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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
electrotechnical standardization.

matters of

The procedures used to develop this document and those intended for its further maint
desfribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeé
different types of ISO documents should be noted. This document was drafted in accordan
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

enance are

ded for the
e with the

Attention is drawn to the possibility that some of the elements of this document may be th¢ subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rightg. Details of
any|patent rights identified during the development of the document will.be“in the Introduction and/or

on thhe ISO list of patent declarations received (see www.iso.org/patents}):

Anyf trade name used in this document is information given for the;eonvenience of users arnd does not

conptitute an endorsement.

For[an explanation of the voluntary nature of standardsyithe meaning of ISO specific
expressions related to conformity assessment, as wellras information about ISO's ad
the| World Trade Organization (WTO) principles in, the Technical Barriers to Trade
wwjw.iso.org/iso/foreword.html.

terms and
herence to
[TBT), see

Thif document was prepared by Technical Commmittee ISO/TC 67, Oil and gas industries inclyiding lower

Co
natyral gas industries, in accordance with the Agreement on technical cooperation betwe
CEN (Vienna Agreement).

cai;ion energy, in collaboration with the European Committee for Standardization (CEN] Technical
mittee CEN/TC 12, Materials, equipment and offshore structures for petroleum, petrochemical and

bn [SO and

Thip second edition cancels ahd ‘replaces the first edition (ISO 23936-1:2009), which has been

technically revised.
Thg main changes are asfellows:

— |added a short-term; single temperature 28-day non-H,S material stability evaluation as

Level 2;

— |added a 56<day total duration target for the traditional three temperature Arrheniys material

degradation-evaluation as Level 3 and this is very similar to the previous edition;

— | moyed:the life estimation analysis requirement to Level 4 and this new section has a 18
duration target for the Arrhenius material degradation evaluation;

[0-day total

— added life estimation analysis examples for plastics.
Alist of all parts in the ISO 23936 series can be found on the ISO website.

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

Non-metallic materials are used in the petroleum, petrochemical and natural gas industries for a wide
range of components. The purpose of this document is to establish requirements and guidelines for
systematic and effective planning, for non-metallic material selection to achieve cost effective technical
solutions, taking into account possible constraints due to safety and/or environmental issues.

This document will be of benefit to a broad industry group ranging from operators and suppliers to
engineers and authorities. It covers relevant generic types of non-metallic material (e.g. thermoplastics,
elastomers, thermosetting plastics) and includes the widest range of existing technical experience.
Coatings are excluded from the scope of this document.

This docurhent complements the ISO 15156 series on metallic materials in sour service. It differs’in|the
form of guldance provided to the user related to the potential degradation of desired propérties when
used in equiipment for oil and gas production environments. The ISO 15156 series provides applicafion
limits and fualification requirements for metallic materials in H,S-containing environments, whichfare
related sol¢ly to relevant environmentally assisted cracking mechanisms.

This docurhent recognizes that a wider range of compounds and parameters infliience the degradation
of non-metallic materials and thus provides guidance to permit selection of‘'materials for hydrocarpon
exploration and production applications based upon stability in appropriate-test conditions.

vi © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=ded0015b24c93f40405d995d277ae250

INTERNATIONAL STANDARD

ISO 23936-1:2022(E)

Oil and gas industries including lower carbon energy —
Non-metallic materials in contact with media related to oil
and gas production —

Part 1:

Thermoplastics

CAUTION — The non-metallic materials selected using this document are resistant tc

env
all
ser

1

Thi
ass

ironments in the petroleum and natural gas industries, but not necessarily imm
service conditions. This document allocates responsibility for suitability for thg
vice in all cases to the equipment user.

Scope

5 document gives general principles, specifies requirements and gives recommendati

the given
hine under
intended

ns for the

bssment of the stability of non-metallic materials for service in equipment used in ¢il and gas

exp|

to Help avoid costly degradation failures of the equipmentitself, which could pose a risk to|

an

for |quality assurance. It supplements but does not-féeplace, the material requirements g

ap

Thi
be (
wit
of t

Thi
pro

Thd
gas

Blis
Thi

hydrocarbof_production conditions to aid the selection of materials for equipment des

con
SCO

oration and production environments. This information@ids in material selection. It can
safety of the public and personnel or the environinent. This document also provide

opriate design codes, standards or regulations.

5 document addresses the resistance of thefmoplastics to the deterioration in properti
aused by physical or chemical interaction with produced and injected oil and gas-field
h chemical treatment. Interaction with sunlight and ionizing radiation are excluded fron
is document.

cesses and equipment.

equipment consideredtincludes, but is not limited to, non-metallic pipelines, piping, li
kets and washers.

tering by rapid-gas decompression is not included in the scope of this document.

