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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 maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ISO 15156 consists of the following parts, under the general title Petroleum and natural gas industries —
Materials for use in H2S-containing environments in oil and gas production:

— Part 1:
— Part2:
—  Part 3:

General principles for selection of cracking-resistant materials
Cracking-resistant carbon and low-alloy steels, and the use of cast irons

Cracking-resistant CRAs (corrosion-resistant alloys) and other alloys
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Introduction

The consequences of sudden failures of metallic oil and gas field components associated with their
exposure to HpS-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 H3S

thresholds were exceeded. In more recent editions, NACE MR0175 has also provided applic{
for some corrosion-resistant alloys in terms of environmental composition and pH, tempe
HpY partial pressures.

In separate developments, the European Federation of Corrosion issued EFC Publication 16 i
EF( Publication 17 in 1996. These documents are generally complementary tothose of NA
they differed in scope and detail.

In 4003, the publication of the ISO 15156-series and NACE MR0175/1S0_15156 was complg

ition limits
rature, and

h 1995 and
CE, though

ted for the

firsf time. These technically identical documents utilized the above‘seurces to provide re
an

uirements

recommendations for materials qualification and selectionyfor application in enyironments

confaining wet H3S in oil and gas production systems. They are’complemented by NACE TM0177 and

NACE TM0284 test methods.

Th
publlished in the Technical Circular 1, ISO 15156-3:2009/Cir.1:2011(E), Technical

revision of this part of ISO 15156 involves @‘consolidation of all changes agreed and

ircular 2,

[SO[15156-3:2009/Cir.2:2013(E), Technical Circula#<3; 1SO 15156-3:2009/Cir.3:2014(E), andl Technical

Cirqular 4, I1SO 15156-3:2009/Cir.4:2014(E), published by the ISO 15156 Maintenance Agency
at OIN, Berlin.

Secretariat

The changes were developed by and approved by the ballot of representative groups from within the oil

and| gas production industry. The greatamajority of these changes stem from issues raised by
usel's. A description of the process by which these changes were approved can be found at thg

document
[SO 15156

maintenance website: www.iso.org/iSo15156maintenance.
Technical Circular 1SO 15156-3:2009/Cir.2:2013 and Technical Circular
[S0|15156-3:2009/Cir.3:2014)intend that an informative Annex F should be published for this part of

ISO
sele

15156 that was to give'an alternative presentation of the information contained in th
ction tables of Aniex A.

Dur
infd
pub
the

ing final editing/of this part of ISO 15156, a number of technical errors were found in the
rmation between the materials selection tables of Annex A and Table F.1. In order not t
lication 6f the new edition of this part of ISO 15156, the ISO 15156 Maintenance Agency :
proposed Annex F should not be published at this time.

Whenfound necessary by oil and gas production industry experts, future interim changes to

b materials

transfer of
p delay the
lgreed that

this part of

ISO 15156 wiltbe processed 1n tne sdimne wady dnd willl ledad to Interim upddtes to tils part o

ISO 15156

in the form of Technical Corrigenda or Technical Circulars. Document users should be aware that such
documents can exist and can impact the validity of the dated references in this part of ISO 15156.

The ISO 15156 Maintenance Agency at DIN was set up after approval by the ISO Technical Management
Board given in document 34/2007. This document describes the make up of the agency which includes
experts from NACE, EFC and ISO/TC 67, and the process for approval of amendments. It is available from
the ISO 15156 maintenance website and from the ISO/TC 67 Secretariat. The website also provides
access to related documents that provide more detail of ISO 15156 maintenance activities.
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Petroleum and natural gas industries — Materials for use in
H2S-containing environments in oil and gas production —

Part 3:
Cracking-resistant CRAs (corrosion-resistant alloys) and

othreratioys

WA
are
but
res

1

Thi
CRA
pro
ari

RNING — CRAs (corrosion-resistantalloys) and other alloys selected using this’part of
resistant to cracking in defined H3S-containing environments in oil and ‘gas
not necessarily immune to cracking under all service conditions. It is the equip

ponsibility to select the CRAs and other alloys suitable for the intended 'service.

Scope

\s (corrosion-resistant alloys) and other alloys for servicein‘equipment used in oil and 1
Huction and natural gas treatment plants in H,S-contaiing environments whose failug
Kk to the health and safety of the public and personnelor to the environment. It can bg

hel

materials requirements of the appropriate design codés, standards, or regulations.

Thip part of ISO 15156 addresses the resistance'of these materials to damage that can be

stre

Thi
locd

sulflide stress-cracking (SSC), stress-corrosien-cracking (SCC), and galvanically induced
ss cracking (GHSC).
5 part of ISO 15156 is concerned. @nly with cracking. Loss of material by general (mz

Thi
con
see

Thi
dow

Tabfe 1 provides a non-exhaustive list of equipment to which this part of ISO 15156 is
incl

avoid costly corrosion damage to the equipment its€lf. It supplements, but does not 1

lized corrosion is not addressed.

ding permitted exclusiofs)

5 part of [SO 15156 apiplies to the qualification and selection of materials for equipment d¢
structed using load”¢ontrolled design methods. For design utilizing strain-based desig
[SO 15156-1:2015)Clause 5.

5 part of 1SO215156 is not necessarily suitable for application to equipment used in
nstream, processes and equipment.

IS0 15156
oduction,

iy
ent user’s

5 part of ISO 15156 gives requirements and recommendations for the selection and qualfification of

natural gas
e can pose
applied to
eplace, the
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ss loss) or
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n methods,

refining or
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Table 1 — List of equipment

ISO 15156 is applicable to materials used for the

following equipment

Permitted exclusions

Drilling, we
equipment

1l construction, and well-servicing

Equipment exposed only to drilling fluids of controlled
compositiona

Drill bits
Blowout-preventer (BOP) shear bladesb

Drilling riser systems

Work strings
Wireline and wireline equipmentc

Surface and intermediate casing

equipment,

Wells inclugling subsurface equipment, gas lift

wellheads, and christmas trees

Sucker rod pumps and sucker rodsd
Electric submersible pumps

Other artificial lift equipment

Slips

Flow-lines, |gathering lines, field facilities, and field
processingplants

Crude oil storage and handling facilities operating gt
a total absolute pressure below 0,45 MPa (65 psi)

Water-hand

ling equipment

Water-handling facilities operating at a total absolufe
pressure below 0,45 MPa (65 psi)

Water injection and water disposal equipment

Natural gag

treatment plants

Transportaftion pipelines for liquids, gases, and
multi-phas¢ fluids

Lines*handling gas prepared for general commercial
ahd domestic use

For all equipment above

Components loaded only in compression

a See IS
b See I
c Wirel
d For s

0 15156-2:2015, A.2.3.2.3 for more information.
0 15156-2:2015, A.2.3.2.1 for more infermation.

ne lubricators and lubricator connecting devices are not permitted exclusions.

cker rod pumps and sucker rods,/reference can be made to NACE MR0176.

2 Norm

The follow]

ative references

ing documentsyin whole or in part, are normatively referenced in this document and|are

indispensaple for its\application. For dated references, only the edition cited applies. For undgted

references

ISO 6507-1

the latestedition of the referenced document (including any amendments) applies.

Meétallic materials — Vickers hardness test — Part 1: Test method

ISO 6508-1, Metallic materials — Rockwell hardness test — Part 1. Test method

[SO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

ISO 7539-7, Corrosion of metals and alloys — Stress corrosion testing — Part 7: Method for slow strain rate

testing

ISO 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

[SO 15156-1:2015, Petroleum and natural gas industries — Materials for use in H2S-containing environments
in oil and gas production — Part 1: General principles for selection of cracking-resistant materials

© ISO 2015 - All rights reserved
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ISO 15156-2:2015, Petroleum and natural gas industries — Materials for use in HZ2S-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
Specifications

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

EFCn Llicats AN 1L 172) ; ;o £ o] £ 0] ] = e c ol l
I UulItdlivllo IVuUuIIiucTI 17 )y GWUTTUSITUTT TCTOIoLUTIU MllU_yJJUI vl uriua yuo lJl uucTtLivri. Hulucuuc On genera

reqyiirements and test methods for H2S service

NACE CORROSION/953), Paper 47, Test methodology for elemental sulfur-resistant advanced materials for
oil dnd gas field equipment

NACE CORROSION/97 Paper 58, Rippled strain rate test for CRA sour service materials selectidn

NACE TMO0177, Laboratory testing of metals for resistance to sulfide stress.cracking and stregs corrosion
crag¢king in H2S environments

NACE TMO0198, Slow strain rate test method for screening corrosion resistant alloys (CRAS) for stress
corrosion cracking in sour oilfield service

SAH AMS-2430, Shot Peening, Automatic
SAH* — ASTM, Metals and alloys in the Unified Numbering System, ISBN 0-7680-04074

3 |Terms and definitions

Forjthe purposes of this document, the termi$and definitions given in ISO 15156-1, ISO 15154-2, and the
follpwing apply.

31
ageing
chahge in metallurgical propertties that generally occurs slowly at room temperature (natufral ageing)
and more rapidly at higher temperature (artificial ageing)

3.2
anneal
heat to and hold at a-temperature appropriate for the specific material and then cool at a syitable rate
for such purposes-as reducing hardness, improving machineability, or obtaining desired properties

3.3
austenite
facg-eentred cubic crystalline phase of iron-based alloys

34

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)

1) ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, USA.

2) European Federation for Corrosion, available from The Institute of Materials, 1 Carlton House Terrace, London
SW1Y 5DB, UK [ISBN 0-901716-95-2].

3) NACE International, P.0. Box 2183140, Houston, TX 77218-8340, USA.
4) Society of Automotive Engineers (SAE), 400 Commonwealth Drive, Warrendale, PA 15096-0001, USA.

© IS0 2015 - All rights reserved 3
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3.5
ferrite

body-centred cubic crystalline phase of iron-based alloys

3.6

ferritic stainless steel
stainless steel (3.13) whose microstructure at room temperature consists predominantly of ferrite (3.5)

3.7

galvanically induced hydrogen stress cracking

GHSC

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

couple and|

3.8

martensit
hard, supe
microstrud

3.9

martensit
steel in wh
enough to

3.10
pitting-re
PREN

FpREN
number de

tensile stress (residual and/or applied)

g
rsaturated solid solution of carbon in iron characterized by an acigular (needle-l
ture

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

sistance equivalent number

veloped to reflect and predict the pitting resistance of a CRA based upon the proportion

the eleme
Note1toe

3.11

productio
natural oc
continuoug

Note 1 to d
significantly

3.12
solid solut
single crys|

3.13
stainless §

I

s Cr, Mo, W, and N in the chemical composition of the alloy

ry: See 6.3 for further information.

h environment
Curring produced fluids without contamination from chemicals that will temporarily
ly reduce the in situ pH

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

ion
talline phase containing two or more elements

steel contalining 10
special properties

4 Symbols and abbreviated terms

hnic

ike)

fast

s of

f Oor

pH

ure

For the purposes of this document, the symbols and abbreviated terms shown in ISO 15156-1 and
ISO 15156-2 apply, some of which are repeated for the purpose of convenience, together with the following:

AYS
CR

CRA

actual yield strength
c-ring

corrosion-resistant alloy

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=2256407c336dde884c7ab4b4767351e8

ISO 15156-3:2015(E)

HBW Brinell hardness

HRB Rockwell hardness (scale B)

HRC Rockwell hardness (scale C)
pCO7 partial pressure of CO2

pH>S partial pressure of HpS

PWHT post-weld heat treatment

U elemental sulfur

RSRT rippled strain rate test

SSRT slow strain rate test

UNS unified (alloy) numbering system
5 |Factors affecting the cracking-resistance of CRAs and other alloys in H

containing environments

Thd
con

cracking behaviour of CRAs and other alloys in HpS-containing environments can be
plex interactions of parameters including the following:

chemical composition, strength, heat treatment”microstructure, method of manufa
finished condition of the material;

H3S partial pressure or equivalent dissolved concentration in the water phase;
acidity (in situ pH) of the water phase;

chloride or other halide ion concentration;

presence of oxygen, sulfur.orother oxidants;

exposure temperature

pitting resistance ©f;the material in the service environment;

galvanic effects;

total tensiléstress (applied plus residual);

exposure time.

The

pS-

hffected by

cture, and

se’factors shall be considered when using this part of ISO 15156 for the selection o

[ materials

suitable for environments containing H;S in oil and gas production systems.

6 Qualification and selection of CRAs and other alloys with respect to SSC, SCC,
and GHSC in H2S-containing environments

6.1

General

CRAs and other alloys shall be selected for their resistance to SSC, SCC, and/or GHSC as required by the
intended service.

Compliance of a CRA or other alloy with this part of ISO 15156 implies cracking-resistance within defined
environmental service limits. These limits are dependent on the material type or the individual alloy.

© ISO 2015 - All rights reserved
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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 HyS-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 conditions 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 comply with ISO 15156-1.

In Annex A
materials t
and envird
limits are g

A CRA or

severe tha
for use in d
given in A1

The documy
in ISO 151§

|, materials are identified by materials groups. Within each group, alloys are identifieq
ype (within compositional limits) or as individual alloys. Acceptable metallurgical cendit
nmental limits are given for which alloys are expected to resist cracking. Environme
iven for HS partial pressure, temperature, chloride concentration, and elemental sulfur

bther alloy can be qualified by testing for use under operating conditiens that are n
h the environmental limits given in Annex A. Similarly, a CRA or other alloy can be quali
ifferent metallurgical conditions (higher strength, alternative heat treatment, etc.) to th
nexA.

entation of qualifications performed in accordance with Annéx B'shall meet the requiremd
6-1:2015, Clause 9.

The equipment user shall verify qualifications (see B.2.2) and tetain documentation supporting

materials {

6.2 Eval

elections made.

juation of materials properties

6.2.1 Hardness of parent metals

If hardnes
to establis
exceeding
of several
of ISO 151
requireme
ISO 15156

The conve
establish t

NOTE '

5 measurements on parent metal@re specified, sufficient hardness tests shall be m
h the actual hardness of the CRAjor other alloy being examined. Individual HRC read
the value permitted by this part of ISO 15156 may be considered acceptable if the aver
readings taken within clese*proximity does not exceed the value permitted by this |
b6 and no individual reading is greater than 2 HRC above the specified value. Equiva
hts shall apply to other.methods of hardness measurement when specified in this pap
pr referenced in a hanufacturing specification.

e required conversion tables.

'he numbér'and location of hardness tests on parent metal are not specified in ISO 15156 (all par

6.2.2 Cralacking-resistance properties of welds

| by
ons
htal

ore
fied
ose

ents

the

ade
ngs
age
part
lent
t of

sion of hardness readings to or from other scales is material-dependent. The user may

ts).

6.2.2.1 General

The metallurgical changes that occur when welding CRAs and other alloys can affect their susceptibility
to SSC, SCC, and/or GHSC. Welded joints can have a greater susceptibility to cracking than the parent
material(s) joined.

The equipment user may allow the cracking susceptibility of weldments to govern the limits of safe
service conditions for a fabricated system.

Processes and consumables used in welding should be selected in accordance with good practice and to
achieve the required corrosion and cracking resistances.

