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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
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The term “wet H;S cracking”, as used in the refining industry, covers a range of damage mechanisms
that can occur because of the effects of hydrogen charging in wet H3S refinery or gas plant process
environments. One of the types of material damage that can occur as a result of hydrogen charging
is sulfide stress cracking (SSC) of hard weldments and microstructures, which is addressed by this
International Standard. Other types of material damage include hydrogen blistering, hydrogen-induced
cracking (HIC), and stress-oriented hydrogen-induced cracking (SOHIC), which are not addressed by
this International Standard.
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11 Standard is based on the good experience gained with NACE MR0175/I1SO 15156
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Petroleum, petrochemical and natural gas industries —
Metallic materials resistant to sulfide stress cracking in
corrosive petroleum refining environments

1 Scope

This|International Standard establishes material requirements for resistance to SSC in soulr petroleum
refiniing and related processing environments containing H;S either as a gas or dissolved in
(liquid water) phase with or without the presence of hydrocarbon. This International St:
not include and is not intended to include design specifications. Other forms.6f wet H
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onmental cracking, corrosion, and other modes of failure are outside the sédpe of this I
lard. It is intended to be used by refiners, equipment manufacturers, engineering conf
fruction contractors.

fically, this International Standard is directed at the preventién ‘of SSC of equipmer
ure vessels, heat exchangers, piping, valve bodies, and pump and-¢ompressor cases) and
in the refining industry. Prevention of SSC in carbon steel categorized under P-No. 1 in Sec|
E Boiler and Pressure Vessel Code (BPVC) is addressed by fequiring compliance with NA(

International Standard applies to all componernts’of equipment exposed to sg

an aqueous
indard does
bS cracking,
hternational
ractors, and
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onments (see Clause 6) where failure by SSC would (1) compromise the integrity of the pressure-

hinment system, (2) prevent the basic function ofithe equipment, and/or (3) prevent th
being restored to an operating condition while'continuing to contain pressure.

Normative references

following documents, in whole ©O1yin part, are normatively referenced in this documnj
pensable for its application, For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

i Standard TMO0177, Labaratory Testing of Metals for Resistance to Sulfide Stress Crackin
sion Cracking in H2S\Environments?)

NACE MRO0175/1I80 15156, Petroleum and natural gas industries — Materials for
jining enviropmients in oil and gas productionl)

1 A833, Standard Practice for Indentation Hardness of Metallic Materials by Comparison Har
I E384, Standard Test Method for Knoop and Vickers Hardness of Materials
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

lower transformation temperature

Acl

temperature at which austenite begins to form during heating

1) NACE International, 1440 South Creek Dr., Houston, TX 77084-4906, USA.
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3.2

upper transformation temperature

Ac3

temperature at which transformation of ferrite to austenite is completed during heating

3.3

alloy steel

iron-based alloy containing carbon (usually less than 2,5 %) and manganese (usually not less than
0,25 %), that contains specified minimum quantities for one or more alloying elements other than
manganese, silicon, and copper, and that does not specify a minimum chromium content greater than or

equal to 10 %

3.4
austenitic
stainless std

3.5

carbon steg¢
iron-based
0,25 %), wit
and copper,
manganese,

3.6
cladding
metallurgicg
material app

Note 1 to ent

3.7

duplex stai
austenitic/f
stainless sf

tainless steel
el whose microstructure, at room temperature, consists predominantly of austenite

1
hlloy containing carbon (usually less than 2,0 %) and manganese((usually not less
h no specified minimum quantity for any alloying element other than manganese, si
and that contains only an incidental amount of any element-6ther than carbon, si
copper, sulfur, and phosphorus

lly bonded layer (roll bonded, explosion bonded, or weld overlaid) of a corrosion-resistant
lied to the entire wetted surface of a substrate material that is relatively less corrosion-resi

y: See also weld overlay.
hless steel

erritic stainless steel
eel whose microstructure at(room temperature consists primarily of a mixtu

austenite and ferrite

3.8
end user
company or

3.9
ferritic stai
stainless ste

3.10
stainless st

agency that owns and-operates the component (e.g. vessel, piping, pump, compressor,

nless steel
el whose-microstructure, at room temperature, consists predominantly of ferrite

eel

than
icon,
icon,

alloy
stant

re of

btc.)

iron-based

added to secure special properties

3.11

sulfide stress cracking

Ssc

0 nine 10.5 9 fract] hromi ibly with other el

ents

cracking of a metal under the combined action of tensile stress and corrosion in the presence of water
and H3S (a form of hydrogen stress cracking)

3.12

thermal spray coating
high-temperature process by which finely divided metallic or nonmetallic materials are deposited in a
molten or semi-molten condition to form a coating on a surface when cooled
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3.13

weld overlay, corrosion resistant

deposition of one or more layers of corrosion resistant weld metal to the surface of a base material in an
effort to improve the corrosion resistance properties of the surface

Note 1 to entry: See also cladding.

3.14

weld overlay, hard facing

deposition of one or more layers of a weld metal to the surface of a material in an effort to improve the
wear resistance properties of the surface

4 $ymbols and abbreviated terms

ANSI American National Standards Institute

API American Petroleum Institute

ASME ASME (formerly American Society of Mechanical Engineers)

AWS American Welding Society

BPV( boiler and pressure vessel code

HAZ heat-affected zone

HI heat input

HIC hydrogen-induced cracking

NACE NACE International (formerly:National Association of Corrosion Engineers)
ppmw parts per million by weight;-commonly expressed as mg/kg in SI units
PQR procedure qualification record

PREN pitting resistance-equivalent number

PWHT postweld heat'treatment

SOHIC stress<oriented hydrogen-induced cracking

SSC sulfide stress cracking

UNS unified numbering system (for metals and alloys)

WPQT welding procedure qualification test

5 Responsibilities
5.1 Responsibilities of the end user

5.1.1 It is the responsibility of the end user (or the end user’s agent) to determine the operating
conditions and to specify when this International Standard applies.

5.1.2 Itisthe enduser’s (or the end user’s agent’s) responsibility to ensure that a material is satisfactory
in the intended environment. The end user (or the end user’s agent) may select specific materials for
use on the basis of operating conditions that include pressure, temperature, corrosiveness, and fluid

© IS0 2015 - All rights reserved 3
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properties. A variety of candidate materials may be selected from this International Standard for any
given component. Unlisted materials may also be used based on either of the following processes.

a) If a metallurgical review based on scientific and/or empirical knowledge indicates that the SSC
resistance will be adequate, these materials may then be proposed for inclusion into the standard
using methods in Clause 9.

b) Ifarisk-based analysis indicates that the occurrence of SSC is acceptable in the subject application.

5.1.3 Other forms of wet H3S cracking, environmental cracking, corrosion, and other modes of failure,
although outside the scope of this International Standard, should be considered in the design and
operation of equipment. Severely corrosive and/or hydrogen charging conditions may lead to jaijures
by mechanisms other than SSC and should be mitigated by methods that are outside the scope -of this
Internationdl Standard.

5.2 Responsibility of the manufacturer

The manufa¢turerisresponsible for meeting the metallurgical requirements of this international Stanflard.

6 Factors contributing to SSC

6.1 General parameters affecting SSC
SSC in refining equipment is affected by complex interactions of parameters including the following:

a) chemical composition, strength (as indicated by hardneéss), heat treatment, and microstructyre of
the matgrial exposed to the sour environment;

b) total tenpsile stress present in the material (applied plus residual);

c) hydroggn flux generated in the material, whigch is a function of the environment (i.e. presence pf an
aqueous phase, HpS concentration, pH, and other environmental parameters such as bisulfide ion
concentfration and presence of free cyanides);

d) temperature;

e) time.
6.2 Effect of material.condition and stress level on susceptibility to SSC

6.2.1 Material suseeptibility to SSC is primarily related to material strength (as indicated by hardness),
which is affected by»Chemical composition, heat treatment, and microstructure. Materials with|high
hardness geherally have an increased susceptibility to SSC.

6.2.2 SSC has not generally been a concern for carbon steels typically used for refinery pressure vessels
and piping in wet H3S service because these steels have sufficiently low hardness levels.

6.2.3 Improperly heat-treated metals, weld deposits, and heat-affected zones (HAZ), however, may
contain regions of high hardness.

6.2.4 Susceptibility for a given material increases with increased tensile stress.

6.2.5 Residual stresses contribute to the overall tensile stress level. High residual stresses associated
with welds increase susceptibility to SSC.

4 © IS0 2015 - All rights reserved
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6.2.6 Control of weldment hardness, with or without reduction of residual stresses, is a recognized
method for preventing SSC, as outlined in NACE SP0472 for P-No. 1 carbon steels.

6.3 Effect of hydrogen permeation flux on SSC

6.3.1 Susceptibility to SSC is also related to the hydrogen permeation flux in the steel, which is primarily
associated with two environmental parameters: pH and total sulfide content of the aqueous phase. In
a closed system at equilibrium condition, dissolved hydrogen sulfide (H2Saq), bisulfide ion (HS-), and
sulfide ion (S2-) (sometimes called “soluble sulfide”) exist in an aqueous solution in different pH ranges.

6.3.71 The sulfide species plot exhibited in Figure A.1 shows their relative amounts presentin an aqueous

solut
spec
pres(
presé
S2-. 4
therd
of Hy

6.3.3
with
by H

6.3.4
the 1
pH, 1
(CN-
SUSCE

ionat 25 C (77°F) as a function of pH. At pH less than 6, H2S,4 is the dominant (>90 % of
e present in the aqueous phase. At pH between 8 and 11, the dominant (>90 % oftotal) s
ent in the aqueous phase is HS-. At pH greater than 13, the dominant (>90 %, éfitotal) s
ent in the aqueous phase is S2-. At pH 7, the system contains 50 % H2Saq, 50)% HS-, and
At pH 12, the system contains 50 % HS-, 50 % S2-, and virtually no H2S4q. The total sul
fore, refers to the total amount of all three sulfide species present in the aqueous phase
Saq HS-, and S2-).

Typically, the hydrogen flux in steels has been found to bé lowest in near-neutral
increasing flux at both lower and higher pH values. Corrosion at lower pH values is typ

In many refinery sour water environments, the presence of dissolved ammonia (NH
H, thereby increasing the solubility of HzS and*tesulting in a high HS- concentration
he presence of free cyanides, which include dissolved hydrogen cyanide (HCNyq) and
, can further aggravate the degree of atomic¢ hydrogen charging into the steel. Even
pptibility is known to increase with total sulfide content of the aqueous phase, the presen|

otal) sulfide
ulfide specie
ifide specie
virtually no
fide content,
(i.e. the sum

H solutions,
cally caused

pSag, Whereas corrosion at higher pH values is typically cadsed by high concentrations of HS-.

3) increases
At elevated
cyanide ion
though SSC
ce of as little

as 1 ppmw total sulfide in the aqueous phase can cause SSC under conditions that promote aggressive

hydrpgen charging.