5 document,.applies to the assessment of the stability of non-metallic materials in

tructéd using conventional design criteria. Designs utilizing other criteria are exclud
e.

be applied
the health
5 guidance
ven in the

bs that can
media, and
 the scope

5 document is not necessarily suitable for application to equipment used in refining or dgwnstream

hers, seals,

simulated
igned and
bd from its

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 75-1, Plastics — Determination of temperature of deflection under load — Part 1: General test method

ISO 75-2, Plastics — Determination of temperature of deflection under load — Part 2: Plastics and ebonite

ISO

178, Plastics — Determination of flexural properties

ISO 306, Plastics — Thermoplastic materials — Determination of Vicat softening temperature (VST)

©IS
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[SO 527-1, Plastics — Determination of tensile properties — Part 1: General principles
[SO 604, Plastics — Determination of compressive properties

ISO 868, Plastics and ebonite — Determination of indentation hardness by means of a durometer (Shore
hardness)

ISO 1183-1, Plastics — Methods for determining the density of non-cellular plastics — Part 1: Immersion
method, liquid pycnometer method and titration method

ISO 2039-2, Plastics — Determination of hardness — Part 2: Rockwell hardness

[SO 3451-1| Plastics — Determination of ash — Part 1: General methods

ISO 6721-11, Plastics — Determination of dynamic mechanical properties — Part 11: Glass transition
temperature

ISO 11357-R, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determinatiopofglass transition
temperatute and step height

ASTM D63B, Standard Test Method for Tensile Properties of Plastics

ASTM D648, Standard Test Method for Deflection Temperature of Plastics,Under Flexural Load in|the
Edgewise Hosition

ASTM D695, Standard Test Method for Compressive Properties of Rigid Plastics
ASTM D78p, Standard Test Method for Rockwell Hardness of Plastics and Electrical Insulating Materials

ASTM D79D, Standard Test Methods for Flexural Properties.of Unreinforced and Reinforced Plastics jand
Electrical Ipsulating Materials

ASTM D792, Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastic§ by
Displacemdnt

ASTM E16§0, Standard Test Method for Assignment of the Glass Transition Temperature By Dyndmic
Mechanical Analysis

ASTM D178, Standard Test Method for) Tensile Properties of Plastics by Use of Microtensile Specimens
ASTM D22#0, Standard Test Methad for Rubber Property-Durometer Hardness
ASTM D56B0, Standard TestMethod for Ash Content in Plastics

3 Termis, definitions and abbreviated terms

3.1 Terms-and definitions

For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

3.1.1

batch

specified quantity of raw material, packaging material or product issued from one process or series of
processes so that it could be expected to be homogeneous

[SOURCE: ISO 22716:2007, 2.3 with modification: “defined” changed into “specified”]

2 © IS0 2022 - All rights reserved
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3.1.2
certificate of conformance
document issued by the manufacturer in accordance with specific requirements

Note 1 to entry: The specific requirements shall be the requirement stated in this document or in the purchase
order.

3.1.3
component
individual, finished thermoplastic shape

3.14
compound
intimate mixture of a polymer or polymers with other ingredients such as fillers, plasticiZer, catalysts
and| colorants

[SOPRCE: ISO 472:2013, 2.184]

3.15
conjversion process
manufacturing process that converts a compound into a plastic shape‘gb component

3.1l6
end user
oil dnd/or gas operating company

tic (glassy)

thefmoplastic material for protection of medium-contacted surfaces of pipes, piping, pjpelines or
equlipment

3.1{11
lot
parf of abatch or part of a continuously manufactured thermoplastic material

3.1.12

maximum operating temperature

maximum temperature to which a componentis subjected, including deviations from normal operations,
such as start-up/shutdown

3.1.13
maximum rated temperature
upper limit temperature that the material can be used regardless the environment/fluid

3.1.14
neat resin
thermoplastic resin without additives

©1S0 2022 - All rights reserved 3
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3.1.15
operating

temperature

temperature to which a component is subjected during normal operation

3.1.16
pipeline

components of a pipeline system connected together to convey fluids between stations and/or plants,
including pipe, pig traps, components, appurtenances, spools, risers, isolating valves, and sectionalizing

valves

[SOURCE: 1

S0 13623:2017, 3.1.15, modified — Note 1 to entry has been deleted.]

3.1.17
piping
pipe or sys

Note 1 to ¢
integration

3.1.18
precondit
exposure t

3.1.19
room tem
temperatu

3.1.20
seal
deformablg

3.1.21
swelling
increase in

3.1.22

thermople
plastics th
temperatu
by flow int|

[SOURCE: I

3.1.23
washer
flat plate o

tem of pipes for the transport of fluids and gases

ntry: Interruption by different components such as pumps, machines, vessels, does not prec
into one single piping system.

oning
b specified conditions in relevant fluids prior to ageing

perature
Fe of (23 £ 2) °C

b polymeric device designed to separate different environments

volume due to absorption of fluids

stics
ht are capable of being repeatedly softened by heating and hardened by cooling throug

b articles by moulding;extrusion or forming

SO 15750-3:2022,-3.3]

f a material with a centralized hole used to seat bolt heads and nuts, among others

ude

rh a

Fe range characteristic of'the plastics and, in the softened state, of being repeatedly shaped

3.2 Abb

amiatead tormc

Af
CDF
cocC
cov
DMA
DSC

CVIOCCTr CCTIILY

acceleration factor

critical degradation factor
certificate of conformance
coefficient of variation
dynamic mechanical analysis

differential scanning calorimetry

© IS0 2022 - All rights reserved
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FEP fluorinated ethylene propylene
HDT heat distortion temperature
KCl potassium chloride

PA polyamides

PFA perfluoroalkoxy

PEEK polyether-ether ketone

PTHE polytetrafluoro-ethylene
PTHEm polytetrafluoro-ethylene modified
PVIDF polyvinylidene fluoride

QC quality control

ST softening temperature

4 |Technical requirements

4.1 General requirements

Thegrmoplastic selection depends upon material praperty characteristics and fluid ageing|behaviour.
Thif document establishes four levels of testing fexr the purpose of comparing the propertieg of various
thefmoplastic materials. Material property dat&’will be generated at the four levels to allow] consistent
conjparison of the subject materials. Generic data shall be derived per Level 1 and Level 2 including
threshold criteria, solely for the purpose®of producing information for preselection. Whete the user
reqpires accelerated ageing material stability data in a multi-phase H,S containing fluid, L¢vel 3 shall
apply. Where the user requires the material stability data beyond 56 days and an attempted long-term

Level 1 conformance consists)of the characterization and documentation of material prpperties in
a mlaterial data report. It in¢ludes a COC for batch quality control testing. See 5.1 and Tdble 1 for a
brties shall
t with the
for quality

\panied by
hree fluids
material’s

Level 3 conformance pertains to material stability (accelerated ageing) behaviour and shall be
accompanied by a report. Clause 7 provides requirements for Level 3 conformance. The effects on
material properties of three temperature aging evaluations shall be investigated. The intent of Level 3
evaluations is to accelerate material property changes specifically in multi-phase H,S-fluids.