© ISO 2015 - All rights reserved
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Welding shall be carried out in compliance 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:

— compliance 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;
— |documented field experience modelled upon that specified for parent materials in ISO' 15156-1.

Thegrequirements 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
quallification to ensure the weldment produced provides adequate resistanceto SSC, SCC, arld GHSC for
thejapplication.

6.2{2.2 Qualification of welding procedures in accordance withAnnex A based upon hardness

6.2)2.2.1 General

The qualification of welding procedures for sour servicéshall, if specified in Annex A, include hardness
testing in accordance 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

Harldness testing for welding procedure qualification shall be carried out using Vickers HV|10 or HV 5
methods in accordance with ISO 6507-1-0r the Rockwell 15N method in accordance with 1SO|6508-1.

NOTE For the purposes of this paft of ISO 15156, ASTM E384 is equivalent to ISO 6507-1 and ASTM E18 is
equjvalent to ISO 6508-1.

Thd use of other methods shall require explicit user approval.

6.2)2.2.3 Hardness surveys for welding procedure qualification

Hardness surveysfor'butt welds, fillet welds, repair, and partial penetration welds and ové¢rlay welds
shall be carried‘out’as described in ISO 15156-2:2015, 7.3.3.3.

6.2{2.2.4 <-Hardness acceptance criteria for welds

Weldchardness acceptance criteria for CRAs or other alloys given in Annex A shall applly to alloys

1 b 1 - A A
SeleTteu usTTg AIeX 73,

Hardness acceptance criteria can also be established from successful cracking-resistance testing of
welded samples. 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 testing

Where appropriate, requirements and recommendations to ensure adequate cracking-resistance of
welds using other means of testing are provided in the materials groups of Annex A.

© IS0 2015 - All rights reserved 7
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6.2.3 Cracking-resistance properties associated with other fabrication methods

For CRAs and other alloys that are subject to metallurgical changes caused by fabrication methods
other than welding, cracking-resistance qualification testing of the material affected 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 sfirvey requirements of 6.2.2.2.3 for the fabrication method or burning/cutting process.

The form pnd location of the samples used for evaluation and testing shall be acceptable to|the
equipment{user.

6.3 PRE

For the puipose of determining conformance with the requirements of this part-of ISO 15156, all FHrgN
limits specjfied in this part of ISO 15156 shall be considered absolute limits as-defined in ASTM Pradtice
E29. With fthe absolute method, an observed value or a calculated value ds\iot to be rounded, byt is
to be compared directly with the specified limiting value. Conformance 69 non-conformance with|the
specificatign is based on this comparison.

The Fprgn|[calculation is based on actual composition, not nominal eomposition. Nominal composition
is used forgeneral classification only.
The PREN [Fprgn) shall be calculated as given in Formula (1):

FPREN ::Wcr +3’3(WM0 +0,5WW)+16WN (1)

where

wcr 19 the mass fraction of chromium(njthe alloy, expressed as a percentage mass fraction of
the total composition;

WMo 19 the mass fraction of molybdenum in the alloy, expressed as a percentage mass fraction
of the total composition;

U

ww i the mass fractionof'tungsten in the alloy, expressed as a percentage mass fraction of th
total composition;

4 the mass fraction of nitrogen in the alloy, expressed as a percentage mass fraction of thg
otal composition.

WN

- -

NOTE Thete, are several variations of the PREN. All were developed to reflect and predict the pitting
resistance ¢f Ee/Ni/Cr/Mo CRAs in the presence of dissolved chlorides and oxygen, e.g. in sea water. Thqugh
useful, these indices are not directly indicative of corrosion resistance in HpS-containing oil field environments.

7 Purchasing information and marking
7.1 Information that should be supplied for material purchasing

7.1.1 The preparation of material purchasing specifications can require cooperation and exchange of
data between the equipment user, the equipment supplier, and the material manufacturer to ensure that
the material purchased complies with ISO 15156-1 and this part of ISO 15156.

7.1.2 The following information shall be provided:

8 © IS0 2015 - All rights reserved
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preferred materials types and/or grades (if known);
equipment type (if known);
reference to this part of ISO 15156;

acceptable bases for selection of materials for cracking-resistance (see Clause 6).

3 The equipment user and the equipment supplier/material manufacturer may agree that CRAs
other alloys other than those described and or listed in Annex A may be selected subject to suitable

qualification testing.

If th

e purchaser intends to make use of such agreements, extensions, and qualifications, the Jppropriate

addjitional information shall be clearly indicated in the materials purchasing specificption. This

infd

7.1
Sug

7.2

Mat

deljvery. Suitable labelling or documentation is also.a¢ceptable.

For
sha

Thd
mat
par

The

rmation 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.

4 The information required for material purchasing shall be“entered on suitable data sheets.
pested formats are given in Annex C.

Marking, labelling, and documentation

erials complying with this part of ISO 15156 shall be&smade traceable, preferably by marKing, before

materials qualified and selected for a specialtapplication in accordance with Annex B, fraceability
l include reference to the environmental conditions of the special application.

equipment user may request the equipment or materials supplier to provide documentgtion of the
erials used in equipment or components and their environmental service limits as defined in this
L of [SO 15156.

tables in Annex C provide designations that can be used.

©IS
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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 Genleral

A.1.1 Mgdterials groups
The materfals groups used to list CRAs or other alloys (see 6.1) are as follows:
— austenlitic 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-splution nickel-based alloys (identified as material types.and as individual alloys) (see A.4

P

— ferritig¢ 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);

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

— precipjtation-hardened nickel-based alloys (identified as individual alloys) (see A.9);
— cobalt{based alloys (identified as individual alloys) (see A.10);

— titaniym and tantalum (identified as individual alloys) (see A.11);

— coppet, aluminium (identified as materials types) (see A.12).

Subject to|A.1.2, A.1.3,AJ.4, and A.1.5 below, the CRAs and other alloys listed in Table A.]l to
Table A.42|may be used‘without further testing for SSC, SCC, and GHSC cracking-resistance within|the
environmental limi€syshown.

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

A 13 Conta nerocaommendationsc anthe nco aof cladding auorlave and wweararocictant allaug
. ot et T THE T OV ety oo e Ea = eo o tae Oy o

NOTE The materials listed and the restrictions shown are those originally listed in NACE MR0175:2003 (no
longer available) 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.

To comply with this part of ISO 15156, the material shall also meet any provision shown in the text
and/or tables of its materials group.

10 © IS0 2015 - All rights reserved
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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, pH3S, Cl-, pH, SO. These limits apply

collectively. The pH used in the tables corresponds to the minimum in situ pH.

NOTE 1

In the tables of this Annex, the SI unit “milligrams per litre” is used for mass concentr

ation. In US

Cus
NO']
NO']

NOT
env

Wh
cur

Thd
the
sha

Wh
H>S
alsd

A1

Thd
maf

A1

A1l
For

Met
may

The

omary units, these are commonly expressed In parts per million (ppm).

E2  Guidance on the calculation of py2sis given in ISO 15156-2:2015, Annex C.

E3  Guidance on the calculation of pH is given in ISO 15156-2:2015, Annex D.

E4 In preparing the materials selection tables, it is assumed that no oxygén is present in
ronment.

bre no specified limit for a variable can be defined in a table, explanatory remarks t
Fent knowledge have been included in the table.

environmental limits for an alloy are valid only within any additional metallurgical limi
alloy in the text of the same table. Where tempering of ajmaterial is required, the temf
| be sufficient to ensure the achievement of the required through-thickness hardness.

the service

hat reflect

s given for
ering time

bn purchasing materials, metallurgical properties;known to affect the materials’ perft‘mance in

-containing oil and gas environments in additiofi~to those specifically listed in this An|
be considered. ISO 15156-1:2015, 8.1 lists sueh properties.

.4 Requirements and recommendations on welding

clauses for the materials groups contain requirements and recommendations for w

erials of the group to achieve satisfactory cracking-resistance in the weldment produced.

.5 Other requirements:and recommendations on CRAs and other alloys

5.1 Requirementsforoverlays, surface treatments, plating, coatings, linings, etc.
the composition;cracking-resistance and use of overlays, see A.13.

allic coatings/(electroplated and electroless plated), conversion coatings, plastic coatings
' be used, byt are not acceptable for preventing cracking.

effectof their application on the cracking-resistance of the substrate shall be considereq

Nitr

ex should

relding the

, or linings

.

iding with a maximum case depth of 0,15 mm (0,006 in) is an acceptable surface ti

eatment 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.l.

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 comply with this part of ISO 15156.

© ISO 2015 - All rights reserved
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A153 C

old 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 comply with
this part of ISO 15156 and if restricted to a maximum shot size of 2,0 mm (0,080 in) and an Almen

intensity n

A154 1

ot exceeding 10C. The process shall be controlled in accordance with SAE AMS-2430.

The use of

The use of
of flanges.
with the ed

A.1.6 Us

dentification etnmping

fonventional sharp V-stamping is acceptable in low-stress areas such as the outside’diam
Conventional sharp V-stamping shall not be performed in high-stress areasnless agy
uipment user.

e of materials selection tables

Table A.1 provides a guide to the materials selection tables for any equipmént or component. It

provides a
when othe

q

NOTE
ISO 15156-3

A.2 Aus

A2.1 M4

Austenitic
proportion
0,04 % ma

Higher car

guide to additional materials selection tables for specific named equipment or compong
[, less restrictive, environmental, or metallurgical limits maybe applied.

Jee Note in introduction of this part of ISO 15156 regarding Annex F of Technical Cird

:2009/Cir.2:2013 and Technical Circular ISO 15156-3:2009/Cir.3:2014.

tenitic stainless steels (identified as material type and as individual allo

terials analyses

stainless steels of this material type shall contain the following elements in the follow
s, expressed as mass fractions: €; 8,08 % max; Cr, 16 % min; Ni, 8 % min; P, 0,045 % ma
X; Mn, 2,0 % max; and Si, 2,0 % max. Other alloying elements are permitted.

pon contents for UNS S30900 and S31000 are acceptable up to the limits of their respec

specificatipns.

The alloys
more resty
See also A,

12

listed in Table D.1 ‘ean, but do not necessarily, meet the requirements above. In some ca

B.1.

n industhy practice to dual certify 300 series stainless steels as standard grade and

dentification stamping using low-stress (dot, vibratory, and round-V) stamps is acceptallle.

bter
eed

hlso
bnts

ular

ys)

fing
K: S,

tive

Ses,

ictive chemistries are required to comply with the requirements of this materials group.

low
bon
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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

Equipment or components

Material selection table numbers for various materials groups

(see A.2)

stainless steels
(see A.3)

Yolid-solution

(see A.4)

(see A.6)

(see A.7)

stainless steels
(see A.8)

(see A.9)
um and tantalum

(see A.10)
(see A.11)

Austepitic stainless steel

Highly-alloyed austenitic

nickel-based alloys

Ferrific stainless steels
(see A.5)

Martenkitic stainless steels

Duplgx stainless steels

Precipitation-hardened

nickel-based alloys
Cobalt-based alloys

Titan[

Precipitation-hardened

Any equipment or component

A2

A8

A13
Al4

A17

A.18

A24

A4

A32 A4

A33

Additional materials selection tables fo

r casing, tubing and downhole equipment

Downhole tubular components

A9

A19

A.25

Packers and other subsurface
equipment

A9

A.20,
A21

Gas lift equipment

A7

Injection tubing and equipment

A7

Downbhole control line tubing and
downhole screens

A7

A1l

Additional materials selection tables fo

r wellhea

ds, Christmas trees, valves, chokes and level controllers

Wellhead and tree components (with
various specified exclusions)

A13

A23

A.27

A34

Valve and choke components (with
various specified exclusions)

A23

A34

Shafts, stems and pins

A3

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

Additional materials selection tables for process plant

Compressor components

(oY — ]

Additional materials selection tables for-other equipment

Instrumentation and control deyices

A6

Instrument tubing and associated
compression fittings, surface éonfrol
line tubing and surface sere€ns

A4

Al1l

Springs

Diaphragms, pre§stiré¢‘measuring
devices and pfessure seals

Seal rings and/gaskets

Snaprings

A.29

Bearing pins

Miscellancousequipment-as-named-in
the tables (including hardware (e.g. set
screws, etc.), downhole and surface
temporary-service tool applications)

A7

A6

A28

A35

© ISO 2015 - All rights reserved
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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 )
individual Temperature pressure | Chloride pH Sl.llfur_ Remarks
H2S conc. resistant?
alloy UNS
number Przs
max max max
°C (°F) kPa (psi) mg/1
60 (140) 100 (15) See See No Any combination of chlorjde
“Remarks” | “Remarks” concentration and in situpH
column column occurring in production
Austenitig environments is acGéptable.
stainless )
steel These materials have been used
from without restrictions on temperatyre,
materials pH2S, orimsitu pH in production
type See See See environments. No limits on
described “Remarks” “Remarks” 50 “Remarks” No individwal parameters are set, buf]
inA.2a column column column somle combinations of the values of
T these parameters might not be
acceptable.
S31603b 60 (140) 1000 (145)| 50000 24,5 NDSd
90 (194) 1000 (145)| 1000 23,5 NDSd
90 (194) 1(0,145) 50000 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
S$20910¢ 66 (150) 100 (15) See See No Any combination of chloride
“Remarks” | “Remarks” concentration and in situ pH
column column occurring in production
environments is acceptable.
Alimit on thd martensite content of these austenitic stainless steels should be considered.
The stress cqrrosion cracking resistance of all austenitic stainless steels of the material type described in A.2 can be adversely
affected by cpld working.
a2 These mpterials shall
— bein the solution-dnnealed and quenched or annealed and thermally-stabilized heat-treatment condition,
— be free of.€old work intended to enhance their mechanical properties, and
— have 3 maximum hardness of 22 HRC.

b UNS S31603 shall be in the solution-annealed and quenched condition when used in environments outside the limits
imposed for the material type (i.e. in the top two rows), but within those given specifically for S31603. The following conditions
shall apply:

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

— after the final solution annealing and quenching treatment, hardness 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 limits imposed 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 submitted (NDS) to ascertain whether these materials are acceptable in service with presence of elemental sulfur in
the environment.
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Table A.3 — Environmental and materials limits for austenitic stainless steels used as valve
stems, pins, and shafts

Individual | Temperature | Partial | Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS number H>S
PH2s
max max max
°C (°F) kPa (psi) mg/l
S§20910 See See See See NDSa Any combination of
“Remarks” “Remarks” | “Remarks” | “Remarks” temperature, pHzP,
column column column column chloride concéntrption,
and in situpHoccprring in
production‘énvirqnments
is aceeptable.
Forthese applications, the following material restrictions shall also apply:
— | UNS S20910 at a maximum hardness level of 35 HRC may be used in the cold-worked condition provigled this cold
worlking is preceded by solution annealing.
a  |No data submitted (NDS) to ascertain whether these materials are acceptable.for'service in the presence|of elemental
sulfur in the environment.
Table A.4 — Environmental and materials limits for austenitic stainless steels used ip surface

apFlications for control-line tubing, instrument tubing, associated fittings, and screen devices

Ind]i\lvidual alloy | Temperature | Partial | Chloride pH Sulfur Remarks
S number pressure conc. resistant?
H>S
pHz2s
max max max
°C (°F) kPa (psi) mg/1
S31600 See See See See NDSa2 | This material hgs been
“Remarks” | “Remarks” | “Remarks” | “Remarks” used for these c¢mponents
column column column column without restrictjon on

temperature, pHzS, Cl-,
or in situ pH in production
environments. No limits
on individual parameters
are set, but somg¢
combinations offthe
values of these gJarameters
might not be acdeptable.