6.3.3 For carbon steel, some ernyvironmental conditions known to cause SSC are those c¢ntaining an

aquepus (liquid water) phase afid-either of the following:

a) 350 ppmw total sulfidecontent in the aqueous phase;

b) 21 ppmw total sulfide content in the aqueous phase and pH < 4;

c) 21 ppmw totalsulfide content and =20 ppmw free cyanide in the aqueous phase, and pH > 7,6;

d) 30,3 kPaabsolute (0,05 psia) partial pressure H3S in the gas phase associated with the aqueous
phaseefa process.

6-3- ThC hlsh PH ouur CllVirUlllllClltD d;ffcl Cllt;atc rcfuu:r_y oV ur O‘:rVil,C frUlll thc Ull aud Sa S productlon

sour environments covered by NACE MR0175/ISO 15156, because many wet sour streams in oil and gas
production also contain carbon dioxide and, hence, exhibit a lower pH. Another major difference is that
chloride ion concentrations tend to be significantly lower in refinery sour services than in oil production
sour services.

6.4 Effect of elevated temperature exposure on SSC

The hydrogen charging potential increases with increasing temperature provided the aqueous
phase is not eliminated by the elevated temperature. Elevated temperature promotes dissociation of
H3S (thereby producing more monatomic hydrogen), and increases the diffusion rates of monatomic
hydrogen in metals, thereby promoting hydrogen charging. However, cracking potential is maximized
at near-ambient temperature. This distinction is important because metals can become charged during
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high-temperature exposure and subsequently crack during excursions to lower temperatures (such as
during shutdowns).

6.5 Factors affecting time to failure due to SSC

The time to failure decreases as material strength, total tensile stress, and environmental charging
potential increase. Exposure time to cause SSC can be very short, if the other SSC factors favour
susceptibility. Some susceptible equipment can fail even during short sour water excursions such as
those encountered during equipment shutdowns.

6.6 Base
International Standard

The end user (or the end user’s agent) shall determine whether the parameters necessary to,caus¢ SSC
existin the process environment, and whether the equipment falls within the scope of this Internatjonal
Standard. The end user (or the end user’s agent) may rely on experience, risk-based’analysis, of the
above guidance (notably that related to environmental conditions provided in 6.3 anhd'6.4) to makg¢ this
determinatipn. When determining whether the equipment falls within the scope)of this Internatjonal
Standard, c¢nsideration should be given to all plant operating scenarios and the likely impact on the
materials of construction, i.e. normal operations, operational upsets, alternate (possible fufure)
operations, And start-up/shutdown conditions (e.g. presulfiding of catalysts).

7 Materials included in this International Standard

7.1 Materjals included in this International Standard are resistant to, but not necessarily immune to,
SSC. Materidls have been included based on their demonstrated resistance to SSC in field applicatiops, in
SSC laboratqry testing, or both.

7.2 Listed| materials do not all exhibit the same level of resistance to SSC. Standard laboratory SSC
tests, such ap those addressed in NACE Standard PM0177, are accelerated and severe tests. Materialg that
successfully|pass these tests are generally mere resistant to cracking in sour service than materialg that
fail the testd. Many alloys included in this International Standard perform satisfactorily in sour sejrvice
even though they may crack in laboratory tests.

7.3 Improper design, processing, installation, or handling can cause resistant materials to be¢ome
susceptible to SSC.

7.4 No effort has beendnade in this International Standard to rank materials based on their relative
resistance tp SSC. Selection of the appropriate material for a given application depends on a number
of factors, ifcluding-mmechanical properties, corrosion resistance, and relative resistance to SSC, and is
beyond the $cope\of this International Standard.

7.5 There are a number of instances where this International Standard specifically references the
ASME BPVC. There are other instances where this International Standard references specific industry
standards and/or designations for material grades, conditions, and testing requirements (e.g. ASTM,
NACE, API, and UNS numbers). In these cases, the use of alternate “equivalent” standards, grade
designations, condition designations, or testing methods shall only be permitted when approved by the
end user. It is the responsibility of the agency requesting the substitution to provide to the end user
sufficient information, data, etc. in order to prove “equivalency.” If it is not clear that an alternate standard,
grade designation, and/or condition designation is identical to the standard, grade designation, and/or
condition designation specified in this International Standard, the end user is strongly advised to follow
the requirements stipulated in Clause 11 to evaluate the acceptability of the alternate material.

6 © IS0 2015 - All rights reserved
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8 Hardness requirements

8.1 Hardness is related to tensile strength, a primary factor in SSC susceptibility. Because hardness
testing is non-destructive and requires relatively minor component/specimen preparation compared
with tensile testing, it is commonly used by manufacturers in production quality control and by users in
field inspection. As such, a maximum allowable hardness is specified as a primary requirement for many

of the materials in this International Standard.

8.2

Several different hardness scales are used in this International Standard. The most commonly used
scales are Rockwell “C” (HRC), Rockwell “B” (HRBS), Brinell (HBW), and Vickers 49 N (5 kgf) or 98 N
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oty (HV 5 or HV 10) Background Iformation on these nardness scates and the 1ogt
us references is provided in Annex B.

Hardness testing and reporting shall be performed in strict compliance with thé/methods

well hardness tests. The specimen temperature for Rockwell hardness testing shall

materials in this International Standard, all Brinell hardnessdests shall be performed u
0 kgf) load, a 10 mm indenter, and the standard dwell timelof 10 s to 15 s.

In some cases, maximum allowable hardness valuesiare provided in both HRC (or HRB
bse instances, either scale may be used.

When hardness requirements are stated.ip;HBW, and testing using stationary Brin
bmentisnotviable, testing shall be performedusing the comparison hardness test method
hcorrectly, referred to as portable Brinell hardness testing).

When applicable, the conversiom tables in ASTM E140 or ISO 18265 shall be used for c
hess values obtained by other testmethods to HRC, HRBS, or HBW values. However, tab
rials do not exist in those standards. The tables should be used only for materials that ar
|. Conversions may be performed based on empirical data for materials that are not cq
bved by the end user. When converted hardness values are used, they shall be reported iy
the requirements spécified in ASTM E140 or ISO 18265.

Sufficient hatdness tests shall be made to establish the actual hardness of the mz
lined. IndividGal hardness readings exceeding the specified value shall be considered
verage of several readings taken within close proximity does not exceed the specified
idual reading exceeds the specified value by more than 2 HRC (or by more than 5 % i
orHV 10).

ppropriate ASTM or [SO standards. Annex B lists the appropriate standards forthe various {

The standard test parameters (indenters, loads, and major-load dwell time) shall bej

behind the

described in
est methods.

used for all
be 10 °C to

(50 °F to 95 °F). No lubricant shall be used. Because Brinell hardness tests are only indicated for

s5ing 29,4 kN

S) and HBW.

ell hardness
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8.9 Acceptance criteria for microhardness testing using Knoop or Vickers hardness test methods (see
ASTM E384) are outside the scope of this International Standard. See Annex B for more information.

8.10 The use of portable hardness testing methods to verify compliance with the requirements of
this International Standard is prohibited unless explicitly approved by the end user. The one exception
that does not require end user approval is the use of comparison hardness testing in accordance with
ASTM A833 to evaluate weld deposits as specified in NACE SP0472 (see Annex B).
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9 Procedure for the addition of new materials or processes

9.1 General balloting requirements

New materials and/or processes may be balloted based on field experience and/or laboratory test data.

9.2 Field

experience data requirements

9.2.1 Field experience data shall document the alloy composition(s), condition(s), and hardness

level(s), the

process fluid parameters that influence SSC, and the exposure history.

9.2.2 Incg
and shall ald

9.3 Labo

9.3.1 The
TMO0177.1f §

9.3.2 The
Standard TM

rtain alloy families (such as duplex stainless steels), microstructure is also a critical.var
0 be documented.

ratory test data requirements

laboratory testing of materials shall be performed in accordance-with NACE Stan
ctual service conditions are outside these limits, SSC of approved. materials may be pos

candidate material shall be tested in accordance with the test procedures established in |
0177.The tensile bar, C-ring, bent beam, and double-cantilever beam test specimens desc

in NACE Stanpdard TM0177 are accepted test specimens. Any of these\test specimens may be used.

9.3.3 A minimum of three test specimens from each of three:different commercially prepared heats

be tested in
used shall b
number and
included wit

9.3.4 The
average har
specimen hj
the purpose
Internationd

9.3.5 Incg
and shall alg

9.3.6 For

the condition balloted for inclusion. The composition of each heat and the heat treatme
e furnished as part of the ballot. The candidate material’s composition range and/or

its heat-treated condition requested for inclusion in this International Standard sha
h the ballot.

hardness of each test specimen shall be determined and reported as part of the ballot
rdness obtained for a given‘heat/condition shall be the hardness of the heat/conditig

of balloting. The maximuim hardness requested for inclusion of the candidate material i
1 Standard shall be specified in the ballot and shall be supported by the data provided.

rtain alloy families (such as duplex stainless steels), microstructure is also a critical var
0 be documented for each heat/condition.

bach of-the tests performed, the testing details shall be reported as part of the ballot

being submitted.
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dard
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NACE
Fibed
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UNS
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. The

iness of each test specimen shall be the hardness of that test specimen. The minimunj test

n for
1 this

able,

item

10 New restrictions and deleted materials

10.1 The revision process may be used to impose new restrictions on materials or to delete materials
from this International Standard. New restrictions may include such items as imposition of a maximum
hardness requirement, reduction of a maximum hardness requirement, elimination of a previously
acceptable heat-treatment condition, and elimination of a previously acceptable manufacturing process.

10.2 Affected materials in use at the time of the change that complied with a prior edition of this
International Standard and that have not experienced sulfide stress cracking (SSC) in their current
application are considered in compliance with this International Standard.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=904281b2b68ff1f892492e28b780289b

ISO 17945:2015(E)

10.3 When affected metallic materials as discussed in 10.2 are eventually removed from their current
application, replacement materials shall be compliant with the current edition of this International
Standard, except that new equipment manufactured from affected materials, as well as equipment
refurbished using new components manufactured from affected materials, may be qualified for use in

specific applications in accordance with Clause 11.

11 Qualification of unlisted alloys, conditions, and/or processes for specific
applications
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The stress level, material form, forming process, heat-treatment condition, microstf

do

The environmental conditions to which the field experience specimen is exposed sh
documented.

The field experience exposure time should be adequate to ensure that the unlisted allg

e in specific sour applications. Clause 11 provides the minimum requirements for cam
nternational Standard when unlisted alloys, conditions, and/or processes for speeific
ualified.

The end user shall be responsible for determining the suitability of ar\unlisted allo
or process for a specific application based on laboratory test data, field experience,
1 analysis.

If laboratory testing is used as an acceptance basis, testing should be performed in acca
pted standard test methods such as those documented in NACE Standard TM0177.

If field experience and/or risk-based analysis is used.as an acceptance basis, a numb

echanical properties (particularly hardness) of the field experience specimen shd
cumented.

ind /or process provide resistance to SSC.