Level 4 conformance pertains to a material stability (long-term) assessment of 180 days or longer
following the methodology as shown by Annex B. Level 4 attempts life estimation and shall be
accompanied by a report. Clause 8 provides requirements for Level 4 conformance. The intent of
Level 4 assessment is to predict the material’s progressive degradation, hence conformance threshold
recommendations are offered for life estimation purposes. The report shall include a thorough account
of data analysis, extrapolation, life estimation, and statistical confidence. Users shall evaluate the

© IS0 2022 - All rights reserved 5
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threshold criteria, life estimation results and all methodology to determine the suitability of materials
for application.

All reports shall detail the testing and analysis that was performed as well as a reference to this
document, i.e. ISO 23936-1:2022.

Laboratory studies using standard test conditions may not derive data that can be used for design
purposes. The user may require fit-for-purpose testing or alternative testing to simulate production
conditions to allow materials selection for final application. Component functional testing is not

detailed in

this document.

For some H
any signifi
first obser
than a deg
PFA, FEP)

carbon fib
Performan
in 7.4 also

If blisterin
4th edition

4.2 Cauf

Designers

Clause 5 W
of conversi
during des

Life estim
the degrad
(up to 1 ye
estimation|
in long-ter

In some c4
well above
are still va

4.3 Trac

For a final
conforms ¥
Conformarj

ighly resistant polymers, the chemicals used for ageing in Level 3 and Level 4 will oL
cant thermal-chemical effect on the polymer even at higher temperatures. In such cases;
Fable change in property would be related to fluid absorption or melting phase change raf
radation mechanism induced by the chemical. Fully fluorinated polymers (e.g. PLFE, PTF
either unfilled or filled exclusively with carbon-based fillers (e.g. graphite;-carbon bl
‘e) are known to behave as such and shall be exempt from Level 3 or Level 4 evaluat
ce of Level 3 or Level 4 testing may reveal other polymers e.g. PVDF in fluid 3.1 and fluid
alling into this category.

b by rapid gas decompression is a concern, a test should be performed according to API
section 6.2.3.3.

ionary remarks

ill accurately represent those properties found in finished product geometries. The met
on is known to have an impact on these properties and that impact should be accounted

gn.

htion usefulness and certainty can increase when longer term data are used to estal
ation trend. Level 3 testing at durations up to 56 days are most useful for shorter t
ar) life estimations and can have réduced certainty for long-term (greater than 1 year)
5. Level 4 testing requires up to 180 day or longer data in an effort to create higher certa
n life estimation.

the target service temperature is not observed. The data and the attempted life estima
uable because they-demonstrate material stability in that test environment.

eability

component to maintain its conformance, it shall be made from a thermoplastic material
vith thissdocument. The entire compound manufacturing process shall be fully traces
ce records shall include a reference to this document, i.e. ISO 23936-1:2022.

oc ckhaoll L 3 1

ave
the
her
Em,
hck,
ion.

3.2

17)

should not assume that properties provided in d<miaterial data report as explained in

hod
for

lish
Prm
life
nty

ses, progressive degradation of thermoplastics over long periods of time at temperatyres

Fion

that
ble.

Each com

Adaaad I DI TEIIA T s Lla L
O ATt aCCUTITP aITy TITS GO G STTdiIT OC tTatTaoTC  UdtIX

ot RIS adaaginal £ FREpen h
CO—IICCOTITpOUTIO ITarTarac taur C1~ rac

company that participates in the manufacture of a compound that conforms with this document shall
maintain traceability records for a minimum of 10 years that include its own manufacturing procedures,
locations, and dates.

Further requirements on conformance and traceability over the supply chain can be found in relevant
product standards and agreed between interested parties.

© IS0 2022 - All rights reserved
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Test specimen identification

1 Coding overview

The specimen fabrication details shall be reported using the following identification code system:

moulding (for individual codes see 4.4.2);
orientation (for individual codes see 4.4.3);

form (for individual codes see 4.4.4);

The

EXA
and

1
2)

4.4

Pro

post treat (for individual codes see 4.4.5);

shaping (for individual codes see 4.4.6).

test specimen identification shall give the following information:
test standard;

specimen type;

test speed;

identification code.

MPLE Sample test call out for an ISO 527-1 or ASTM D638 tensile test with injection mouldg
Type V specimens respectively:

1SO 527-1, 1BA, 50 mm/min (MI/OA/FN/PA/SN);
ASTM D638 - TV, 2"/min (MI/OA/FN/PA/SN);

2 Moulding

injection (MI): process of m@ulding a material by injection under pressure from a heat
through a sprue into the cavity of a closed mould;

compression (MC): oad/pour material into mould, heat, and then consolidate meltg
under uniaxial orisOstatic compression;

transfer (ME): process of moulding a material by passing it from a heated pot into the
closed, heatéd mould;

extrusion’ (ME): transfer melted material into a shape using a die in a continuous procesg

rotational moulding (MR): load material in mould, heat and rotate, where inertial forces

d Type 1BA

cess used to convert a pellet, flake; powder, resin, etc. into a shape and is the final forminlg step:

bd cylinder

d polymer

cavity of a

S;

hre used to

cancalidateathatharmanlctio.