UNY§ S31600<stainless steel may be used for compression fittings and instrument tubing even though it might npt satisfy the

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

a  |Ng data submitted to ascertain whether these materials are acceptable for service in the presence of elemental sulfur

in the environment.

© ISO 2015 - All rights reserved
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Table A.5 — Environmental and materials limits for austenitic stainless steels used as seal

rings and gaskets

S30400
annealed co

a  No data
in the envirg

Individual alloy | Temperature | Partial | Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H»S
PH2s
max ma max
°C (°F) kPa (psi) mg/1
Any combination of
temperature, pH;S,
D
192600, J9p900 See See See See chloride concentration
S$30400,S30403 “Remarks” |“Remarks” | “Remarks” | “Remarks” NDSa and in situ pH occurring
$31600, 531603 column column column column in p.roductlon :
environments-is
acceptable;
For these applications, the following materials restrictions shall apply;
— ]92600]]J92900 API compression seal rings and gaskets made of centrifugally cast material\in the as-cast or solutfion-
annealed condition shall have a hardness of 160 HBW (83 HRB) maximum;

S30403,S31600 or S31603 API compression seal rings and gaskets made ofwrought material in the solutfion-
hdition shall have a hardness of 160 HBW (83 HRB) maximum.

submitted to ascertain whether these materials are acceptable for seryice in the presence of elemental sylfur
nment.

16
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Table A.6 — Environmental and materials limits for austenitic stainless steels used in
compressors and instrumentation and control devices

inA.2

Materials type |Temperature| Partial | Chloride pH Sulfur- Remarks
pressure conc. resistant?
H»S
PH2S
max max max
°C (°F) kPa (psi) mg/l
Compressors
Austenitic See See See See NDSa Any combination|of
sthinless steel “Remarks” |“Remarks” | “Remarks” | “Remarks” temperature, pH}S, chloride
fr¢m materials column column column column concentration, and in situ
type described pH occurring in groduction
inA.2 enyironments is fpcceptable.
Insfrumentation and control devicesb
Austenitic See See See See NDSa These materials have been
sthinless steel “Remarks” | “Remarks” | “Remarks” | “Remarks” used for these components
fr¢m materials column column column column without restrictipn on
type described temperature, pH%S, Cl-, or

in situ pH in production

environments. N
individual param

b limits on
eters are

of the values of t

ese

set, but some cogbinations

parameters mig
acceptable.

t not be

int

pregsure seals.

Forthese applications, these materials shall also

have a maximum hardness of 22 HRC.

be in the solution-annealed and quenched or annealed and stabilized heat-treatment condition,

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

A lifnit on the martensite content of thesé austenitic stainless steels should be considered.

a  |No data submitted to ascertaimwhether these materials are acceptable for service in the presence of eler
le environment.

b lInstrumentation and contyol devices include, but are not limited to diaphragms, pressure measuring

hental sulfur

devices, and

© ISO 2015 - All rights reserved
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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

Materials type | Temperature | Partial Chloride pH Sulfur- Remarks
pressure conc. resistant?
H3S
pPH2s
max max max
°C (°F) kPa (psi) mg/1
Austenitic See See See See NDSa These materials have
stainless teel “Remarks” | “Remarks” | “Remarks” | “Remarks” been used for these
from matdrials column column column column components witheut
group desdribed restriction on
in A.2 temperature, pH3S, Cl,

or in sitwpH in
prodaetion
environments. No limifs
on)individual parametgrs
are set, but some
combinations of
the values of these
parameters might not
be acceptable.

a  No datafsubmitted to ascertain whether these materials are acceptable forservice in the presence of elemental sylfur

in the envirdgnment.

A.2.3 Wglding of austenitic stainless steels of this materials group

The requir,

The hardn
metal and {
alloy used

Austenitic

Weldments

A.3 Higl
individu
A.3.1 M4
Table D.21

al alloys)

terials-chemical compositions

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

bss of the HAZ after welding shall ndt exceed the maximum hardness allowed for the &
he hardness of the weld metal shalknot exceed the maximum hardness limit of the respec
for the welding consumable.

stainless steel, “L, filler metal shall have a maximum carbon content of 0,03 % mass fract

may be repair-welded ifthey meet the welding procedure requirements.

sts\the chemical compositions of some alloys of this type that can meet the analysis-relg

1ly alloyed austenitic stainless steels (identified as material types and as

ase
tive

ion.

ted

requireme

. 1 . 4] . PRI Jlia 0 300 G | A doroll AQ-— L1 . delos.
ILS SITUWIT TIT LIIT LTALT Ul 14dUIC A.O 4diIU 1dUIC A.J. TTUWCEVCL, 111" SULLIT L4dSTS, LIS TTUU

production within more restricted ranges of chemical analysis than those specified in Table D.2.

res

Austenitic stainless steels included in Table D.2 that do not meet the restricted ranges of chemical
analysis required in Table A.8 and Table A.9, but meet the requirements of A.2.1 may be considered as
part of materials group A.2.

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

18
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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 PH2s
LINS
nlrmber max max max
°C (°F) kPa (psi) mg/1
Mdterials 60 (140) 100 (15) See See No Any combinations of chloride
Lype “Remarks” | “Remarks” concentration, and i situ pH
3a,[3b, and column column occurfing in produdtion
]93254 envirenments are agceptable.
See See 50 See No These materials haye been
“Remarks” | “Remarks” “Remarks” used without restri¢tions on
column column column temperature, pH3S, pr in situ
pH in production enjviron-
ments. No limits on individual
parameters are set,[but some
combinations of the|values of
these parameters njight not be
acceptable.
Mdterials 121 (250) 700 (100) 5000 See No The in situ pH valuep occurring
Lype ‘Remarks” in production envirpnments
3b column are acceptable.
149 (300) 310 (45) 5000 See No
“Remarks”
column
171 (340) 100 (15) 5000 See No
“Remarks”
column
NP8926 121 (250) 700 (100) 65000 23,5; No pH estimated from Jaboratory
See also test conditions.
Remarls UNS N08926 is matgrial
type 3b tested to higher limits
of chloride concentijation than
apply for the materipls type as
a whole.
195370 150 (302) 700 101 000 See No The in situ pH valuep occurring
“Remarks” in production envirpnments
column are acceptable

94 HRB.

These materials shall also comply with the following:

— materials type 3b shall be highly alloyed austenitic stainless steel with Fprgn > 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;

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

— UNSJ95370 shall be in the solution heat-treated and water-quenched condition and shall have a maximum hardness of
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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
pu2s
max max max
°C (°F) kPa (psi) mg/1
Materials 60 (14.0) 100 (15) See See No Any combination of
type 3a arjd 3b “Remarks” | “Remarks” chloride concentration
column column and in situ pH occurting|in

production envirgnments
is acceptable.

Materigls 60 (140) 350 (50) 50 See No The in sitw pH values
type 3p “Remarks” occurring in production|
column environments are
Materigls 121(250) | 700 (100) | 5000 See No |3eeptable.
type 3p “Remarks”
column
149 (300) 310 (45) 5000 See No
“Remarks”
column
171 (340) 100 (15) 5000 See No
“Remarks”
coliimn
N0892b 121 (250) 700 (100) 65000 =3,5; No pH is estimated from
See also laboratory test conditiofs.
Remarks UNS N08926 is material
type 3b tested to higher

limits of chloride
concentration than apply
for the materials type a§ a
whole.

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

— highly glloyed austenitic stainless.steels used for downhole tubular components shall contain at least these elemgnts,
expressed ag percentage mass fraetions: 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;

— materidls type 3a shall be'highly alloyed austenitic stainless steel with (wnj + 2wp) > 30 (where wy has a mininhum
value of 2 %];

— materidls type 3bshall be highly alloyed austenitic stainless steel with a Fprgn > 40,0.

All the abovg alldysfshall be in the solution-annealed and cold-worked condition with a maximum hardness of 35 HRC.

20 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=2256407c336dde884c7ab4b4767351e8

ISO 15156-3:2015(E)

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
pnzs
max max max
°C (°F) kPa (psi) mg/l
Highly alloyed See See See See NDSa These materials have been
austenitic “Remarks” | “Remarks” | “Remarks” | “Remarks” used for these.components
stpinless steel column column column column without restrictipn on
from materials temperature) pH1S, Cl-, or
grqup described in situ pH in production

inA.3

environments. N
indivyidual paramn
set; but some co
of the values of
parameters mig

acceptable.

binations
ese

limits on
eters are

t not be

a
in t]

e environment.

No data submitted to ascertain whether these materials are acceptable forgservice in the presence of elen

hental sulfur

Table A.11 — Environmental and materials limits forchighly alloyed austenitic stainless steels
usdd as instrument tubing, control-line tubing, compression fittings, and surface and [downhole
screen devices

Individual alloy | Temperature| Partial Chloride pH Sulfur- Remarks
UNS number pressure €Onc. resistant?
H»S
pH2s
max max max
°C(°F) kPa-fpsi) mg/1
Materials See See See See NDSa These materialgdhave been
types 3aand 3b | “Remarks”(_|) “Remarks” | “Remarks” | “Remarks” used for these cpmponents
column column column column without restrictiion on
temperature, pH3S, Cl-, or
in situ pH in profuction
environments. No limits
on individual pgrameters
are set, but somg
combinations offthe values
of these paramejters might
not be acceptable.
N08904 See See See See NDS2  |Any combinatiof of
“Remarks” “Remarks” | “Remarks” | “Remarks” temperature, pH3S,
column column column column chloride concentration,
and in situ pH occurring in
production environments
is acceptable.

a

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

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

Materials type 3a shall be highly alloyed austenitic stainless steel with (wnj + 2wpe) > 30 (Where wyo 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.
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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.4 Soli

individual alloys)

A.4.1 Mgdterials chemical compositions

Table A.12

Table A.13jand Table A.14.

Table D.4 cpntains the chemical compositions of some copper-nickel alloys of this/group.

Table A.12 — Materials types of solid-solution nickel-based alloys

Lasda L | 1 1o pa | 11 a-n | ks o 1 i Ly . pa |
SOUTULIVUIT HTITACTTUASTU AdlIUYS (TUCTIILTICTU 4S5 ITIdCI IdI Ly pPTo dllu dS5

provides a breakdown of this materials group into types 4a, 4b, 4c, 4d,’and 4e use

1 in

Materials Cr Ni + Co Mo Mo+ W Metallurgical
type mass fraction | mass fraction | mass fraction | massfraction condition
min min min min
% % % %

Type 44 19,0 295 2 . Solution-annealed or
annealed

Type 41 145 52 12 i Solution-annealed or
annealed
Solution-annealed or

Type 4 19,5 29,5 2,5 o annealed and cold-worked
Solution-annealed or

Type 44 19,0 3P - 6 annealed and cold-worked
Solution-annealed or

Type 4 14,5 52 12 o annealed and cold-worked

Type 4fp 20,0 58 15,5 — a) Solution-annealed o

annealed and cold-wor]
condition

b) Solution-annealed or

annealed and cold-wor]
and aged condition

ked

ked

a  The type 4f family is currently limited to only UNS N07022.

Table D.3 liststhrechemnicat compuositionsof somre—attoysthattam,but do ot recessarity, meet the restrictionrs of on
more of these types. In some cases, more restrictive compositions than those shown in Table D.3 may be needed.

or
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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

UNS{
Well

a
int

e environment.

or annealed condition.

N04400 and UNS N04405 shall have a maximum hardness of 35 HRC.

head and christmas tree components shall also beih accordance with ISO 10423.

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

Materials type/ | Temperature | Partial | Chloride pH Sulfur- Remarks
individual alloy pressure conc. resistant?
UNS number H>S
pH2s
max max max
°C (°F) kPa (psi) mg/1
Annealed alloys See See See See Yes These materialls have
of types 4a and “Remarks” | “Remarks” | “Remarks” | “Remarks” beenused witHout
4b column column column column restriction on
N04400 See See See See NDsa ('emperature, pH25,
N04405 “Remarks” | “Remarks” | “Remarks” | “Remarks” or in situ oH in roduct’ion
column column column column . P I

environments.|No limits
on individual pprameters
are set, but sone
combinations df the
values of these
parameters might not be
acceptable.

Wrqught or cast solid-solution nickel-based products made froni@alloys of types 4a and 4b shall be in the solutfon-annealed

hental sulfur
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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?

45 HRG;

Materials | Temperature | Partial Chloride pH Sulfur- Remarks
type pressure conc. resist-
H»S ant?
PH2s
max max max
°C (°F) kPa (psi) mg/l
See See Any combination of chloride
232 (450) 200 (30) | “Remarks” | “Remarks” No concentration and in situ pH
column column occurring in production
See See environments is acceptable.
218 (425) 700 (100) | “Remarks” | “Remarks” No
column column
w(i)(:'ll((ie;d See See
allovs of 204 (400) 1000 (150) | “Remarks” | “Remarks” No
y column column
types 4c,
4d and 4e See See
177 (350) 1400 (200) | “Remarks” | “Remarks” No
column column
See See See Any combination of hydroger
132 (270) “Remarks” | “Remarks” | “Remarks” Yes suléyde, Fhlorl(_ie congentr_‘atlc n,
column column column and in situ pH in production
environments is acceptable.
See See Any combination of chloride
Cold- 218 (425) |2 000 (300) | “Remarks” | “Reffarks” | No |concentrationand in situ pH
column ~Numn occurring in production
Vi’lorkedf environments is acceptable.
alloys o
tyges See See See Any combinations of hydroggn
4d and 4-e 149 (300) “Remarks” “Remarks” “Remarks” YeS Sulflde, CthI‘lde COIlCeIltl"atIC n,
column colimn column and in situ pH in production
environments are acceptable
Wrought or|cast solid-solution nickel-based)products in these applications shall be in the annealed and cold-woiked
condition orfannealed, cold-worked, and @ged for type 4f and shall meet all of the following as applicable:
1) the majimum hardness value for\types 4c, 4d, and 4e in these applications shall be 40 HRC;
2) the maximum yield strengtitof-the alloys achieved by cold work shall be
— typeftc: 1 034 MPa (150 ksi);
— typefd: 1 034 MPaA(150 ksi);
— typefte: 1 24Q-MPa (180 ksi).
3) UNS N10276 (Type 4e) when used at a minimum temperature of 121 °C (250 °F) shall have a maximum hardnegs of

a  The limits of application of the materials types 4c, 4d, and 4e in this table overlap.