The suitability of the unlisted alloy, condition, and/or process for a specific applicatig
mined based on arrevaluation of the environmental conditions in the intended specifi

The compgsition, material form, forming processes, heat-treatment condition, and
erties oflequipment manufactured using an unlisted alloy, condition, and/or proces
olled’based on the corresponding information for the laboratory test specimens
ilence specimens.
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11.7 Unlisted alloys, conditions, and/or processes qualified for specific applications based on the
requirements in Clause 11 shall not become part of this International Standard unless they are approved
through the ISO balloting process.

12 Standard road map

For ease of use, Table 1 provides general information by material/application group, as well as references

to sp
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ecific clauses that cover applicable material and fabrication requirements.
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Table 1 — “Road Map” for ISO 17945

Material groups

Applicable | Applicable
Material group or application Conditions allowed ma-terlal fabr_l cation
requirement | requirement
clause(s) clause(s)
Carbon steels a) Hot-rolled; 13.1 13.1.7,13.1.9,
b) Annealed; (lause 15
¢) Normalized,;
d) Normalized and tempered; '\@
e) Normalized, austenitized, quenched, and (]/Q
tempered; ‘6 .
f) Austenitized, quenched, and tempered. Aqb‘
Alloy steels a) Annealed; 13.1 '\\ 13.1.8,13.1.9,
O
b) Normalized; %O (lause 13
¢) Normalized and tempered; (‘)\\
d) Normalized, austenitized, quenched d
tempered; QQ
e) Austenitized, quenched, and tem@\sred.
Ferritic ductjle iron Annealed O?\V 13.2 13.2
Ferritic stainpless steels Annealed "\\,Qv 13.3 Clause 1§
Specific low-carbon martensitic|Quenched and double-te@red 13.4.2 13.4.3,
stainless stepls Q\ Clause 1§
Austenitic stlainless steels Solution-annealed \O 13.5 13.5,
O Clause 1§
Specific austenitic stainless steels Solution-anﬁj\\ed or hot-rolled 13.6 13.6,
. Clause 1§
Highly alloyed austenitic stainless|Soluti -\nnealed or solution-annealed and|13.7 13.7,
steels co]@'— rked Clause 1§
Duplex stainfess steels @lﬂtion-annealed 13.8 13.8,
9 Clause 19
Precipitationj-hardenable st@gs Solution-annealed and precipitation-hardened |13.9 Clause 13
steels
Solid-solution nickel g(l‘gys\‘ Solution-annealed 14.1.1 Clause 1§
Precipitation-har@gble nickel|Various 14.1.2 Clause 1§
alloys
P ad
Cobalt-nicke _\Q‘nminm_mnlyhr‘p_ Various 14. 2 (‘]mlcg
num alloys
Cobalt-nickel-chromium-tungsten | Not specified 14.3 Clause 15
alloys
Titanium alloys Various 14.4 Clause 15
Aluminium alloys Not specified 14.5 Clause 15
Copper alloys Not specified 14. Clause 15
Applications
Fabrication Various Clause 15 Clause 15
Bolting Various Clause 16 N/A
Platings, coatings Various Clause 17 N/A
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Table 1 (continued)
Material groups
Applicable | Applicable
Material group or application Conditions allowed rel(;llilitl'e:r?eln t rfea(;)lfiif:rtringﬁt
clause(s) clause(s)
Special components Various Clause 18 Clause 15
Valves Various Clause 19 Clause 15
Compressors and pumps Various Clause 20 Clause 15

13 Ferrous materials

13.1] Carbon and alloy steels

13.1{1 Requirements for all carbon and alloy steels

Carbpn and alloy steels shall require the following:

a)

b)
)

g

q

NOTH
13.1

13.1
one (

ot contain intentional additions of elements such as/lead, selenium, or sulfur [to improve

achinability;

eet the criteria of 13.1.6 through 13.1.9;

e used in one of the following heat-treatment cenditions:

') annealed;

3) normalized;

) hot-rolled (carbon steels only);

normalized and tempered;

%) normalized, austenitized, quenched, and tempered;

) austenitized, quenched, and tempered.

There is no.3"% maximum nickel restriction for carbon steels and alloy steels.

2 Requirements for carbon steels listed as P-No. 1 Group 1 or 2 in Section IX of the ASME BPVC

2.1¢ Garbon steels listed as P-No. 1 Group 1 or 2 materials in Section IX of the ASME BPV|C shall meet
fd¢he conditions listed in 13.1.1, c). Base-metal hardness controls are not required.

13.1.2.2 Welding of P-No. 1 carbon steels shall be controlled in accordance with 13.1.7 and 13.1.9.

13.1.2.3 Bends in P-No. 1 piping formed by heating to above the upper transformation temperature, A3,
are allowed. The material shall have met one of the conditions listed in 13.1.1, c) prior to forming. The
hardness in the bend area shall not exceed 225 HBW.

13.1.2.4 Weldrepairsin P-No. 1 castings shall be performed in accordance with the welding requirements
specified in 13.1.7.

13.1.3 Requirements for other carbon steels

Other carbon steels shall have a maximum hardness of 22 HRC (237 HBW).

© ISO 2015 - All rights reserved
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13.1.4 Requirements for alloy steels listed with P-numbers in Section IX of the ASME BPVC

Alloy steels included under the ASME BPVC Section IX P-numbers listed in Table 2 shall not exceed the

indicated ma

ximum hardness levels.

Table 2 — Maximum hardness requirements for P-Numbered alloy steels

Alloy steel Maximum hardness
P-No. 3 225 HBW
P-No. 4 225 HBW
P-No. 5A 235 HBW
P-No. 5B 235 HBW
P-No. 5C 235 HBW
P-No. 6 235 HBW
P-No. 7 235 HBW
P-No. 10A 225 HBW
P-No. 10B 225 HBW
P-No. 10C 225 HBW
P-No. 10F 225 HBW
P-No. 11 225 HBW

13.1.5 Requirements for other alloy steels

Other alloy

steels shall have a maximum hardness of 22 HRC (237 HBW).

13.1.6 Requirements for cold-formed carbon and alloy steels

13.1.6.1 Cold forming of carbon and alloy'‘steels is allowed. The material shall have met one o

conditions i
following an
permanent

stress reliev

13.1.6.2 Th
that the min
listed as P-N
maximum. (
with 13.1.3,

sted in 13.1.1 c) prior to cold forming. Cold-formed material shall be thermally stress rel
y cold deforming by rolling; ¢old forging, or another manufacturing process that result
puter fibre deformation greater than 5 %. Hydraulically formed materials shall be ther
ed regardless of the p€rcent outer fibre deformation.

ermal stress relief’shall be performed in accordance with the applicable ASME codes, e
mum stress<telief temperature shall be 593 °C (1 100 °F). After stress relieving, carbon §
[o. 1 materials'in Section IX of the ASME BPVC shall meet a hardness requirement of 200

ther carbon and alloy steels shall meet the appropriate hardness requirements in accord
13.1.450r 13.1.5.

f the
eved
5 in a
mally

kcept
teels
HBW
ance

13.1.6.3 C

13 - 4 il 1 : : 11 ] 1 1 WIS B ADI L b
IU=10tdl y SUdIgIItciicu pipc 15 dl1IOwEd Ullly  WIICTITH PTTIIIHUCU I ArD SPCLIItdUUILS.

Cold-

worked line pipe fittings of ASTM A53 Grade B, ASTM A106 Grade B, API Spec 5L Grade X-42, or lower-
strength grades with similar chemical compositions shall contain no more than 15 % cold strain, and the

hardness in

the strained area shall not exceed 190 HBW.

13.1.6.4 The requirements for cold forming stated above do not apply to pressure testing in accordance
with the applicable code.

13.1.7 Welding requirements for carbon steels listed as P-No. 1 in Section IX of the ASME BPVC

13.1.7.1 Welding shall be performed in accordance with the general requirements listed in 15.3.

12
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13.1.7.2 Weldments in carbon steels listed as P-No. 1 materials in Section IX of the ASME BPVC shall be
produced using one or more of the methods outlined in NACE SP0472 to prevent excessive weldment hardness.

13.1.8 Welding requirements for alloy steels listed as P-No. 3, 4, or 5A in Section IX of the ASME
BPVC

Some industry codes (such as ASME B31.3 and ANSI/NB-23) allow welding of P-No. 3, P-No. 4, and P-No.
5A alloy steels without PWHT in certain circumstances. Non-PWHT procedures of this type may be used
provided a hardness survey in accordance with Annex C has been performed on a specimen taken from
the welding procedure qualification test (WPQT) coupon(s) to demonstrate the ability of the procedure
to produce weldments that meet the specified hardness limits. No individual hardness reading shall

exce
Stan
hard
coup
meet

13.1
coat]

13.1
meet]

13.1
accol
and {
the H

13.1
parti
overl
and {
131

13.1
that
of a
requ

13.1
in Se|
trans

ed 248 HV 10. Other alloy steel materials shall always receive PWHT when this, |
Hard applies to ensure low hardness in the weld deposit and HAZ. When PWHT.is ™
ness survey in accordance with Annex C shall be performed on a specimen takenfrof
on(s) to demonstrate the ability of the PWHT time and temperature to produce wel
the specified hardness limits. No individual hardness reading shall exceed248 HV 10

9 Corrosion resistant weld overlays, hard facing weld overlays, cladding, and the
Ings on carbon steels and alloy steels

9.1 Overlays and cladding applied to carbon and alloy steéls for use in sour enviror
the requirements listed in 15.2 and 15.4 and in 13.1.9.2 t0,13.1.9.5.

9.2 When applied to P-No. 1 carbon steels, partial weld overlays that do not qualify as
'dance with 3.6 shall be applied in such a way that the‘process-contacted interface betwee
he base metal has a HAZ and base metal hardness within the specified limits. Methods us
AZ and base metal hardness, and acceptance criteria, shall be in accordance with NACE

9.3 When applied to alloy steels or to carbon steels not P-Numbered in Section IX of the
al weld overlays shall be applied in-Stich a way that the process-contacted interface
ay and base metal has a HAZ and base metal hardness within the specified limits. Hard
\cceptance criteria shall be in accordance with the limits provided in 13.1.3 through 1]
8, as appropriate.

9.4 When thermal spray coatings are applied to P-No. 1 carbon steel materials in su
hny portion of the bage metal exceeds the lower transformation temperature (Ac1) (e.d
spray and fuse coating), the procedures used shall be qualified in accordance with N
rements to ensure that the HAZ and base metal exhibit hardness within the spcified lim

9.5 When'thermal spray coatings are applied to alloy steels or to carbon steels not

hternational
erformed, a
n the WPQT
dments that

rmal spray

yments shall

5 cladding in
n the overlay
ed to control
bP0472.

ASME BPVC,
between the
ness testing
B.1.5 and/or

'h a manner
. in the case
ACE SP0472
its.

