, Materials, equipment and offs}

structures |
Committeg
offshore st
Agreement

This fourt
technically

Table A
condit

Table 4
Table 4
Table 4

for petroleum, petrochemical and natural gas industries, in collaboration with the Europ
for Standardization (CEN) Technical-Committee CEN/TC 12, Materials, equipment
ructures for petroleum, petrochemical and natural gas industries, in accordance with
on technical cooperation betweenSO and CEN (Vienna Agreement).

h edition cancels and replaces the third edition (ISO 15156-3:2015), which has b
revised. The main changesycompared to the previous edition are as follows:

.27 UNSS17400 (17-4PH.SS) hasnewlimits. The use ofthealloy attheannotated environme
ons is now limited®o applications where sustained stress is no more than 50 % of SMYS

\.32 new limits and annotations for UNS N09946 separate from UNS N09945;
\.41 inclusiett of UNS R55400 (new a-b Ti alloy);
h.3 UNS:S20910 (Nitronic 50) note modifications;

are
the
the

t of
s of
| /or

not

and
the

rg/

ore
ean
and
the

een

htal

Tables

A22,A.23, A.26 through A.30, and A.33 temperature conversion corrections;

Table A.23 new note for maximum design tensile stress for UNS J91540;

Table A.32 newly added UNS N07718 (high strength Alloy 718, with two-step aging cycle, meeting

API 6A CRA composition and a maximum hardness of 45 HRC) and UNS N09955 requirements and

note le

tters designation changes on UNS N09925, N09935, N09945 and N09946;

Table A.40 title modification and note clarification;

Clause

A.13 Cladding, overlays, and wear-resistant alloys modifications;

Table A.18 and Table A.19 (Martensitic SS) remarks modifications;

Table A.24 Duplex SS Hot Isostatically Pressed (HIP) inclusion and remarks modification;
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— the informative Annex D, "Materials chemical compositions and other information”, has been
removed due to copyright reasons;

— additions to the bibliography.
Alist of all parts in the ISO 15156 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The consequences of sudden failures of metallic oil and gas field components associated with their
exposure to H,S-containing production fluids led to the preparation of the first edition of NACE MR0175
which was published in 1975 by the National Association of Corrosion Engineers, now known as NACE
International.

The original and subsequent editions of NACE MR0175 established limits of H,S partial pressure above
which precautions against sulfide stress cracking (SSC) were always considered necessary. They
also provided guidance for the selection and specification of SSC-resistant materials when the H,S

thresholds
for some c
H,S partia

In separate
EFC Publid
they differ

In 2003, th
first time.
and recon
containing|
NACE TMO

The revisia
in the Tech
Cir.2:2018
Maintenan

The chang
the oil and
document
the ISO 151

When four
document

the form off Technical Corrigendalor Technical Circulars. Document users should be aware that {

documentgq

The ISO 1
Manageme

brrosion-resistant alloys in terms of environmental composition and pH, temperatare,
pressures.

developments, the European Federation of Corrosion issued EFC Publication16in 1995

bd in scope and detail.

e publication of the ISO 15156 series and NACE MR0175/ISO 15156 was completed for
These technically identical documents utilized the above sourcés o provide requiremd
mendations for materials qualification and selection for application in environmg
wet H,S in oil and gas production systems. They are complemented by NACE TM0177
P84 test methods.

n of this document, i.e. ISO 15156, involves a consolidation of all changes agreed and publig
nical Circular 1, ISO 15156-3:2015/Cir.1:2016, the,Technical Circular 2, ISO 15156-3:2(
hnd the Technical Circular 3, SO 15156-3:2015/€i1:3:2019, published by the ISO 15156 se
ce Agency secretariat at DIN.

s were developed by, and approved by-the ballot of, representative groups from wi
gas production industry. The great majority of these changes stem from issues raiseq
sers. A description of the process by-which these changes were approved can be foun
56 series maintenance website: www.iso.org/isol5156maintenance.

id necessary by oil and gastproduction industry experts, future interim changes to

can exist and can infpact the validity of the dated references in this document.

h156 series Maiitenance Agency at DIN was set up after approval by the ISO Techn
nt Board giveh jn document 34/2007. This document describes the makeup of the age

which incl

It is availalple from€he ISO 15156 series maintenance website and from the ISO/TC 67 Secretariat.
website al$o provides access to related documents that provide more detail of the ISO 15156 se
maintenanke dctivities.

des expertsfrom NACE, EFC, and ISO/TC 67, and the process for approval of amendme

were exceeded. In more recent editions, NACE MR0175 has also provided applicationdiits

and
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Petroleum and natural gas industries — Materials
for use in H,S-containing environments in oil and gas
production —

Part 3:

C
0

WA
are
but
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1

Thi
(cot
pro
ari

er alloys

RNING — CRAs (corrosion-resistant alloys) and other alloys selected msing this
resistant to cracking in defined H,S-containing environments in eilDand gas p
not necessarily immune to cracking under all service conditions. It'is the equipnj
ponsibility to select the CRAs and other alloys suitable for the intended service.

Scope

5 document gives requirements and recommendations for fhe selection and qualificati
rosion-resistant alloys) and other alloys for service.in equipment used in oil and 1
duction and natural gas treatment plants in H,S-containing environments whose failuy
Kk to the health and safety of the public and persennel or to the environment. It can bg

help avoid costly corrosion damage to the equipment itself. It supplements, but does not 1

maft

Thi
strg
cra

Thi
cor

erials requirements of the appropriate designmi¢odes, standards, or regulations.

5 document addresses the resistance of these materials to damage that can be caused
ss cracking (SSC), stress corrosion ‘¢racking (SCC), and galvanically induced hydrg
rking (GHSC).

5 document is concerned only, with cracking. Loss of material by general (mass loss) d
rosion is not addressed.

Tabje 1 provides a non-exhaustive list of equipment to which this document is applicablg

exc

Thi
con
see

Thi
pro

usions.

5 document applies to the qualification and selection of materials for equipment de
structed using load controlled design methods. For design utilizing strain-based desig
[SO 15156+1:2020, Clause 5.

ressesyand equipment.

and

document
roduction,
ent user's

bn of CRAs
atural gas
e can pose
applied to
eplace, the

by sulfide
gen stress

r localized
, including

bigned and
h methods,

5 document is not necessarily suitable for application to equipment used in refining or dgwnstream
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Table 1 — List of equipment

This document is applicable to materials used for the Exclusions
following equipment
Drilling, well construction, and well-servicing Equipment exposed only to drilling fluids of con-
equipment trolled
composition?
Drill bits

Blowout-preventer (BOP) shear bladesP

Drilling riser sustems.
(=] v

Work strings
Wireline and wireline equipment¢

Surface and intermediate casing

Wells inclufling subsurface equipment, gas lift Sucker rod pumps and sucker rods4

equipment)wellheads, and christmas trees Electric submersible pumps

Other artificial lift equipment

Slips
Flow-lines,[gathering lines, field facilities, and field Crude oil storage’ and handling facilities operat|ng
processing(plants at

a total absolutepressure below 0,45 MPa (65 pdi)
Water-handling equipment Water-handling facilities operating at a total

absolute

pressure below 0,45 MPa (65 psi)

Water injection and water disposal equipment

Natural gag treatment plants —

Transportdtion pipelines for liquids, gases, and Lines handling gas prepared for general commdqr-
multi-phas¢ fluids cial
and domestic use

For all equipment above Components loaded only in compression
a  SeelSO[15156-2:2020, A.2.3.2.3 for moretinformation.
b SeeISO[15156-2:2020, A.2.3.2.1 for more/information.

¢ Wireling¢ lubricators and lubricator'connecting devices are not excluded.

d  For suclfer rod pumps and sucker'rods, reference can be made to NACE MR0176.

2 Normative references

The followjing doctiments are referred to in the text in such a way that some or all of their confent
constituteg requirements of this document. For dated references, only the edition cited applies.|For
undated refeténces, the latest edition of the referenced document (including any amendments) appliies.

ISO 6507-1, Metallic materials — Vickers hardness test — Part 1: Test method
ISO 6508-1, Metallic materials — Rockwell hardness test — Part 1: Test method
ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

[SO 10423, Petroleum and natural gas industries — Drilling and production equipment — Wellhead and
christmas tree equipment

ISO 11960, Petroleum and natural gas industries — Steel pipes for use as casing or tubing for wells

2 © IS0 2020 - All rights reserved
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ISO 15156-1:2020, Petroleum and natural gas industries — Materials for use in H,S-containing
environments in oil and gas production — Part 1: General principles for selection of cracking-resistant
materials

ISO 15156-2:2020, Petroleum and natural gas industries — Materials for use in H,S-containing
environments in oil and gas production — Part 2: Cracking-resistant carbon and low alloy steels, and the

use

of cast irons

ASTM A747/A747MY), Standard Specification for Steel Castings, Stainless, Precipitation Hardening

ASTM E29, Standard Practice for Using Significant Digits in Test Data to Determine Conformance with

Spe
AST

EFQ
req

NA
and|

NA
cor

SAH
SAH

For
foll

ISO

3.1
age
cha
and

3.2
ann

Cificacions

Publication 172), Corrosion resistant alloys for oil and gas production: guidelines
iirements and test methods for H,S service

LE CORROSION/95 Paper 47, Test methodology for elemental sulfur-resistanitadvanced mat¢
gas field equipment

LE TMO0177:2016, Laboratory testing of metals for resistance tq Stlfide stress cracking
rosion cracking in H,S environments

AMS-24303), Shot Peening

— ASTM, Metals and alloys in the Unified Numbering\System

Terms and definitions

the purposes of this document, the terms-and definitions given in ISO 15156-1, ISO 1515
wing apply.

and [EC maintain terminological databases for use in standardization at the following aqg

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

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

ing

more rapidl§Zathigher temperature (artificial ageing)

jeal

M E562, Standard Test Method for Determining Volume Fraction by Systematic Manual\Point Count

bn general

rials for oil

and stress

b-2 and the

dresses:

hge in metallurgieal properties that generally occurs slowly at room temperature (natural ageing)

heaE toand hold at a temperature appropriate for the specific material and then cool at a intable rate

for guch purposes as reducing hardness, improving machineability, or obtaining desired properties

3.3
aus

tenite

face-centred cubic crystalline phase of iron-based alloys

1
2)
3)

©IS

www.astm.org
www.efcweb.org

WWWw.Sae.org
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3.4

duplex stainless steel

austenitic/ferritic stainless steel
stainless steel (3.13) whose microstructure at room temperature consists primarily of a mixture of
austenite (3.3) and ferrite (3.5)

3.5
ferrite

body-centred cubic crystalline phase of iron-based alloys

3.6

ferritic stginless steel
bel (3.13) whose microstructure at room temperature consists predominantly of ferrite(B.5

stainless st

3.7
galvanical
GHSC

cracking that results due to the presence of hydrogen in a metal induced in the cathode of a galv

couple and|

3.8

martensit
hard, supe
microstrug

3.9

martensit
steel in wh
enough to

3.10
pitting-re
PREN

Fpren
number de

ly induced hydrogen stress cracking

tensile stress (residual and/or applied)

e

ture

ic steel
ich a microstructure of martensite (3.8) can beattained by quenching at a cooling rate
void the formation of other microstructures

pistance equivalent number

the eleme

Note 1 to e:]:

3.11

productio
natural oc
continuoug

Note 1 to g
significantly

veloped to reflect and predict the'pitting resistance of a CRA based upon the proportion
s Cr, Mo, W, and N in the chemical composition of the alloy

ry: See 6.3 for further infopmation.

h environment
curring produeed fluids without contamination from chemicals that will temporarily
ly reduce the\in situ pH

ntry: Flew back of chemicals for stimulation and scale removal may temporarily reduce thd
y and some continuously injected chemicals, such as scale inhibitors, can continuously reduce pH

hnic

rsaturated solid solution of carbon in iron characterizéd by an acicular (needle-like)

fast

s of

f or

pH

3.12

solid solution
single crystalline phase containing two or more elements

3.13

stainless steel
steel containing 10,5 % mass fraction or more chromium, possibly with other elements added to secure
special properties

© IS0 2020 - All rights reserved
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4 Symbols and abbreviated terms

AYS

bal

BOP

CR
CR

actual yield strength

balance of composition up to 100 %
blowout preventer

c-ring

corrosion-resistant alloy

ISO 15156-3:2020(E)

DCH
FPH

GH{

HAA’

HBJ
HIC
HIP

HRI

HR(

HS(
HV

ND§

pCd
pH;
PRH
PW
RSH

S0

N
HT

double cantilever beam (test)
four-point bend (test)

galvanically induced hydrogen stress cracking
heat-affected zone

Brinell hardness

hydrogen-induced cracking

hot isostatically pressed

Rockwell hardness (scale B)
Rockwell hardness (scale C)
hydrogen stress cracking

Vickers hardness

no data submitted

partial pressure of C@5

partial pressure 6£H,S
pitting-resistance equivalent number
post-weld’heat treatment

rippled strain rate test

elemental sulfur

SCC

SMYS

SOHIC

SSC

SSRT

SLICSS=CUII UbiUll CI deillg

specified minimum yield strength
stress-oriented hydrogen-induced cracking
sulfide stress cracking

slow strain rate test

© IS0 2020 - All rights reserved
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SZC soft-zone cracking
UNS unified (alloy) numbering system
UT uniaxial tensile (test)

5 Factors affecting the cracking-resistance of CRAs and other alloys in H,S-
containing environments

The cracki
complex in|

eractions of parameters including the following:

— chemigal composition, strength, heat treatment, microstructure, method of manufaCtutre, pnd

finishgd condition of the material;
— H,S partial pressure or equivalent dissolved concentration in the water phase;
— acidity (in situ pH) of the water phase;
— chloride or other halide ion concentration;
— preserice of oxygen, sulfur, or other oxidants;
— exposure temperature;
— pitting resistance of the material in the service environmefmt;
— galvanlic effects;
— total t¢nsile stress (applied plus residual);

— exposyre time.

These fact

environments containing H,S in oil and gasproduction systems.

6 Qualification and selection‘of CRAs and other alloys with respect to SSC, SCC

and GHS

6.1 Gen

CRAs and ¢ther alloysshall be selected for their resistance to SSC, SCC, and/or GHSC as required by

intended s

brs shall be considered when using:this document for the selection of materials suitablg

C in H,S-containing environments

bral

Prvice.