4) UNS N07022 (Type 4f) in the annealed and cold-worked condition shall have a maximum hardness of 43 HRC and a
maximum yield strength of 1 413 MPa (205 ksi);

5) UNSNO07022 (Type 4f) in the annealed and cold-worked and aged condition shall have a maximum hardness of 47 HRC
and a maximum yield strength of 1 420 MPa (206 ksi).

b 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.14 (continued)
Materials | Temperature | Partial Chloride pH Sulfur- Remarks
type pressure conc. resist-
H2S ant?
puzs
max max max
°C(°F) kPa (psi) mg/1
Any combination of chloride
7000 See See . L
229 (AEN) “Bamarke” | “Barmarlc” Ve concentration and in situ pH
old- Y (1 000) occurring in productjon
column column : .
wbrked environments is aceeptable.
alloys of inati
g
204 (400) “Remarks” | “Remarks” | “Remarks” Yes C : . ’
and in sifupH in production
column column column . :
envireriments is acceptable.
Any in situ productiof
See environment pH is
204 (400) :(3550%(; 180 000 | “Remarks” Yes dcceptable for
column pcoz2+ pH2s < 7 000 kpa
(1000 psi)
old- Any in situ productiop
wprked environment pH is acceptable
alloys of for pcoz such that:
type 4f 7000 See” . [For przs < 3 000 kPa (450 psi):
288 (550) (1000) 180 000 Remarks NDS pcoz + przs < 10 000[kPa
column (1 450 psi).
For pp2s from 3 000 KPa to
7 000 kPa:
pcoz2 <7000 kPa (1 0PO psi).
Wrqught or cast solid-solution nickel-based preducts in these applications shall be in the annealed and [cold-worked
conglition or annealed, cold-worked, and aged\for type 4f and shall meet all of the following as applicable:
1) |the maximum hardness value for types 4c, 4d, and 4e in these applications shall be 40 HRC;
2) |the maximum yield strength ofthe'alloys achieved by cold work shall be
—+ type4c: 1034 MPa (150 ksi);
—+ type 4d: 1 034 MPaA150 ksi);
—+ type 4e: 1240 MPa'(180 ksi).
3) | UNS N10276 fType 4e) when used at a minimum temperature of 121 °C (250 °F) shall have a maximum| hardness of
45 HRC;
4) | UNS N07022 (Type 4f) in the annealed and cold-worked condition shall have a maximum hardness of 43 HRC and a
mayimumyield strength of 1 413 MPa (205 ksi);
5) | UNS'W07022 (Type 4f) in the annealed and cold-worked and aged condition shall have a maximum hardndgss of 47 HRC
and|a maximum vyield strength of 1 420 MPa (206 ksi).
a  The limits of application of the materials types 4c, 4d, and 4e in this table overlap.
b

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.15 — Environmental and materials limits for nickel-based alloys used for bearing pins

Individual alloy | Temperature | Partial | Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H2S
puzs
max max max
°C (°F) kPa (psi) mg/1
N10276 See See See See NDSa Any combination of
“Remarks” | “Remarks” | “Remarks” | “Remarks” temperature, pH3S,
column column column column chloride concentration|
and in situ pH occurrin
production envirenme
is acceptable:

a  No data

N10276 beai]ing pins, e.g. core roll pins, shall be in the cold-worked condition with a maximum hardness 6f45 HRC.

submitted to ascertain whether these materials are acceptable for service in the presence.of elemental sylfur
in the envirdnment.

Table A.II — Environmental and materials limits for nickel-based alloysused in gas lift servyi
and for downhole running, setting, and service tool applicationsfer temporary service
Partial
Temperature pressure | Chloride pH Sqlfur- Remarks
.. H»S conc. resistant?
Individuallalloy
UNS number Puzs
max max max
°C (°F) kPa (psi) mg/1
These materials have
been used for these
components without
restriction on
temperature, pH3S, CI,
or in situ pH in
See See See See .
N04400 “Remarks” | “Remiayks” | “Remarks” | “Remarks” NDSa pI‘O(.iUCtIOI‘l .
N04405 environments. No lim
column dolumn column column o
on individual parame
are set, but some
combinations of the
values of these
parameters might nof]
be acceptable.
a  No data[submitted to ascertain whether these materials are acceptable for service in the presence of elemental sylfur
in the envirgnment:

A.4.3 We

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.

There are no hardness requirements for welding solid-solution nickel-based alloys with solid-solution

nickel-based weld metal.
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A.5 Ferritic stainless steels (identified as material type)

A.5.1 Materials chemical compositions

Table D.5 lists the chemical compositions of some alloys of this type.

ISO 15156-3:2015(E)

A.5.2 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

a
in t]

e environment.

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

Partial
Temperature pressure | Chloride pH Sqlfur- RemarKs
. H»S conc. resistant?
[Materials
type PH2S
max max max
°C (°F) kPa (psi) mg/1
Subject to limitatipns on
pH3S and pH. Thede materials
Ferritic stainless have been used without
teels from See See restrictions on terpperature
mpterials type “Remarks” 10 (1,5) |“Remarks”| 23,5 NDSa or chlorl.de concerjtration in
described column column production enviropnments.
nAS No limits on these|two
== parameters are sef, but some
combinations of their values
might not be accefjtable.
Thelse materials shall be in the annealed condition and siall’ have a maximum hardness of 22 HRC.

hental sulfur

A.5
Thd
Har

.3 Welding of ferritic stainless steels of this materials group
requirements for the cracking-resistance properties of welds shall apply (see 6.2.2).

dness testing of qualification welds shall be carried out and the maximum hardness shal

or, if a different hardness test method is permitted, its equivalent.

A.6

A.6

Tab

.1 Materials chemical compositions

Martensific¢ (stainless) steels (identified as individual alloys)

e D6 lists the chemical compositions of the martensitic steel alloys shown in Table A.18 to

be 250 HV

Table A.23.

Free-macnlnmg martensitic stainless steels shall not be used.

© ISO 2015 - All rights reserved
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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?
H>S
puz2s
max max max
°C(°F) kPa (psi) mg/1
S4100p See 10 (1,5) See 23,5 NDSa Any combination of
S4150pD “Remarks” “Remarks” temperature and chloride
S4200p column column concentration occurring ip
J9115( productionenvironmentsl|is
J91151 acceptablé
J9154
S4240p
S4142p See 10 (1,5) See >3,5 No
“Remarks” “Remarks”
column column

shall be

temperaturg.

1) austenitized and quenched or air-cooled;

These materfials shall also comply with the following:

a) castorwroughtalloys UNS S41000,]91150 (CA15), and J91151 (CA15M) shall have a maximum hardness of 22 HRCland

2) temppred at 621 °C (1 150 °F) minimum, then cooled to ambignt temperature;

3) temppred at 621 °C (1 150 °F) minimum, but lower than-thé first tempering temperature, then cooled to ambipnt

b) low-carpon, martensitic stainless steels, either cast]J91540 (CA6NM), or wrought S42400 or S41500 (F6NM) shall have
amaximum hardness of 23 HRC and shall be

1) austenitized at 1 010 °C (1 850 °F) minimum, then air- or oil-quenched to ambient temperature;
2) temppred at 649 °C to 691 °C (1 200 °E.tenl 275 °F), then air-cooled to ambient temperature;
3) temppred at 593 °Cto 621 °C (1 100€F to 1 150 °F), then air-cooled to ambient temperature.

c) castorwroughtalloy UNS S42000-shall have a maximum hardness of 22 HRC and shall be in the quenched and temp¢red
heat-treatmg¢nt condition;

d)  wrought low-carbon UNS §4{425 martensitic stainless steel in the austenitized, quenched, and tempered condifion
shall have a paximum hardnéssjof 28 HRC.

a  No datalsubmitted toraseertain whether these materials are acceptable for service in the presence of elemental sylfur
in the envirgnment.
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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
DPH2s
max max max
°C (°F) kPa (psi) mg/l
ISO 11960 L-80 See 10 (1,5) See >3,5 NDSa Any combination of
Type 13 Cr, “Remarks” “Remarks” temperature and|chloride
S41426, S42500 column column concentratiofmocgurring in
$41429 See 10 (1,5) See >4,5 NDSa fsrgf;“g{)‘lgn‘”r pnments
“Remarks” “Remarks” P
column column
For[these applications, these materials shall also comply with the following:
a) | UNS S41426 tubular components shall be quenched and tempered to maximum 27 HRC and maximum y{eld strength
724|MPa (105 ksi);
b) | UNS S42500 (15 Cr) tubing and casing is acceptable as Grade 80 [SMYS 556°\MPa (80 ksi)] only and sHall be in the
quehched and double-tempered condition with a maximum hardness of 22 HRG,*The quench and double-temiper process
shall be as follows:
1) austenitize at minimum 900 °C (1 652 °F), then air- or oil-quench
2) temper at minimum 730 °C (1 346 °F), then cool to ambient temmperature;
3) temper at minimum 620 °C (1 148 °F), then cool to ambient temperature.
c) [UNS S41429 tubular components shall be quenched and témpered or normalized and tempered to a maximpim hardness
of 2 HRC and a maximum yield strength of 827 MPa (120 ksi).
a  INo data submitted to ascertain whether these materials are acceptable for service in the presence of elerhental sulfur
in the environment.
Table A.20 — Environmentaland materials limits for martensitic alloy steel us¢d as
subsurface equipment
Individual | Temperature [~Partial | Chloride pH Sulfur- RemarKs
alloy pressure conc. resistant?
UNS number H,S
PH2s
hrax max max
°C (°F) kPa (psi) mg/1
K90941 See “Remarks” See See See NDSa These materials haive been
column “Remarks” | “Remarks” | “Remarks” used without restrictions on
column column column temperature, pH2$, chloride
concentration, or fn situ pH in
prnr‘nrf{nn QniZir ments. No

be acceptable.

limits on individual
parameters are set, but some
combinations of the values of
these parameters might not

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.

a

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.21 — Environmental and materials limits for martensitic stainless steels used as

packers and subsurface equipment

Alloy Temperature | Partial Chloride pH Sulfur- Remarks
specification pressure conc. resistant?
H»S
DPH2s
max max max
°C (°F) kPa (psi) mg/l
AISI 420 See 10 (1,5) See >3,5 NDSa Any combination of
(modifig¢d) “Remarks” “Remarks” temperature and chloride
column column concentration occurringin
production environments|is
acceptable
S4142y See 10 (1,5) 6100 23,5 NDSa | Temperatupesioccurring ip
“Remarks” productiph.environments
column are acceptable.

For these ap
and shall be

UNS S41427
three-step p

a  No data
in the envird

a) austenitlize at 900 °C to 980 °C (1 652 °F to 1 796 °F), then air-cool or oil-quench to ambient temperature;
b) tempergd at 600 °Cto 700 °C (1 112 °F to 1 292 °F), then air-cool to ambient témperature;
c¢) temperdd at 540 °Cto 620 °C (1004 °F to 1 148 °F), then air-cool to ambient temperature.

blications, AISI 420 (modified) shall have chemical composition in accordance with ISO 11960 L-80 Type 1B Cr
quenched and tempered to 22 HRC maximum.

shall have a maximum hardness of 29 HRC and shall have been heat-treated.in accordance with the folloying
Focess:

submitted to ascertain whether these materials are acceptable for service in the presence of elemental sylfur
nment.
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Table A.22 — Environmental and materials limits for martensitic stainless steels used as

compressor components

Individual alloy | Temperature | Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H»S
PH2s
max max max
°C (°F) kPa (psi) mg/1
S$41000 See See See See NDSa Any combination of
S41500 “Remarks” “Remarks” | “Remarks” | “Remarks” temperatuce, pH>S,
S$42400 column column column column chloride conegntration,
J91150 and insitwpH pccurring
J91151 in prodiction
J91540 environments|is
acceptable.
For[these applications, these materials shall also comply with the following:
a) |castor wroughtalloys UNS S41000, J91150 (CA15), and J91151 (CA15M) shall have22 HRC maximum harflness if used
for ¢ompressor components and shall be
1) austenitized and quenched or air-cooled;
2) temperedat 621 °C (1 150 °F) minimum, then cooled to ambient tempetature;
3) tempered at 621 °C (1 150 °F) minimum, but lower than the firs§¢teimpering temperature, then cooled to ambient
temjperature.
b) [low-carbon, martensitic stainless steels, either cast J91540 (CA6NM) or wrought S42400 or S41500 (F6NM), shall have
ampximum hardness of 23 HRC and shall be
1) austenitized at1 010 °C (1 850 °F) minimum, then air- ot oil-quenched to ambient temperature;
2) tempered at 649 °Cto 690 °C (1 200 °F to 1 275 ¢EYy/then air-cooled to ambient temperature;
3) temperedat593°Cto 621°C (1100 °F to 1150 °F), then air-cooled to ambient temperature.
c) | if used for impellers, cast or wrought alloys-UNS S41000, J91150 (CA15) and J91151 (CA15M), cast J91540 (CA6NM)
and|wrought S42400, or S41500 (F6NM) shall'exhibit a threshold stress 295 % of actual yield strength in th¢ anticipated
seryice environment.
a  |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.23 — Environmental and materials limits for martensitic stainless steels used as
wellhead and tree components and valve and choke components (excluding casing and tubing
hangers and valve stems)

heat-treatm

a  No data
in the envird

nt condition.

nment.

Individual | Temperature | Partial Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS number H»S
pHzs
max. max. max.
°C (°F) kPa (psi) mg/1
S$41000 See See See >3,5 NDSa Subject to limitations on in.gitu
S41500 “Remarks” | “Remarks” | “Remarks” pH, these materials have\be¢n
S42000 column column column used for these components
J91150 without restriction-on
J91151 temperature, pH3S, or Cl- in
J91540 production environments. No
S42400 limits on these parameters dre
set, but some combinations
of their yalues might not be
aceeptable.
For these applications, these materials shall also comply with the following:
a) castorfwrought alloys UNS S41000, ]91150 (CA15), and J91151 (CA15M), shathhave 22 HRC maximum hardnessfand
shall be
1) austenitized and quenched or air-cooled;
2) temppred at 620 °C (1 150 °F) minimum, then cooled to ambient temperature;
3) tempered at 620 °C (1 150 °F) minimum, but lower than the fitst tempering temperature, then cooled to ambignt
temperatureg.
b) low-carpon, martensitic stainless steels either cast J91540\(€A6NM) or wrought S42400 or S41500 (F6NM) shall Bave
23 HRC max]mum hardness and shall be
1) austenitized at 1 010 °C (1 850 °F) minimum, then/air- or oil-quenched to ambient temperature;
2) temppred at 648 °Cto 690 °C (1 200 °F to 1 275°F), then air-cooled to ambient temperature;
3) temppred at 593 °Cto 620 °C (1 100 °F to 1'150 °F), then air-cooled to ambient temperature.
c) castorwroughtalloy UNS S42000 shallhrave a maximum hardness of 22 HRC and shall be in the quenched and temp¢red

submitted to ascertain whether these materials are acceptable for service in the presence of elemental sylfur
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.3 Welding of martensitic 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.

Martensitic stainless steels welded with nominally matching consumables shall meet the following
requirements.

Weldmmrents im mar terrsiticstaimtess steets stattumdergo a PWHT =t 62—+ 150—"F)mimimum and

sha

Weldments in the low-carbon martensitic stainless steels [cast J91540 (CA6NM) or wroug

or §
(77

A.7

A.7

Table D.7 lists the chemical compositions of some\duplex stainless steel alloys that can,

nec
tha

1 comply with 6.2.2.2.