P-Numbered

ctiond X of the ASME BPVC, in such a manner that any portion of the base metal excee
formaton temperature (Ac1) (e.g. in the case of a spray and fuse coating), the procedure

s the lower

ltsed shall be

qualified with postweld heat treatment (PWHT) to ensure that the HAZ and base metal exhipit hardness

within the specified limits. PWHT, hardness testing, and acceptance criteria shall be in accordance with
limits provided in 13.1.3 through 13.1.5 and/or 13.1.8, as appropriate.

13.2

Cast iron and ductile iron

13.2.1 Gray, austenitic, and white cast irons shall not be used as pressure-containing members. These
materials may be used in internal components related to API and other appropriate standards, provided
their use has been approved by the purchaser.

13.2.2 Ferritic ductile iron in accordance with ASTM A395 is allowed for equipment when API, ANSI,
and/or other industry standards approve its use.
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13.2.3 Welding is not permitted on gray cast iron or ductile iron components.

13.3 Ferritic stainless steels

13.3.1 Ferritic stainless steels shall be in the annealed condition and shall meet the criteria of Clause 15.
The hardness shall not exceed 22 HRC.

13.3.2 Weldments in ferritic stainless steels shall be produced using a weld procedure qualified by
performing a hardness survey in accordance with Annex C on a specimen taken from the WPQT coupon(s)
to demonstrate the ability of the procedure to produce weldments that meet the specified hardness (248

HV 10 maximum).

13.4 Martq

13.4.1 Conyventional martensitic stainless steels

13.4.1.1 M{
cast or wroy
The hardneq

sulfur to improve machinability shall not be used. Martensitic stainless stéels that are in accordance

this Interna
materials m
are lower th

13.4.1.2 Hd
J91151 (CA]

a) austenif
b) temper

c)

temper
to ambi

13.4.2 Low

13.4.2.1 Lo
wrought UN
HRC (255 H
improve ma

bnsitic stainless steels

irtensitic stainless steels (UNS S41000, S42000,]91150 [CA15], andJ91151 [CA15M]), €
ght, shall be heat treated in accordance with 13.4.1.2 and shall meetthe criteria of Claug
s shall not exceed 22 HRC. Variations containing alloying elements such as lead, seleniu

fional Standard have provided satisfactory field service 41 some sour environments.
hy, however, exhibit threshold stress levels in NACE Stahdard TM0177 laboratory test
an the levels for other materials included in this International Standard.

at-treatment procedure (three-step process) for UNS S41000, S42000, J91150 (CA15)
5M) martensitic stainless steel is as follows;

ize and quench or air cool;
at 621 °C (1 150 °F) minimum; then:air cool to ambient temperature;

nt 621 °C (1 150 °F) minimum, but lower than the first tempering temperature; then aij
et temperature.

-carbon martensitic stainless steels

w-carbon, 12Gr-4Ni-Mo martensitic stainless steels, either cast UNS ]91540 (CA6NN
S S42400, shall-be heat treated in accordance with 13.4.2.2. The hardness shall not exce(
BW) (275-HV10). Variations containing alloying elements such as lead, selenium, or sulf
Chinability’shall not be used.

NOTE T
(CA6NM) or

e-hardness correlation tabulated in ASTM E140 and ISO 18265 does not apply to UNS ]9

ither
e 15.
m, or
with
hese
that

and

cool

1) or
ed 23
ur to

1540

NS'S42400. When hardness is measured using the Brinell hardness test method, the permi

ssible

limit of 255 HBW maximum has been empirically determined to be equivalent to 23 HRC for these alloys.

13.4.2.2 Heat-Treatment Procedure for UNS J91540 (CA6NM) or wrought UNS S42400 (Three Step
Process) is as follows:

a) austenitize at 1 010 °C (1 850 °F) minimum and air or oil quench to ambient temperature;

b) temper
c) temper
14

at 649 °C to 691 °C (1 200 °F to 1 275 °F) and air cool to ambient temperature;

at 593 °Cto 621 °C (1 100 °F to 1 150 °F) and air cool to ambient temperature.
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3 Welding and overlays on martensitic stainless steels

13.4.3.1 Weldments in martensitic stainless steels listed in 13.4.1 shall undergo a PWHT at 621 °C
(1 150 °F) minimum. The welding procedure shall be qualified by performing a hardness survey in
accordance with Annex C on a specimen taken from the WPQT coupon(s) to demonstrate the ability of
the procedure to produce weldments that meet the specified hardness (248 HV 10 maximum).

13.4.3.2 Weldments in low-carbon martensitic stainless steels identified in 13.4.2 shall undergo a double-
cycle PWHT after first being cooled to ambient temperature. The double-cycle PWHT shall consist of
heating at 671 °C to 691 °C (1 240 °F to 1 275 °F), cooling to ambient temperature, followed by heating at

579 3
Survq
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13.4
austg
mate
Inter]

13.4
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the 1
stres|
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acco]
the p
of m
carb

13.5

13.5
shall
stabi
stain|

y of the procedure to produce weldments that meet the specified hardness (275HV, 10

3.3 Welding shall only be performed on base materials listed in 13.4.2 that’have prej
nitized, quenched, and double-tempered. Welding between martensitic”stainless stee
rials (including carbon steels, alloy steels, and austenitic stainless stegls) is outside the
national Standard.

3.4 Overlays applied to martensitic stainless steels by thepmal’'processes such as wg
ng, or thermal-spray systems are allowed for use in sour environments. In those cas
bwer critical temperatures (A¢1) are exceeded, the compoOnent shall be heat treated
s relieved in accordance with procedures that have been shown to return the base
fied maximum hardness level. The procedure shall be-qualified by performing a hardng
‘dance with Annex C on a specimen taken from.the"WPQT coupon(s) to demonstrate {
rocedure to produce weldments that meet the spécified hardness (248 HV 10 maximur
hirtensitic stainless steel materials identifiedd@n 13.4.1, and 275 HV 10 maximum in the
bn martensitic stainless steel materials identified in 13.4.2).

Austenitic stainless steels

1 Austenitic stainless steels $hall meet the chemical composition requirements specifie
not exceed 22 HRC, shall be'inthe solution-annealed and quenched or solution-annealed a
ized condition, and shall befree of cold work intended to enhance their mechanical properti
ess steels containing lead or selenium for the purpose of improving machinability are not

Table 3 = Ehemical composition requirements for austenitic stainless stee

Element
C
Cr

Mass percenta
0,10 max
16,0 min

by in accordance with Annex C on a specimen taken from the WPQT coupon(s) to dezﬁ

ahardness
nstrate the
maximum).

Fiously been
Is and other
scope of this

lding, silver
es in which
br thermally
metal to the
Ss survey in
he ability of
nh in the case
case of low-

d in Table 3,
hd thermally
bs. Austenitic
allowed.

Is

Ni

Q’ﬂ min

Mn
Si

2,0 max

2,0 max
P 0,045 max
S 0,04 max

The chemical compositions of the cast “austenitic” stainless steels often vary from those
of their fully austenitic wrought counterparts to optimize casting characteristics. Many of
these alloys are intentionally balanced to contain some ferrite, which renders them partially
magnetic.

a

13.5.2 Unlisted elements, such as molybdenum, nitrogen, titanium, and niobium (columbium), are
allowed provided that the chemical composition requirements in Table 3 are met.
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13.5.3 Higher carbon contents for UNS S30900 and UNS S31000 are allowed up to the limits of their
respective specifications.

13.5.4 Welding procedures used for welding and overlaying austenitic stainless steels do not require any
hardness surveys or hardness testing to verify hardness in the HAZ.

13.6 Specific austenitic stainless steel grades

13.6.1 Austenitic stainless steel UNS S20910 shall be in the solution-annealed, hot-rolled (hot/cold-
worked), or cold-worked condition. The hardness shall not exceed 35 HRC.

13.6.2 Welding procedures used for welding and overlaying UNS S20910 do not require any~hardness
surveys or hlardness testing to verify hardness in the HAZ.

13.7 Highly alloyed austenitic stainless steels

13.7.1 Higllly alloyed austenitic stainless steels shall meet the following~chemical compodition
requirements, and shall be in the solution-annealed condition or solution<annealed and cold-wqrked
condition. The hardness shall not exceed 35 HRC. Free-machining highly alloyed austenitic stainless qteels
are not allowed.

13.7.2 Thechemical composition requirements for the highly alloyed austenitic stainless steels are¢:
a) % Ni+ (2 x %Mo) > 30 and Mo > 2 %, or

b) Pitting Resistance Equivalent Number (PREN) > 40,0 -%.
Where PREN is determined as shown in Formula (1)

PREN = P4Cr + 3,3 (%Mo + 0,5 x %W) + 16.x%N 1)

13.7.3 For [the purpose of determining conformance with the requirements of this International
Standard, all PREN limits specified in.this International Standard shall be considered absolute limits,
as defined i% ASTM Practice E29, With the absolute method, an observed value or a calculated value is
not to be royinded, but is to be eompared directly with the specified limiting value. Conformance or|non-
conformancp with the specification is based on this comparison.

13.7.4 The|PREN caleulation is based on actual composition, not nominal composition. Noininal
compositior] is used.foh general classification only.

NOTE Fqr the purposes of this International Standard, PREN is used only to identify a group of alloys ffom a
chemical conjposition standpoint. Use of PREN to predict relative corrosion resistance is outside the scope df this
International-Stamndard:

13.7.5 Welding procedures used for welding and overlaying the highly alloyed austenitic stainless steels
do not require any hardness surveys or hardness testing to verify hardness in the HAZ.

13.8 Duplex stainless steels
13.8.1 General requirements for duplex stainless steels

13.8.1.1 Wrought and cast duplex stainless steel products shall be in the solution-annealed and liquid-
quenched condition. Tubing shall be rapidly cooled by liquid quenching, or by air or inert gas cooling to
below 315 °C (600 °F). The ferrite content shall be 35 vol% to 65 vol%.
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13.8.1.2 The hardness of grades with PREN < 40,0 % according to Formula (1) shall not exceed 28 HRC.

13.8.1.3 The hardness of grades with PREN > 40,0 % according to Formula (1) shall not exceed 32 HRC.

13.8.1.4 Brinell hardness measurements obtained on duplex stainless steels cannot be converted to
Rockwell C hardness values using existing tables in ASTM E140 or ISO 18265. Use of empirically derived

table

13.8.

Fabrij
proc

a)

4
q

b) 1

q

13.9

13.9

Aust
UNS
cond

13.9

13.9

UNS
in eit
treat
CB7(
hard
are i
envil
laboi

13.9
The

t=
pressure-retaining bolting.

s for this hardness conversion is subject to the approval of the end user.

2 Welding requirements for duplex stainless steels

Ol 1A I'ep [ WCI( WTOUEI (10 Aduplex

edure qualified by performing the ollowing tests on specimens taken from the WPQT.co

\ hardness survey shall be performed in accordance with Annex C. The average hardn
bxceed 310 HV, and no individual reading shall exceed 320 HV.

Metallographic ferrite measurements shall be performed in accordance with ASTM
iverage ferrite content in the weld deposit and HAZ shall be within théyrange of 35 % t
| relative accuracy of 10 % or lower.