Conformar]ce/6f'a CRA or other alloy with this document implies cracking-resistance within defi

environme

for

the

ed

ntal service limits. These limits are dependent on the material type or the individual alldy.

To enable qualification and/or selection of CRAs and other alloys, the equipment purchaser can be
required to provide information on the proposed conditions of exposure to the equipment supplier.

In defining the severity of H,S-containing environments, exposures that can occur during system
upsets or shutdowns, etc. shall also be considered. Such exposures can include unbuffered, low pH
condensed water. The limits given in the tables in Annex A are for production environments and do not

cover cond

itions occurring during injection or flowback of chemicals that can reduce the in situ pH.

CRAs and other alloys shall be selected using Annex A or following qualification by successful
laboratory testing in accordance with Annex B. Qualification based on satisfactory field experience is
also acceptable. Such qualification shall conform with ISO 15156-1.

© IS0 2020 - All rights reserved
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In Annex A, materials are identified by materials groups. Within each group, alloys are identified by
materials type (within compositional limits) or as individual alloys. Acceptable metallurgical conditions
and environmental limits are given for which alloys are expected to resist cracking. Environmental
limits are given for H,S partial pressure, temperature, chloride concentration, and elemental sulfur.

A CRA or other alloy can be qualified by testing for use under operating conditions that are more severe
than the environmental limits given in Annex A. Similarly, a CRA or other alloy can be qualified for use
in different metallurgical conditions (higher strength, alternative heat treatment, etc.) to those given in
Annex A.

The documentation of qualifications performed in accordance with Annex B shall meet the requirements
in I$0 15156-1:2020, Clause 9.

The equipment user shall verify qualifications (see B.2.2) and retain documentatiomsupporting the
materials selections made.

6.2 Evaluation of materials properties

6.2{1 Hardness of parent metals

If hardness measurements on parent metal are specified, sufficient hardness tests shall be made
to gstablish the actual hardness of the CRA or other alloy beinig €xamined. Individual HRC readings
exceeding the value permitted by this document may be congsidered acceptable if the averagg of several
reaflings taken within close proximity does not exceed thewalue permitted by this document and no
ind{vidual reading is greater than 2 HRC above the spegified value. Equivalent requirerhents shall
apply to other methods of hardness measurement when*specified in this document or refefrenced in a
manufacturing specification.

The conversion of hardness readings to or from other scales is material-dependent. Th¢ user may
estgblish the required conversion tables.

NOTE The number and location of hardiess tests on parent metal are not specified in ISO 15156 (all parts).
6.2)2 Cracking-resistance properties of welds

6.2{2.1 General

Thg metallurgical changes'that occur when welding CRAs and other alloys can affect their sugceptibility
to §SC, SCC, and/or GHSC. Welded joints can have a greater susceptibility to cracking than|the parent
maferial(s) joined;

Thg equipment-user may allow the cracking susceptibility of weldments to govern the limits of safe
seryice conditions for a fabricated system.

ProresSes and consumables used in welding should be selected in accordance with good pra¢tice and to
achjeve the required corrosion and cracking resistances.

Welding shall be carried out in conformance with appropriate codes and standards as agreed between
the supplier and the purchaser. Welding procedure specifications (WPSs) and procedure qualification
records (PQRs) shall be available for inspection by the equipment user.

Welding PQRs shall include documented evidence demonstrating satisfactory cracking resistance
under conditions at least as severe as those of the proposed application. Such evidence shall be based
upon one or more of the following:

— conformance with the requirements and recommendations for the specific materials group of
Annex A (see also 6.2.2.2 and 6.2.2.3);

— weld cracking-resistance qualification testing in accordance with Annex B;

© IS0 2020 - All rights reserved 7
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documented field experience modelled upon that specified for parent materials in ISO 15156-1.

The requirements and recommendations given in Annex A might not be appropriate for all combinations
of parent and weld metals used in the fabrication of equipment and components. The equipment user
may require evidence of successful cracking-resistance testing as part of the welding procedure
qualification to ensure the weldment produced provides adequate resistance to SSC, SCC, and GHSC for
the application.

6.2.2.2 Qualification of welding procedures in accordance with Annex A based upon hardness

6.2.2.2.1 [General

The qualification of welding procedures for sour service shall, if specified in Annex A, include hardpess
testing in dccordance with 6.2.2.2.2, 6.2.2.2.3 and 6.2.2.2.4.

6.2.2.2.2 | Hardness testing methods for welding procedure qualification

Unless othprwise approved by the user, hardness testing for welding procedure qualification shalll be
carried out using Vickers HV 10 or HV 5 methods in accordance with ISO 650%-1 or the Rockwell [L5N
method in pccordance with [SO 6508-1.

NOTE For the purposes of this document, ASTM E384 is equivalent to ISO%507-1 and ASTM E18 is equivdlent
to ISO 6508}1.

6.2.2.2.3 | Hardness surveys for welding procedure qualification

Hardness qurveys for butt welds, fillet welds, repair, and partial penetration welds and overlay wglds
shall be carried out as described in ISO 15156-2:2020, 7.3:8.3.

6.2.2.2.4 |Hardness acceptance criteria for welds

Weld hardphess acceptance criteria for CRAs(or other alloys given in Annex A shall apply to alloys

selected uging Annex A.

Hardness @cceptance criteria can alse-be established from successful cracking-resistance testing of
welded sarpples. Testing shall be in-accordance with Annex B.

6.2.2.3 Qualification of welding procedures in accordance with Annex A by other means of tesfing
Where appropriate, requitements and recommendations to ensure adequate cracking-resistancg of
welds using other meafs-of testing are provided in the materials groups of Annex A.

6.2.3 Crackingsresistance properties associated with other fabrication methods

For CRAs

hiidy other alloys that are subject to metallurgical changes caused by fabrication meth

ods

other than—welding, trackinmg-resistance quatification testing of the mmaterialaffected by fabrication

shall be specified as part of the qualification of the fabrication process.

Qualification testing shall be specified as part of the qualification of burning and cutting processes if
any HAZ remains in the final product.

The requirements and acceptance criteria of 6.2.2 shall apply to the qualification testing of both
fabrication methods and burning/cutting processes subject to the suitable interpretation of the
hardness survey requirements of 6.2.2.2.3 for the fabrication method or burning/cutting process.

The form and location of the samples used for evaluation and testing shall be acceptable to the
equipment user.
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6.3 PREN

For the purpose of determining conformance with the requirements of this document, all Fppgy limits
specified in this document shall be considered absolute limits as defined in ASTM E29. With the absolute
method, an observed value or a calculated value is not to be rounded, but is to be compared directly
with the specified limiting value. Conformance or non-conformance with the specification is based on
this comparison.

The Fprgy calculation is based on actual composition, not nominal composition. Nominal composition is
used for general classification only.

Thd PREN (Fprgy)shall be calculated as given in Formula (1]:

Fopen =Wer +3,3(Wy, +0,5wyy, )+16wy (1)

whegre

Wc, is the mass fraction of chromium in the alloy, expressed as a percefitage mass fradtion of
the total composition;

is the mass fraction of molybdenum in the alloy, expressed as a percentage mass ffaction
of the total composition;

WMo

wy, is the mass fraction of tungsten in the alloy, expréssed as a percentage mass fractfon of the
total composition;

wy is the mass fraction of nitrogen in the alloy;ekpressed as a percentage mass fraction of the
total composition.

NOTE There are several variations of the PREN. All were developed to reflect and predict| the pitting

resiptance of Fe/Ni/Cr/Mo CRAs in the presence of dissolved chlorides and oxygen, e.g. in sea wdter. Though
useflul, these indices are not directly indicatiye 'of corrosion resistance in H,S-containing oil field envlironments.

7 |Purchasing information-and marking
7.1| Information that shguld be supplied for material purchasing

7.1]1 The preparation/of material purchasing specifications can require cooperation and gxchange of
data between the equipment user, the equipment supplier, and the material manufacturer to ¢nsure that
the material purchased conforms with ISO 15156-1 and this document.

7.1{2 Thetfollowing information shall be provided:

— |preferred materials types and/or grades (if known);

— equipment type (if known);
— reference to this document, i.e. ISO 15156-3:2020;

— acceptable bases for selection of materials for cracking-resistance (see Clause 6).
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7.1.3 The equipment user and the equipment supplier/material manufacturer may agree that CRAs
and other alloys other than those described and or listed in Annex A may be selected subject to suitable
qualification testing.

If the purchaser intends to make use of such agreements, extensions, and qualifications, the appropriate
additional information shall be clearly indicated in the materials purchasing specification. This
information includes the following:

— requirements for SSC, SCC, and/or GHSC testing (see Clause 6 and Annex B);

— service conditions for the specific sour service application.

7.1.4 The information required for material purchasing shall be entered on suitable data’ shgets.
Suggested formats are given in Annex C.

7.2 Marking, labelling, and documentation

Materials fonforming with this document shall be made traceable, preferably~by marking, before
delivery. Suitable labelling or documentation is also acceptable.

For materipls qualified and selected for a special application in accordance with Annex B, traceabllity
shall include reference to the environmental conditions of the special application.

The equipmhent user may request the equipment or materials supplierto provide documentation of|the
materials @ised in equipment or components and their environmental service limits as defined in fhis
document.

The tables|in Annex C provide designations that can be used:
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Annex A
(normative)

Environmental cracking-resistant CRAs and other alloys
(including Table A.1 — Guidance on the use of the materials
selection tables)

A.1 General

A.1l1 Materials groups
Theg materials groups used to list CRAs or other alloys (see 6.1) are as follows:
— |austenitic stainless steels (identified as material type and as individual alloys) (see A.2)

— |highly alloyed austenitic stainless steels (identified as material types and as individual alloys)
(see A.3);

— |solid-solution nickel-based alloys (identified as material types and as individual alloys) (see A.4);
— |ferritic stainless steels (identified as material type), (see A.5);

— |martensitic stainless steels (identified as individual alloys) (see A.6);

— |duplex stainless steels (identified as material types) (see A.7);

— |precipitation-hardened stainless steels (identified as individual alloys) (see A.8);

— |precipitation-hardened nickel-Based alloys (identified as individual alloys) (see A.9);
— | cobalt-based alloys (identified as individual alloys) (see A.10);

— [titanium and tantalum\(identified as individual alloys) (see A.11);

— | copper, aluminiumr{identified as materials types) (see A.12).

Subject to A.1.2,5A11.3, A.1.4, and A.1.5 below, the CRAs and other alloys listed in Tdble A.1 to
Tabje A.42 may.be used without further testing for SSC, SCC, and GHSC cracking-resistance|within the
envliironmental limits shown.

Infqrmation on the use of copper and aluminium alloys is contained in A.12.

A 1 R_contains rnrnmmnnr]afinnc on thn use. nf n]ar‘r‘ing’ r\vnrlays’ and AL rncicfanf f)"r\yc‘l

NOTE The materials listed and the restrictions shown are those originally listed in NACE MR0175:2003%)
except for balloted changes introduced since 2003.

A.1.2 Limits of chemical composition

The user of a CRA or other alloy shall ensure that the chemical analysis of the material used meets the
material analysis requirements shown for the material in SAE — ASTM, Metals and alloys in the Unified
Numbering System.

The material shall also meet any provision shown in the text and/or tables of its materials group.

4) Withdrawn.
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A.1.3 Environmental and metallurgical limits for cracking-resistance

A.2.2 to A.11.2 contain materials selection tables showing the environmental limits of the materials
when used for any equipment or component. These subclauses also often contain materials selection
tables showing the less restrictive environmental limits of the materials when used for named
equipment or components.

The tables show the application limits with respect to temperature, pH,S, Cl-, pH, S°. These limits apply
collectively. The pH used in the tables corresponds to the minimum in situ pH.

NOTE1 In the tables of this annex, the SI unit “milligrams per litre” is used for mass concentration. In US
Customary finits, these are commonly expressed In parts per million (ppm).

NOTE 2 huidance on the calculation of pH,S is given in ISO 15156-2:2020, Annex C.
NOTE 3 huidance on the calculation of pH is given in ISO 15156-2:2020, Annex D.

NOTE4 In preparing the materials selection tables, it is assumed that no oxygen is présent in the serjvice
environmert.

Where no [specified limit for a variable can be defined in a table, explanatory remarks that refflect
current knpwledge have been included in the table.

The envirojnmental limits for an alloy are valid only within any additional metallurgical limits given] for
the alloy inp the text of the same table. Where tempering of a materialis required, the tempering time
shall be sufficient to ensure the achievement of the required through-thickness hardness.

When pur¢hasing materials, metallurgical properties known, to affect the materials' performancg in
H,S-contaiping oil and gas environments in addition to thQse specifically listed in this annex shquld
also be corsidered. ISO 15156-1:2020, 8.1 lists such properties.

A.1.4 Reguirements and recommendations.on welding

The clausds for the materials groups contain|requirements and recommendations for welding|the
materials of the group to achieve satisfactory cracking-resistance in the weldment produced.

A.1.5 Other requirements and recommendations on CRAs and other alloys

A.1.5.1 Requirements for overlays, surface treatments, plating, coatings, linings, etc.
For the corhposition, cracking-resistance and use of overlays, see A.13.

Metallic coptings (electtoplated and electroless plated), conversion coatings, plastic coatings, or linjngs
may be usdd, but are-not acceptable for preventing cracking.

The effect pf theirtapplication on the cracking-resistance of the substrate shall be considered.

Nitriding with a maximum case depth of 0,15 mm (0,006 in) is an acceptable surface treatment if
conducted at a temperature below the lower critical temperature of the alloy being treated. The use of
nitriding as a means of preventing cracking in sour service is not acceptable.

A.1.5.2 Threading
Threads produced using a machine-cutting process are acceptable.

Threads produced by cold forming (rolling) are acceptable on CRAs and other alloys if the material and
the limits of its application otherwise conform with this document.
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A.1.5.3 Cold deformation of surfaces

Cold deformation of surfaces is acceptable if caused by processes such as burnishing that do not impart
more cold work than that incidental to normal machining operations (such as turning or boring, rolling,
threading, drilling, etc.).

Cold deformation by controlled shot-peening is acceptable if applied to base materials that conform with
this document and if restricted to a maximum shot size of 2,0 mm (0,080 in) and an Almen intensity not
exceeding 10C. The process shall be controlled in accordance with SAE AMS-2430.