41500 (F6NM)] shall undergo a single- or double-cycle PWHT after first being coole
°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 %EJ,then cooled to 25 °
less, then heated to 580 °C to 621 °C (1 075 °F to 1 150 °F).

Duplex stainless steels (identified as materialtypes)

.1 Materials chemical compositions

bssarily, meet the restrictions of this materials group. In some cases, more restrictive ¢
h those shown in Table D.7 are needed.

tht S42400
d to 25 °C

[ (77 °F) or

but do not
hemistries
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A.7.2 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 Temperature Partial Chloride pH Sulfur- Remarks
type/ pressure conc. resistant?
individual H2S
alloy PH2S
UNS
number max max max
°C(°F) kPa (psi) mg/l
See See Any combination of chlgride
< < B . 5
B0<FpREN<4D.0| 535 (450 10 (1,5) | “Remarks” | “Remarks” NDsa |concentration and in ity pH
Mo 21,5 % column column occurring in production
environments ig7agcéptable
See See
S$31803 (HIK) 232 (450) 10 (1,5) “Remarks” “Remarks” No
column column
See See
40,0 < FpreN 945 232 (450) 20 (3) “Remarks” “Remarks” NDSa
column column
See See See These materials have been
30<Fpren<4),0 “Remarks” “Remarks” “Remarks” NDSd used without restrictions
Mo 21,5 % column column column on temperature, pH3S or in
situ pH in production
See See See environments. No limits on
“Remarks” “Remarks” 50 “Remarks” individual parameters are set,
column column colunin but some combinations of the
values of these parameters
40,0 <Feren 45 NDs? might not be acceptable.

Wrought and

be soluti

have a f¢

not havel

Hot isostatic
hardness of 2

be in the

have a f¢

not havel

NOTE High
prime phase
rate. The ran

cast duplex stainless steels shall

bn-annealed and liquid-quenched or xapidly cooled by other methodsb,
rrite content (volume fraction) of between 35 % and 65 %, and
undergone ageing heat-treatments.

bressure-produced (HIP)12Lduplex stainless steel UNS S31803 (30 < Fprgn < 40,0 Mo > 1,5 %) shall have a maxii
5 HRC and shall

solution-annealed’and’water-quenched condition,
rrite content (volume fraction) of between 35 % and 65 %, and
undergonéageing heat-treatments.

er values.of FpreN provide higher corrosion resistance; however, they also lead to increased risk of sigma- and al
formation in the materials’ ferrite phase during manufacture depending on product thickness and achievable qu

num

bha-
nch

bes-of Fpren quoted are typical of those found to minimize the problem of sigma- and alpha-prime phase formatioy.

a
environment.
b
The presence

of deleterious phases can reduce the cracking-resistance of duplex stainless steels.

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

A rapid cooling rate is one sufficiently fast to avoid the formation of deleterious phases such as sigma-phase and precipitates.
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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
pnzs
max max max

°C (°F) kPa (psi) mg/1

Any combination of

See See See temperature;.chloride
30|< Fpren £ 40,0 “Remarks” 2(0,3) |“Remarks” | “Remarks” NDSa concentratien nd in situ
Mo=1,5% pH occurring i
column column column . .
production enyironments
is aceeptable.
Any combinatipn of
temperature aipd in situ
pH occurring i
See See production enyjironments
40J0 < FpreN < 45 “Remarks” 20 (3) 120000 |“Remarks” NDSa is acceptable. hloride
column column limits have begn found to

be strongly degendent
upon yield strejngth and
the level of cold work.

Forthese applications, these materials shall
— | be in the solution-annealed, liquid-quenched, and cold-weorkéd condition,
— | have a ferrite content (volume fraction) of between 35% and 65 %, and

— | have a maximum hardness of 36 HRC.

NOTE  Higher values of Fprgn provide higher cofrpsion resistance; however, they also lead to increased risk of sigma-
and|alpha-prime phase formation in the materials’ ferrite phase during manufacture depending on product thickness and
achjevable quench rate. The ranges of Fpren quoted are typical of those found to minimize the problem of sigmp- and alpha-
prire phase formation.

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

A.7l.3 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 thé HAZ after welding shall not exceed the maximum hardness allowed for the base
metjal and the hardness of the weld metal shall not exceed the maximum hardness limit of thejrespective
alloy used ferthe welding consumable.

A cfoss-section of the weld metal, HAZ, and base metal shall be examined as part of the welding
procedure qualification. The microstructure shall be suitably etched and examined at x400
magnification and shall have grain boundaries with no continuous precipitates. Intermetallic 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

Table D.8 lists the chemical compositions of the precipitation-hardened stainless steels shown in
the tables of A.8.2. 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?
H>S
puzs
max max max
°C(°F) kPa (psi) mg/1
Any combination of
See See chloride concentratioI
$6628p 65 (150) 100 (15) |“Remarks” | “Remarks” No and in ;'“‘ PH occurring
column column 1N P2 uction .
envirenments is
acceptable.
UNS S66286|shall have a maximum hardness of 35 HRC and shall be in either the solution*annealed and aged or solutfion-
annealed anfl double-aged condition.
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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 number pressure conc. resist-
H2S ant?
PH2s
max max max
°C (°F) kPa (psi) mg/1
See See Any combinationof
UNS S17400 “Remarks” 3,4(0,5) | “Remarks” | 24,5 NDSa  |temperature andchloride
column column concentration eccurfring in
productiomenvironinents is
See See acceptablé
UNS S45000 “Remarks” 10 (1,5) | “Remarks” | 23,5 NDSa p '
column column
Forthese applications, these materials shall also comply 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 620 °C (1 150 °F):
— solution-anneal at (1 040 * 14) °C [(1 900 * 25) °F] and air-cool ar iquid-quench to below 32 °C (90 °¥);
— first precipitation-hardening cycle at (620 + 14) °C [(1 150 £ 25}\°F] for 4 h minimum at temperature, then air-cool
or liquid-quench to below 32 °C (90 °F);
— second precipitation-hardening cycle at (620 * 14) °C |1 150 £ 25) °F] for 4 h minimum at temperatyire, then air-
coo] or liquid-quench to below 32 °C (90 °F).
2) modified double age-hardening process:
— solution-anneal at (1 040 + 14) °C [(1 900 * 25)*°F], then 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 temperaturgand air-cool
or liquid-quench to below 32 °C (90 °F);
— second precipitation-hardeningCycle at (620 * 14) °C [(1 150 * 25) °F] for 4 h minimum at temperatfyire, then air-
coo] or liquid-quench to below 32 °C (90 °F):
b) [wrought UNS S45000 molybdentim-modified martensitic precipitation-hardened stainless steel shall havd a maximum
harflness of 31 HRC (equivalent to 306 HBW for this alloy) and shall have undergone the following two-step hept-treatment
progedure:
1) solution-anneal;
2) precipitation-harden at (620 + 8) °C [(1 150 + 15) °F] for 4 h minimum at temperature.
a  |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.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 | Temperature Partial Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS H2S
number DPH2S
max max max
°C(°F) kPa (psi) mg/1
Non-pressure-containing internal-valve, pressure-regulator, and level-controller components
CB7Cu-1 See See See See NDSa These materials have been used for
CB7Cu-2 “Remarks” “Remarks” “Remarks” “Remarks” these components without restri¢tign
column column column column on temperature, pH3S, Cl-, ogin situ pH
in production environments) No lim|ts
S17400 See See See See NDSa

on individual parameters ar€ set, buft

S15500 “Remarks” “Remarks” “Remarks” “Remarks” some combinations of the-values of
column column column column these parameters mighbnot be
acceptable.
S45000 See See See See NDSa Any combindtiow’ of temperature. pH>S,
“Remarks” “Remarks” “Remarks” “Remarks” Cl-, and~ijn situ pH occurring | in
column column column column produgction.environments is acceptalle.
Miscellaneoys equipment
S17400 See See See See NDSa This alloy has been used in service
“Remarks” “Remarks” “Remarks” “Remarks” tool applications at the surface and for
column column column column temporary drilling and subsurface ell-

servicing equipment when stressed pt
less than 60 % of its specified minimym
yield strength under working
conditions. Environmental limits for this
alloy for these applications have not
been established.

For these applications, these materials shall also comply with thefollowing:

a) cast CBTCu-1 and CB7Cu-2 shall be in the H1150 DBL condition in accordance with ASTM A747/A747M and shall hajve a
maximum h3rdness of 30 HRC;

b) wroughf UNS S17400 and S15500 precipitation-hafdening martensitic stainless steels shall have a maximum hardpess
of 33 HRC anld shall have been heat-treated in accoridance with either 1) or 2), as follows:

1) double age-hardening process at 620°C (1 150°F):
— solution-anneal at (1 040 + 14) °C{[(1'900 # 25) °F], then air-cool or liquid-quench to below 32 °C (90 °F);

—  firfst precipitation-hardening cyele at (620 + 14) °C [(1 150 + 25) °F] for 4 h minimum at temperature and air-fool
or liquid-qugnch to below 32 °C (90 °E);

—_

— sec¢nd precipitation-hardeiiing cycle at (620 + 14) °C [(1 150 * 25) °F] for 4 h minimum at temperature and air-fool
or liquid-qugnch to below 32 2C(90 °F).

2) modified double age*hardening process:
— solution-annealat (1 040 + 14) °C [(1 900 # 25) °F] and air-cool or liquid-quench to below 32 °C (90 °F);

—  firpt pre€ipitation-hardening cycle at (760 + 14) °C [(1 400 * 25) °F] for 2 h minimum at temperature and air-fool
or liquid-qugnch to below 32 °C (90 °F);

_

bordaioacucla o (coN L 14
o=
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sechre-precipitationhardeningeyeleat{62 3

or liquid-quench to below 32 °C (90 °F).
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c) for UNS 17400, limits on its ferrite content should be considered;

d) wrought UNS S45000 precipitation-hardening martensitic stainless steel shall have a maximum hardness of 31 HRC
(equivalent to 306 HBW for this alloy) and shall be heat-treated using the following two-step process:

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

a  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.29 — Environmental and materials limits for martensitic precipitation-hardened
stainless steels used as snap rings

Individual Tempera- Partial | Chloride pH Sulfur- Remarks
alloy ture pressure conc. resistant?
UNS number H»S
pu2s
max max max
°C (°F) kPa (psi) mg/l
S15700 See See See See NDSa Any combination of
“Remarks” | “Remarks” |“Remarks”|“Remarks” temperature. pHyS, Cl-,
column column column column and in situ pHeccurring in
production envirpnments is
acceptable.

a) |temper at 620 °C (1 150 °F) for 4 h, 15 min, then cool to room temperature in still air;

c) |temper at 560 °C (1 050 °F) for 4 h, 15 min, then cool to room temperature incstillair.

For|this application, UNS S15700 snap rings originally in the RH950 solution-annealed and aged condition
furgher heat-treated to a hardness of between 30 HRC and 32 HRC using the following three-step/process:

b) |re-temperat 620 °C (1 150 °F) for 4 h, 15 min, then cool to room temperature in stillair;

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

thall also be
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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 number pressure conc. resistant?
H»S
PH2s
max max max
°C (°F) kPa (psi) mg/l
S17400 See See See See NDSa Any combination of
S1550p “Remarks” “Remarks” | “Remarks” | “Remarks” temperature. pHS$, dl-,
column column column column and in situ pH océurrjng
in production
environments.fs
acceptables
S4500p See See See See NDSa Any dembination of
“Remarks” “Remarks” | “Remarks” | “Remarks” temperature. pH3S, dl-,
column column column column and'in situ pH occurrjng
in production
environments is
acceptable.
For these applications, these materials shall also comply with the following:
a) wroughf UNS S17400 and S15500 precipitation-hardening martensitic stainléss steels shall have a maximum hardpess
of 33 HRC arjd shall have been heat-treated in accordance with either 1) or 2),.asfollows:
1) double age-hardening process at 620 °C (1 150 °F):
— solption-anneal at (1 040 + 14) °C [(1 900 * 25) °F] and air-coebor liquid-quench to below 32 °C (90 °F);
—  firfst precipitation-hardening cycle at (620 + 14) °C [(1 150+ 25) °F] for 4 h minimum at temperature and air-fool
or liquid-qugnch to below 32 °C (90 °F);
— sefond precipitation-hardening cycle at (620 ++14) °C [(1 150 * 25) °F] for 4 h minimum at temperature afjd
air-cool or lifjuid-quench to below 32 °C (90 °F).
2) modified double age-hardening process:
— solution-anneal at (1 040 + 14) °C [(1 900, + 25) °F] and air-cool or liquid-quench to below 32 °C (90 °F);
—  firpt precipitation-hardening cycle-at (760 + 14) °C [(1 400 * 25) °F] for 2 h minimum at temperature and air-fool
or liquid-qugnch to below 32 °C (90 °F);
— sefond precipitation-hardéning cycle at (620 + 14) °C [(1 150 * 25) °F] for 4 h minimum at temperature ajd
air-cool or lifjuid-quench to below 32-C(90 °F).
b) for UNS[17400, limits on its ferrite content should be considered;
c) for use ps impellers athigher hardness (strength) levels, these alloys shall be tested in accordance with Annex Blat a
test stress ldvel of at least\95 % of AYS;
d) wroughk UNS S45000 molybdenum-modified martensitic precipitation-hardened stainless steel shall have a maxinhum
hardness of B1 HRE€fequivalent to 306 HBW for this alloy) and shall have undergone the following two-step heat-treatment
procedure:
1) solutten auucq“us,

a

2) precipitation hardening at (620 + 8) °C [1 150 * 15) °F] for 4 h minimum at temperature.

e) UNSS17400 or S15500 used for impellers at a hardness of >33 HRC shall exhibit a threshold stress 295 % of AYS in the
anticipated service environment (see B.3.4).

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.8.3 Welding of precipitation-hardened 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 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.9 Precipitation-hardened nickel-based alloys (identified as individual alloys)

A.9.1 Materials chemical compositions

Tabje D.9 lists the chemical compositions of the precipitation-hardened nickel-based alloys shown in
Table A.31 to Table A.37.