Precipitation-hardenable stainless steels

1 Austenitic precipitation-hardenable stainless steel

enitic precipitation-hardenable stainless steel with chemical composition in accoy
S66286 shall be in either the solution-annealedand aged or solution-annealed and
fition. The hardness shall not exceed 35 HRC,

2 Martensitic precipitation-hardenable stainless steels

2.1 General requirements for17Cr-4Ni and 15Cr-5Ni grades

S17400 and UNS S15500 wrought martensitic precipitation-hardenable stainless st
her the H1150D condition (heat treated in accordance with 13.9.2.3) or H1150M con
ed in accordance with 13.9.2.4). The hardness shall not exceed 33 HRC. ASTM A747
u-2 castings shall bé_ in"the H1150 DBL condition (heat treated in accordance with 1
ness shall not exceed’310 HBW (30 HRC). Precipitation-hardenable martensitic stainleg
1 accordance with-this International Standard have provided satisfactory field service i
onments. Theése’'materials may, however, exhibit threshold stress levels in NACE Stand
atory testsithat are lower than those of other materials included in this International

2.2, Restrictions for UNS $17400 and UNS S15500 when used for pressure-retain

ess shall not

[ E562. The
b 65 %, with

dance with
double-aged

pels shall be
dition (heat
'B7Cu-1 and
B.9.2.3). The
s steels that
n some sour
ard TM0177
Standard.

ing bolting

hre used for

a) UNS S17400 and UNS S15500 shall not be used for pressure-retaining bolting applications in the
double-H1150 condition.

b) When UNS S17400 or UNS S15500 is used for pressure-retaining bolting in the H1150M condition,
the hardness shall not exceed 29 HRC.
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13.9.2.3 Double-H1150 (H1150D, H1150 DBL) heat-treatment procedure

When heat treating UNS 17400 or UNS 15500 to the H1150 condition, the following heat treatment

shall be used.

a) Solution annealat1 038°C = 14 °C (1 900 °F * 25 °F) and air cool, or suitable liquid quench, to below
32°C (90 °F).

b) Harden at 621 °C + 14 °C (1 150 °F = 25 °F) for 4 h minimum at temperature and cool in air to below
32°C (90 °F).

c¢) Hardenat621°C#+14°C(1 150 °F + 25 °F) for 4 h minimum at temperature and cool in air.

d) Additiopal cyclesat621°C + 14 °C (1 150 °F + 25 °F) may be used if required to produce the $petified
hardnegs level.

13.9.2.4 H1150M heat-treatment procedure

When heat freating UNS 17400 or UNS 15500 to the H1150M condition, the follewing heat treatment

shall be use

a)

Solutior

32 °C (90 °F).

b) Harden

32 °C (90 °F) before the second precipitation-hardening step:

‘)
d)

Precipit]
Additio
hardnej

13.9.2.5 U]

Wrought Ul
accordance Y

a) Solutiory

b) Precipit

13.9.3 Welding requirements for precipitation-hardenable stainless steels

Weldments
qualified by

.
anneal at 1 038 °C £+ 14 °C (1 900 °F = 25 °F) and air cool, or suitable liquid quench, to b

at 760 °C + 14 °C (1 400 °F £ 25 °F) for 2 h minimum at temperature and cool in air to b

ation harden at 621 °C = 14 °C (1 150 °F £ 25 °F) for4*h minimum at temperature and cool

hal cyclesat 621 °C + 14 °C (1 150 °F + 25 °F) may be used if required to produce the speq
s level.

NS S45000

NS S45000 martensitic precipitation-hardenable stainless steel shall be heat treatg
vith the following two-step heat-treatment procedure. The hardness shall not exceed 31

anneal.

ation harden at 62L2C€°(1 150 °F) for a minimum of 4 h.

in precipitation-hardenable stainless steels shall be produced using a weld proce
performing a hardness survey in accordance with Annex C on a specimen taken

the WPQT ¢

specified hajrdfess in accordance with Table 4. Welding shall not be performed on UNS S17400 and

oupon(s) to demonstrate the ability of the procedure to produce weldments that med

elow

elow

n air.

ified

bd in
HRC.

dure
from
t the

UNS

S15500 bolt

ing.

Table 4 — Maximum hardness requirements for weldments in precipitation-hardenable

18

stainless steels

Alloy(s) Maximum hardness
UNS S66286 345 HV 10
UNS S17400,
327 HV 10
UNS S15500
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Table 4 (continued)
Alloy(s) Maximum hardness
UNSJ92200
(CB7Cu-1), 302 HV 10 (HAZ)
UNSJ92110 327 HV 10 (weld deposit)
(CB7Cu-2)
UNS S45000 310 HV 10

14 lhonferrous materials

14.1) Nickel alloys

14.1

14.1

1 Solid-solution nickel alloys

1.1 Wrought or cast solid-solution nickel-chromium-molybdenuny alloys with com

positions as

specified in 14.1.1.2 shall be in the solution-annealed or annealed condition.
14.111.2 The chemical composition requirements for/the solid-solution nickelrchromium-
molybdenum alloys are
a) 19,0 % Cr minimum, 29,5 % Ni + Co minimum, and 2,5 % Mo minimum, or
b) 14,5 % Cr minimum, 52,0 % Ni + Co minimum,and 12,0 % Mo minimum.
14.1}1.3 Wrought UNS N06600 shall not exceed 35 HRC.
14.1}1.4 Wrought UNS N08800 shall not-éxceed 35 HRC.
14.1{1.5 Only those solid-solutiennickel-chromium-molybdenum alloys listed in Table 5 shgll be used in
the cpld-worked condition. Thé other requirements specified in Table 5 shall also be met.
Table 5 — Cold-worked nickel-chromium-molybdenum alloys and maximum haydness
requirements
UNS numbeér Previous condition Maximum hardnéess
NO6002 — 35 HRC
N06022 Solution-annealed 40 HRC
N06625 — 35 HRC
N06686 Solution-annealed 40 HRC
N06985 — 39 HRC
N08825 — 35 HRC
N10276 Solution-annealed 35 HRC
N07022 Solution-annealed 43 HRC

14.1.1.6 Wrought UNS N04400 and N04405, and cast ASTM A494 Grades M35-1, M35-2, and M30C shall
not exceed 35 HRC.

14.1.1.7 Welding procedures used for welding and overlaying the solid-solution nickel alloys do not
require any hardness surveys or hardness testing to verify hardness in the HAZ.

© ISO 2015 - All rights reserved

19


https://standardsiso.com/api/?name=904281b2b68ff1f892492e28b780289b

ISO 17945:2015(E)

14.1.2 Precipitation-hardenable nickel alloys

14.1.2.1 Only those precipitation-hardenable nickel alloys listed in Table 6 are allowed. The conditions
and corresponding maximum hardness requirements listed in Table 6 shall be met.

14.1.2.2 Weldments in precipitation-hardenable nickel alloys shall be produced using a weld procedure
qualified by performing a hardness survey in accordance with Annex C on a specimen taken from the
WPQT coupon(s) to demonstrate the ability of the procedure to produce weldments that meet the
specified hardness in accordance with Table 6.

Table p — Precipitation-hardenable nickel alloys, conditions, and maximum hardness
requirements
UNS number Condition(s) Maximuin'‘hardness

NO05500 Hot-worked and age-hardened or solution-annealed or solution-annealed | 35 HRE(335 HV)
and age-hardened

N07022 Solution-annealed, cold worked and aged 47 HRC

NO07031 Solution-annealed 35 HRC (335 HV)
Solution-annealed and aged at 760 °C to 871 °C (1 400 °F to 1600 °F)|40 HRC (382 HV)
for a maximum of 4 h.

N07048 Solution-annealed and aged 40 HRC (382 HV)

N07626 Hot compacted powder, solution-annealed (927 °C [1%00 °F] min) 40 HRC (382 HV)
and aged (538°Cto 816 °C [1 000 °F to 1 500 °F]),m¥ax tensile strength
1380 MPa (200 ksi)

NO07716 Solution-annealed and aged 43 HRC (416 HV)

N07718 Solution-annealed or hot-worked or hot-worked and aged 35 HRC (335 HV)
Solution-annealed and aged or cast,selution-annealed, and aged 40 HRC (397 HV)

NO07725 Solution-annealed and aged 43 HRC (416 HV)

NO07750 Solution-annealed or solutien-annealed and aged or hot worked or hot-|{35 HRC (335 HV)
worked and aged

NO07773 Solution-annealed and aged 40 HRC (382 HV)

N07924 Solution-annealed ‘and aged 35 HRC (335 HV)

N09777 Solution-anneated and aged 40 HRC (382 HV)

N09925 Cold-worked+or solution-annealed 35 HRC (335 HV)
Solution¥annealed and aged 38 HRC (362 HV)
Cold-worked and aged or hot-finished and aged 40 HRC (382 HV)
Cast, solution-annealed, and aged 35 HRC (335 HV)

14.2 Cobalt-Nickel-chromium-molybdenum alloys

14.2.1 UNS R30003, UNS R30004, UNS R30035, and BS 2HR 3 shall not exceed 35 HRC except as
otherwise noted below.

14.2.2 Welding requirements for UNS R30003, UNS R30004, UNS R30035, and BS 2HR 3 are outside the
scope of this International Standard. Welding requirements shall be in accordance with the agreement
between the end user (or the end user’s agent) and the manufacturer.

14.2.3 UNS R30035 is allowed in the cold-reduced and high-temperature aged heat-treated condition in
accordance with one of the aging treatments listed in Table 7. The hardness shall not exceed 51 HRC.
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Table 7 — UNS R30035 heat treatments

Minimum time
h

Temperature

704 °C (1 300 °F)
732 °C (1 350 °F)
774 °C (1 425 °F)
788 °C (1 450 °F)
802 °C (1 475 °F)

14.2
exce

14.2
hard

14.3
UNS

14.4

14.4
this |
alloy]

at tefnperatures greater than 80 °C (176 °E). Hardness has not been shown to correlate with s

to SS
failuy

14.4
maxi

Imum hardness requirements listed in Table 8 shall be met.

(SN U IO (NI IO IS

816 °C (1 500 °F)

4 Wrought UNS R31233 shall be in the solution-annealed condition. The ‘hardne
ed 33 HRC.

5 Welding procedures used for welding UNS R31233 do not require ‘any hardness
hess testing to verify hardness in the HAZ.

Cobalt-nickel-chromium-tungsten alloys

R30605 shall not exceed 35 HRC.
Titanium alloys

1 Specific guidelines shall be followed for successful applications of each titanium alloy,
nternational Standard. For example, hydrogen embrittlement of titanium alloys may o
5 are galvanically coupled to certain active'metals (e.g. carbon steel) in HpS-containing aq

C, but has been included for alloys with high strength to indicate the maximum testing ley
'e has not occurred.