A.154 ldentification stamping
The use of identification stamping using low-stress (dot, vibratory, and round-V) stamps is acceptable.

The use of conventional sharp V-stamping is acceptable in low-stress areas such as the-outside diameter
of flanges. Conventional sharp V-stamping shall not be performed in high-stressyareas unless agreed
with the equipment user.

A.1.6 Use of materials selection tables

Table A.1 provides a guide to the materials selection tables for any equipment or componfent. It also
proyides a guide to additional materials selection tables for specifi¢ named equipment or cpmponents
wheén other, less restrictive, environmental, or metallurgical limits may be applied.
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Table A.1 — Guidance on the use of the materials selection tables of Annex A
based on equipment or component type

Material selection table numbers for various materials groups

screws, etc.), downhole and surface
temporary-service tool applications)
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. A13 A3l A.41
Any equipment or component A2 A8 A17 A.18 A24 A.26 A32 A.38
Al14 A42
A33
Additjonal materials selection tables for casing, tubing and downhole equipment
Dowjnhole tubular components — A9 — — A19 A.25 — — — —
Pacl: ers and other subsurface - A9 _ o A.20, A25 A27 J - _
equipment A21
Gas |ift equipment A7 A.10 Al6 — — — - A37 — —
Injegtion tubing and equipment A7 — — — — — — — — —
Downhole control line tubing and A7 A1l _ _ _ ~ _ _ _ _
dowpnhole screens
Additjonal materials selection tables for wellheads, Christmas trees, valves, chokes and\level controllers
We% head an.d .tree components (with _ _ A13 _ (73 _ A27 A34 _ _
varipus specified exclusions)
Val‘ e and chloke compopents (with _ _ _ . A23 _ A27 A34 _ _
varipus specified exclusions)
Shaffs, stems and pins A3 — — — — — — — — —
Non}pressure-containing internal-
valvp, pressure-regulator, and level- — . — . — — A28 A35 — —
confroller components
Additjonal materials selection tables for process plant
Comjpressor components | A6 l — | — — | A22 | — A.30 — | — —
Additjonal materials selection tables for other.equipment
Instfumentation and control devices | ( A6 — — — — — — — — —
Instfument tubing and associated
compression fittings, surface contfol A4 A1l — — — — — — — —
line fubing and surface screens
Spriphgs — — — — — — — A.36 A39 —
Diafjhragms, pressure méasuring
| — — e — — — — — A40 —
devifes and pressure séals
Seal|rings and gaskets A5 — — — — — — — — —
Snap rings — — — — — — A29 — — —
Bealing.pins — — A15 — — — — — — —
Miscellaneous equipment as named in
the tables (including hardware (e.g.set |, . A6 . . . A28 A35 . .

A.2 Austenitic stainless steels (identified as material type and as individual alloys)

A.2.1 Materials analyses

Austenitic stainless steels of this material type shall contain the following elements in the following
proportions, expressed as mass fractions: C, 0,08 % max; Cr, 16 % min; Ni, 8 % min; P, 0,045 % max; S,

0,04 % max; Mn, 2,0 % max; and Si, 2,0 % max. Other alloying elements are permitted.

14
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Higher carbon contents for UNS S30900 and S31000 are acceptable up to the limits of their respective
specifications.

It is common industry practice to dual certify 300 series stainless steels as standard grade and low
carbon grade such as S31600 (316) and S31603 (316L). The environmental limits given for low carbon
300 series stainless steels are acceptable for the dual certified grades.

Free-machining austenitic stainless steel products shall not be used.

A.2.2 Environmental and materials limits for the uses of austenitic stainless steels

Table A.2 — Environmental and materials limits for austenitic stainless steels used for any
equipment or components
Materials .
type/ Partial Chlo-
I P pressure - Sulfur-
inldividual | Temperature ride pH . Remarks
H,S resistant?
ajloy UNS H.s conc.
umber L
max max max
°C (°F) kPa (psi) | mg/]
60 (140) 100 (15) See See No Any combination of cijloride
“Re- “Re- concentration and in §itu pH
Alustenitic marks” | marks” occurring in productipn
dtainless column | column environments is acceptable.
steel These materials have peen used
from without restrictions dn tem-
materials See See See perature, pH,S, or in ditu pH in
type “Remarks” “Re- 50 “Re- No production environments. No
d?SC“bed column marks” marks” limits on individual pgrameters
inA.22 column column are set, but some compinations
of the values of these parameters
might not be acceptaljle.
b31603b 60 (140) 1000 50000 24,5 NDsd
(145)
90 (194) 1000 1000 23,5 NDsd
(145)
90 (194) 1(0,145) | 50 000 24,5 NDsd
93:(200) 10,2 (1,5) | 5000 25,0 NDsd
120 (248) |100(14,5)| 1000 23,5 NDSd
149 (300) 10,2 (1,5)| 1000 24,0 NDsd
520910¢ 66 (150) 100 (15) See See No Any combination of cijloride
“Re- “Re- concentration and in gitu pH
marks” | marks” occurring in productipn
COTUTITIT | COTUTITT EMVITOMIENtS IS acceptable.

© IS0 2020 - All rights reserved
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Table A.2 (continued)
Materials .
type/ Partial Chlo-
Lo pressure . Sulfur-
individual | Temperature ride pH . Remarks
H,S resistant?
alloy UNS conc.
pH,S
number
max max max
°C (°F) kPa (psi) | mg/l
A limit on the martensite content of these austenitic stainless steels should be considered.
The stress forrosion cracking resistance of all austenitic stainless steels of the material type described in-Aj2
can be advgrsely affected by cold working.
2 These materials shall

— be in|the solution-annealed and quenched or annealed and thermally-stabilized heat-treatment conditjon,

— be free of cold work intended to enhance their mechanical properties, and

— have|a maximum hardness of 22 HRC.

b UNS S31603 shall be in the solution-annealed and quenched condition when used/nenvironments out-
side the lin}its imposed for the material type (i.e. in the top two rows), but within those given specifically fo
S$31603. The following conditions shall apply:

— the rhaterial shall be free from cold work caused by shaping, forming;€old reducing, tension, expansiqn,
etc. after the final solution annealing and quenching treatment;

— afterthe final solution annealing and quenching treatment, hardhess and cold work incidental to
machining or straightening shall not exceed the limits imposed by the appropriate product
specification.

¢ UNS S20910 is acceptable for environments inside the limitsimposed for the material type and for this alloy,
specifically}, in the annealed or hot-rolled (hot/cold-worked).condition at a maximum hardness of 35 HRC.
d No data §ubmitted (NDS) to ascertain whether these materials are acceptable in service with presence of
elemental qulfur in the environment.
Table AJ3 — Environmental and materials limits for austenitic stainless steels used as valye
Stems, pins, and shafts
Individupl | Temperature | Partial | Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS numljer H,S
pH,S
max max max
°CPH kPa (psi) mg/1
S20910 See See See “Re- See “Re- NDS2  |Any combination of
“Remarks” “Remarks”| marks” marks” temperature, pH,S,
column column column column chloride concentration,
and in sitn pH occurring ih
production environments
is acceptable.

(2) the s

sulfur in the

For these applications, the following material restrictions shall also apply:

— UNS S20910 at a maximum hardness level of 35 HRC may be used in (1) the as-hot worked condition,

olution annealed condition or (3) the solution annealed condition followed by cold-working.

Note that the cold worked condition shall be preceded by solution annealing.

environment.

a2 No data submitted (NDS) to ascertain whether these materials are acceptable for service in the presence of elemental

16
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Table A.4 — Environmental and materials limits for austenitic stainless steels used in surface
applications for control-line tubing, instrument tubing, associated fittings, and screen devices

Individual alloy | Temperature | Partial | Chloride pH Sulfur Remarks
UNS number pressure conc. resistant?
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
S31600 See See See See NDS2  |This material has been
“Remmarks— T “Remmarks“ T“Remmarks“T“Renmarks™ uSed for these tpmponents
column column column column without restrictjon on

temperature,pH,S, Cl-,
or in situ pH in groduction
environments. No limits
owindividual pafameters
are-set, but som¢
combinations offthe
values of these garameters
might not be acdeptable.

UN$ S31600 stainless steel may be used for compression fittings and instrument tubing even though it might n¢t satisfy the

reqpiirements stated for any equipment or component in Table A.2.

2 |No data submitted to ascertain whether these materials are acceptable)for service in the presence of elenpental sulfur

in the environment.

rings and@askets

Table A.5 — Environmental and materials limits.for austenitic stainless steels used

as seal

Individual alloy | Temperature | Partial | Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H,S
pH,S
max ma max
°C (°F) kPa (psi) mg/1
Any combinatign of
temperature, pH,S,
D
J9¢600,J92900 See See See See chloride concentration,
S30400,S30403 | “Remarks” |“Remarks”|“Remarks” | “Remarks” NDSa and in situ pH dccurring
$30600, $31603 coldmn column column column in p_roductlon _
environments is
acceptable.

For|these applications, the following materials restrictions shall apply;

[92600,992900 API compression seal rings and gaskets made of centrifugally cast material in the as-cast
or s¢lufion-annealed condition shall have a hardness of 160 HBW (83 HRB) maximum;

530400, S30403, S31600 or S31603 API compression seal rings and gaskets made of wrought material

a

in the solution-annealed condition shall have a hardness of 160 HBW (83 HRB) maximum.

No data submitted to ascertain whether these materials are acceptable for service in the presence of elemental sulfur
in the environment.

© IS0 2020 - All rights reserved
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Table A.6 — Environmental and materials limits for austenitic stainless steels used in
compressors and instrumentation and control devices

Materials type |Temperature| Partial | Chloride pH Sulfur- Remarks
pressure conc. resistant?
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
Compressors
Austeniltic See See See See NDS2  |Any combination of
stainless pteel “Remarks” | “Remarks” | “Remarks” | “Remarks” temperature, pH,S, chilorfde
from matdrials column column column column concentration, and‘in sit
type desctibed pH occurring improductipn
in A.Z environments isacceptable.
Instrumentation and control devicesP
Austeniltic See See See See NDS2  |Thesennaterials have begn
stainless pteel “Remarks” | “Remarks” | “Remarks” | “Remarks” used\for these componenjts
from matdrials column column column column without restriction on
type desctibed temperature, pH,S, Cl-, of
in A.2 in situ pH in production
environments. No limits pn
individual parameters arje
set, but some combinatiops
of the values of these
parameters might not be
acceptable.

— bein the

For these applications, these materials shall also

solution-annealed and quenched or annealed and.stabilized heat-treatment condition,

— be free dof cold work intended to enhance their mechanical’properties, and
— have a mfaximum hardness of 22 HRC.
A limit on the martensite content of these austenitic_stainless steels should be considered.

a2 No data|submitted to ascertain whether these materials are acceptable for service in the presence of elemental sullfur
in the envirqnment.

b Instrumlentation and control devices_include, but are not limited to diaphragms, pressure measuring devices, fand

pressure sedls.
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Table A.7 — Environmental and materials limits for austenitic stainless steels used in gas lift
service and for special components for subsurface applications such as downhole screens,
control-line tubing, hardware (e.g. set screws, etc.), injection tubing, and injection equipment

grqup described
inA.2

Materials type | Temperature | Partial Chloride pH Sulfur- Remarks
pressure conc. resistant?
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
AUSTenitic See See See See NDS® These materlatls have
stlainless steel “Remarks” | “Remarks” | “Remarks” | “Remarks” been usedfortfhese
frgm materials column column column column componénts wjthout

restriction on
temperature, gH,S, CI-,
orin situ pH in
production
environments.|No limits
on individual garameters
are set, but sorhe
combinations ¢f
the values of these
parameters might not
be acceptable.

in the environment.

a  |No data submitted to ascertain whether these materials are accgptable for service in the presence of elenjental sulfur

A.2l3 Welding of austenitic stainless steels of this materials group

The requirements for the cracking-resistance properties of welds shall apply (see 6.2.2).

The hardness of the HAZ after welding shall not exceed the maximum hardness allowed f¢r the base
metal and the hardness of the weld metal;shall not exceed the maximum hardness limit of the[respective
alloly used for the welding consumable:

Austenitic stainless steel, “L”, filler metal shall have a maximum carbon content of 0,03 % majs fraction.

Weldments may be repair-welded if they meet the welding procedure requirements.

A.3 Highly alloyed austenitic stainless steels (identified as material types and as
individual alleys)

A.3l1 Materials chemical compositions

Highly‘alloyed austenitic stainless shall be as required in Table A.8 and Table A.9. Free-machihing highly
alloyeéd’austenitic stainless steels shall not be used.

Free-machining highly alloyed austenitic stainless steels shall not be used.

© IS0 2020 - All rights reserved
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A.3.2 Environmental and materials limits for the uses of highly alloyed austenitic
stainless steels

Table A.8 — Environmental and materials limits for highly-alloyed austenitic stainless steels
used for any equipment or components

Materials | Temperature | Partial Chloride pH Sulfur- Remarks
type/ pressure conc. resistant?
individual H,S
alloy pH,S
UNS IIdx ITdx ITdx
number )
°C (°F) kPa (psi) mg/l
Materials 60 (140) 100 (15) See See No Any combinations of ¢chloride
type “Remarks” | “Remarks” concentration, andin situ pH
3a, 3b, and column column occurring in preduction
]93254 environments-are acceptable.
See See 50 See No These materials have been
“Remarks” | “Remarks” “Remarks” used without restrictions op
column column column teniperature, pH,S, or in sity
pH in production environ-
mients. No limits on individyal
parameters are set, but some
combinations of the values ¢f
these parameters might notfbe
acceptable.
Materials 121 (250) 700 (100) 5000 See No The in situ pH values occurifing
type “Remarks® in production environment;
3b coluin are acceptable.
149 (300) 310 (45) 5000 See No
“Remarks”
column
171 (340) 100 (15) 5 000 See No
“Remarks”
column
N08926 121 (250) 700 (100) 65000 23,5; No pH estimated from laboratory
See also test conditions.
Iieorlrllla;;lfls UNS N08926 is material
type 3b tested to higher limiits
of chloride concentration thfan
apply for the materials typeas
a whole.
J95370 150.(302) 700 101 000 See No The in situ pH values occuriing
“Remarks” in production environment;
column are acceptable.
These matertatsstrattatsoconformrwitirthe fU‘l‘lUVV;llS.
— materials type 3a shall be highly alloyed austenitic stainless steel with (wy; + 2wy,) > 30
(where wy, has a minimum value of 2 %). The symbol w represents the percentage mass fraction
of the element indicated by the subscript;
— materials type 3b shall be highly alloyed austenitic stainless steel with Fpppy > 40,0;
— materials types 3a and 3b (including N08926) shall be in the solution-annealed condition;
— UNS]J93254 (CK3McuN, cast 254SMO) in accordance with ASTM A351, ASTM A743, or ASTM A744
shall be in the cast, solution heat-treated and water-quenched condition, and shall have a maximum
hardness of 100 HRB;
— UNSJ95370 shall be in the solution heat-treated and water-quenched condition and shall have
a maximum hardness of 94 HRB.
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Table A.9 — Environmental and materials limits for highly-alloyed austenitic stainless steels
used for downhole tubular components and packers and other subsurface equipment

Materials type/ | Temperature | Partial | Chloride pH Sulfur- Remarks
individual alloy pressure conc. resistant?
UNS number H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
Materials 60 (140) 100 (15) See See No Any combination of
type3aamt3b “Remmarks“T“Renrarks™ chioridetomcemration
column column and in situ pHhog¢curring in

productiofnenvifonments
is acceptable.