A.9.2 Environmental and materials limits for the uses of precipitation-hardenpd
nickel-based alloys

Tabje A.31 to Table A.33 give the environmental and materials limits for-the uses for any equipment or
conjponent of precipitation-hardened nickel-based alloys divided into'groups I, I1, and 111, regpectively.
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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
PH2s
max max max
°C (°F) kPa (psi) mg/1
N07031 232 (450) 200 (30) See See No Any combination of
N07048 “Remarks” | “Remarks” chloride concentration
N07773 column column and in situ pH occurring
N09777 204 (400) | 1400 (200) See See No  |nproduction
(wrought) “ | a ” environments.is
Remarks Remarks
N07718 (cqst) column column acceptable;
N09925 (cqst)
149 (300) 2700 (400) See See No
“Remarks” | “Remarks”
column column
N07031 135 (275) See See See Yes Any combination of
N07048 “Remarks” | “Remarks” | “Remarks” hydrogen sulfide,
N07773 column column column chloride concentration
N09777 and in situ pH in
(wrought) production environmepts
135 (275) See See See NDsa |isacceptable.
N09925 (cqst) “Remarks” | “Remarks” | “Remarks”
column column column
135 (275) See See See NDSa
N07718 (cqst) “Remarks” | “Remarks”\N“Remarks”
column column column
175 (347) 3500 (500) | 1391000 23,5, No pH estimated from
N07924 See also laboratory test
(wrought) “Remarks” conditions.
column
These materjials shall also comply with the following:
a) wroughf UNS N07031 shall be in either of the following conditions:
1) solutjon-annealed to a maxiftmum hardness of 35 HRC;
2) solutfon-annealed and,agéd at 760 °C to 871 °C (1 400 °F to 1 600 °F) for a maximum of 4 h to a maximum hardpess
of 40 HRC.
b) wroughf UNS N07048,/wrought UNS N07773, and wrought UNS N09777 shall have a maximum hardness of 40 HRCfand
shall be in the solution*apnealed 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 NB9925 shall be in the solution-annealed and aged condition at a maximum hardness of 35 HRC;

e) cast UNSN07718 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 elemental 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 H2S
pH2S
max max max
°C (°F) kPa (psi) mg/1
232 (450) 200 (30) See See No Any combination of chloride
“Renrarks “Rcuwu ks> cotrcentrattomratdin situ pH
column column occurring in produgdtion
204 (400) 1400 See See No environments'is ac¢eptable.
(200) |“Remarks”|“Remarks”
column column
199 (390) 2300 See See No
(330) |“Remarks”|“Remarks”
column column
N07718 191 (375) 2500 See See No
N09925 (360) |“Remarks”|“Remarks”
column column
149 (300) 2800 See See No
(400) |“Remarks”|“Remarks”
column column
135 (275) See See See Yes Any combination oflhydrogen
“Remarks” | “Remarks” | “Remarks” sulfide, chloride
column column column concentration, and |n situ
pH in production
environments is acdeptable.
N09925 Any in situ production
(Wrought, 3500 See environment pH is acceptable
sqlution- 205 (401) (500) 180 000 |“Remarks” NDSa for pco2+ puzs <
arnealed column 7 000 kPa (1 000 psji).
arld aged)
Thelse materials shall also comply with the following:
a) |wrought UNS N07718 shalljbe in any one of the following conditions:
1) solution-annealed‘to-d maximum hardness of 35 HRC;
2) hot-worked tela' maximum hardness of 35 HRC;
3) hot-worked.and aged to a maximum hardness of 35 HRC;
4) solutiehsannealed and aged to a maximum hardness of 40 HRC.
b) |wrought UNS N09925 shall be in any one of the following conditions:
1) “told-worked to a maximum hardness of 35 HRC;

2) solution-annealed to a maximum hardness of 35 HRC;
3) solution-annealed and aged to a maximum hardness of 38 HRC;
4) cold-worked and aged to a maximum hardness of 40 HRC;

5) hot-finished and aged to a maximum hardness of 40 HRC.

c¢) number-1 wrought UNS N09935 shall be in the solution annealed and aged condition to a maximum hardness of 34 HRC;
d) number-1wrought UNS N09945 shall be in the solution annealed and aged condition to a maximum hardness of 42 HRC;

a  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.32 (continued)

Individual | Temperature | Partial | Chloride pH Sulfur- Remarks
alloy UNS pressure| conc. resistant?
number H2S
pH2S
max max max
°C (°F) kPa (psi) mg/1
Any in situ production
2800 See environment pH is
N09935 232 (450) 180000 “Ramarks” NDSa accentahle for
\Y J (400) r
column pcoz2 + pH2S =
8300 kPa (1 200 psi)
3500 See Any in situ produgtion
232 (450) (508) 139000 |“Remarks” NDSa environment pH is
column acceptable fof
N09945 See pcoz + PH2s.S _
205 (401) ?550%()’ 180000 |“Remarks’| ~ Npsa |7 000 kPafil 000 psi)
column

These materfials shall also comply with the following:
a) wroughf UNS N07718 shall be in any one of the following conditions:
1) solutfon-annealed to a maximum hardness of 35 HRC;
2) hot-worked to a maximum hardness of 35 HRC;
3) hot-worked and aged to a maximum hardness of 35 HRC;
4) solutjon-annealed and aged to a maximum hardness of 40 HRC:
b) wroughf UNS N09925 shall be in any one of the following conditions:
1) cold-yorked to a maximum hardness of 35 HRC;
2) solutjon-annealed to a maximum hardness of 35 HRE;
3) solutjon-annealed and aged to a maximum hardfiess of 38 HRC;
4) cold-vorked and aged to a maximum hardness'of 40 HRC;
5) hot-finished and aged to a maximum hardness of 40 HRC.
¢) number{l wrought UNS N09935 shallbe.in the solution annealed and aged condition to a maximum hardness of 34 HRC;
d) numberl wrought UNS N09945 shallbe in the solution annealed and aged condition to a maximum hardness of 42 HRC;

a  No datafsubmitted to ascertainwhether these materials are acceptable for service in the presence of elemental sylfur
in the envirdqnment.
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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
pu2s
max max max
°C (°F) kPa (psi) mg/l
232 (450) 1000 (150) See See No Any combination of
NU/0626 “Remarks” | “Remarks” chloride conc¢ntration
(p Vl\\’I((l)‘37r7T69tal) column column and in sitipH|foccurring
in production
N07725 220 (425) 2000 (300) ) See . See ) Yes ensironments is
(wrought) Remarks” | “Remarks accephable
column column )
NO7626 204 (400) 4100 (600) ) See . See ) No
Remarks” | “Remarks
(powder metal)
column column
NO07716 204 (400) 4100 (600) See See Yes
NO07725 “Remarks” | “Remarks”
(wrought) column column
204 (400) 3500 180 000 Yes Any in situ pr¢duction
See environment pH is
[VI:?ZSZ}?Q (500) “Remarks” acceptable for] pCO7 +
& column pH2S <7 000 kPa
(1000 psi)
175 (350) See See See Yes Any combinatfion of
NO07626 “Remarks” | “Remarks” | “Remarks” hydrogen sulfiide,
(powder metal) column column column chloride concé¢ntration,
NO07716 and in situ pH[in
NO07725 production
[(wrought) environmentq is
acceptable.
Thelse materials shall also comply witlrthe following:
a) |UNSNO07626, totally dense hot-compacted by a powder metallurgy process, shall have a maximum hardngss of 40 HRC
and|a maximum tensile strength-of 1 380 MPa (200 ksi) and shall be either
1) solution-annealedy927 °C (1 700 °F) minimum] and aged [538 °C to 816 °C (1 000 °F to 1 500 °F)], or
2) direct-aged [538,°C to 816 °C (1 000 °F to 1 500 °F)].
b) [wrought UNS.NO7716 and wrought UNS N07725 shall have a maximum hardness of HRC 43 and shall be in fthe solution-
anngaled and aged condition;
c) | wrought UNS N07716 and wrought UNS N07725 in the solution-annealed and aged condition can also|be used at a
mayimuin‘hardness of HRC 44 in the absence of elemental sulfur and subject to the other environmental limits 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.

© ISO 2015 - All rights reserved

45


https://standardsiso.com/api/?name=2256407c336dde884c7ab4b4767351e8

ISO 15156-3:2015(E)

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?
H2S
pHzs
max max max
°C (°F) kPa (psi) mg/1
NO550)0 See 3,4(0,5) See >4,5 NDSa Any combination of
“Remarks” “Remarks” temperature and chloride
column column concentration occurring in

production environments is
acceptable.

a) hot-worked and age-hardened,

b) solutiorf-annealed, or

c) solutiontannealed and age-hardened.

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

Wrought UNS N05500 shall have a maximum hardness of 35 HRC and shall be either

a  No datafsubmitted to ascertain whether these materials are acceptable for service in the presence of elemental sylfur
in the envirgnment.
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Table A.35 — Environmental and materials limits for precipitation-hardened nickel-based
alloys used as non-pressure containing internal valve, pressure regulator, and level controller

components and miscellaneous equipment

in productioi]
environment
acceptable.

Individual alloy | Temperature Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H>S
pH2s
max max max
°C (°F) kPa (psi) mg/1
Noﬁ-pressure-containing internal-valve, pressure-regulator, and level controller components
NO07750 See See See See NDSa Any combinafion of
NO05500 “Remarks” “Remarks” | “Remarks” | “Remarks” temperature] pH3S,
column column column column chloride condentration,

and in situ pH occurring

5 is

=

icellaneous equipment

NO05500 See See See See NDSa This alloy ha

for temporar
and in tempo|
surface servi
applications

and bonnets.

for this alloy
applications

E been

“Remarks” “Remarks” | “Remarks” | “Remarks” used in dowrthole
column column column coltmn running, setting and
service tool dpplications

) service
rary

e tool
vith the

exceptions offbodies

Environmental limits

for these
have not

been established.

Fo
a) |wrought UNS N07750 shall have)a'maximum hardness of 35 HRC and shall be either

=

these applications, these materialsishall also comply with the following:

solution-annealed and-aged,
solution-annealed,

) hot-worked, or

AW N =

hot-worked\and aged.
b) | wroughtdJNS N05500 shall have a maximum hardness of 35 HRC and shall be either

[

hot-worked and age-hardened,

2]) ~solution-annealed, or

5J) solution-annealed and age-hardened.

in the environment.

a  No data submitted to ascertain whether these materials are acceptable for service in the presence of elemental sulfur
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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
PH2s
max max max
°C (°F) kPa (psi) mg/1
N07750 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 eoncentratiop,
or in situpH in
production
environments. No
limits on individual
parameters are set, bit
some combinations of
the values of these
parameters have led tp
field failures.
N07090 See See See See NDSa This material has beep
“Remarks” “Remarks” | “Remarks” | “Remarks” used for these
column column column column components without

restriction on
temperature, pH3;S,
chloride concentratioh
or in situ pH in
production
environments. No limjts
on individual parameters
are set, but some
combinations of the
values of these
parameters might nof]
be acceptable.

— UNSN
50 HRC;

maximum h

in the envirdnment.

For this application these materjals.shall also comply with the following:

7750 springs shall be in the cold-worked and age-hardened condition and shall have a maximum hardnegs of

—  UNS NpP7090 cart\be 'used for springs for compressor valves in the cold-worked and age-hardened condition with a
rdnessef50 HRC.

a2 No datalsubmitted to ascertain whether these materials are acceptable for service in the presence of elemental 5111fur
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Table A.37 — Environmental and materials limits for precipitation-hardened nickel-based

alloys used in gas lift service

Individual alloy | Temperature Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H»S
PH2S
max max max
°C (°F) kPa (psi) mg/1
NO05500 See See See See NDSa This material
“Remarks” “Remarks” | “Remarks” “Remarks” has beeh used
column column column column for thesg
components
without]
restrictjon on
tempergture,
pH3S, CY-, orin
situ pH In
production
environments.
No limifs on
individyal
paramefers are
set, butjsome
combingitions of
the valyes of
these parameters
might npt be
acceptaple.

a

int

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

hental sulfur

A9
Thd

The
bas
resj

A.10 Cobalt-based alloys (identified as individual alloys)

A1

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

hardness of the base metal after welding shall not exceed the maximum hardness alloy
et metal and the hardness of the weld metal shall not exceed the maximum hardness |
pective metal for the weld alloy.

0.1 Materials chemical compositions

Tab

e.10 lists the chemical compositions of the cobalt-based alloys shown in Table A.38 to

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

ved for the
imit of the

[able A.40.

©IS
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A.10.2 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
pH2s
max max max
°C (°F) kPa (psi) mg/1
R30008 See See See See Yes Any combinatiomnof
R30004 “Remarks” | “Remarks” | “Remarks” | “Remarks” temperature..pH>S,
R3003pH column column column column chloride concentratiop,
BSHR[3 and in sité_pH occurrihg
R30605 in production
R3123B enyitonments is
acceptable.

Minimum tjme
h

Temperature
OC (O F)

704 (1 300)

732 (1 350)

774 (1 425)

4
4
6
4

788 (1 450)

2

802 (1 475)

1

816 (1 500)

c¢) wrough

These materfials shall also comply with the following:

a) alloys UNS R30003, UNS R30004, and BS HR.3 shall have a maximum hardness of 35HRC;

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

UNS R31233 shall be in the solution-annealed condition and shall have a maximum hardness of 22 HRC;
d) UNSR3pP605 shall have a maximum, hardness of 35 HRC.

if it
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Table A.39 — Environmental and materials limits for cobalt-based alloys used as springs

of 4

in t]

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

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

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

e environment.

Individual alloy | Temperature | Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H>S
DPH2S
max max max
°C (°F) kPa (psi) mg/1
R30003 See See See See NDSa These materials have
R30035 “Remarks” | “Remarks” | “Remarks” | “Remarks” been used for these
column column column column components without
restrictioh.on
temperature, pH3S, Cl-,
or ipssity pH irf
production
environments
No limits on irfdividual
parameters arg set, but
some combindtions of
the values of these
parameters mlight not be
acceptable.
For[this application, these materials shall also comply with the following:

Fa minimum

hental sulfur
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Table A.40 — Environmental and materials limits for cobalt-based alloys used as diaphragms,
pressure measuring devices, and pressure seals

Individual | Temperature | Partial Chloride pH Sulfur- Remarks
alloy pressure conc. resistant?
UNS H,S
number PH2S
max max max
°C (°F) kPa (psi) mg/l
R30003, See See See See NDSa Any combination of
R30004, “Remarks” “Remarks” | “Remarks” | “Remarks” temperature. pH3S, chloride
R30260 column column column column concentration, and in situpH

occurring in production
environments israccéptablp.

R30159 See See See See NDSa This material‘has been usdd
“Remarks” | “Remarks” | “Remarks” | “Remarks” for these components without
column column column column restrictionon temperature,

pH2S;Cl-, or in situ pH in
production environments.|No
limiits on individual
parameters are set, but sojne
combinations of the valueq of
these parameters might n¢t
be acceptable.

For these applications, these materials shall also comply with the following:
a) UNSR30003 and UNS R30004 shall have a maximum hardness of 60.HRC;
b) UNSR30260 shall have a maximum hardness of 52 HRC;

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

a  No datafsubmitted to ascertain whether these materials are acceptable for service in the presence of elemental sylfur
in the envirgnment.

A.10.3 Welding of cobalt-based allgys of this materials group
The requirpments for the cracking-resistance properties of welds shall apply (see 6.2.2).
The hardngss of the base metalafter welding shall not exceed the maximum hardness allowed for|the

base metal and the hardness_ oef the weld metal shall not exceed the maximum hardness limit of|the
respective[metal for the weld alloy.

A.11Titanium dand tantalum (individual alloys)

A.11.1 M3terials chemical compositions

A.11.1.1 Titanium alloys

Table D.11 lists the chemical compositions of the titanium alloys shown in Table A.41.

A.11.1.2 Tantalum alloys

Table D.12 lists the chemical compositions of the tantalum alloys shown in Table A.42.

A.11.2 Environmental and materials limits for the uses of titanium and tantalum alloys
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Table A.41 — Environmental and materials limits for titanium used for any equipment or

component
Individual alloy | Temperature| Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H»S
PH2S
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 dccurring
R56323 in production
R56403 environments 1s
R56404 acgeptable.
R58640

Thefse materials shall also comply with the following:

b)

)

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 pf'the three following conditio

=

annealed;

[\

solution-annealed;

w

) solution-annealed and aged.