)

g)
h)

©IS

COTTSUTTO O tCTIIC T T IITO pPIa S T,

casting (MS): transfer melted material into a mould with only the force of gravity acting on the

thermoplastic;
additive (MA): manufacturing methods that add layers of material by a melt process;

new methods (MZ).

02022 - All rights reserved
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4.4.3 Orientation

Orientation pertains to the alignment of molecules or fillers compared to the longest dimension of the
test specimen.

a) none (ON): isotropic with insignificant x, y, z variation of properties;

b) axial or flow direction (0OA): longest dimension of the specimen is parallel to the orientation

directi

on (i.e. injection moulded tensile bar);

c) hoop or transverse (OT): longest dimension of the specimen is transverse to the orientation

directjorrtire—flexspecimencutfromhoopplaneof amrextrudedtubey————

444 Fo
Form desc}
a) finalp
b) rod (F
c) tube (1
d) plate/s
e) film (H

f) other flinished (FO): part that the specimen is cut from.

4.4.5 Popttreatment

Annealing
form.
a) none (
mould
b) anneal
to ISO
c) sinterg
d) enviro
44.6 Sh
Cite the pr

'm

ibes the source of the test specimen.

hrt (FN): the finished test specimen;

R): solid cylinder;

‘T): hollow cylinder;

heet (FP): greater than or equal to 1,27 mm (0,050 inch) thick;
F): less than 1,27 mm (0,050 inch) thick;

PN): has not undergone a post-moulding heat cycle process and in which conditioning “dr
bd” according to material standards, e.g. for PA-U 12 see ISO 16486-2;

ed (PA): has undergone apost-moulding heat cycle process, e.g. annealing for 48 h accor¢
0578 or according to material standards;

d (PS): hot sintering)of a cold moulded precursor (or green parts);

pmentally conditioned (PE), e.g. 98 % humidity at 50 °C for 48 h.

Aping

bcess used to shape the specimen.

pr post cure comprising temperature cycles that alter the physical properties of the moulded

y as

ling

A NAY

a) netsh

ldad intat i H ikl rs
lJC Ldl‘)- ITTUUIUCTU ITITU LT O U DPCLIIIICII vV ILIT 11U lJUDL Pl ULTSS,

b) machined (SM): material removed with cutting tool;

c) stamp

4.4.7 Te

ed (SS): specimen die cut from a formed sheet or a sheet machined from a different form.

st specimen fabrication for Level 2, Level 3 and Level 4 ageing experiments

Test specimens shall be produced using a single fabrication process suitable for test specimens.

© IS0 2022 - All rights rese
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Validation of conformance

A compound loses its conformance if changes are made to the raw material supply, the compound
formulation or the compound manufacturing process. New testing is required for each desired level of

con

formance.

If Level 4 conformance is complete prior to change, new Level 4 testing is not required if Level 1, Level 2
and Level 3 test results are equal or improved compared to previous Level 1, Level 2 and Level 3 test
results.

If compounding is carried out at different plants/locations, a separate Level 1 conformance is required

for fach plant.

Le
ma
The
con
for

1 1 to Level 4 testing is not required on the component if no compositional changes
e to the compound during the conversion process, regardless of the conversion,process

influence of the conversion process on the physical properties and fluid ageing behay
ponent is outside the scope of this document. To evaluate this influence testing should be
Lhe level of information needed, as described by Clause 5 to Clause 8, usihg’test specime

manufactured from the conversion process used to produce the component!

5

5.1

Tab
init

Level 1 - Material property characterization

General

al documentation of properties and batch QC are given.

have been
being used.
iour of the
performed
ns that are

e 1 gives the required documentation of materiakproperties. Requirements pertaining both to

Table 1 documentation properties shall be presented as a material data report. This mdterial data

rep

cha

Thd
QC

spe

brt shall be made available to all companies.j# the supply chain.

Tabte 1 QC properties for each batch of thermoplastic shall be presented as a COC. This CO(
be

assed through each company within‘the supply chain to the end user. Each company in
n shall ensure that the COC of the compound is available if requested.

material’s QC threshold criteria shall be based on batch testing of the compound. The
threshold criteria shall bé hoted in the COC and in the material data report. The user ¢
Cify the necessary requirements with tolerances in the purchase specification.

shall then
the supply

material’s
an further
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Table 1 — Required documentation for thermoplastic material properties

Minimum quality

Properties Documentation? control testsb
Specific gravity: ISO 1183-1 or ASTM D792 D Bfs
Ash content for filled materials: ISO 3451-1 or ASTM D5630 D -
Hardness IRHD/Shore D: ISO 868 or ASTM D2240 or Rockwell: D )
ISO 2039-2 or ASTM D785
Tensile yield stress, maximum stress, modulus, strain at break at D Be
(23 +£2)°C:1SO 527-1 or ASTM D638
Tensile yield stress, maximum stress, modulus, strain at break: D )
ISO 527-1 of ASTM D638 at maximum rated temperature.
Tensile strgngth, elongation at break: ASTM D1708 for sintered D B¢
PTFE materials at (23 = 2) °C
Tensile strgngth, elongation at break: ASTM D1708 for sintered D )

PTFE materials at 150 °C
Flexural m¢dulus and strength at (23 * 2) °C: ISO 178 or ASTM D790 D Be
Flexural m¢dulus and strength: ISO 178 or ASTM D790 at maximum

rated tempprature. D i
Glass transjtion temperature by DSC: ISO 11357-2 Dd -
Glass transjtion temperature by DMA: ISO 6721-11 or ASTM E1640 Dd -
Compressiye strength at (23 = 2) °C: ISO 604 or ASTM D695 D -
Compressivye strength: ISO 604 or ASTM D695 at maximum rated D )
temperatuie.