Materials 60 (140) 350 (50) 50 See No The-irrsitu pH values
type 3a “Remarks” o6curring in production
column environments age

Materials 121 (250) | 700 (100) | 5000 See No_  \acceptable.
type 3b “Remarks”
column

149 (300) 310 (45) 5000 See No
“Remarks”
column.

171 (340) 100 (15) 5000 See No
“Remarks”
column

N08926 121 (250) 700 (100) 65000 >3,5; No pH is estimated from
See also laboratory test donditions.

RCZIEE; l;S UNS N08926 i thaterial

type 3b tested t¢ higher
limits of chlorid¢
concentration than apply
for the material§ type as a
whole.

Forlthese applications, these matefials shall also conform with the following:

— |highly alloyed austenitic stainless steels used for downhole tubular components shall contain at least
these elements, expressed.as percentage mass fractions: C, 0,08 % max; Cr, 16 % min; Ni, 8 % min; P,
0,03 % max; S, 0,030 % max; Mn, 2 % max; and Si, 0,5 % max. Other alloying elements may be added;

— [materials type 3ashall be highly alloyed austenitic stainless steel with (wy; + 2wy > 30
(where wy, haS.amminimum value of 2 %);

— [materials £ype 3b shall be highly alloyed austenitic stainless steel with a Fppgy > 40,0.
Al

_

he above alloys shall be in the solution-annealed and cold-worked condition with a maximum hardness of B5 HRC.
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Table A.10 — Environmental and materials limits for highly-alloyed austenitic stainless steels
used in gas lift service

Materials type |Temperature| Partial | Chloride pH Sulfur- Remarks
pressure conc. resistant?
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
Highly alloyed See See See See NDS2  |These materials have been
austenific “Remmarks—T“Renmarks“ T “Remarks“ T“Remmarks™ used-forthesecomporemnts
stainless pteel column column column column without restriction on
from matdrials temperature, pH,S{Cl%; of
group desdribed in situ pH in produgction
in A.3 environments. No limits pn
individual parameters arje
set, but sonre combinatiops
of thealues of these
parameters might not be
acceptable.
a2 No data|submitted to ascertain whether these materials are acceptable for service irfxthe presence of elemental sullfur
in the envirqnment.

Table A.11 — Environmental and materials limits for highly alloyed austenitic stainless stegls
used as instrument tubing, control-line tubing, compression-fittings, and surface and downHhole
screen devices

Individual alloy | Temperature| Partial Chloride pH Sulfur- Remarks
UNS nunmber pressure conc. resistant?
H,S
pH,S
max max htax
°C(°F) kPa (psi) mg/l
Materigls See See See See NDS2 These materials have bgen
types 3aapd 3b | “Remarks” | “Rematrks” | “Remarks” | “Remarks” used for these componehts
column column column column without restriction on
temperature, pH,S, CI-, pr
in situ pH in production
environments. No limits
on individual parametefs
are set, but some
combinations of the valjes
of these parameters might
not be acceptable.
N08904 See See See See NDS2  |Any combination of
“Remarks” | “Remarks” | “Remarks” | “Remarks” temperature, pH,S,
column column column column chloride concentration,
and in situ pH occurring in
production environments
is acceptable.

a

Materials type 3b shall be highly alloyed austenitic stainless steel with a Fpgpy > 40,0.

Materials type 3a shall be highly alloyed austenitic stainless steel with (wy; + 2wy,) > 30 (where wy;, has a minimum value
of 2 % mass fraction). The symbol w represents the percentage mass fraction of the element indicated by the subscript.

Wrought N08904 for use as instrument tubing shall be in the annealed condition with a maximum hardness of 180 HV10.

No data submitted to ascertain whether these materials are acceptable for service in the presence of elemental sulfur
in the environment.
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A.3.3 Welding highly alloyed austenitic stainless steels of this materials group

The requirements for the cracking-resistance properties of welds shall apply (see 6.2.2).

The hardness of the HAZ after welding shall not exceed the maximum hardness allowed for the
base metal, and the hardness of the weld metal shall not exceed the maximum hardness limit of the
respective alloy used for the welding consumable.

Weldments may be repair-welded if they meet the weld procedure requirements.

A.

.1 Materials chemical compositions

Table A.12 provides a breakdown of this materials group into types 4a, 4b,"4c, 4d, and {e used in
Table A.13 and Table A.14.
Table A.12 — Materials types of solid-solution nickel-based alloys
Materials Cr Ni + Co Mo Mo + W Metallurgical
type mass fraction | mass fraction | mass fraction -mass fraction conditjon
min min min min
% % % %
Type 4a 19,0 29,5 5% . Solution-annealed or
annealed
Type 4b 145 52 12 . Solution-annealed or
annealed
Solution-annealled or
Type 4c 19,5 29,3 2,5 o annealed and cpld-worked
Solution-annealled or
Type 4d 19,0 o - 6 annealed and ild-worked
Solution-annealled or
Type 4e 14,5 52 12 o annealed and cpld-worked
Type 4f2 20,0 58 15,5 — a) Solution-ahnealed or
annealed 4nd cold-
worked copdition
b) Solution-ahnealed or
annealed 4nd cold-
worked and aged
condition
a | Thetype 4f family is currently limited to only UNS N07022.
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A.4.2 Environmental and materials limits for the uses of solid-solution nickel-based

alloys

Table A.13 — Environmental and materials limits for solid-solution nickel-based alloys used in
any equipment or component

Materials type/ | Temperature | Partial Chloride pH Sulfur- Remarks
individual alloy pressure conc. resistant?
UNS number H,S
PH,S
IMax ITdx ITdx
°C (°F) kPa (psi) mg/l
Annealed alloys See See See See Yes These materials have
of types 4 and “Remarks” | “Remarks” | “Remarks” | “Remarks” been used without
4b column column column column restriction®on
N04400 See See See See NDSa ti‘f‘p?gat“re' PH,S,
N04405 “Remarks” | “Remarks” | “Remarks” | “Remarks” chlqQdr co;qentra’gon
column column column column '(c)irolnn Situ pH In producy
environments. No limi{s
on individual parametgrs
are set, but some
combinations of the
values of these
parameters might not e
acceptable.
Wrought or fast solid-solution nickel-based products made from alloy$©ftypes 4a and 4b shall be in the solution-annealed
or annealed condition.
UNS N0440(Q and UNS N04405 shall have a maximum hardness 0f35 HRC.
Wellhead angd christmas tree components shall also be in ac¢ordance with ISO 10423.
a2 No data|submitted to ascertain whether these materials are acceptable for service in the presence of elemental sullfur
in the envirgnment.
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Table A.14 — Environmental and materials limits for annealed and cold-worked, solid-solution
nickel-based alloys used as any equipment or component?

Materials | Temperature | Partial Chloride pH Sulfur- Remarks
type pressure conc. resist-
H,S ant?
pH,S
max max max
°C (°F) kPa (psi) mg/1
See See Any combination of chloride
2324567 200301 “Remarks“ T “Remmarks” No corcentratiomand impitu pH
column column occurring in productjon
See See environments iS'aeceptable.
218 (425) 700 (100) | “Remarks” | “Remarks” No
column column
allovs of 204 (400) 1000 (150) | “Remarks” | “Remarks” No
y column column
types 4c,
4djand 4e See See
177 (350) 1400 (200) | “Remarks” | “Remarks” Neo
column column
A mbination o drozen
132 (270) “Remarks” | “Remarks” | “Remarks” Yes di - . . ’
column column columin and In situ pH in proguction
environments is acceptable.
See See Any combination of chloride
old- 218 (425) |2 000 (300)| “Remarks” {¥“Remarks” | No |concentrationand injitu pH
i column column occurring in production
vi/orkedf environments is acceptable.
alloys o
Any combinations of hydrogen
gypes See See See . . ;
4dand 4e 149 (300) “Remarks” f (Remarks” | “Remarks” Yes sulél.de, Fhlorlqe concentration,
column column column and in situ pH in production
environments are acdeptable.
Any combination of chloride
7000 “ See » |« See » concentration and in situ pH
232 (450) Remarks Remarks Yes Lo
[old- (1000) column column occurring in productjon
whbrked environments is acceptable.
aljoys of Any combination of hlydrogen
type 4e " See ol See o |« See ” sulfide, chloride concentration
2044400) Remarks Remarks Remarks Yes di - Hi . ’
column column column and in situ pH in prodquction
environments is acceptable.
Any in situ productiop
ee environment pH is
3500 5 ' fi
204 (400) (500) 180 000 | “Remarks” Yes acceptable for
column pCO, + pH,S <7 000 kPa
(1000 psi)

Cold- Any in situ production
worked environment pH is acceptable
alloys of for pCO, such that:
type 4f 7000 _ See . [For pH,S <3 000 kPa (450 psi):

288 (550) (1000) 180 000 Rcez)rlrlllzi;lr(ls NDS pCO, + pH,S < 10 000 kPa

(1 450 psi).

For pH,S from 3 000 kPa to

7 000 kPa:

pCO, <7000 kPa (1000 psi).
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Table A.14 (continued)

Materials
type

Temperature | Partial Chloride
pressure conc.
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1

pH

Sulfur-
resist-
ant?

Remarks

Wrought or cast solid-solution nickel-based products in these applications shall be in the annealed and cold-
worked condition or annealed, cold-worked, and aged for type 4f and shall meet all of the following as applicable:

1) the may
2) the may
— typ
— typ
— typ
3) UNSN1

4) UNSNO
and a maxi

5) UNSNO

a The limit

b Nodatas
sulfur in th

imum yield strength of the alloys achieved by cold work shall be
b 4¢: 1 034 MPa (150 ksi);
e 4d: 1 034 MPa (150 ksi);
b 4e: 1 240 MPa (180 ksi).

D276 (Type 4€) when used at a minimum temperature of 121 °C (250 °F) shall have a maximum h3
ness of 45 HRC;

limum hardness value for types 4c, 4d, and 4e in these applications shall be 40 HRC;

7022 (Type 4f) in the annealed and cold-worked condition shall have a®maximum hardness of 43 |
mum yield strength of 1 413 MPa (205 ksi);

7022 (Type 4f) in the annealed and cold-worked and aged condition shall have a maximum hardn
of 47 HRC gnd a maximum yield strength of 1 420 MPa (206 ksi).

s of application of the materials types 4c, 4d, and 4e in this-table overlap.

rd-

[RC

ubmitted to ascertain whether these materials are aceeptable for service in the presence of elemental
e environment.

Table A.15 — Environmental and materials limits for nickel-based alloys used for bearing pins
Individual alloy | Temperature | Partial | Chloride pH Sulfur- Remarks
UNS nunjber pressure conc. resistant?
pH,S
max max max
°C (°F) kP4d (psi) mg/1
N10276 See See See See NDSa Any combination of
“Remarks”™ | “Remarks” | “Remarks” | “Remarks” temperature, pH,S,
column column column column chloride concentration
and in situ pH occurrirlg
in
production environments
is acceptable.
N10276 beatgingpins, e.g. core roll pins, shall be in the cold-worked condition with a maximum hardness of 45 HRC.

a2 No data submitted to ascertain whether these materials are acceptable for service in the presence of elemental sulfur
in the environment.
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Table A.16 — Environmental and materials limits for nickel-based alloys used in gas lift service
and for downhole running, setting, and service tool applications for temporary service

Partial
Temperature pr(;lss;l re | Chloride pH Sl}lftur-t" Remarks
Individual alloy 2 conc. resistant:
UNS number PH3S
max max max
°C (°F) kPa (psi) mg/1
These materials have
beemrusedforthese
components.Without
restriction‘on
temperature, pH,S, CI-,
or insitu pH in
See See See See .
NO4400 “Remarks” | “Remarks” | “Remarks” | “Remarks” NDSa prO(_iuctlon ..
N04405 environments] No limits
column column column column e
on individual parameters
are set, but some
combinations lof the

be acceptable

values of thes¢
parameters mfight not

b

a

int

he environment.

No data submitted to ascertain whether these materials are acceptable for service in the presence of elenpental sulfur

A.4
Thd

The
metf
allo|

The
nicl

.3 Welding solid-solution nickel-based allgys of this materials group
requirements for the cracking-resistance preperties of welds shall apply (see 6.2.2).

hardness of the HAZ after welding shall fiot exceed the maximum hardness allowed f
al and the hardness of the weld metal shall not exceed the maximum hardness limit of the|
y used for the welding consumable,

re are no hardness requirements for welding solid-solution nickel-based alloys with sol
rel-based weld metal.

r the base
respective

id-solution
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A.5 Ferritic stainless steels (identified as material type)

A.5.1 Environmental and materials limits for the uses of ferritic stainless steels

Table A.17 — Environmental and materials limits for ferritic stainless steels used for any
equipment or components

Partial
Temperature pr(;lssgl re | Chloride pH Sl}lfur- ” Remarks
Materials 1,8 conc. resistant?
type Pres
max max max
°C(°F) kPa (psi) mg/1
Subject to limitations on
pH,S and pH.-These materj-
Ferritic stainless als ha.we. beenused without
steels frbm See See restrictions on temperatufe
materials|type “Remarks” 10 (1,5) |“Remarks”| 23,5 NDS?2 or chigride concentration |n
describged column column pro&Eluc_tlon environments
AT NoTimits on these two
= parameters are set, but some
combinations of their valules
might not be acceptable.