UNS R53400 shall be in the annealed condition. Heat treatmént shall be annealing at (774 + 14) °C [(1 425

2 h followed by air-cooling. Maximum hardness shall be 92 HRB;

d)
€)
f)
g)

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 condition and shall have a maximum hardness of 36 HRC;
UNS R56404 shall be in the annealed conditiofand shall have a maximum hardness of 35 HRC;

UNS R58640 shall have a maximum harduess of 42 HRC.

Spetific guidelines shall be followed for suceessful applications of each titanium alloy specified in this part d
For fexample, hydrogen embrittlementf titanium alloys can occur if these alloys are galvanically coupled to c
metfals (e.g. carbon steel) in HzS-containing aqueous media at temperatures greater than 80 °C (176 °F). So
allofys can be susceptible to crevice’ corrosion and/or SSC in chloride environments. Hardness has not be
correlate with susceptibility to SS€/SCC. However, hardness has been included for alloys with high strength td
mayimum testing levels at which failure has not occurred.

1S:

+ 25) °F] for

f1SO 15156.
brtain active
me titanium
bn shown to
indicate the
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Table A.42 — Environmental and materials limits for tantalum used for any equipment or

a  No data

in the envird

component
Individual alloy | Temperature | Partial | Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H»S
PH2s
max max max
°C (°F) kPa (psi) mg/1
R05200 See See See See NDSa Any combination of
“Remarks” | “Remarks” | “Remarks” | “Remarks” temperature. pH3S,
column column column column chloride concentration
and in situ pH oecutring
in production
environments-are
acceptable;
UNS R05200]shall have a maximum hardness of 55 HRB and shall be either
— annealqd, or
— gastungsten arc-welded and annealed.

nment.

submitted to ascertain whether these materials are acceptable for service inithe presence of elemental sylfur

A.11.3 Welding of titanium and tantalum alloys of this materials group

The requir

The hardn
base meta
respective

A.12Cop

A.12.1Co

Copper-bajs
production

NOTE 1
field enviro

dq

NOTE 2

A.12.2 Al

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

ess of the base metal after welding shall not exceed the maximum hardness allowed for
and the hardness of the weld metal shallmot exceed the maximum hardness limit of
metal for the weld alloy.

per- and aluminium-based alloys (identified as materials types)

pper-based alloys

ed alloys have been used without restriction on temperature, pH3S, Cl-, or in situ pl
environments.

opper-based alloys)can undergo accelerated mass loss corrosion (weight loss corrosion) in soul
hments, particularly if oxygen is present.

ome coppeér-based alloys have shown sensitivity to GHSC.

minium-based alloys
I ] ; N— . s e e in

These matert
production environments.

the
the

| in

Ir 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 Co

rrosion-resistant claddings, linings and overlays

The materials listed and defined in A.2 to A.11 can be used as corrosion-resistant claddings, linings, or
as weld overlay materials.
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Unless the user can demonstrate and document the likely long-term in-service integrity of the cladding
or overlay as a protective layer, the base material, after application of the cladding or overlay, shall
comply with ISO 15156-2 or this part of ISO 15156, as applicable.

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

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

Dild
pro

A1

Al
Env
is n
hav

tion of an overlay during application that can impact on Its COITOSION Tresistance or |
perties should be considered.

3.2 Wear-resistant alloys

B.2.1 Wear-resistant alloys used for sintered, cast, or wrought components

ironmental cracking resistance of alloys specifically designed to provide wear-resistant ¢
pt specified in ISO 15156 (all parts). No production limits for temperature, pH3S, Cl-, o
e been established.

Sonpe materials used for wear-resistant applications can be brittle. Environmental cracking

if th
onlj

Al
Har

Env

ese materials are subject to tension. Components made/frem these materials are norm
y in compression.

B.2.2 Hard-facing materials
d facing may be used.

ironmental cracking resistance of alloys or surface layers specifically designed to pr

facing is not specified in ISO 15156 (all parts). No production limits for temperature, pH3S, C

pH

faci

Unl

have been established.

g can occur if these materjals are subjected to tension.

facing materials, the base material after application of the hard-facing material shall cg

ISO

15156-2 or this part’of ISO 15156, as applicable.

mechanical

bmponents
" in situ pH

' can occur
plly loaded

pvide hard
-, orin situ

Sontf materials used for hard-facing applications can be brittle. Environmental cracking ¢f the hard

bss the user can demonstrate and document the likely long-term in-service integrity off the hard-

mply with
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Annex B
(normative)

Qualification of CRAs for HzS-service by laboratory testing

B.1 General

This Annex specifies minimum requirements for qualifying CRAs for H;S service by laboratory-testing.
Requiremdnts are given for qualifying resistance to the following cracking mechanisms:

— SSC atpmbient temperature;

— SCC atjmaximum service temperature in the absence of elemental sulfur, SO;
— HSC of|CRAs when galvanically coupled to carbon or low alloy steel, i.e. GHSC.
Supplementary requirements concern

a) testing at intermediate temperatures when the distinction between*SSC and SCC is unclear, and
b) SCC testing in the presence of SO.

Guidance dn the potential for corrosion to cause cracking of CRAs is given in Table B.1. The alloy grdups
are the same as those used in Annex A.

The test rdquirements of this Annex do not address thé’possible consequences of sequential expoqure
to differenf environments. For example, the consequénce of cooling after hydrogen uptake at a higher
temperatufe is not evaluated.
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Table B.1 — Cracking mechanisms that shall be considered for CRA and other alloy groups

Potential cracking
mechanisms in H2S

Materials groups of Annex A servicea b Remarks
SSC SCC | GHSC
Austenitic stainless steels S P S Some cold-worked alloys contain martensite and can
(see A.2) therefore be sensitive to SSC and/or HSC.
Highly-alloyed austenitic — P — | These alloys are generally immune to SSC and HSC.
stainless steels (see A.3) Low-temperature cracking tests are not normally
required.
Sol{d-solution nickel-based S P S Some Ni-based alloys in the cold-worked cpndition
alldys (see A.4) and/or aged conditions contain secondaryfphases and
can be susceptible to HSC when galvanically coupled
to steel.
In the heavily cold-worked and well-aged dondition
coupled to steel, these alloys can experien¢e HSC.
Ferfitic stainless steels P — P —
(se¢ A.5)
Maftensitic stainless steels P S P Alloys containing Ni and Mo can be subjecfto SCC
(se¢ A.6) whether ornot they contain residual austenite.
Dujplex stainless steels S P S Cracking sensitivity can be highest at a tethperature
(se¢ A7) below.the maximum service temperature §nd testing
overa range of temperatures shall be consjdered.
Precipitation-hardened P P P —
stalnless steels (see A.8)
Precipitation-hardened nickel S P P Some Ni-based alloys in the cold-worked c¢ndition
bask alloys (see A.9) and/or aged conditions contain secondaryfphases
and can be susceptible to HSC when galvaiically
coupled to steel.
CoNalt-based alloys S p P —
(se¢ A.10)
Titgnium and tantalum See “Remarks” column |Cracking mechanisms depend upon the specific alloy.
(se¢ A.11) The equipment user shall ensure approprijte testing

and qualification is carried out.

Copper and aluminium
(se¢ A.12)

See “Remarks” column

These alloys are not known to suffer from
cracking mechanisms

these

a  |Pindicates primary cracking mechanism.

b 1S indicate$ secondary, possible, cracking mechanism.

B.2

Uses of laboratory qualifications

B.2.1 General

An overview of the uses of laboratory qualifications is given in Figure B.1
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Establish requirement
for cracking-resistant
alloy(s)
Suitable materials can be No Laboratory qualification to and/or Laboratory qualification to obtain
selected from ISO 15156-2:2015, equipment user’s requirements® listing in Annex A®
Annex A or this part of ISO 15156,
Annex AP
(Qualification of ) Qualification of
manufactured products defined production
(see B.2.2) route (see B.2.3),

. J 1) Carry out and reportlaboratory
tests in accordance with'the
requirements ofA1SO15156-1

Purchaser and supplier 2) Sme(ijt a prtopfotsl?'l for rtevifsion
asree basis of - or amendnrent of this part o
qialification Purchaser reviews X ISO 15156 In accordance with
1l and accepts suppl_ler s 1SO procedures®
€s documented routing
qualification
Complete and document
qualification
Equipment user reviews and accepts
qualification for intended application(s)
Use alloy as qualified
Use plloy as listed (consider submission for Atinex A listing) If successful, alloy becomes listed
Key
a This paft of [ISO 15156 addresses SSC, SE€C, and GHSC of CRAs and other alloys. ISO 15156-2 addresses SSC, HIC,
SOHIC, pnd SZC of carbon and low alley:steels.
b Annex/ addresses SSC,SCC,and GHSCof CRAs and otheralloys.1ISO15156-2:2015, Annex A addresses SSC o
carbonfand low alloy steels.
¢ See fingl paragraphs of “Introduction” for further information regarding document maintenance.
NOTE Flowchart omits'qualification by field experience as described in ISO 15156-1.
Figure B.1 — Alternatives for alloy selection and laboratory qualification
B.2.2 Qualification of manufactured products

The user of this part of ISO 15156 shall define the qualification requirements for the material in
accordance with ISO 15156-1 and Annex B.

This definition shall include the application of the following:

a) general requirements (see [SO 15156-1:2015, Clause 5);

b) evaluation and definition of service conditions (see ISO 15156-1:2015, Clause 6);
c¢) material description and documentation (see ISO 15156-1:2015, 8.1);

d) requirements for qualification based upon laboratory testing (see ISO 15156-1:2015, 8.3);
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e)

Appropriate “test batches” and sampling requirements shall be defined having regard to the nature of
the product, the method of manufacture, testing required by the manufacturing specification, and the
required qualification(s) (see Table B.1).

report of the method of qualification (see ISO 15156-1:2015, Clause 9).

Samples shall be tested in accordance with Annex B for each cracking mechanism to be qualified.
A minimum of three specimens shall be tested per test batch. The test batch shall be qualified if all
specimens satisfy the test acceptance criteria.

Retesting is permitted in accordance with the following. If a single specimen fails to meet the acceptance

Bef
ver
bee

B.2
Ad

A qualified production route may be followed to avoid-erder release testing for H,S cracking

Am
pro
mat

A qualified production route may be usé€d to produce qualified material for more than one mat

€ ma
cification, two further specimens may be tested. These shall be taken from the same. 5o
ed specimen. If both satisfy the acceptance criteria, the test batch shall be considere
ther retests shall require the purchaser’s agreement.

fing of manufactured products may be carried out at any time after manufacture
bsure to H»S service.

bre the products are placed in H3S service, the equipment user shdll)review the qualif
fy that it satisfies the defined qualification requirements. Products with a qualificati
h verified by the equipment user may be placed into H3S serviceg.

.3 Qualification of a defined production route

bfined production route may be qualified for the production of qualified material.

aterials supplier may propose to a materials;purchaser that a qualified production routg

erials purchaser agree to its use.

ufacturing
rce as the
qualified.

hnd before

cation and
n that has

resistance.

be used to

duce qualified materials. The qualified production route may be used if the materials syipplier and

erials user.

To pualify a production route, the material supplier shall demonstrate that a defined production
roufe is capable of consistentlymanufacturing material that satisfies the applicable qualification test
reqpirements of Annex B.

The qualification of a praduction route requires all of the following:

a) |definition of theDproduction route in a written quality plan that identifies the marufacturing
location(s), all'manufacturing operations, and the manufacturing controls required to mfintain the
qualification;

b) [|initialtesting of products produced on the defined production route in accordance with B.2.2 and
verifying they satisfy the acceptance criteria;

c) perfodicTesting to confirm that the product CONTtINUES o Nave the required Tesistance to cracking
in H»S service. The frequency of “periodic” testing shall also be defined in the quality plan and shall
be acceptable to the purchaser. A record of such tests shall be available to the purchaser;

d) retaining and collating the reports of these tests and making them available to material purchasers

and/or equipment users.

A material purchaser may agree additional quality control requirements with the manufacturer.

The accuracy of the quality plan may be verified by site inspection by an interested party.

Changes to a production route that fall outside the limits of its written quality plan require qualification

ofa

new route in accordance with a), b), ¢), and d) above.

© ISO 2015 - All rights reserved

59


https://standardsiso.com/api/?name=2256407c336dde884c7ab4b4767351e8

ISO 15156-3:2015(E)

B.2.4 Use of laboratory testing as a basis for proposing additions and changes to Annex A

Changes to Annex A may be proposed (see Introduction). Proposals for changes shall be documented in
accordance with ISO 15156-1. They shall also be subject to the following additional requirements.

Representative samples of CRAs and other alloys for qualification by laboratory testing shall be selected
in accordance with ISO 15156-1.

Material representing a minimum of three separately processed heats shall be tested for resistance to
cracking in accordance with B.3. Test requirements shall be established by reference to the appropriate
materials group in Table B.1.

Tests shall|be performed for the primary cracking mechanisms listed in Table B.1.

Tests shallfalso be performed for the secondary cracking mechanisms listed in Table B.1; otherwisethe
justificatiopn for their omission shall be included in the test report.

For other alloys not covered by Table B.1, the choice of qualification tests used shall.be justified pnd
documentgd.

Sufficient data shall be provided to allow the members of ISO/TC 67 to assess-the material and defide
on the suitpbility of the material for inclusion into this part of ISO 15156, by amendment or revision, in
accordance with the ISO/IEC Directives, Part 1.

B.3 General requirements for tests

B.3.1 Test method descriptions

The test rdquirements are based on NACE TM0177 and-EFC Publication 17. These documents shalll be
consulted for details of test procedures. When necessary, suppliers, purchasers, and equipment ugers
may agree [variations to these procedures. Such variations shall be documented.

B.3.2 Materials

The matdrials tested shall be selected in accordance with the requirements found| in
[SO 15156}1:2015, 8.3.2.

In addition, consideration shall pe given to the following:
a) the crdcking mechanismfor which testing is required (see Table B.1);

b) the tedting of appropriately aged samples of alloys that can age in service, particularly HSC tesfing
of dowinhole mateépials that can be subject to ageing in service (“well ageing”);

c) the difectional properties of alloys because cold-worked alloys may be anisotropic with respect
to yielfl strength and for some alloys and products, the susceptibility to cracking varies with|the
directiorLof the applied tensile stress and consequent orientation of the crack plane.

B.3.3 Test methods and specimens

Primary test methods use constant load, sustained load (proof-ring), or constant total strain (constant
displacement) loading of smooth test specimens.

Uniaxial tensile (UT) tests, four-point bend (FPB) tests, and C-ring (CR) tests may be performed with
the above loading arrangements.

Generally, constant load tests using UT specimens are the preferred method of testing homogeneous
materials.

Test specimens shall be selected to suit the product form being tested and the required direction of the
applied stress. A minimum of three specimens shall be taken from each component tested.
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UT specimens may be taken from welded joints in accordance with EFC Publication Number 17, Figure 8.1.
Other specimens taken from welded joints may be tested with weld profiles as intended for service.