2 Only those titanium allgys listed in Table 8 are allowed. The conditions and co

Table 8 — Titanium alloys, conditions, and maximum hardness requiremen

5:2015(E)

ss shall not

surveys or

specified in
ccur if these
leous media
usceptibility
rels at which

fresponding

ts

UNP number Condition(s) Maximum hardness

R50400 None specified 100 HRB§p

R53400 Annealed at 774 °C £ 14 °C (1 425 °F £ 25 °F) for 2 h, air cool 92 HRBS

R56260 Annealed or solution-annealed or solution-annealed and aged 45 HRC

R56323 Annealed 32 HRC

R56403 Annealed 36 HRC

R56404 Annealed 35 HRC

R58640 Annealed 42 HRC

14.4.3 Welding requirements for titanium alloys are outside the scope of this International Standard.
Welding requirements shall be in accordance with the agreement between the end user (or the end user’s
agent) and the manufacturer.
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inium alloys

14.5.1 Aluminium alloys are allowed because they are not susceptible to SSC. However, they can suffer
corrosion when exposed outside the pH range of about 4,0 to 8,5 and also pitting corrosion if chloride
ions are present.

14.5.2 Welding procedures used for welding aluminium alloys do not require any hardness surveys or
hardness testing to verify hardness in the HAZ.

14.6 Copper alloys

14.6.1 Copj
corrosion bd
sour refiner

14.6.2 Wel
hardness tef

15 Fabridg

15.1 Gene

Materials aif
15.2 Corrg

15.2.1 Tun
the base ma4
material paf

15.2.2 Join
allowed. Aftq
in the pertin

15.2.3 The
meet the pr
of the overld
pertinent m

per alloys are allowed because they are not susceptible to SSC. However, theyah {
rcause of the sulfides and also stress corrosion cracking if NH3 is present, as often not
y environments.

ling procedures used for welding copper alloys do not require any hardness surve
ting to verify hardness in the HAZ.

ation requirements

ral fabrication requirements

d fabrication processes shall meet the requirements of Clause 15.
)sion resistant overlays, hard facing overlays, and cladding

bsten-carbide alloys and ceramics are allawed as overlays. Following application of the ov
terial shall meet the hardness requirément for that base metal specified in the pert
agraph or subclause within Clause.13 or Clause 14.

ng of dissimilar materials;.Such as cemented carbides to alloy steels by silver brazii
b1 brazing, the base material'shall meet the hardness requirement for that base metal spe
ent material paragraph or subclause within Clause 13 or Clause 14.

base materials Jisted in Clause 13 or Clause 14 are also allowed as weld overlays, provided

visions of theirrespective paragraphs after being applied as overlays. Following applic
y, the base‘material shall meet the hardness requirement for that base metal specified i
hterial paragraph or subclause within Clause 13 or Clause 14.

15.2.4 Harq

boron (see &

| facing weld overlays of cobalt chromlum tungsten mckel chromium- boron and n

uffer
ed in

/S or

briay,
nent

ng, is
rified

they
htion
n the

ckel-
aterial

shall meet the hardness requlrement for that base metal spec1fled in the pertlnent materlal paragraph or

subclause w

ithin Clause 13 or Clause 14.

15.3 Welding

15.3.1 All weldments shall meet the general requirements listed in 15.3. Specific welding requirements
are provided for some materials in the pertinent material paragraph or subclause within Clause 13 or
Clause 14, in which case those requirements shall also be met. In cases in which the specific welding
requirements conflict with the requirements of this subclause, the specific material welding requirements
shall override these general requirements.
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15.3.2 Welders and welding procedures shall be qualified in accordance with AWS, API, ASME, or other
appropriate industry codes.

15.3.3 Dissimilar-metal welds, such as welds produced using filler metals that are nobler than the base
metal and/or welds in which the two base metals are different, shall meet the following requirements:
The weld metal shall be closely equivalent in chemistry and properties to a base material that is allowed
according to this International Standard.

15.3.4 Ifa Vickers hardness survey is required to be performed during weld procedure qualification for
either base metal, or for a base metal that is equivalent to the deposited weld metal, a Vickers hardness
surveyt i i T coupon(s)
to démonstrate the ability of the procedure to produce weldments that meet the specifigd hardness.
The hardness criteria for each portion of the weldment shall be as specified in the pértinent material
paragraph or subclause in Clause 13 or Clause 14 for that base metal, or, in the case 'of de
metd], for the base metal that is equivalent to the deposited weld metal.

15.4 Cladding on carbon steels, alloy steels, and martensitic stainless steels

15.4{1 Allowed fabrication methods used for cladding include hotirolling, explosion bgnding, weld
overlaying, and co-extrusion.

15.4{2 Cladding materials shall be selected from Clause 13:or*Clause 14 of this Internatiorjal Standard,
and ghall meet all requirements for the selected alloy(s) specified in the pertinent pardgraph(s) or
subclause(s).

15.4{3 A number of factors influence the SSC resistance of clad components, including, but not limited to
the fpllowing:

a) Ttelative SSC resistance of the cladding material;

b) ¢orrosion resistance of the clad flayer in the process environment (which affects|the rate of
Iydrogen production);

A

d) goundness of the cladlayer;

ydrogen diffusion rate inlthe clad layer;

e) felative SSC resistance of the substrate material;
f) fabricationméthods used at junctions between neighbouring clad components;

g) fabricatiorrmethodsusedatjunctionsbetween clad componentsand neighbouringnonclad fomponents;

h) galvanic effects (if the substrate material becomes exposed or at junctions with nreighbouring
nonclad r‘nmpnnnnfc)

15.4.4 Evaluation of these and other factors is outside the scope of this International Standard. Therefore,
the end user shall specify whether or not the substrate material shall meet the requirements of this
International Standard.

15.5 Identification stamping
15.5.1 Identification stamping using low-stress (dot, vibratory, and round V) stamps is allowed.

15.5.2 Conventional sharp V stamping is allowed in low-stress areas, such as the outside diameter
of flanges. Sharp V stamping is not allowed in high-stress areas unless the item receives a subsequent

© IS0 2015 - All rights reserved 23


https://standardsiso.com/api/?name=904281b2b68ff1f892492e28b780289b

ISO 17945

:2015(E)

thermal treatment to reduce the hardness to meet the maximum hardness requirement for the base metal
specified in the applicable clauses of this International Standard.

15.6 Threading

15.6.1 Machine-cut threads

Machine-cut threading processes are allowed.

15.6.2 Cold-formed (rolled) threads

After thread
and hardneq
threaded co

15.7 Cold-

15.7.1 Cold
to normal m

15.7.2 Cold
meet the re
size of 2,0 1
accordance

16 Boltin

16.1 Gene

Materials ug
the require
whether bo

16.2 Expo

16.2.1 Bolt

or Clause 14,

16.2.2 Exte
protectors,
contains a d

;I?ents of Clause 16. The enduser (or end user’s agent) shall be responsible for speci
i

srequirements specified in either Clause 13 or Clause 14 for the parent alloy fronfwhic
mponent was fabricated.

deformation processes

hchining operations (such as turning or boring, rolling, threading, afid drilling) are allowed

deformation by controlled shot peening is permitted when’ applied to base materialg
Huirements of this International Standard, and when limited to the use of a maximum
hm (0.080 in) and a maximum of 10 C Almen intensity: The process shall be controll
vith SAE AMS2430.

4

ral bolting requirements

ed for bolting and fasteners thatlage exposed to sour environments (see Clause 6) shall

ng is exposed or nonexpeSed in accordance with 16.2 and 16.3.
5ed bolting

ng that is exposed/directly to the sour environment shall meet the requirements of Clau

rnal beltinig and fasteners used underground, covered with insulation, equipped with f]
br atherwise denied direct atmospheric exposure, and that are used on equipment]

s have been cold formed, the threaded component shall meet the heat-treatment condiltions

h the

-deformation processes such as burnishing that do notimpart cold workexceeding thatincidental

that
shot
ed in

meet
fying

(O8]

T

ange
that

oliry environment, shall be considered exposed to a sour environment, and shall meg

t the

requiremen

(S Of Clause 13 or Clause 14.

16.2.3 Users and designers should be aware that it may be necessary to derate the strength of the joint
and the pressure rating of the equipment in some cases when using bolting that meets these requirements.

16.2.4 Specialrestrictions apply to UNSS17400 and UNS S15500 when these alloys are used for pressure-

retaining bo

Iting (see 13.9.2.2).

16.2.5 The bolting and nut materials listed in Table 9 were specifically established to meet the
requirements of Clause 13 or Clause 14. Other materials meeting the requirements of Clause 13 or
Clause 14 are also allowed.

24
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16.2.6 Zinc or cadmium coatings should not be used on bolts, nuts, cap screws, or other fasteners in sour
environments. These coatings enhance the generation of hydrogen on the surface and can contribute to
hydrogen cracking.

Table 9 — Common bolting materials that meet Clause 13 or Clause 14 requirements

Bolting component Material specification
Bolt, stud, cap screw ASTM A193 Grade B7M
ASTM A193 Grade B8MA, Class 1A
ASTM A320 Grade L7M

16.3

None

ASTM A194, and ASTM A320. To be considered “nonexposed,” the bolting shall be used e

flang

to the atmosphere at all times (see 16.2).

17 Plating, coatings, and diffusion processes

17.1
are

as wear resistance or corrosion resistance) is-outside the scope of this International Standar

17.2

lowef critical temperature of the materidl being treated. Its use as a means of preventing SSC is

NOTH
corrg

this ihto account when consjdering nitriding.

18 $pecial components

18.1|

Meta
and 4

Nut ASTM A194 Grade 2ZHM
ASTM A194 Grade 7M
ASTM A194 Grade 8MA

Nonexposed bolting

xposed bolting and fasteners may be furnished to applicable ‘standards such as ASTM A193,

es or other parts that are not directly exposed to sour envirénments, and shall be dire

Metallic coatings (electroplated or electroless); conversion coatings, and plastic coatin|
ot allowed for preventing SSC of base metals”The use of such coatings for any other py

Nitriding is an allowed surface diffdsion treatment when performed at a temperatur

Nitriding is not expected*to lower resistance to SSC. However, nitriding has been sh
sion resistance of stainless steels by removing chromium from solution. The designer is caut]

Generalyrequirements for special components

kternally on
ctly exposed

gs or linings
rpose (such
d.

e below the
notallowed.

wn to lower
ioned to take

llic materials for special components including instrumentation control devices, sea

standard to spec1f1c uses.

18.2

Bearings

18.2.1 Bearings directly exposed to sour environments shall be made from materials that meet the
requirements in Clause 13 or Clause 14, except as noted in 18.2.2. Bearings made from other materials

shall

be isolated from the sour environment to function properly.

18.2.2 Nickel-chromium-molybdenum-tungsten alloy UNS N10276 is allowed for bearing pins (e.g. core
roll pins) in the cold-worked condition. The hardness shall not exceed 45 HRC.
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18.3 Springs

18.3.1 Springs directly exposed to the sour environment shall be made from materials that meet the
requirements in Clause 13 or Clause 14, except as noted in 18.3.2 to 18.3.4.