These mater

a2 No data
in the envird

nment.

ials shall be in the annealed condition and shall have a maximum+iardness of 22 HRC.

submitted to ascertain whether these materials are acceptablefor service in the presence of elemental sullfur

A.5.2 Welding of ferritic stainless steels of thisimaterials group

The requir

Hardness t
or, if a diff4

A.6 Mar

A.6.1 M4

Free-mach

terials chemicalcompositions

ning martensitic-Stainless steels shall not be used.

ements for the cracking-resistance propérties of welds shall apply (see 6.2.2).

tensitic (stainless) steels (identified as individual alloys)

esting of qualification welds shall.bé.carried out and the maximum hardness shall be 250 HV
rent hardness test method is permitted, its equivalent.
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A.6.2 Environmental and materials limits for the uses of martensitic stainless steels

Table A.18 — Environmental and materials limits for martensitic stainless steels used for any

equipment or components

Individual alloy | Temperature| Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
pH,S
max max max
“C(°F) kPa (ps1) mg/l
S41000 See 10 (1,5) See 23,5 NDSa Subject to limitatipns on the
S41500 “Remarks” “Remarks” in situ pH and’pH,S, these
S$42000 column column materials-have be¢n used for
J91150 these(eomponents without
J91151 restriction on temjperature
]91540 and chloride concéntration
S42400 in production environments.
541425 See 10 (1,5) See 23,5 No - [No limits on these|parame-
“Remarks” “Remarks” ters are set, but sdme combi-
column column nations of their values might
not be acceptable.

Thd

a)
22

b)
(F6

)
ang
d)
con
a
ta

—_—

se materials shall also conform with the following:

cast or wrought alloys UNS S41000, ]91150 (CA15), and J91151 (CA15M) shall have a maximum h
HRC and shall be

1) austenitized and quenched or air-cooled;

P) tempered at 621 °C (1 150 °F) minimum, then-¢ooled to ambient temperature;

to ambient temperature.

low-carbon, martensitic stainless steels,€ither cast ]91540 (CA6NM), or wrought S42400 or S41
NM) shall have a maximum hardness of 23 HRC and shall be

|) austenitized at 1 010 °C (1 850 °F) minimum, then air- or oil-quenched to ambient temperatur
P) tempered at 649 °C to 6915€ (1 200 °F to 1 275 °F), then air-cooled to ambient temperature;
B) tempered at 593 °C to 6271 °C (1 100 °F to 1 150 °F), then air-cooled to ambient temperature.

cast or wrought allog NS S42000 shall have a maximum hardness of 22 HRC and shall be in the
tempered heat-tieatment condition;

wrought lowsCarbon UNS S41425 martensitic stainless steel in the austenitized, quenched, and t
dition shall‘have a maximum hardness of 28 HRC.

o datasibmitted to ascertain whether these materials are acceptable for service in the presencg
sulfuriin‘the environment.

ardness of

B) tempered at 621 °C (1 150 °F) minimum, butlower than the first tempering temperature, them cooled

500

€;

Juenched

bmpered

of elemen-
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Table A.19 — Environmental and materials limits for martensitic stainless steels used as
downhole tubular components and for packers and other subsurface equipment

Specification/ |Temperature| Partial Chloride pH Sulfur- Remarks
Individual alloy pressure conc. resistant?
UNS number H,S
pH,S
max max max
°C(°F) kPa (psi) mg/1
ISO 11960 L-80 See 10 (1,5) See 23,5 NDSa Subject to limitations on
Type 13€r; “Remrarks” “Remmarks™ the st ptamdpi;S;
S41426,S42500 column column these materials havebeén
5414729 See 10 (1,5) See 4,5 NDsa |used for these components

without restriction.on
temperature andchlorid¢
concentrationin productjon
environments. No limits ¢n
these pdrameters are set
but'some combinations of
their'values might not be
acceptable.

“Remarks” “Remarks”
column column

For these applications, these materials shall also conform with the following;

a) UNS S41426 tubular components shall be quenched and tempered to maximum 27 HRC and maximum yigld
strength 724 MPa (105 ksi);

b) UNS S42500 (15 Cr) tubing and casing is acceptable as Grade 80 [SMYS 556 MPa (80 ksi)] only and shall lhe
in the quenfched and double-tempered condition with a maximum liardness of 22 HRC. The quench and dou-
ble-temper|process shall be as follows:

1) austgnitize at minimum 900 °C (1 652 °F), then air- orpil-quench;
2) temper at minimum 730 °C (1 346 °F), then cool to'ambient temperature;
3) temi

c) UNS S41429 tubular components shall be quenched and tempered or normalized and tempered to a max
mum hardnjess of 27 HRC and a maximum yield-strength of 827 MPa (120 ksi).

er at minimum 620 °C (1 148 °F), then egolto ambient temperature.

a2 No data gubmitted to ascertain whethérthese materials are acceptable for service in the presence of elemen-
tal sulfur in the environment.
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Table A.20 — Environmental and materials limits for martensitic alloy steel used as subsurface

equipment
Individual | Temperature | Partial | Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS number H,S
pH,S
max max max
°C(°F) kPa (psi) mg/1
K90941 See “Remarks” | See “Re- | See “Re- See “Re- NDSa These materials have been
TotuTTT TITaTRs™ TITaTks™ TITaTRs™ used-withoutTestyictions on
column column column temperature, szi,lchloride
concentratiom, or in situ pH
in
production enviropments. No
limits‘on individual
parameters are sef, but some
cambinations of the values of
these parameters might not
be acceptable.
For|these applications, UNS K90941 (martensitic 9Cr 1Mo to ASTM A276 type 9, ASTM A182/A182M grade F9 or
ASTM A213/A213M grade T9) shall have a maximum hardness of 22 HRC.
2 |No data submitted to ascertain whether these materials are acceptable)for service in the presence of elenpental sulfur
in the environment.

packers and subsiirface equipment

Table A.21 — Environmental and materials limits for martensitic stainless steels ysed as

a

and|
UNS

shall bé quenched and tempered to 22 HRC maximum.

S§41427 shall have a maximum hardness of 29 HRC and shall have been heat-treated in accordance with t

Alloy Temperature | Partial Chloride pH Sulfur- Remarks
specification pressure conc. resistant?
H,S
pH,S
max max max
°C(°F) kPa (psi) mg/1
AISI 420 See 10 (1,5) See >3,5 NDS2  |Any combination ¢f
(modified) “Remarks” “Remarks” temperature and ¢hloride
column column concentration occprring in
production environments is
acceptable
S41427 See 10 (1,5) 6100 >3,5 NDS2  |Temperatures occrring in
“Remarks” production environments
column are acceptable.
Forlthese applications, AISI 420 (modified) shall have chemical composition in accordance with ISO 11960 L-8p Type 13 Cr

he following

No data submitted to ascertain whether these materials are acceptable for service in the presence of elemental sulfur
in the environment.

three-step process:

a) austenitize at 900 °C to 980 °C (1 652 °F to 1 796 °F), then air-cool or oil-quench to ambient temperature;
b) tempered at 600 °Cto 700 °C (1 112 °F to 1 292 °F), then air-cool to ambient temperature;
c) tempered at 540 °Cto 620 °C (1 004 °F to 1 148 °F), then air-cool to ambient temperature.
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Table A.22 — Environmental and materials limits for martensitic stainless steels used as
compressor components

Individual alloy | Temperature | Partial Chloride Sulfur- Remarks
UNS number pressure conc. resistant?
H,S
pH,S
max max max
°C(°F) kPa (psi) mg/1
S41000 See See See See NDS2 Any combination of
S4150 “Rerrarks” “RemrarksT“Remmarks“T“Renmarks” termperature, pit;s;
S42400 column column column column chloride concentratio:ll,
J91150 and in situ pH o€curripg
J91151 in production
]9154p environmentsis
acceptablé.

ness if used

2) tem:[

3) tem
amb

2) tem

c) ifused

for compressor components and shall be

ered at 621 °C (1 150 °F) minimum, then cooled to ambient température;

ered at 621 °C (1 150 °F) minimum, but lower than the first témpering temperature, then cooled|to
ent temperature.

1) austgnitized and quenched or air-cooled;

For these applications, these materials shall also conform with the following:

a) castor yrought alloys UNS S41000, J91150 (CA15), and J91151 (CA15M) shall have22 HRC maximum hafd-

b) low-carpon, martensitic stainless steels, either cast J91540 (CAGNM) or wrought S42400 or
S41500 (FNM), shall have a maximum hardness of 23 HRC and:shall be

1) austgenitized at 1 010 °C (1 850 °F) minimum, then air-or oil-quenched to ambient temperature;
ered at 649 °C to 691 °C (1 200 °F to 1 275 °F),\then air-cooled to ambient temperature;
3) tempered at 593 °C to 621 °C (1 100 °F to 1 150°F), then air-cooled to ambient temperature.

r impellers, cast or wrought alloys UNS)S41000, J91150 (CA15) and J91151 (CA15M), cast]9154
(CA6NM) ahd wrought S42400, or S41500 (F6NM) shall exhibit a threshold stress 295 % of actual yield
strength in|the anticipated service environment.

a2 No data gubmitted to ascertain whetherthese materials are acceptable for service in the presence of elemen-
tal sulfur in the environment.

=

Table .L.ZB — Environmeéntal and materials limits for martensitic stainless steels used as|

wellhead and tree components and valve and choke components (excluding casing and tubipg
hangers and valve stems)
Individugl | Temperature | Partial Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS number H,S
pH,S
max. max. max.
°C (°F) kPa (psi) mg/1
S41000 See See See >3,5 NDS2 Subject to limitations on in situ
S41500 “Remarks” | “Remarks” | “Remarks” pH, these materials have been
S42000 column column column used for these components
J91150 without restriction on
J91151 temperature, pH,S, or Cl~ in
J91540 production environments. No
S$42400 limits on these parameters are
set, but some combinations
of their values might not be
acceptable.
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Table A.23 (continued)

Individual | Temperature | Partial Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS number H,S
pH,S
max. max. max.
°C (°F) kPa (psi) mg/1

For these applications, these materials shall also conform with the following:

a) cast or wrought alloys UNS S41000, J91150 (CA15), and J91151 (CA15M), shall have 22 HRC maximum hard-
negs and shall be

1) austenitized and quenched or air-cooled;
P) tempered at 621 °C (1 150 °F) minimum, then cooled to ambient temperature;

B) tempered at 621 °C (1 150 °F) minimum, but lower than the first tempering tempébature, then cooled to
ambient temperature.

b) [low-carbon, martensitic stainless steels either cast ]91540 (CA6NM) or wroughtS42400 or S41500 (F6NM)
shalll have 23 HRC maximum hardness and shall be

) austenitized at 1 010 °C (1 850 °F) minimum, then air- or oil-quenchéed-to ambient temperatuie;
P) tempered at 649 °C to 691 °C (1 200 °F to 1 275 °F), then air-cooled’'to ambient temperature;
B) tempered at 593 °C to 621 °C (1 100 °F to 1 150 °F), then air-egobled to ambient temperature.

c) fastor wrought alloy UNS S42000 shall have a maximum hardness of 22 HRC and shall be in the juenched
and tempered heat-treatment condition.

d) [low-carbon, martensitic stainless steel ]91540; the maximum design tensile stress shall not excded 2/3
specified minimum yield strength or 345 MPa (50 ksi)\whichever is less.

2 No data submitted to ascertain whether these materials are acceptable for service in the presencq of elemen-
tal pulfur in the environment.

—_—

A.6.3 Welding of martensitic stainless steels of this materials group
Theg requirements for the cracking-resistance properties of welds shall apply (see 6.2.2).

The hardness of the HAZ after)welding shall not exceed the maximum hardness allowed f¢r the base
metjal and the hardness of the'weld metal shall not exceed the maximum hardness limit of thejrespective
alloy used for the welding consumable.

Maftensitic stainless)steels welded with nominally matching consumables shall meet th¢ following
reqpirements.

Weldments dnymartensitic stainless steels shall undergo a PWHT at 621 °C (1 150 °F) migimum and
sha|l conférm with 6.2.2.2.

cast]91540 (CA6NM) or wrought{ S42400 or
Tafterti Jeimg tooted to °C (77 °F),

as follows:

— single-cycle PWHT shall be at 580 °C to 621 °C (1 075 °F to 1 150 °F);

— double-cycle PWHT shall be at 671 °C to 691 °C (1 240 °F to 1 275 °F), then cooled to 25 °C (77 °F) or
less, then heated to 580 °C to 621 °C (1 075 °F to 1 150 °F).
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A.7 Duplex stainless steels (identified as material types)

A.7.1 Environmental and materials limits for the uses of duplex stainless steels

Table A.24 — Environmental and materials limits for duplex stainless steels used for any
equipment or component

Materials Tempera- | Partial | Chloride pH Sulfur- Remarks
type/ ture pressure conc. resistant?
individual H,S
alloy pH5S
UNS max max max
numbeér
°C(°F) kPa (psi) mg/1
30<F L 40.0 See These materials have been
= PRENF 0% 232 (450) | 10 (1,5) “Remarks” NDSa used withoutféstrictions
Mo=>1,3% . ) .
column on in situ pHin production
See environments. No limits oh
< 3
30< FPRE(I)\I £40,01 5, (450) | 10 (1,5) “Remarks” NDSa pH are set, but some values
Mo = 1,5 %|(HIP) column might'not be acceptable.
180 000
See
40,0 < Fprph 45| 232 (450) 20 (3) “Remarks” NDS?
column
See
<
40,0 < Foren =45\ 235 450) | 20 (3) “Remarks” {~'NDS
(HIP)
column
See See See These materials have been
30 < Fpppy £ 40,0| “Remarks” “Re- “Rentarks” NDS? used without restrictions
Mo =>1,9% column marks” column on temperature, pH,S or i
column situ pH in production
See See 50 See environments. No limits oh
“Remarks” “Re- “Remarks” individual parameters arg
column marks” column set,

40,0 < Fprgpy < 45 column NDs? but some combinations of fthe
values of these parameterp
might not be acceptable.