HDT: ISO 7%-1,1SO 75-2 or ASTM D648 De -
ST:ISO 306 De -

a2 D:Propérties to be documented for each manufacturer for each compound (material data report).
b B:Propdrties to be documented on a batch-wise bagi$,-minimum 5 specimens.

¢ Either t¢nsile or flexural shall be used for QC purposes.

d  Either DMA or DSC shall be used as appropridte for material. DMA full form should be provided.

e Either HDT or ST shall be used as apprepriate for material.

f For spedific gravity one specimen only.

g  Optiona| for PVDF unfilled.

5.2 Reporting

5.2.1 Mgqterial data report

The materfal data report for each compound shall include as a minimum the following:

a) manufacturer contact information;

b) values for the documentation tests in Table 1;

c) teststandards options such as method, specimen type, test speed;
d) specimen identification call out for each test method;

e) conformance statement with reference to the Level 2 fluid ageing report and a reference to this
document, i.e. ISO 23936-1:2022;

f)  QC threshold criteria.
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5.2.2 Certificate of conformance
The COC for each batch shall include as a minimum the following:
a) manufacturer contact information;

b) batch results including for averages, standard deviations, and threshold criteria of the QC tests in
Table 1;

c) teststandards options such as method, specimen type, test speed;

d) specimen identification call out for each test method;
e) |batch production date and unique identification;
f) |signature approval by an authorized quality representative;

g) |conformance statement with reference to the material data report and Leyél 2 fluid agging report,
including a reference to this document, i.e. ISO 23936-1:2022.

6 |Level 2 - Material stability (short-term)

6.1/ General

Thip clause specifies the tests that shall be performed in order to document the 28-day| maximum
matlerial stability temperature in the reported test fluid«(see 6.2.4). Test procedure is listed in Annex A.

6.2| Test criteria

6.2]1 General

The conformance requires the following:

a) |exposure shall be performed in‘Fluid 2.1 through Fluid 2.3 listed according to 6.2.4.

b) |Fluid 2.4 may also be testediand reported as bespoke;

c) |results of physical and mechanical tests shall meet threshold criteria according to 6.2.6;

d) |Level 2 report shall-be made available.

6.212 Exposuretemperature

The upper_temperature limit and knowledge of fluid compatibility shall be consideregl to select
an pxpesure temperature. Exposures can be run at different temperatures for the diffefent fluids.
Exposures can be run multiple times in an attempt to find the high temperature limit. Thle reported
te pet ature 1cylcacuto the hishcot exposure tculycu:ltulc that—futfHs—at oycuiﬁcd 1cquirements

according to 6.2.6 at each duration according to 6.2.3.

6.2.3 Exposure durations

The exposure durations for Level 2 testing shall be 2 days, 7 days, 14 days, 28 days. Exposure can be
longer as bespoke. Tolerances shall be in accordance with Table A.2.

6.2.4 Test fluids
Air ageing is significant because many components and seals are exposed to air on the external surfaces

of equipment while exposed to oilfield fluids on the inner surface. KCl brine is a common light-weight
well fluid that identifies a material’s resistance to swelling, polymer hydrolysis, and filler interface
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degradation in an aqueous solution. Pure water is not common in service. Aromatic hydrocarbon
exposure will identify a material’s resistance to swelling and polymer softening. Bespoke fluids,
consistent with a particular application environment or product specification may be used as Fluid 2.4.

Test fluids are:

a) Fluid 2.1: air;

b) Fluid 2.2: aqueous: 3 wt-% KCl in de-ionized or distilled water;

c) Fluid 2.3: aromatic hydrocarbon: 70 % heptane, 20 % cyclohexane, 10 % toluene;

d) Fluid 3.4: bespoke fluid such as field stimulation: any fluid including liquid/gas combinatiofis|can
be usefl with the same test methodology.

6.2.5 Prpperty test methods

The followfng properties shall be measured in unaged conditions and after each exposure duratioh so

that changgs in properties at each duration can be calculated:

a) mass;

b) volume;

c) specific gravity;

d) tensild maximum stress, yield stress, strain at break, and«modulus; if material exhibits no yfield
stress,|then stress at break shall be reported.

The properties specified by the tensile test standard uséd (e.g. ASTM D638, ISO 527-1, ASTM D17408)

shall be reported. ASTM D1708, used for PTFE, does ndtinclude yield properties or modulus.

The tensild properties shall be calculated using thé pre-aged dimensions.

For materials that yield in the unaged condition: if a zero-slope yield point is difficult to geneifate,

then an offset yield point shall be used. The/method adopted shall be reported and used consistehtly

throughouf the program. The 1 % offsetyield point is given as a common method. If a different per¢ent

offset gengrates more consistent results, then that value shall be used throughout the entire fest

program anhd shall be reported. ASTM D638 describes the method for determining the offset yield pqint.