18.3.2 Cobalt-nickel-chromium-molybdenum alloy UNS R30003 is allowed for springs in the cold-
worked and age-hardened condition. The hardness shall not exceed 60 HRC. UNS R30035 is allowed for
springs in the cold-worked and age-hardened condition when aged for a minimum of 4 h at a temperature
no lower than 649 °C (1 200 °F). The hardness shall not exceed 55 HRC.

18.3.3 NicK
condition. T

el-chromium alloy UNS N07750 is allowed for springs in the cold-worked and age-hardened
he hardness shall not exceed 50 HRC.

18.3.4 UNS
condition. T

N07090 is allowed for springs for compressor valves in the cold-worked and‘age-hardened
he hardness shall not exceed 50 HRC.

18.4 Instrumentation and control devices

18.4.1 Genleral requirements for instrumentation and control devices

18.4.1.1 In
made from 1

strumentation and control device components directly exposed to sour environments shall be

naterials that meet the requirements in Clause 13 or Clause 14.

18.4.1.2 UN
nickel alloy
control tubil
in Clause 13

[S S31600 austenitic stainless steel, highly alloyed austenitic stainless steel (see 13.]
[see 14.1) materials are allowed for compression fittings, screen devices, and instrume
g even though these components may not satisfy the requirements stated for those matg
or Clause 14.

), or
nt or
brials

18.4.2 Diaphragms, pressure-measuring devices, and pressure seals
18.4.2.1 Di
environmen|
as noted in ]

sour
kcept

hphragms, pressure-measuring devices, and pressure seals directly exposed to a
[t shall be made from matérials that meet the requirements in Clause 13 or Clause 14, e
8.4.2.2t018.4.2.5.

18.4.2.2 Co
diaphragms

18.4.2.3 Co

balt-nickel-chromium-molybdenum alloys UNS R30003 and UNS R30004 are allowe

balt-nickel}chromium-molybdenum-tungsten alloy UNS R30260 is allowed for diaphr4

pressure-measuring devices, and pressure seals. The hardness shall not exceed 60 HR(.

d for

gms,

pressure-measuring devices, and pressure seals. The hardness shall not exceed 52 HRC.

18.4.2.4 Pr may
be manufactured of wrought cobalt-chromium-nickel-molybdenum alloy UNS R30159 with the primary
load-bearing or pressure-containing direction parallel to the longitudinal or rolling direction of wrought
product. The hardness shall not exceed 53 HRC.

psstire seals shall comply with the material requirements in Clause 13 or Clause 14 oy

18.4.2.5 Wrought UNS N08904 is allowed for use as instrument tubing in the annealed condition. The
hardness shall not exceed 180 HV 10.

18.5 Seal rings and gaskets

18.5.1 Seal rings directly exposed to a sour environment shall be made from materials that meet the
requirements in Clause 13 or Clause 14.
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18.5.2 Austenitic stainless steel APl compression seal rings and gaskets made of wrought or centrifugally
cast ASTM A351 Grade CF8 or CF8M chemical compositions are allowed in the as-cast or solution-annealed
condition. The hardness shall not exceed 160 HBW (83 HRBS).

18.6 Snap Rings

18.6.1 Snap rings directly exposed to a sour environment shall be made from applicable materials that
meet the requirements in Clause 13 or Clause 14, except as noted in 18.6.2.

18.6.2 Precipitation-hardenable stainless steel alloy UNS S15700 originally in the RH950 solution-
annepled and aged condition is allowed for snap rings when further heat treated in accordapce with the
threg¢-step heat treatment procedure below. The hardness shall be 30 to 32 HRC.

a) Temperat 621 °C (1 150 °F) for 4 h, 15 min. Cool to room temperature in still git.
b) Temper at 621 °C (1 150 °F) for 4 h, 15 min. Cool to room temperature instill air.

c) Temperat 566 °C (1050 °F) for 4 h, 15 min. Cool to room temperature in still air.
18.7] Special process parts

18.7}1 Cobalt-chromium-tungsten and nickel-chromium-borén alloys, whether cast, powder-metallurgy
processed, or thermomechanically processed, are allowed.

18.7}2 Tungsten-carbide alloys, whether cast or cemented, are allowed.

19 Valves

19.1] Valves shall meet the requirementscof Clause 19 if they are to be exposed to sour envirgnments (see
Clauge 6). A common failure mode of{gate valves exposed to sour environments and not fabjricated with
hardhess-controlled components is a, dropped gate, rendering the valve inoperable.

19.2| Valves (new or recofiditioned), including internal components, shall be manufactured or
remgnufactured from materials that meet the requirements in Clause 13 or Clause 14.

20 Compressorsand pumps

20.1| Compréssor and pump components that are to be exposed to sour environments (sge Clause 6)
shall|be maniufactured from materials that meet the requirements in Clause 13 or Clause 14, except as
noteql in'20.2 to 20.3.

20.2 ASTM A278 Class 35 or 40 gray cast iron and ASTM A395 ductile iron are allowed as compressor
cylinders, liners, pistons, and valves. Aluminium alloy ASTM B26 A03550-T7 isallowed for pistons. Aluminium,
soft carbon steel, and soft, low-carbon iron are allowed as gaskets in compressors handling sour gas.

20.3 UNS G43200 and a modified version of UNS G43200 that contains 0,28 % to 0,33 % carbon are
allowed for compressor impellers at a maximum yield strength of 620 MPa (90 ksi) provided they have
been heat treated in accordance with the following three-step heat treatment procedure.

a) Austenitize and quench.

b) Temper at 621 °C (1 150 °F) minimum, but below the lower critical temperature. Cool to ambient
temperature before the second temper.
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c¢) Temper at 621 °C (1 150 °F) minimum, but lower than the first tempering temperature. Cool to
ambient temperature.
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Sulfide species plot

The plot in Figure A.1 shows sulfide species as a function of pH. This plot was constructed based on the
equilibrium constants for H»S in Section 8-41 of CRC Handbook of Chemistry and Physics, 72nd Edition
(see p.3 for further explanation).
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Figure A.1 — Sulfide species plot for closed system at 25 °C (77 °F)
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Annex B
(informative)

Background information on hardness testing and requirements

B.1 Accurate hardness testing requires strict compliance with the hardness test methods described in

the appropria

B.2 Rockw

ata /\C"l‘l\/f oF le\ nf—nr\rlnvﬂn

TC1ITOT Torortry

bell hardness test methods, performed in accordance with ASTM E18 or ISO £6508-1

relatively qulick, direct-reading tests, and as such they are commonly used in manufacturing environm

These hardn
relatively sny
the hardnes|
sensitive, arj
size restricti
locations, an

NOTE B

ess test methods use loads ranging from 147 N (15 kgf) to 1 470 N (150 kgf)vBecause
jall loads that are used, the hardness indentations are small, and the measutements repr
s in a very localized volume of material. Therefore, these hardness test'methods are
d are suited for identifying localized hard spots. Drawbacks to these-test methods ar
ons on components that can be tested, geometrical limitations that'\prevent testing in ce
d lack of portability.

ginning in the 2011 revision of ASTM E18 and the 2012 editign,of ASTM A370, use of a harg

steel ball is permitted only for testing thin sheet tin mill products as found in specifications ASTM A62

A623M using
now perform
performed in|
carbide ball,
“HRBS” valug
because of th
conversion t3

HR15T and HR30T scales with a diamond spot anvil. All'other Rockwell “B” hardness test
ed with a tungsten carbide ball. The scale designations for Rockwell “B” hardness measurer
the past with a steel ball are designated “HRBS”. ForRockwell “B” tests performed with a tun
the scale designation is “HRBW.” The hardness values shown in this International Standard 4
s, because all testing in the past used the steebball indenter. HRBS and HRBW test results

e different mechanical properties of the two-ball indenters. There are currently no standar
bles available for conversion of HRBS to HRBW.

, are
ents.
fthe
psent
very
e the
rtain

lened
8 and
ng is
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re all
differ
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plves

B.3 The Brinell hardness test method, performeéd in accordance with ASTM E10 or ISO 6506-1, invj
creation of @n indentation, optical measurement of the indentation diameter, and calculation

hardness value. Because of the relatively:large test loads used, this test method produces a harg
value thatre

method are
testing in ce
be performs
performed i

B.4 Comp
testers) use
known hard

Comparison hardness testing is performed in accordance w1th ASTM A833.The hardness values obtained
using comparison hardness testers correlate directly to Brinell hardness values obtained using testing
parameters discussed in B.3.

B.5 The macro Vickers hardness test method, performed in accordance with ASTM E384 (which has
replaced ASTM E92) or ISO 6507-1, is similar to the Brinell hardness test method except it makes use of a
diamond pyramid indenter. The advantage of the Vickers hardness test method is that it provides relatively
load-independent hardness values when performed with loads ranging from 0,25 N (25 gf) to 1,180 N
(120 kgf). It is common practice to use 49 N (5 kgf) or 98 N (10 kgf) Vickers hardness testing for welding
procedure qualifications because this produces an accurate assessment of the weldment HAZ hardness.
Vickers hardness criteria have been specified for a few selected welding procedure qualifications in this
International Standard, based on proven field experience. Further details are available in NACE SP0472.
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Vickers hardness is designated as HV, with the test load in kgf indicated by a suffix number (e.g. 248 HV
10 denotes a Vickers hardness of 248 determined using a 98 N /10 kgf load).

B.6 Hardness requirements specified in this International Standard in HBW units are generally lower
than the equivalent “acceptable” HRC values (which applies to both conventional Brinell hardness testing
and comparison hardness testing) to compensate for nonhomogeneity of some material forms and weld
deposits and/or to account for normal variations in field and/or production hardness testing using the
comparison hardness tester.

B.7 HRCand HRBSare cited for particular materials or product forms under any of the following conditions:

a) hen the raw material specification lists a hardness requirement in HRC or HRBS;
b) hen the industry standard testing method for that product form is HRC or HRBS;

c) hen the material will be tested at the component level.

B.8 | HBW is cited for particular materials or product forms under any of(the following conditions:
a) hen the raw material specification lists a hardness requirement in HBW;
b) hen the industry standard testing method for that productform is HBW;

c) hen the hardness requirement pertains to evaluation“of weld metal hardness, which is most
¢ommonly performed using a portable Brinell hardness tester.

B.9 | A standard fixed-location hardness testing machine may not be capable of testing certain samples
becajise of the sample size, weight, location, accessibility, or other requirements. In these cirfjcumstances,
the use of a portable hardness tester may be the 011ly option available. However, not all portable hardness
testers meet the requirements of ISO or ASTM)standard hardness test methods. The followipg is a list of
portable hardness test standards used for.ferrous materials.

a) ASTM A833, Comparison Hardness

b) ASTM A956, Leeb Hardness Testing

c) ASTM A1038, Portable Harvdness Testing by the Ultrasonic Contact Impedance Method
d) ASTM E110, Indentation Hardness of Metallic Materials by Portable Hardness Testers
e) DIN 50156-1, Leeb Hardness Testing

B.10| Portable_hardness testers that do not meet any of the above standards are deemed to be non-
standard testing equipment and are outside the scope of this International Standard.