Wrought, capt and hot isostatically pressed’(HIP)[15] duplex stainless steels shall

— be solutipn-annealed and liquidsquenched or rapidly cooled by other methodsP,

— have a fgrrite content (volurhefraction) of between 35 % and 65 %, and

— not have|undergone ageingheat-treatments.

NOTE Higher values of Fprpy provide higher corrosion resistance; however, they also lead to increased risk of sigma-

and alpha-pfime phaseformation in the materials' ferrite phase during manufacture depending on product thicknessjand

achievable quenchsrate. The ranges of Fpppy quoted are typical of those found to minimize the problem of sigma- and alpha-
prime phase|forfnation.

a No datalsubmitted to ascertain whether these materials are arrpptahlp for service in the presence of elemental sullfur

in the environment.

b A rapid cooling rate is one sufficiently fast to avoid the formation of deleterious phases such as sigma-phase and
precipitates. The presence of deleterious phases can reduce the cracking-resistance of duplex stainless steels.
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Table A.25 — Environmental and materials limits for duplex stainless steels used as downhole
tubular components and as packers and other subsurface equipment

Materials type | Temperature | Partial | Chloride pH Sulfur- Remarks
pressure conc. resistant?
H,S
pH,S
max max max

°C (°F) kPa (psi) mg/1

Any combination of

Soo See Soo temperature; L‘llOr.ide.
30I= Fpren < 400 | upemarks” 2(0,3) |“Remarks” | “Remarks” NDSa concentrapon.ind in situ
Mo=1,5% pH occurting i
column column column ; .
production enyironments
is acceptable.
Any’combinati¢n of
temperature aid in situ
pH occurring i
See See production environments
40}0 < Fprpy <45 | “Remarks” 20(3) 120 000 |“Remarks” NDSa is acceptable. Ghloride
column column limits have been found to
be strongly degendent
upon yield strepgth and

the level of cold work.

For|these applications, these materials shall

— |be in the solution-annealed, liquid-quenched, and cold-worked condition,
— |have a ferrite content (volume fraction) of between 35 % aud 65 %, and
— |have a maximum hardness of 36 HRC.

NOTE Higher values of Fppgy provide higher corrosion resistance; however, they also lead to increased risk of sigma-
and|alpha-prime phase formation in the materialst ferrite phase during manufacture depending on product thickness and
ach|evable quench rate. The ranges of Fpppy quoted are typical of those found to minimize the problem of sigm#- and alpha-
prite phase formation.

2 |No data submitted to ascertain whether'these materials are acceptable for service in the presence of elenpental sulfur
in the environment.

A.7l2 Welding of duplex stainless steels of this materials group
The requirements for.the cracking-resistance properties of welds shall apply (see 6.2.2).

The hardness of the HAZ after welding shall not exceed the maximum hardness allowed for the base
metal and the hatdness of the weld metal shall not exceed the maximum hardness limit of the[respective
alloly used fatr"the welding consumable.

A crosg-séction of the weld metal, HAZ, and base metal shall be examined as part of the welding
redure qualification. The microstructure shall be suitably etched and examineql at x400
rtcatt i i i i ipt ; lic phases,
nitrides, and carbides shall not exceed 1,0 % in total. The sigma phase shall not exceed 0,5 %. The
ferrite content in the weld metal root and unreheated weld cap shall be determined in accordance with
ASTM E562 and shall be in the range of 30 % to 70 % volume fraction.

A.8 Precipitation-hardened stainless steels (identified as individual alloys)

A.8.1 Materials chemical compositions

Austenitic precipitation-hardened stainless steels are addressed in Table A.26. Martensitic
precipitation-hardened stainless steels are addressed in Table A.27 to Table A.30.
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A.8.2 Environmental and materials limits for the uses of precipitation-hardened

stainless steels

Table A.26 — Environmental and materials limits for austenitic precipitation-hardened
stainless steels used for any equipment or component

Individual alloy | Temperature | Partial | Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
pH,S
IId X IId X IId X
°C (°F) kPa (psi) mg/l
Any combinatjon of
See See chloride concentration
$6628p 66 (150) 100 (15) |“Remarks” | “Remarks” No and in ;‘t“.pH occurnng
column column in proagetion
environments is
acceptable.
UNS S66286| shall have a maximum hardness of 35 HRC and shall be in either the solution-dnnealed and aged or solutjon-
annealed anfl double-aged condition.

Table A

.27 — Environmental and materials limits for martensitic precipitation-hardened

stainless steels used for wellhead and christmas tree components (excluding bodies and
bonnets),|valves and chokes (excluding bodies and bonnets), and packers and other subsurface
equipment
Individual alloy | Temperature| Partial Chloride pH Sulfur- Remarks
UNS nunjber pressure conc. resistant?
H,S
pH,S
max max max
°C(°F) kPa (psi) mg/1
See See See b; the safe use limits on
UNS S17400 “Remarks” 3,4 (0s5)" | “Remarks” | 24,5 NDSa chloride and temperature have
column column not been defined.
See See Any combination of
“Remarks” “Remarks” temperature and chloride
UNS S45p00 column 10 (1,5) column 23,5 NDS2  |concentration occurring in
production environments is
acceptable.
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Individual alloy | Temperature| Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1

For these applications, these materials shall also conform with the following:

a) wrought UNS S17400 precipitation-hardening martensitic stainless steels shall have a maximum hardness

of 33 HRC and shall have been heat-treated in accordance with either 1) or 2), as follows:
1) double age-hardening process at 621 °C (1 150 °F):

— solution-anneal at (1 038 * 14) °C [(1 900 * 25) °F] and air-cool or liquid-quench-to
below 32 °C (90 °F);

— first precipitation-hardening cycle at (621 + 14) °C [(1 150 * 25) °F] for 4 hamihimum
at temperature, then air-cool or liquid-quench to below 32 °C (90 °F);

— second precipitation-hardening cycle at (621 * 14) °C [(1 150 % 25) fF]for 4 h minimum
at temperature, then air-cool or liquid-quench to below 32 °C (90.°F).

P) modified double age-hardening process:

— solution-anneal at (1 038 + 14) °C [(1 900 * 25) °F], then air*cool or liquid-quench to below
32°C (90 °F);

b) [wrought UNS S45000 molybdenum-modifiedhartensitic precipitation-hardened stainless steel
a mfaximum hardness of 31 HRC (equivalent to 306 HBW for this alloy) and shall have undergone the

twag-step heat-treatment procedure:

2 No data submitted to ascertainyjwhether these materials are acceptable for service in the presencg

1) solution-anneal;

P) precipitation-harden at (621 +'8) °C [(1 150  15) °F] for 4 h minimum at temperature.

tal pulfur in the environment{

b The use of UNS S17400 is restricted to those applications where the sustained stress is no more than 50 % of
the[specified minimumyield strength (SMYS) or 380 MPa (55 ksi), whichever is less. The use of UNS
acceptable for wellhedd valve trim where the stem is subjected to higher stress levels for very short
timle during actuation; other or longer stress duration applications are prohibited above 50 % of the

— first precipitation-hardening cycle at (760 * 14) °C [(1400 * 25) °F] for 2 h minimum
at temperature and air-cool or liquid-quench to below 32 °C (90 °F);

— second precipitation-hardening cycle at (621°¢:14) °C [(1 150 * 25) °F] for 4 h minimum
at temperature, then air-cool or liquid-quench to below 32 °C (90 °F).

minimum yieldistrength (SMYS) or 380 MPa (55 ksi), whichever is less.

chall have
following

of elemen-

S17400 is
periods of
specified
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Table A.28 — Environmental and materials limits for martensitic precipitation-hardened

stainless steels used as non-pressure-containing internal-valve, pressure-regulator, and level-
controller components and miscellaneous equipment

Individual| Tempera- Partial Chloride pH Sulfur- Remarks
alloy ture pressure conc. resist-
UNS H,S ant?
number pH,S
max max max
°C(°F) kPa (psi) mg/1
Non-press aining intern pre : BINPO >
CB7Cu-1 See See See See NDS2 |These materials have been‘uged
CB7Cu-2 || “Remarks” | “Remarks” | “Remarks” “Re- for these components withouf
column column column marks” restriction on temperature,
column pH,S, CI-, or in situ pH in pro
S17400 See See See See NDSa duction environments. No linjits
$15500 “Remarks” | “Remarks” | “Remarks” “Re- on individual parameters are
column column column marks” set, but some-combinations o
column the values of these parameteis
mightaot be acceptable.
S$45000 See See See See NDS2 |Any combination of tempera-
“Remarks” | “Remarks” “Remarks” “Re- ture. pH,S, Cl-, and in situ pH
column column column marks” occurring in production envi;
column ronments is acceptable.
Miscellandous equipment
S$17400 See See See See NDS2 |This alloy has been used in
“Remarks” | “Remarks” | “Remarks” “Re- service tool applications at the
column column column marks” surface and for temporary drjll-
eglumn ing and subsurface well- servijic-
ing equipment when stressed at
less than 60 % of its specified
minimum yield strength und¢r
working conditions. Environ-
mental limits for this alloy for
these applications have not bgen
established.
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Table A.28 (continued)

Individual| Tempera- Partial Chloride pH Sulfur- Remarks
alloy ture pressure conc. resist-
UNS H,S ant?
number pH,S
max max max
°C (°F) kPa (psi) mg/l
For these applications, these materials shall also conform with the following:

a) cast CB7Cu-1 and CB7Cu-2 shall be in the H1150 DBL condition in accordance with ASTM A747/A747M and

had1 1 - 1 | £
S I'IIavc d IIIdATIITULIT TId1T UIITSS UL O

b)
mu

d)
31

a N
ta

—_—

20110 C

UTING

wrought UNS S17400 and S15500 precipitation-hardening martensitic stainless steels shall have
m hardness of 33 HRC and shall have been heat-treated in accordance with either 1) or 2);as-follg

1) double age-hardening process at 621°C (1 150°F):

— solution-anneal at (1 038 * 14) °C [(1 900 * 25) °F], then air-cool or liquid-guerich to
below 32 °C (90 °F);

— first precipitation-hardening cycle at (621 + 14) °C [(1 150 * 25) °F] for 4 h minimum
at temperature and air-cool or liquid-quench to below 32 °C (90 °F);

— second precipitation-hardening cycle at (621 * 14) °C [(1 150 £:25) °F] for 4 h minimum
at temperature and air-cool or liquid-quench to below 32 °¢ (90 °F).

2) modified double age-hardening process:

— solution-anneal at (1 038 = 14) °C [(1 900 * 25) °F] and air-cool or liquid-quench to
below 32 °C (90 °F);

— first precipitation-hardening cycle at (760 + 14)°C [(1 400  25) °F] for 2 h minimum
at temperature and air-cool or liquid-quench to below 32 °C (90 °F);

— second precipitation-hardening cycle at(621 + 14) °C [(1 150 % 25) °F] for 4 h minimum
at temperature and air-cool or liquid-quench to below 32 °C (90 °F).

for UNS 17400, limits on its ferrite content should be considered;

wrought UNS S45000 precipitationhardening martensitic stainless steel shall have a maximum
HRC (equivalent to 306 HBW for this-alloy) and shall be heat-treated using the following two-step

1) solution-anneal;
2) precipitation-harden at (621 + 8) °C [(1 150 * 14) °F] for 4 h minimum at temperature.

o data submitted to ascertain whether these materials are acceptable for service in the presencg
sulfur in the envirohment.

a maxi-
WS:

hardness of
process:

of elemen-
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Table A.29 — Environmental and materials limits for martensitic precipitation-hardened
stainless steels used as snap rings

Individual | Temperature| Partial | Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS number H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
S15700 See See See See NDS2 Any combination of
“Remmarks—T“Remarks“T“Remmarks“T“Renmarks” temperature. pii; S, €
column column column column and in situ pH occurringfin
production environments is
acceptable.

further heat

a  No data
in the envirgnment.

For this appllication, UNS S15700 snap rings originally in the RH950 solution-annealed and aged condijtionshall als
treated to a hardness of between 30 HRC and 32 HRC using the following three-step process:

a) temper af 621 °C (1 150 °F) for 4 h, 15 min, then cool to room temperature in still air;
b) re-tempgrat 621 °C (1 150 °F) for 4 h, 15 min, then cool to room temperature in still air;
c) temperaf 566 °C (1 050 °F) for 4 h, 15 min, then cool to room temperature in still air.

submitted to ascertain whether these materials are acceptable for service inythe presence of elemental sullfur

be

Table A.30 — Environmental and materials limits for martensitic precipitation-hardened
stainless steels used in compressor.components

Individual alloy | Temperature | Partial Chloride pH Sulfur- Remarks
UNS nunjber pressure conc. resistant?
pH,S
max max max
°C (°F) kPa (psi) mg/l
S1740p See See See See NDS2 Any combination of
S1550D “Remarks” “Remarks” | “Remarks” | “Remarks” temperature. pH,S, C[-,
column column column column and in situ pH occurrjing
in production
environments is
acceptable.
S4500p0 See See See See NDSa Any combination of
“Remarxks” “Remarks” | “Remarks” | “Remarks” temperature. pH,S, C[-,
celimn column column column and in situ pH occurrjing
in production
environments is
acceptable.
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Table A.30 (continued)
Individual alloy | Temperature | Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
For these applications, these materials shall also conform with the following:

a) wrought UNS S17400 and S15500 precipitation-hardening martensitic stainless steels shall have a maxi-

b)
J

d)
am
tw

e)
AYY
a N
tal

mum hardness of 33 HRC and shall have been heat-treated in accordance with either 1) or 2), as folld

1) double age-hardening process at 621 °C (1 150 °F):

P) modified double age-hardening process:

Annex B at a test stress level of at least 95 0f AYS;

— solution-anneal at (1 038 * 14) °C [(1 900 * 25) °F] and air-cool or liquid-quench-to
below 32 °C (90 °F);

— first precipitation-hardening cycle at (621 + 14) °C [(1 150 * 25) °F] for 4 hamihimum
at temperature and air-cool or liquid-quench to below 32 °C (90 °F);

— second precipitation-hardening cycle at (621 * 14) °C [(1 150 % 25) fF]for 4 h minimum
at temperature and air-cool or liquid-quench to below 32 °C (90 °F:

— solution-anneal at (1 038 *+ 14) °C [(1 900 * 25) °F] and air=¢ool or liquid-quench to
below 32 °C (90 °F);

— first precipitation-hardening cycle at (760 * 14) °C [(1400 * 25) °F] for 2 h minimum
at temperature and air-cool or liquid-quench to below 32 °C (90 °F);

— second precipitation-hardening cycle at (621°¢:14) °C [(1 150 * 25) °F] for 4 h minimum
at temperature and air-cool or liquid-quench:to below 32 °C (90 °F).

for UNS 17400, limits on its ferrite content should be considered;

for use as impellers at higher hardness (strength) levels, these alloys shall be tested in accordang

wrought UNS S45000 molybdenum-modified martensitic precipitation-hardened stainless steel
aximum hardness of 31 HRC (equivalent to 306 HBW for this alloy) and shall have undergone the
-step heat-treatment procedure;

1) solution annealing;
P) precipitation hardenihg at (621 £ 8) °C [1 150 = 15) °F] for 4 h minimum at temperature.