ISO 527-1 describes the determination of the yield point of plastic tensile.

For materipls that do not yield in the unaged condition but yield in the exposed condition, then yfield

stress changes shall be incorporated into the analysis. In this case, the initial yield stress shal| be

generated pising a 1 %.offset yield stress. If no initial 1 % offset yield stress exists, then the maxinjum

stress shal| be determined and documented. When gathering yield stress of the exposed specimens/|the

1 9% offset yield stress method shall be used.

When gengdrating modulus data, multiple methods can be used. The same modulus calculation method

shall be usedfortheemntiretestprogranr

NOTE A “Young’s Modulus” or “Automatic Young’s Modulus” is sometimes automatically generated by the
tensile machine software and the software uses a least-squares fit to determine the initial linear part of the
stress/strain curve. These can have variation, because there is rarely a “linear region” and this region location
can change because of the immersions. Another method is the “Secant Modulus”, which uses the zero point as the
start value and a user selected value for the end point. Common methods are the 1 % or 2 % “Secant Modulus”
and these typically have lower standard deviation than the “Young’s Modulus” methods making the “Secant
Modulus” values more consistent for judging percent changes in modulus properties after immersion.

Additional properties, such as Tg and hardness, may be gathered for information. It shall be ensured
that the method is appropriate for the specimen in the wet condition.
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ted but not

% change.

bdulus and
out for the

6.2.6 Threshold criteria

To aid the evaluation of changes in measured material properties, the following threshold criteria shall
be used:

a) volume change: -1 % to +10 %;

b) tensile maximum stress and yield stress change: +50 %;

c) tensile strain at break change: +50 %;

d) tensile madulus r‘hangp- +509%

The percent change calculations are based on as-received samples.

If the standard deviation is larger than 50 % of the median value, the property shall*he repor
usefl for the threshold criteria.

For|filled thermoplastics, the tensile strain at break change can be extended greater than +5(
In this case, the property shall be reported but not used for the threshold criteria.
For|materials typically tested according to ASTM D1708 (PTFE type€-materials) tensile m
yield properties are not required. For the threshold criteria, the tensile properties called
parficular tensile test standard applied shall be used.

NOTE Different examples show that a change of 50 % strain‘at break (or elongation at break] is|

as threshold (e.g. at PPI TR-19 as option to specify a level of chenyical resistance of thermoplastics inc

for

6.3

Pre
Lev|
cha

Pre
to fi

Pre
to |
pre

6.4

The
ast

EXA

ilfield piping systems).

Preconditioning considerations

ronditioning time and temperature for use'in Level 3 and Level 4 exposures can be estiq

racterize saturation.

ronditioning shall not be performed in liquids prior to Level 2 exposure. If additional w
irther investigate preconditioning using Level 2 methods, this work should be reported.

ronditioning of materidls;in air at a particular temperature and humidity level is all
Level 2, Level 3, or (Level 4 exposure and, if performed, shall be reported (e.g. PA i
fonditioned prior to-fluid exposure testing according to ISO 16396-2 or 1SO 1110).

Reporting

Level 2.%est report shall be done according to Annex A. Level 2 conformance statements
Fucturegiven below in the report citation example.

established
uding those

hated from

el 2 data. Level 2 data reveal the mass ¢hange over time and 28 days is a sufficient amount of time to

brk is done

pwed prior
s typically

shall have

MPLE Company XYZ Material ABC

ISO
ISO
ISO
ISO

©IS

23936-1:2022 Conformance to Level 2, Fluid 2.1 (180 °C, air)
23936-1:2022 Conformance to Level 2, Fluid 2.2 (240 °C, 3 % KCl)
23936-1:2022 Conformance to Level 2, Fluid 2.3 (240 °C, aromatic hydrocarbon)

23936-1:2022 Conformance to Level 2, Fluid 2.4 (220 °C, bespoke fluid description)
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7 Level 3 - Material stability (accelerated)

7.1 General

Level 3 characterizes progressive degradation of materials by comparing physical and mechanical
property changes after conditioning at three temperatures according to 7.2. This clause specifies
the required tests and exposures that shall be performed to document the accelerated ageing of
thermoplastic materials exposed to the fluids according to 7.4. Level 3 allows direct comparison of the
changes in properties of candidate thermoplastic materials.

the
old

Ageing at ; C C ¢ a Ul c c Y d eTe a C C d cac v, S STOTCCT S yiw Wete
fluids and [the thermoplastic material, causing property values to change. Pre-determined thxeslh
limits are ysed to evaluate the severity of the changes when comparing materials.

The Level
they see fit

report shall provide property change data that allows the user to analyse the resultf as
. A test procedure shall be followed according to Annex A.

Level 3 evdluations provide data sets at three different temperatures. Three different opportunitigs to

The highedt test temperature is expected to produce the shortest time to the‘threshold limit. Often|the
data curves do not cross the threshold and the most important part of the'analysis involves prgper
extrapolatijon of the data curves to the time that they cross the threshaold criteria. The analyst shallfuse
their judgegment based on documented experience to isolate importantdata and choose the best cyrve
fitting method.

7.2 Exposure temperatures

Exposures|shall be run at three temperatures (T1, T2 and T3). The temperature difference shall ble at
least 10 °Cland preferably 15 °C.

T1 temperature should be high enough for the preperty changes to cross at least one threshold critpria
within 56 [days or within the longest duration;-A T1 temperature that results in the crossing pf a
threshold ¢riteria in less than 7 days can be-too high and shall either be lowered or well justified in|the
final reporf. Some materials might not cross-any threshold criteria within 56 days.