When double (back-to-back) FPB specimens are used (in accordance with EFC Publication
Number 17, Figure 8.2a, or similar), uncracked specimens shall be disqualified as invalid if the
opposing specimen cracks.

Alternative test methods or specimens may be used when appropriate. The basis and use of such tests

sha

1l be documented and agreed with the equipment user.

Examples of test methods that may be considered are as follows.

Tes

B.3
The

acc¢rdance with the applicable manufacturing specification:in the absence of an appropriate d

yiel
strq

Dir

For
For
are
par

For
AYS

For
mat

NO1
whe

Low
and

Fracture mechanics tests, e.g. double cantilever beam (DCB) tests, may be used ‘if
unaffected by branching and remain in the required plane. This normally limits. DEB t
and HSC tests.

Tests involving the application of a slow strain rate, e.g. SSRT in accordance’with NAQ
interrupted SSRT in accordance with ISO 7539-7 or RSRT in accordance with the methoc
as NACE CORROSION/97 Paper 58.

[s may utilize testing of full-size or simulated components when appropriate.

.4 Applied test stresses/loads for smooth specimens

yield strengths of CRAs used to derive test stresses shall be determined at the test tem

d strength in the manufacturing specification, the yieldstrength shall be taken to mean the
ss of non-proportional elongation (Rpo,2 as definedin ISO 6892-1) determined at the test te

ectional properties shall be considered whensselecting test specimens and defining test

welded specimens, the parent metal yield,strength shall normally be used to determine te]
dissimilar joints, the lower parent metalyield strength shall normally be used. When desi
based on the yield strength of a wéld zone that is lower than the yield strength of eithe
ent metals, the yield strength of the weld zone may be used to determine test stresses.

of the test material at the.test temperature.

constant total strain_(deflection) tests, specimens shall be loaded to 100 % of the AYS
erial at the test temperature.

E Constant\total strain (deflection) tests might not be suitable for materials that can rel
n under load;

basisfof such tests shall be agreed with the purchaser and documented.

cracks are
psts to SSC

E TM0198,
| published

berature in
efinition of
D,2 % proof
Imperature.

tresses.

St stresses.
b stresses
r adjoining

constant-load tests and sustained-load (proof-ring) tests, specimens shall be loaded to 90 % of the

of the test

hx by creep

ber applied stresses can be appropriate for qualifying materials for specific applications. The use

B.3

B.3.

.0 55C/S5CC test environments

5.1 General

The following environmental test variables shall be controlled and recorded:

©IS

PH2S;

pcoz;

temperature;

test solution pH, the means of acidification, and pH control (all pH measurements shall be
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— testso

lution formulation or analysis;

elemental sulfur, SO, additions;

— galvanic coupling of dissimilar metals (the area ratio and coupled alloy type shall be recorded).

In all cases, the pH3S, chloride, and SO concentrations shall be at least as severe as those of the
intended application. The maximum pH reached during testing shall be no greater than the pH of the

intended a

pplication.

It can be necessary to use more than one test environment to achieve qualification for a particular service.

The followling test environments may be used either to simulate intended service conditionse
simulate a pominated condition when intended applications are insufficiently defined.

' to

Use can b¢ made of nominated test conditions to provide information on the environmental lipits

within whi

Table E.1 nj
as level I1

number of
may be cor

When usin|

NOTE1
using other

The equipn
the crackin

NOTE2 1§

B.3.5.2 §

In these tg
determine
following 1

ch a CRA or other alloy is resistant to cracking if no specific application is foreseen.

ay be used to define the test environments for the standard tests for SSCafid GHSC (identi
ind level 111, respectively). For type 1 environments (see B.3.5.2), Table'E.1 also provid
nominated sets of conditions (for temperature, pCO2, pH3S, and chloride concentration)

sidered. These are identified as levels 1V, V, VI, and VII.

b nominated test conditions, all other requirements of this Annex shall be met.

'he nominated sets of conditions are not intended to limit theifreedom of the document user to
test conditions of their choice.

nent user should be aware that oxygen contaminatien of the service environment can influg
g resistance of an alloy and should be considered"'when choosing the test environment.

Reference [15] gives information on the charging of autoclaves.

ervice simulation at actual HzS and:€0; partial pressures — Type 1 environments

st environments, the service (in-situ) pH is replicated by controlling the parameters
pH under field conditions. Test environments shall be established in accordance with
equirements:

fied

£S a

that

test

nce

that
the

a) testlimits: the pressure shallbe ambient or greater;

b) testsojution: syntheticproduced water that simulates the chloride and bicarbonate concentratjons
of the Intended service) The inclusion of other ions is optional;

c) testgals: H2S and €03 at the same partial pressures as the intended service;

d) pH mdasurement: pH is determined by reproduction of the intended service conditions. [The
solutign,pH shall be determined at ambient temperature and pressure under the test gas or gure

CO7 im

nce

mediately before and after the test. This is to identify changes in the solution that influe

the test pH. Any pH change detected at ambient temperature and pressure is indicative of a change
at the test temperature and pressure.

B.3.5.3 Service simulation at ambient pressure with natural buffering agent — Type 2
environments

In these test environments, the service (in situ) pH is replicated by adjusting the buffer capacity of the
test solution using a natural buffer to compensate for the reduced pressure of acid gases in the test.
Test environments shall be established in accordance with the following requirements:

a) test limits: the pressure shall be ambient, temperature shall be maximum 60 °C and pH shall be
4,5 or greater;
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b) testsolution: distilled or de-ionized water with sodium bicarbonate (NaHCO3) added to achieve the
required pH. Chloride shall be added at the concentration of the intended service. If necessary, a
liquid reflux shall be provided to prevent loss of water from the solution;

c) testgas: HpS at the partial pressure of the intended service and CO; as the balance of the test gas.
The test gas shall be continuously bubbled through the test solution;

d) pH control: the solution pH shall be measured at the start of the test, periodically during the test
and at the end of the test, adjusting as necessary by adding HCl or NaOH. The variation of the test
pH shall not exceed +0,2 pH units.

B.3|5.4 Service simulation at ambient pressure with acetic buffer — Type 3a and Typ¢ 3b
environments

In these test environments, the service (in situ) pH is replicated by adjusting the buffer capacity of the
tesf solution using an artificial buffer and adding HCI to compensate for the reduced presqure of acid
gasgs in the test. Test environments shall be established in accordance with thefellowing requirements:

a) [testlimits: the pressure shall be ambient, the temperature shall be (24 * 3) °C;
b) [testsolution: one of the following test solutions shall be used:

1) for general use (environment 3a), distilled or de-ionized water containing 4 g/1 sodipm acetate
and chloride at the same concentration as the intendéd service;

2) for super-martensitic stainless steels prone to.corrosion in solution for envirpnment 3a
(environment 3b), de-ionized water containing 0;4 g/1 sodium acetate and chloride 4t the same
concentration as the intended service.

HCI shall be added to both solutions to achieve the required pH;

c) |test gas: HpS at the partial pressure of the intended service and CO3 as the balance of the test gas.
The test gas shall be continuously bubbled through the test solution;

d) |pH control: the solution pH shdll be measured at the start of the test, periodically during the test
and at the end of the test, adjusting as necessary by adding of HCl or NaOH. The variation of the test
pH shall not exceed * 0,2 pH-units.

B.3.6 Test duration

Constant-load, sustained-load, and constant-total-strain tests shall have a minimum duratign of 720 h.
Tests shall not be dnterrupted.

B.3l7 Acceptance criteria and test report

Specimens-exposed in constant-load, sustained-load, and constant-total-strain tests shall He assessed
in accordance with NACE TM0177, test methods A, and C. No cracks are permissible.

Specimens exposed in fracture mechanics and slow strain rate tests shall be assessed as required by
the test method. Fracture toughness values shall only be valid for substantially unbranched cracks.
Acceptance criteria for fracture toughness tests shall be specified by the equipment user.

In all cases, any indication of corrosion causing metal loss including pitting or crevice corrosion
shall be reported.

NOTE The occurrence of pitting or crevice corrosion outside the stressed section of a specimen can suppress
SCC of the specimen.

A written test report conforming to the requirements in ISO 15156-1:2015, Clause 9, shall be completed
and retained.
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B.3.8 Validity of tests

Satisfactory test results qualify materials for environmental conditions that are less severe than the
test environment. Users shall determine the validity of tests for individual applications. Environmental
severity is decreased by the following at any given temperature:

alowe

alowe

r pH2S,

r chloride concentration;

a higher pH;

the ab

B.4 SSC

Tests shall

Tests shall
EFC Public

The test te

a test temperature above 24 °C shall be justified in the test report.

B.5 SCC

Tests shall

SCC testin

following 4dditional requirements, options, and clarifications:

a)

b)
c)

d)

f)

the tedt temperature shall not be less thanjthé maximum intended service temperature. This

requir
water

acetic

during initial exposure “of specimens to the test environment, the applied load and

enviro

when fhe test température is first attained;

for constant-tefal-strain tests, applied stresses shall be verified by measurement;

NOTE

ence of SO,

[testing
be performed in accordance with the general requirements for tests givennin-B.3.

normally be performed at (24 * 3) °C [(75 % 5) °F] in accordance with NACE TM0177 ang
htion 17.

mperature may be at the lowest service temperature if this is above 24 °C (75 °F). The ug

testing without SO

be performed in accordance with the general reguirements of B.3.

b procedures shall be based on NACE TM0177 and/or EFC Publication 17 subject to

e the use of a pressurized test cell;

7apour pressure shall be allowed for in determining gas-phase partial pressures;

lhmental condjtions shall be controlled so that all test conditions are already establig

[t is good practice to verify the deflection calculations in many CRA material specifications.

| /or

e of

the

can

acid and acetates shall not/be used for pH control. The solution pH shall be controlled as
described in B.3.5.2;

the
hed

loadin
before

| q L de R RO N | de - de de 1 111 1 b ) R | de
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specimens are exposed to the test environment.

B.6 SSC/SCC testing at intermediate temperatures

€ess

Testing at intermediate temperatures, i.e. between (24 + 3) °C [(75 £ 5) °F] and the maximum intended
service temperature, shall meet the requirements of the equipment user. Testing shall be performed at
the specified temperature in accordance with the above requirements for SCC testing.

For qualification for inclusion by amendment in A.7, duplex stainless steels shall be tested at (24 + 3) °C
[(75 £ 5) °F], (90 = 3) °C [(194 + 5) °F], and at the maximum intended service temperature of the alloy.
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B.7 SCC testing in the presence of SO

Tests shall be performed in accordance with the previous requirements for SCC tests with the
addition that the procedure published in NACE CORROSION/95 Paper 47 shall be implemented for
control of SO additions. The integration of this procedure into CRA test methods is addressed in
EFC Publication 17, Appendix S1.

B.8 GHSC testing with carbon steel couple

GHSC tests shall be performed in accordance with the previously stated requirements for SSC testing,

subject to the following additional requirements, options, and clarifications:

a)

imn
spe
isol
be ¢

b)
ate
des

the CRA specimen shall be electrically coupled to unalloyed (i.e. carbon) steel t}
hersed in the test solution. The ratio of the area of the unalloyed steel to the wetted area
Cimen shall be between 0,5 and 1 as required by NACE TM0177. Loading fixtures shall be

hted from the specimen and the coupled steel. For application-specific qualifications, th|
oupled to a sample of the lower alloyed material to which it will be coupled in service.

the test environment shall be NACE TM0177, Solution A under HaS.at a pressure of 10(
mperature of (24 + 3) °C [(75 = 5) °F]. For application-specific qualifications, SSC test eny
cribed in B.3.5 may be used.

hat is fully
of the CRA
blectrically
e CRA may

kPa and at
rfironments
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Annex C
(informative)

Information that should be supplied for material purchasing

ISO 15156-1 indicates that cooperation and exchange of information can be necessary between

the varioup—users—of-thispart-eflSO15156eg—eguipmentusers—purchasers—andinanufacturers of
equipment} purchasers of materials, and manufacturers and suppliers of materials. The following‘taples
can be use(l to assist this cooperation.
The materfals purchaser should indicate the required options in Table C.1 and Table C.2.
Table C.1 aphd Table C.2 also suggest designations that may be included in markings ofimaterials to show
compliancg of individual CRAs or other alloys with this part of ISO 15156.
The purchgse order details should form part of a material’s documentation/to-ensure its traceabillity.
Where selqction of materials is based upon laboratory testing in accordanee ' with Annex B, traceabllity
documentdtion should also include the details of the conditions derivéd from Table C.2 that were
applied duting testing.
Table C.1 — Information for material purchase and marking
Materials selection Materials Reference Sour servicg
optiorns and other purchaser’s clause in Remarks designation for
inf¢grmation requirements ISO 15156-3 markinge

Preferred JRA or other alloy L . L
and conditipna
Equipmentftype — — —

CRAor )

Service exposure
other alloy conditions as shown
selected OptieitAd 6.1 : A.nne
in Table C.2

from (optional)

Annex A? p

CRAor

Method other alloy
Of. qualified i Option Bd 6.1, Annex B See also Table C.2 B, B1, B2, etqe
selection accordanceé
qualificatipn |with

AnnexB?

Either of

fr}llg[il:)?]‘;em opTomet See option A See option A See option /

: P and option B and option B and option B

selection/

qualification
a For use when a purchaser requires a known material that is either listed in Annex A or qualified in accordance with
Annex B. The purchaser should indicate the method of qualification below.
b User may insert material type and condition.
c User may insert equipment type for which material is required.
d Indicate which option is required.
e Asuggested scheme for designation oflisted CRAstobeincluded in markings of materialsis formanufacturers/suppliers
to indicate compliance of individual CRAs or other alloys by reference to the materials group clause number, e.g. A.2. For
materials qualified to Annex B, the suggested designations are B, B1, B2, B3 (see Table C.2).
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Table C.2 — Additional information for SSC, SCC, and GHSC testing and suggested marking

C

Materials
re plilil;'celrl:ess:ssfor Reference Sour service
Cracking qualification test q . in this part Remarks designation
cracking . ob
. of ISO 15156 for marking
resistance and
service exposure
Resistance to SSC Option 1a ¢ B.4 — B1
Resistance to SCC Option 2a, ¢ B.5toB.7 — B2
Redistance to GHSC Option 3a, ¢ B.8 — B3
Registance to SSC, SCC .
’ ’ a, c —
and GHSC Option 4 B.4toB.8 B
CO3 pressure, . .
o kPa
Déscription
of service |HzS pressure, _ M,
cdnditions |kPa
dogumented | Temperature, °C — B.3 — —
in
actordance |[nsitu pH — —
with CI- or other o o
ISQ 15156-1 halide, mg/1
SO Present or absenta —
LaHoratory test requirements — —
Non-standard test stress, . B3 . .
% AYS -
Specimen type — —
a Indicate which option(s) is (are) required.
b For materials qualified to Annex B, the.suggested designations for marking are B, B1, B2, and B3 where B1 is SSC, B2
is SC€C, B3 is GHSC, and B indicates that themgaterial has been shown to be resistant to all three cracking mechgnisms.

Test conditions to be appropriate to the service conditions shown in this table (see also B.2 and B.3).
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