B 11 Thaora ara tuazn ot nwbygiane Af st o dnncctnctnre dacormibhad oc £l
Ll ITIICITC Urv Lvvuy lll('lJUl \.)’P\'J \v PUI CUAUIC TIAIUIICOO LLOLUT O, UL JOLITIIUCU Ao TUITUVV O.

a) Portable hardness testers that follow the same test principles as those defined for a standard fixed-
location hardness tester using the same test method, e.g. Brinell, Rockwell, and Vickers test methods
that are included in ASTM E110.

b) Portable hardness testers that measure hardness by a means or procedure that is different than
those defined for a standard fixed-location hardness tester, e.g. Brinell, Rockwell, and Vickers test
methods that are included in ASTM A833, ASTM A956, ASTM A1038, and DIN 50156.

B.12 The most common sources of error when using portable hardness testers are the alignment of
the indenter to the test surface and the timing of the test forces. The user is cautioned to do everything
possible to keep the centerline of the indenter perpendicular to the test surface and to strictly follow the
standard test method procedures.
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B.13 Portable hardness testers are subject to damage when they are moved from one test site to another.
Therefore, the user should be aware of the test method verification requirements when the portable
hardness tester is new, or when adjustments, modifications, and repairs are made that could affect the
application of the test forces or depth measuring system.

B.14 Itisalso important to follow the standard test method requirements for daily verifications before each
use and oriented in the position thatitwill be used to ensure that they are working properly. Itisrecommended
that the daily verification be repeated occasionally during testing and after testing is completed.

B.15 Precision is the closeness of agreement between test results obtained under prescribed conditions.

Bias is a syzﬁmﬁrm&atcmﬂﬁutaf%hﬂamcrﬂm&mmﬁbrgrnuﬁmf
results and an accepted reference value. Portable hardness testers, in comparison to fixed-location hdrdness

testers, inhe|

B.16 The u
and bias rul
portable ang

B.17 Precis|
hardness te
user is cauf]
appropriate
its applicati
intended sel

B.18 For e3
that can be
different haj

EXAMPLE 1
EXAMPLE 2

NOTE Af
and likewise

B.19 To be
should be rd

EXAMPLE 1
comparative
the test piece
procedures t

rently introduce larger precision variances and bias errors that influence the test results

Ker should understand that not all portable hardness testing standards inelude pred
es that may be used to establish differences in test results that would b¢ expected bet
| fixed-location instruments.

ion rules, bias rules, and results differ not only between standard«ixed location and por
5t methods, but also between standard portable hardness test methods. Consequently

hardness testing standard(s) should be thoroughly reviewed and considered before appr
bn to meet the hardness requirements in this International Standard for the equipm
vice conditions.

ample, a) and b) below show ASTM E110 values of Rpp (the typical amount of vari
pxpected between test results obtained for:thé same material by different operators ug
dness tester on different days) at two different hardness levels.

Test material hardness: 201 HBW Rpp= 14 HBW
Test material hardness: 543 HBW-Rpg = 39 HBW

bTM A833 is a practice and notatest method. Consequently, it does not contain precision and bias
tis not capable of establishing’precision variances and bias errors that may influence the test re

in compliance witli-the standard portable hardness test listed herein, the hardness nu
ported accordingly. Examples are as follows.

197 HBC/200 where 197 is the hardness determined and 200 is the Brinell hardness
test bar; the identification of the manufacturer’s equipment and the diameters of the impressi
and comparative test bar is also reported when using a portable comparative hardness tests
nat meét the requirements of ASTM A833.

test

ision
lveen

table
y the

joned that all portable hardness testers should not be censidered as equals and that the

ving
ent’s

ation
ing a

rules
sults.

mber

f the
nsin
r and

EXAMPLE 2

187 HB (HLG) = Brinell hardness number of 187 that was converted from the Leeb har

ness

number when using a portable Leeb hardness tester and procedures that meet the requirements of ASTM A956
or DIN 50156-1.

EXAMPLE 3

EXAMPLE 4

250 HV (UCI) 10 = UCI hardness number of 250 under a force of 10 kgf when using a portable
Vickers hardness tester and procedures that meet the requirements of ASTM A1038.

22 HRC/P = Rockwell hardness number of 22 on Rockwell C scale when using a portable Roc

hardness tester and procedures that meet the requirements of ASTM E110.

kwell

B.20 Conversion of hardness values from one hardness scale to another can introduce errors. ASTM E140
and ISO 18265 include warnings regarding the limitations and risks associated with conversion of
hardness values, including indications that conversions are not always precise for all metallic materials
and may even be of questionable precision, bias, and uncertainty. These limitations and risks apply to
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hardness conversions involving the various standard fixed-location hardness test methods as well as the
various portable hardness test methods.

B.21 Some fixed-location and portable hardness testers perform internal conversions between hardness
scales using the tables in ASTM E140 or ISO 18265. There may also be some instances where hardness
scale conversions are handled outside of the ASTM E140 or ISO 18265 tables based on proprietary data
or algorithms, especially in some portable instruments where no standardized conversion tables exist. In
either case, conversions may be an additional source inaccuracy and uncertainty.

B.22 Both ASTM E140 and ISO 18265 have specific rules for reporting converted hardness numbers

: el . PR P | I 1 £l
using tremrtapres: LAAIITPICTS dI'T d5 TUITUWS.

a) ASTM E140: When reporting converted hardness numbers, the measured hardness'and test scale
re indicated in parentheses as in the following example:

XAMPLE1 353 HBW (38 HRC)

b) 1SO 18265: Conversion results are reported in a manner that clearly-indicates which method was
sed to determine the original hardness value. In addition, the relevant annex to this Ihternational

$tandard or the table used is given.
EXAMPLE 2

Lonversion ISO 18265 - 50,5 HRC - B.2 - HV
$tandard number: Conversion ISO 18265
Converted hardness value: 50,5 HRC

Table used for comparison: B.2

Driginal hardness test method used: HV

EXAMPLE 3  Ifitis agreed that the-uncertainty of the converted value is to be given, this is ijcluded in the
tesult as follows: Conversion ISO 18265 - (62,0 +1,0) HRC - C.2 - HV

$tandard number: Conversgion'ISO 18265
[onverted hardness value, with uncertainty: (62,0 + 1,0) HRC
Table used for compatison: C.2

Driginal hardness test method used: HV

B.23| Microhardness evaluation, performed in accordance with ASTM E384 using either thle Vickers or
Knodp hardness test method, may be necessary for some components that are too small to |be tested by
conventional (macro) hardness test methods. Microhardness testing uses loads of 9,8 N (1 (kgf) or less.
Micrehkardness tcot;us isore-sensttive-thatmaerohardrress tcot;us nrethodsbeeanseof t very small
indentation size. Because of this sensitivity, microscopic constituents such as second phases can cause
individual hardness readings that are much higher than the bulk hardness. Thus, it is more difficult to
establish general acceptance criteria based on microhardness testing. Individualized microhardness test
procedures and associated acceptance criteria may need to be developed for each material/component
combination being evaluated.
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Annex C
(normative)

lding procedure qualification hardness survey layouts

C.1 Hardness surveys shall be performed on a specimen taken from the WPQT coupon(s) using the

Vickers harg

nacctact mathod vath 2 1o d AFOO N (10 1eaf) o AQ N (C 1rof)
HeS5teStHe o Wit 16aa ot oo g6y =o1<8t7

The standar
(5 kgf) load

C.2 Them
centers of a
whichever is

C.3 The h;
through C.3

C.4 When
welds, a ha
special prog
the manufa
parameters
PWHT cond

C.5 Detail
shown in Fig

C.6 For qualification of procedures utilizing temper bead techniques, the hardness surveys shg

performed 3
Code, excepf
testing shall

C.7 Hardn
allowed if th

a) Carbon

b) All othe

d load is 98 N (10 kgf). Note that for low heat input welds, such as mechanized weldsya
may be necessary to measure the hardness in the HAZ.

inimum distance from the centre of any hardness indentation to any surface, o1 betwee
y two hardness indentations, shall be 1 mm (0.04 in), or the distance required by ISO 65
greater.

irdness surveys shall be performed in accordance with the appropriate layout(s). Figurg
show the required hardness test lines for butt welds.

it is deemed necessary to qualify a special welding procedure to repair flaws in exi
Fdness survey shall be performed in accordance with Figure C.4. The need for a sy
edure shall be based upon agreement between the,end user (or the end user’s agent
turer, and will usually be considered necessary{when there are significant differend
(such as welding process, filler metal, preheat/interpass temperature, heat input, an
tion) between the original welding procedufé and the proposed repair procedure.

5 for placement of hardness indentationrs in butt welds, fillet welds, and weld overlayj
rures C.5 through C.7.

s defined in paragraph QW-290.5 (c) and Figure QW-462.12 in Section IX of the ASME §
the Vickers testing maybe performed usinga 49 N (5 kgf) load, and instrumented indent|
not be allowed.

ess surveys perfermed in accordance with the layouts in NACE MR0175/ISO 1515
e testing wasperformed prior to the following dates:

steels: 2009-01-01;

r nfaterials requiring hardness surveys: 2011-01-01.

49 N
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C.8 Hardness surveys performed in accordance with the layouts in NACE MR0103 or NACE SP0472 are
allowed if the testing was performed prior to 2015-01-01 (or the release date of this International Standard).

C.9 Microhardness testing using Knoop or Vickers tests with <4,9 N (500 gf) loads may be considered;
however, the effects of surface preparation, etching, mounting procedures, appropriate criteria, and
other details shall be reviewed and approved by the end user (or the end user’s agent) before being used.
Guidance on these hardness test techniques is given in ASTM E384.

C.10 Individual HAZ hardness readings exceeding the value permitted by this International Standard
shall be considered acceptable if the average of three hardness readings taken in the equivalent HAZ
profile location adjacent to the hard HAZ reading (by repolishing the existing specimen taken from that
WPQT coupon or taking additional specimens from that WPQT coupon) does not exceed the values
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permitted by this International Standard and no individual hardness reading is greater than 5 % above
the specified value.

C.11 The hardness test results shall be appended to the PQR. The results shall include a sketch of the
hardness test locations and corresponding results.

Figure C.1 — Rows of indentations in‘butt welds from one side

(bas

Coupon Thickness, T
e metal thickness or weld deposit thickness,
whichever is smaller)

Survey Lines/Types Required

Example: 1A is survey line 1, using line tyjpe A.

See Figure C.5 for butt weld survey line types.

Process contacts the cap
side
(top)

Process contagdts the root

side (botfom)

7,5 mm and over,

Lines 1A, 1B, 2A, and 2B

6mm<T<75mm

Lines 1A, 1B, and 2A |

Lines 1A, 2A} and 2B

4,5mm < T<6mm

Lines 1A and 2A

2mm<Tx4,5 mm

Line 1A

Line 2A

T <2 mm

Line 1A (reduced test force
may be required)

Line 2A (reduce(d test force

may be required)
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