7.3 Exp¢sure durations

Level 3 exposures shall run for 56 days if no threshold criteria are met. Longer exposure durations|are
allowed.

Property te¢sts shall begerformed at a minimum of 4 durations.

Exposure 3t a tempepdture can be stopped before 56 days if three of the following four thresholds|are
met: changes ingnaximum stress, yield stress, modulus, and strain at break.

In the exampple below at T1, three property threshold criteria would have been met by day 21 to allow
stoppage at that time. At TZ, thresholds can or cannot have been met and the exposure was allowed to
run the full 56 days. The T3 immersion study was also allowed to run the full 56 days. The 30-day time
period is within the 28 + 3 day tolerance.

EXAMPLE

T1 Hightemperature 225°C 2 days, 7 days, 14 days, 21 days
T2 Medium temperature 215°C 2 days, 7 days, 14 days, 30 days, 56 days

T3  Low temperature 200°C 2 days, 7 days, 14 days, 30 days, 56 days
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7.4 Exposure fluids

The multiphase H,S fluid combines the effects observed in water and hydrocarbon exposures with an
addition of H,S. These multiphase fluids can be a combination seen in oil and gas environments and are
consistent with existing material ageing standards.

Exposure fluids are:

Fluid 3.1: multiphase 2 % sour gas:

— water phase: 10 volume %, de-ionized water or distilled water;

7.5

In d

— hydrocarbon phase: 60 volume %, aromatic hydrocarbon (70 % heptane, 20 % ¢}
10 % toluene);

Fluid 3.2: multiphase 10 % sour gas:
— water phase: 10 volume %, de-ionized water or distilled water;

— hydrocarbon phase: 60 volume %, aromatic hydrocarbon (70-% heptane, 20 % cy
10 % toluene);

— gas phase: 30 volume %, sour gas (5 % CO,, 10 % H,S,85 % CH, at 6 MPa at room ten
Fluid 3.3: as bespoke.

Initial swelling

rder to provide information on the physicaleffects of the liquid phase, the gas phase {

rclohexane,

— gas phase: 30 volume %, sour gas (5 % CO,, 2 % H,S, 93 % CH, at 6 MPa at reom temperature).

r’clohexane,

\perature).

pecified in

Flujd 3.1 and Fluid 3.2 according to 7.4 shall only be applied after the seven-day data is acquifed. Data at
twd and seven days shall be liquid only exposures with a nitrogen purge and a nitrogen gas ¢ap.

7.6| Property test methods

The property test methods from-Level 2 according 6.2.5 shall apply to Level 3.

7.7| Threshold criteria

The threshold criteria for potentially reducing test durations are given in Table 2.

Test conditions shall be such that threshold criteria are exceeded for at least one Table 2 property, for at
leadt one exposure temperature. If threshold criteria are not exceeded when ageing and incfeasing the
exppsure temperature is not feasible due to material temperature limit, this fact shall be dpcumented
and|the-data shall be reported.

I'able 2 — Threshold criteria

Tensile property change
Yield stress Strain at break Modulus Maximum stress
% % % %
-50 -50 -50 -50

7.8 Preconditioning considerations

Preconditioning is exposure to specified conditions in relevant fluids prior to ageing. Preconditioning
time and temperature for use in Level 3 exposures can be estimated from Level 2 data. Level 2 data

© IS0 2022 - All rights reserved
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reveal the mass change over time and 28 days is a sufficient amount of time to characterize saturation.
Preconditioning may be performed upon agreement between all interested parties.

Preconditioning of specimens such that every specimen experiences a liquid only exposure prior to a
Level 3 multiphase fluid exposure is not common. If this preconditioning effort is performed, it shall be
reported along with the data to justify a preconditioning effort. Preconditioning of materials in air at a
particular temperature and humidity level is allowed and shall be reported if performed.

NOTE 1

that the 56-day specimens would have seen a total of 63 days of exposure.

For example, a material can be preconditioned for 7 days in a liquid prior to Level 3 exposure such

NOTE2
or ISO 1110

7.9 Rep

The Level ]
a structure

OT EeXampie, PA TS typicatty precomditioned priorto fiuidexposure testing according to 1SO—163

prting

 test report shall be done according to Annex A. Level 3 conformance statements shall i
given below in the report citation example.

D6-2

ave

EXAMPLE Company XYZ Material ABC

IS0 23936-1:2022 Conformance to Level 3, Fluid 3.1 (multiphase 2 % sour gas)

[SO 23936-1:2022 Conformance to Level 3, Fluid 3.2 (multiphase 10 % sour gas)

[SO 23936-1:2022 Conformance to Level 3, Fluid 3.3 (bespoke fluid desgription)

8 Level4 - Material stability (long-term)

8.1 General requirements for Level 4 evaluation

This clause specifies test procedures for the _ass€ssment, evaluation and prediction of progrespgive
degradation of thermoplastic materials expgsed to fluids at elevated temperatures over extended
periods of fime. Level 4 exposure is applicable'where it is necessary to forecast material life in a spe¢ific
long-term gpplication and for directly comparing the changes in properties of candidate thermoplgstic
materials.

Level 4 exposure can build upon the’'short-term material stability data from Level 2 and the thermjally
accelerated ageing data from Level 3.

Level 4 copformance pertdins to a material stability (long-term) assessment of 180 days or longer
following the methodology’as shown in Annex B.

This claus¢ specifies)the required types of tests that shall be performed in order to document|the
potential llfe estimation in Fluid 3.1, Fluid 3.2 or bespoke exposure environments. A test procedure

shall be followed according to Annex A.