UNS S17400 or S15500 used for impellers at a hardness of >33 HRC shall exhibit a threshold stres
in the anticipatedService environment (see B.3.4).

o data submjtted to ascertain whether these materials are acceptable for service in the presencsg
Sulfur in the environment.

WS:

e with

shall have
following

s 295 9% of

of elemen-

A.8

.3.“Welding of precipitation-hardened stainless steels of this materials grouj

The requirements for the cracking-resistance properties of welds shall apply (see 6.2.2).

The hardness of the base metal after welding shall not exceed the maximum hardness allowed for the
base metal and the hardness of the weld metal shall not exceed the maximum hardness limit of the
respective metal for the weld alloy.
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A.9 Precipitation-hardened nickel-based alloys (identified as individual alloys)

A.9.1 Environmental and materials limits for the uses of precipitation-hardened nickel-
based alloys

Table A.31 to Table A.33 give the environmental and materials limits for the uses for any equipment or
component of precipitation-hardened nickel-based alloys divided into groups I, I, and IlI, respectively.

Table A.31 — Environmental and materials limits for precipitation-hardened nickel-based
alloys (I) used for any equipment or component

Individual | Temperature Partial Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS number H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
NO07031 232 (450) 200 (30) See See No Any combination of
N07048 “Remarks” | “Remarks” chloride concentration
NO07773 column column and in situ pH occurring
N09777 204 (400) | 1400 (200) See See No -~ |inproduction
(wrought) “Remarks” | “Remarks” environments is
NO07718 (cqst) column column acceptable.
N09925 (cqst)
149 (300) 2700 (400) See See No
“Remarks” | “Remarks”
column colinm
N07031 135 (275) See See See Yes Any combination of
N07048 “Remarks” | “Remarks”;{“Remarks” hydrogen sulfide,
NO07773 column column column chloride concentration
N09777 and in situ pH in
(wrought) production environmepts
135 (275) See See See NDsa |isacceptable.
N09925 (cqdst) “Remarks” +| “Remarks” | “Remarks”
columa column column
135 (275) See See See NDSa
NO07718 (cqst) “Remarks” | “Remarks” | “Remarks”
column column column
175 (347) 3500 (500) | 139000 23,5, No pH estimated from
N07924 See also laboratory test
(wrought) “Remarks” conditions.
column
These matgrials shaltalso conform with the following:
a) wroug}T UNS N07031 shall be in either of the following conditions:

1 1 - 1o & + 1 < Fulslmilh AdnYal
Solutromr—amrearea to a maxrmmaranressoroo TTING,

2) solution-annealed and aged at 760 °C to 871 °C (1 400 °F to 1 600 °F) for a maximum of 4 h to a maxi-
mum hardness of 40 HRC.

b) wrought UNS N07048, wrought UNS N07773, and wrought UNS N09777 shall have a maximum hardness of
40 HRC and shall be in the solution-annealed and aged condition;

c) wrought UNS N07924 shall be in the solution-annealed and aged condition at a maximum hardness of 35 HRC;
d) cast UNS N09925 shall be in the solution-annealed and aged condition at a maximum hardness of 35 HRC;
e) cast UNS N07718 shall be in the solution-annealed and aged condition at a maximum hardness of 40 HRC.

a No data submitted to ascertain whether these materials are acceptable for service in the presence of elemen-
tal sulfur in the environment.
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Table A.32 — Environmental and materials limits for precipitation-hardened nickel-based

alloys (II) used for any equipment or component

Individual | Temperature | Partial | Chloride pH Sulfur- Remarks
alloy UNS pressure| conc. resistant?
number H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
232 (450) 200 (30) See See No Any combination of chloride
‘Re- ‘Re- concentration and in situ pH
marks” marks” occurring in produdtion
column column environments-islac¢eptable.
204 (400) 1400 See See No
(200) “Re- “Re-
marks” marks”
column | column
199 (390) 2300 See See No
(330) “Re- “Re-
marks” marks”
Nb77182 column column
191 (375) 2500 See See No
b
Np9925P) (360) “Re- “Re-
marks” marks”
column column
149 (300) 2800 See See No
(400) “Re- “Re-
marks” marks”
columnz,|" column
135 (275) See See See Yes Any combination oflhydrogen
“Re- “Re- “Re- sulfide, chloride
marks” marks” marks” concentration, and Jn situ
column\} column column pH in production
environments is acdeptable.
See Any in situ productjon
3500 “Re- environment pH is acceptable
)
Np7718¢ 205 (401) (500) 180000 marks” NDS? for pCO, + pH,S < 7000 kPa
column (1000 psi).
See Any in situ productjon
3500 “Re- environment pH is acceptable
b) 3) a
NOp925 APRA401) (500) 180000 marks” NDS for pCO, + pH,S <7000 kPa
column (1 000 psi).
S Any in situ productfon
ee . .
2800 “Re- environment pH is
N{9935% 232 (450) 400 180 000 Ks” NDS2 acceptable for
(400) marks pCO. + pH.S < 8300 kPa
cotumn (1200 psi)
See Any in situ production
3500 “Re- environment pH is
232 (450) (508) 139000 marks” NDS? acceptable for
N09945¢€) column pCO, + pH,S <7 000 kPa
N09946f) See (1000 psi)
3500 “Re- R
205 (401) (508) 180 000 marks” NDS
column
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Table A.32 (continued)

Individual | Temperature | Partial | Chloride pH Sulfur- Remarks
alloy UNS pressure| conc. resistant?
number H,S
pH,S
max max max
°C (°F) kPa (psi) mg/l
Any in situ production envi-
ronment pH is acceptable for
pCO, such that:
7700 ..Slfj_ For pH,S < 5 800 kPa (842'Ysi):
N09945¢) 177 (350) 125000 » Yesb pCO, + pH,S <10 000kP
(1 100) marks 2 02
column (1 450 psi).
For pH,S from 5.800 kPa to
7 700 kPa: pCOy < 4 200 kPa
(610 psi).
See Any ip-situ production en-
3500 “Re- virenment pH is acceptable
N099558) 205 (401) (500) 180000 marks” NDs# forp€O, + pH,S <7 000 kP4
column (1000 psi).

1) sol

d) wroug

These matgrials shall also conform with the following:

2) hot-worked to a maximum hardness of 35 HRC;

1) solution-annealed to a maximum hardness of 35 HRC;

3) hot-worked and aged to a maximum hardness of 35 HRE;

a) exceptds stated in c), wrought UNS N07718 shall be in any one of the f¢llowing conditions:

ion-annealed and aged to a maximum hardness-of 40 HRC.

b) wrought UNS N09925 shall be in any one of the folewing conditions:

2) age hardened 700 °Cto 750 °C (1 292 °F to 1 382 °F), hold for 8 hours minimum, furnace cool to

e) wrought UNS N09945 shall be in the solution annealed and aged condition to a maximum hardness of 42 HRC;
f) wrought UNS N09946 shall be in solution annealed and aged condition to a maximum hardness of 46 HRC;
g) wrought UNS N09955 shall be in solution annealed and aged condition to a maximum hardness of 42 HRC.

a2 No data submitted to ascertain whether these materials are acceptable for service in the presence of elemen-
tal sulfur in the environment.

b Sulfur resistant as tested in accordance with Group 1 as defined in NACE Conference paper 95047 and EFC
17, Appendix S1.

44

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=6530945c54ccb467fea58122db2a8cab

ISO 15156-3:2020(E)

Table A.33 — Environmental and materials limits for precipitation-hardened nickel-based

alloys (III) used for any equipment or component

Individual Temperature | Partial Chloride pH Sulfur- Remarks
alloy UNS pressure conc. resistant?
number H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
232 (450) 1000 (150) See See No Any combination of
NQ7626 wp N - N :
RCTITATKS RTTITATKS TITorae comncgntration
(p vl\\/I((l)e')7r7r1n6etal) column column and in situ\pH|occurring
NO7725 218 (425) 2000 (300)|  See See Yes  |inprodactionf
wrought “Remarks” | “Remarks” environmentyis
column column acceptable.
N07626 204 (400) 4100 (600) ) See . See ) No
Remarks” | “Remarks
(pdwder metal)
column column
N07716 204 (400) 4100 (600) See See Yes
NO07725 “Remarks” | “Remarks”
(wrought) column column
204 (400) 3500 180 000 Yes Any in situ prpduction
See environment pH is
(VI:EZSZ}?Q (500) “Remarks” acceptable forf pCO, +
& eolumn pH,S <7000 kPa
(1000 psi)
177 (350) See See See Yes Any combinatfion of
N07626 “Remarks” | “Remrarks” | “Remarks” hydrogen sulffde,
(ppwder metal) column column column chloride concg¢ntration,
NO07716 and in situ pH|in
NO07725 production
(wrought) environmenty is
acceptable.
Th¢se materials shall also conformwith the following:
a) [UNS NO07626, totally dense hot-compacted by a powder metallurgy process, shall have a maximum hardness
of 40 HRC and a maximum tensile strength of 1 380 MPa (200 ksi) and shall be either
1) solution-annealed:[927 °C (1 700 °F) minimum] and aged [538 °C to 816 °C (1 000 °F to 1 500 [F)], or
P) direct-aged [538)°C to 816 °C (1 000 °F to 1 500 °F)].
b) [wrought UNSINO7716 and wrought UNS N07725 shall have a maximum hardness of HRC 43 and $hall be in
the|solution-annealed and aged condition;
c) wrought¥UNS N07716 and wrought UNS NO7725 in the solution-annealed and aged condition can|also be
used ata'maximum hardness of HRC 44 in the absence of elemental sulfur and subject to the other epviron-
mehtallimits shown for the maximum temperature of 204 °C (400 °F);

d) wrought UNS N07022 shall have a maximum hardness of HRC 39 in the annealed and aged condition.
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Table A.34 — Environmental and materials limits for precipitation-hardened nickel-based
alloys used for wellhead and christmas tree components (excluding bodies and bonnets) and
valve and choke components (excluding bodies and bonnets)

Individual alloy | Temperature | Partial | Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
NO550[0 See 3,41(0,5) See =75 NDS= ATy combination ot
“Remarks” “Remarks” temperature and chloride
column column concentration occurfing’in
production environments if
acceptable.

a  No data
in the envirgnment.

a) hot-worKed and age-hardened,

b) solution{annealed, or

c) solution-pnnealed and age-hardened.

For these applications, this material shall also conform with the following.

Wrought UN]S N05500 shall have a maximum hardness of 35 HRC and shall be either

submitted to ascertain whether these materials are acceptable for service in the presence of elemental sullfur

Table A.35 — Environmental and materials limits for precipitation-hardened nickel-based
alloys us¢d as non-pressure containing internal valve,pressure regulator, and level control
components and miscellaneous equipment

er

Individual alloy
UNS nunjber

pH

Sulfur-
resistant?

Remarks

Non-presspire-containing internal;valve, pressure-regulator, and level controller components

NO07750
N05500

Temperature Partial Chloride
pressure cong.
H,S
pH,S
max max max
°C(°F) kPa«(psi) mg/1
See See See
“Remarks” “Remarks” | “Remarks”
column column column

See
“Remarks”
column

NDSa

Any combination of
temperature. pH,S,
chloride concentratiqn,
and in situ pH occurrjing
in production
environments is
acceptable.
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Table A.35 (continued)

Individual alloy | Temperature Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
Miscellaneous equipment
NO05500 See See See See NDS2 This alloy has been
Remarks Remarks™ | 'Remarks | Remarks used in downhole
column column column column runningsetting and

service\tool applications
for temporary service
and in tempofary
sutrface servife tool
applications yith the
exceptions offbodies
and bonnets.
Environmentfal limits
for this alloy for these
applications have not
been established.

For|these applications, these materials shall also conform with the’following:

a) wrought UNS N07750 shall have a maximum hardness of 35:HRC and shall be either
|) solution-annealed and aged,

P) solution-annealed,

B) hot-worked, or

1) hot-worked and aged.

b) [wrought UNS N05500 shall have a maximum hardness of 35 HRC and shall be either
1) hot-worked and age-hardened,

P) solution-annealed, or

B) solution-annealed andage<hardened.

a No data submitted to ascértain whether these materials are acceptable for service in the presencq of elemen-
tal pulfur in the environnient.
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Table A.36 — Environmental and materials limits for precipitation-hardened nickel-based
alloys used as springs

Individual alloy | Temperature | Partial Chloride pH Sulfur- Remarks
UNS Number pressure conc. resistant?
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
N07750 See See See See NDS2 This material has been
“Renmarks™ “Remmarks“T“Remmarks“T“Renmarks*® used forthese
column column column column components withelit
restriction on
temperature, pH,S,
chloride concentration,
or in situpH in
production
environments. No
Hmits on individual
parameters are set, biit
some combinations of]
the values of these
parameters have led tp
field failures.
N07090 See See See See NDSa This material has been
“Remarks” “Remarks” | “Remarks” | “Remarks” used for these
column column column column components without
restriction on
temperature, pH,S,
chloride concentration,
or in situ pH in
production
environments. No limj|ts
on individual paramefers
are set, but some
combinations of the
values of these
parameters might not
be acceptable.
For this application these materials-shall also conform with the following:
— UNS NO07750 springs shall/bein the cold-worked and age-hardened condition and shall have
a maximum hardness of 50.HRC;
— UNS N07090 can be-used for springs for compressor valves in the cold-worked and age-hardened
conditiop with a maximum hardness of 50 HRC.
a2 No data|submitted to ascertain whether these materials are acceptable for service in the presence of elemental sullfur
in the envirqnment.
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Table A.37 — Environmental and materials limits for precipitation-hardened nickel-based

alloys used in gas lift service

ISO 15156-3:2020(E)

Individual alloy | Temperature Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H,S
pH,S
max max max
°C(°F) kPa (psi) mg/1
N05500 See See See See NDSa This material
“Remmarks™ “Remmarks™ “Rermmarks™ “Rermmarks™ trasbeen used
column column column column for thes
camponents
Withou

restrictjon on
tempergture,
pH,S, CIF, or in
situ pH In
production

environjments.

No limifs on
individyal

paramefers are

set, but kome

combingtions of

the values of

these pgrameters

might npt be
acceptaple.

in the environment.

a  |No data submitted to ascertain whether these matekials are acceptable for service in the presence of elen

hental sulfur

A.92 Welding of precipitation-hardened nickel-based alloys of this materials group

The requirements for the cracking-resistance properties of welds shall apply (see 6.2.2).

Thg hardness of the base metal‘after welding shall not exceed the maximum hardness alloy

ved for the

basp metal and the hardnéss of the weld metal shall not exceed the maximum hardness limit of the
respective metal for the@eld alloy.
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A.10 Cobalt-based alloys (identified as individual alloys)

A.10.1 Environmental and materials limits for the uses of cobalt-based alloys

Table A.38 — Environmental and materials limits for cobalt-based alloys used for any
equipment or component

Individual alloy | Temperature | Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H,S
pH=S
max max max
°C (°F) kPa (psi) mg/1
R30003 See See See See Yes Any combination of
R30004 “Remarks” | “Remarks” | “Remarks” | “Remarks” temperatire. pH,S,
R30035 column column column column chlorideconcentratioh,
BS HR{3 and in'situ pH occurring
R30605 in production
R3123B3 environments is
acceptable.

These mateijials shall also conform with the following:
a) alloys UNSR30003, UNS R30004, and BS HR.3 shall have a maximum hardness‘of 35 HRC;

b) UNS R30035 shall have a maximum hardness of 35 HRC except that it can have a maximum hardness of 51 HRC|if it
is in the colfl-reduced and high-temperature aged heat-treated condition dn accordance with the minimum time and|the
temperaturg of one of the following ageing treatments:

Minimum tjme Temperature

h °C (°F)

4 704 (1 300)
4 732 (1 350)
6 774 (1 425)
4 788 (1 450)
2 802 (1 475)
1 816 (1 500)

c) wrought[UNS R31233 shall be in-thesolution-annealed condition and shall have a maximum hardness of 22 HRC;
d) UNSR30605 shall have a magithum hardness of 35 HRC.
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Table A.39 — Environmental and materials limits for cobalt-based alloys used as springs

1
CUIUIIIIT

1
CUIUIIIII

1
CUIUIIIII

1
CUITUIIIIT

Individual alloy | Temperature | Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
pH,S
max max max
°C (°F) kPa (psi) mg/l
R30003 See See See See NDSa These materials have
R30035 “Remarks” | “Remarks”| “Remarks” | “Remarks” been used for these

\.Ulupuucuto without

restriction'on
temperatyre, pH,S, Cl-,
orinsitupHi
production
environment
No limits on individual
parameters aile set, but
some combingtions of
the values of these
parameters
acceptable.

For|this application, these materials shall also conform with the following;

[UNS R30003 shall be in the cold-worked and age-hardened conditiondand maximum 60 HRC;

[UNS R30035 shall be in the cold-worked and age-hardened condition and maximum 55 HRC when aged
for aminimum of 4 h at a temperature no lower than 649 °C (1 200 °F).

a2 |No data submitted to ascertain whether these materials*are acceptable for service in the presence of elenpental sulfur
in the environment.

Table A.40 — Environmental and materials limits for cobalt-based alloys used as diaphragms,

pressure measuring devices, pressure seals, and springs in spring-energized s¢als

Inglividual | Temperature | Partial Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS H,S
number pH,S
max max max
°C(°F) kPa (psi) mg/l
R30003, See See See See NDSa Any combination df
R30004, “Remarks” | “Remarks” | “Remarks” | “Remarks” temperature. pH,S, chloride
R30260 column column column column concentration, and in situ pH
occurring in prodyction
environments is agceptable.

For|theSe applications, these materials shall also conform with the following:

a) INSR30003 and IINSR30004 shallhave amaximum hardness of 60 HRC: Hicfnrir‘:\l]y the cald warked andlcold worked

and age hardened conditions have been used.
b) UNS R30260 shall have a maximum hardness of 52 HRC;

c¢) wrought UNS R30159 for pressure seals shall have a maximum hardness of 53 HRC and the primary load-bearing or
pressure-containing direction shall be parallel to the longitudinal or rolling direction of wrought product.

a2 No data submitted to ascertain whether these materials are acceptable for service in the presence of elemental sulfur
in the environment.
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Table A.40 (continued)

Individual | Temperature | Partial Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS H,S
number pH,S
max max max
°C (°F) kPa (psi) mg/1
R30159 See See See See NDSa This material has been used
“Remarks” | “Remarks” | “Remarks” | “Remarks” for these components with-
calupan | oo Ly | oo Lo | oo Lo aut
restriction on temperatune,
pH,S, CI7, or in situ pH.in
production envirohments.|No
limits on individual
parameters akejset, but sojne
combinations-of the valueq of
these parameters might n¢t
be acceptable.
For these applications, these materials shall also conform with the following:
a) UNSR30p03 and UNS R30004 shall have a maximum hardness of 60 HRC; Historicallythe cold worked and cold worfked
and age hardened conditions have been used.
b) UNS R30R60 shall have a maximum hardness of 52 HRC;
c¢) wroughtf UNS R30159 for pressure seals shall have a maximum hardness’of 53 HRC and the primary load-bearinf or
pressure-cohtaining direction shall be parallel to the longitudinal or rolling direction of wrought product.
a2 No data|submitted to ascertain whether these materials are acceptalle for service in the presence of elemental sullfur
in the envirqnment.
A.10.2 We¢lding of cobalt-based alloys of this materials group
The requirgments for the cracking-resistance prioperties of welds shall apply (see 6.2.2).
The hardngss of the base metal after welding-shall not exceed the maximum hardness allowed for|the
base metal and the hardness of the weld metal shall not exceed the maximum hardness limit of|the
respective[metal for the weld alloy.
A.11Titanium and tantalum (individual alloys)

A.11.1 Enyironmentakand materials limits for the uses of titanium and tantalum alloys
Table A.41 — Environmental and materials limits for titanium used for any equipment or
component

Individual alloy | Temperature| Partial Chloride pH Sulfur- Remarks
UNS nuntbet pressure cone: resistant?
H,S
pH,S
max max max
°C (°F) kPa (psi) mg/1
R50250 See See See See Yes Any combination of
R50400 “Remarks” | “Remarks” | “Remarks” | “Remarks” temperature. pH,S,
R56260 column column column column chloride concentration,
R53400 and in situ pH occurring
R56323 in production
R56403 environments is
R56404 acceptable.
R58640
52 © 1S0 2020 - All rights reserved
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Table A.41 (continued)

U

Individual alloy | Temperature| Partial Chloride pH Sulfur- Remarks

NS number pressure conc. resistant?
H,S
pH,S

max max max
°C (°F) kPa (psi) mg/1

R55400 288 (550) |3450(500)| 180500 See Yes? Any in situ produc-
“Remarks” tion environment

oluaan wH ic accant bl

for

colorh pH-Hsaeeceptabl
pCO, + pH,S(E
(1000 psi)

f 000 kPa

Thg

b)

)
[

d)

f)
g)
h)
of 4
a g
EF(
Spe
me

ple
80

inc

se materials shall also conform with the following:

[UNS R50250 and R50400 shall have a maximum hardness of 100 HRB;

UNS R56260 shall have a maximum hardness of 45 HRC and shall be in one of the three following
|) annealed;

P) solution-annealed;

B) solution-annealed and aged.

425 + 25) °F] for 2 h followed by air-cooling. Maximum hardnégs'shall be 92 HRB;

UNS R56323 shall be in the annealed condition and shall have a maximum hardness of 32 HRC;
wrought UNS R56403 shall be in the annealed conditiorrand shall have a maximum hardness of i
UNS R56404 shall be in the annealed condition and shall have a maximum hardness of 35 HRC;
UNS R58640 shall have a maximum hardness of42 HRC;

UNS R55400 shall be used in the Solution-Treat plus Age (STA) condition, and have a maximum
1 HRC.

ulfur resistant as tested in accordancéwith Group 1 as defined in NACE Conference paper 95047
17, Appendix S1.

ht. For example, hydrogen embrittlement of titanium alloys can occur if these alloys are galvanic:
1 to certain active metals (e.g. carbon steel) in H,S-containing aqueous media at temperatures g1
C (176 °F). Some titanium alloys can be susceptible to crevice corrosion and/or SSC in chloride e
nts. Hardness has netbeen shown to correlate with susceptibility to SSC/SCC. However, hardness
uded for alloys with high strength to indicate the maximum testing levels at which failure has nd

UNS R53400 shall be in the annealed condition. Heat treatment,shall be annealing at (774 * 14) °C

cific guidelines shall be followed‘for successful applications of each titanium alloy specified in thfis docu-

conditions:

6 HRC;

hardness

and

lly cou-
eater than
hviron-
has been

t occurred.
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Table A.42 — Environmental and materials limits for tantalum used for any equipment or

component
Individual alloy | Temperature | Partial | Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H,S
pH,S
max max max
°C(°F) kPa (psi) mg/1
R05200 See See See See NDS2 Any combination of
“Remmarks— T “Remmarks“T“Renmarks“T“Remmarks* temperature. pH;S;
column column column column chloride concentratien
and in situ pH oc€uyrring
in production
environments.are
acceptabley

— annealed, or

— gas tungsten arc-welded and annealed.

UNS R0520( shall have a maximum hardness of 55 HRB and shall be either

a2 No data|submitted to ascertain whether these materials are acceptable for service in'the presence of elemental sullfur
in the envirqnment.

A.11.2 We¢lding of titanium and tantalum alloys of this materials group

The requirpments for the cracking-resistance properties of welds shall apply (see 6.2.2).

The hardness of the base metal after welding shall not exceed the maximum hardness allowed for|the

base meta

respective[metal for the weld alloy.

A.12 Copper- and aluminium-based.alloys (identified as materials types)

A.12.1 Copper-based alloys

and the hardness of the weld metal shall got exceed the maximum hardness limit of|the

Copper-based alloys have been used-without restriction on temperature, pH,S, CI-, or in situ pll in
productior] environments.

NOTE 1

field enviropments, particudasly if oxygen is present.

NOTE 2  Jome copper:based alloys have shown sensitivity to GHSC.

A.12.2 Algminium-based alloys
These ma@mﬂmmuﬂ_ﬁl in

production environments.

opper-based alloys.ean undergo accelerated mass loss corrosion (weight loss corrosion) in souf oil

The user should be aware that mass loss corrosion (weight loss corrosion) of aluminium-based alloys is
strongly dependent on environmental pH.

A.13 Cladding, overlays, and wear-resistant alloys

A.13.1 Corrosion-resistant claddings and linings

The materials listed and defined in A.2 to A.11 can be used as corrosion-resistant claddings and linings.

54
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Unless the user can demonstrate and document the likely long-term in-service integrity of the cladding
or lining as a protective layer, the base material, after application of the cladding or lining, shall conform
with [SO 15156-2 or this document, as applicable.

This may involve the application of heat or stress-relief treatments that can affect the cladding or lining
properties.

Factors that can affect the long-term in-service integrity of a cladding or lining include environmental
cracking under the intended service conditions, the effects of other corrosion mechanisms, and

mechanical damage.
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3.2 Corrosion-resistant weld overlays

materials listed and defined in A.2 to A.11 can be used as corrosion-resistant wy
sumables.

[lay as a protective layer, the base material, after application of the weld @verlay, shall co
15156-2 or this document, as applicable. This may involve the application of heat or s
tments that can affect the weld overlay properties.

fors that can affect the long-term in-service integrity of a weld overlay include env

hanical damage.

tion of a weld-overlay that occurs during application-'can impact on its corrosion re
hanical properties and shall be considered.

| be as specified in the two following paragraphs. For reference, ASME BPVC Sectio
15614-712] provide a methodology for establishing the minimum qualified overlay thickn

UNS NO06625 overlays applied using UNS N06625 type filler metals (i.e. AWS clg
iCrMo-3), the composition of theigveérlays at the minimum qualified thickness shall be
imiting the iron composition to 5% or 10 % maximum (by weight). The end user may sp
or 10 % maximum iron, based on their needs for a specific application or field.

other alloys, the chemical composition limits of a corrosion-resistant overlay, at thd
rlay thickness, shall meetthe requirements agreed to between the equipment manufactu

3.3 Wear-resistant alloys

B.3.1 Wear-resistant alloys used for sintered, cast, or wrought components

irohmental cracking resistance of alloys specifically designed to provide wear-resistant c

ld overlay

bss the user can demonstrate and document the likely long-term in-serviee integrity ¢of the weld

hform with
tress-relief

ronmental

'king under the intended service conditions, the effectstof other corrosion mechapnisms and

bistance or

chemical composition limits of a corrosion-resistant overlay at the minimum qualified thickness

h IX[] and
ess.

issification
controlled
cify either

minimum
rer and the

bmponents

ptspecified in ISO 15156 (all parts). No production limits for temperature, pH,S, Cl-, oi

in situ pH

e been established.

Some materials used for wear-resistant applications can be brittle. Environmental cracking can occur
if these materials are subject to tension. Components made from these materials are normally loaded
only in compression.

A1l

3.3.2 Hard-facing materials

Hard facing may be used.

Environmental cracking resistance of alloys or surface layers specifically designed to provide hard
facing is not specified in ISO 15156 (all parts). No production limits for temperature, pH,S, CI-, or in situ
pH have been established.
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Some materials used for hard-facing applications can be brittle. Environmental cracking of the hard
facing can occur if these materials are subjected to tension.

Unless the user can demonstrate and document the likely long-term in-service integrity of the hard-
facing materials, the base material after application of the hard-facing material shall conform with
[SO 15156-2 or this document, as applicable.
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