8.2 Exposure temperatures

Exposures shall be run at three temperatures (T1, T2 and T3). The temperature difference shall be at
least 10 °C.

T1 temperature shall be high enough for the property changes to cross at least one threshold criteria
within 180 days within the longest duration. A T1 temperature that results in the crossing of a threshold
criteria in less than 7 days can be too high and shall either be lowered or well justified in the final
report.
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8.3 Exposure durations

Level 4 exposures shall run for 180 days if no threshold criteria are met. Longer exposure durations are
allowed.

The exposure durations for Level 4 testing should be 2 days, 7 days, 14 days, 28 days, 56 days, 90 days,
120 days, 180 days or more as appropriate. Tolerances shall be in accordance with Table A.2.

Exposure at a temperature can be stopped before 180 days if three of the following four thresholds are
met: changes in maximum stress, yield stress, modulus, and strain at break.

8.4/ Exposure fluids

The Level 4 test fluid requirements shall apply according to 7.4.

8.5 Initial swelling

The Level 4 test fluid requirements shall apply according to 7.5.

8.6 Property test methods

The Level 4 property test methods shall apply according to 6.2.5,

8.7 Guidance for selection of Level 4 test methods

Becpuse Level 4 evaluation is in place to allow forecasting of material property change beyond the
timg frame of the testing duration, a predictive assessment method is required. Annex B provides
recpmmendations for selection of life estimation.methods, but bespoke methods may be utiljzed where
agreed with the end user. In any case, the selected methods shall allow for acceleration of the effects of
the|test fluids on the test specimens without,changing the mode of degradation.

8.8| Preconditioning considerations

Prefonditioning is exposure to specified conditions in relevant fluids prior to aging. Precgnditioning
timp and temperature for use~ini' Level 4 exposures can be estimated from Level 2 data. Lgvel 2 data
reveal the mass change over titme and 28 days is a sufficient amount of time to characterize saturation.
Prefonditioning may be performed upon agreement between all interested parties.

Preronditioning of spécimens such that every specimen experiences a liquid only exposur¢ prior to a
Level 4 multiphase fluid exposure is not common. If this preconditioning effort is performed, it shall be
repprted along with the data to justify a preconditioning effort. Preconditioning of materialf in air at a
particular temperature and humidity level is allowed and shall be reported if performed.

NOTE 1, \VFor example, a material can be preconditioned for 7 days in a liquid prior to Level 4 exposure such
that|the 180-day specimens would have seen a total of 187 days of exposure.

NOTE 2  For example, PA is typically preconditioned prior to fluid exposure testing according to ISO 16396-2
or ISO 1110.

8.9 Evaluation of data for Level 4

This document acknowledges that due to variety of materials responses as a result of fluid exposure,
an extrapolation for service life prediction might not be feasible. In the following subclauses, guidance
rules are provided to assist in the selection of materials based upon their response in short-term tests.
The reporting of data shall include a reference to this document, i.e. [SO 23936-1:2022. The basis of
the analysis of data shall be clearly stated. Guidance procedures are given in Annex B to assist in the
interpretation of data for each material response category.
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By running exposure tests with test fluids at least three different elevated temperatures, three different
times to reach the threshold boundary will result, with the highest test temperature producing the
shortest time to threshold limit.

In some cases, the data do not cross the threshold boundary. The most important part of the analysis
involves proper interpolation or extrapolation of the raw data curves to the time where they cross the
threshold. Approaches to derive such analysis may use linear, polynomial or logarithmic curve fitting
methods. The analyst shall use their best judgement to choose the best curve fitting method. Initial
data points that were generated may also be ignored. The most care should be given to extrapolation of
the raw data. Examples of data interpolation and extrapolation are given in Annex B.

Plotting thle log of time to threshold against the reciprocal of the test temperature should result jin a
linear trenf, enabling an estimate of reliability at the operating temperature.

If progresdive degradation is apparently dependent upon a single chemical ageing process,.a method
based on the Arrhenius relationship may be used as described in Annex B. It is recgmmended that
results always first be assessed on an Arrhenius basis. If an Arrhenius relationship~does not exist or
ageing doep not occur, see Annex B for further guidance.

conditions, equipment, procedures and test report requirements.are’described in detafl in

shold baseline

ipnal requirements of Level 4 primarily involve the meéasurement of longer-term exposuyres

mpt at life estimation. Life estimation requires a threshold baseline to be established
erties in order to calculate the threshold criterja¥alues. The analysis can be done with
d the rationale for this choice shall be included-in the test report. The same baseline s
all tensile properties throughout a given analysis. The following four options can be use

for
one
hall
d to

e percent change of aged data for the Level'4 analysis:
ived tensile properties;

b) 2-day liquid exposure properties;

c) 7-day liquid exposure properties;

d) precorlditioned properties.

8.11 Threshold criteria

The thresHold criteria for'Level 4 exposure are given in Table 3. Other properties and other threshold
criteria mgy be used by-agreement between all parties.

Table 3 — Threshold criteria

Tensile property change

Yield stress Strain at break Modulus Maximum stress
% % % %
-50 -50 -50 -50
NOTE Different examples show, that a change of 50 % strain at break (or elongation at break) is established

as threshold (e.g. at PPI TR-19 as option to specify a level of chemical resistance of thermoplastics incl. those for
oilfield piping systems or at API TR 17TR2 as option to predict lifetime of plasticized Polyamide for unbonded
flexible risers).
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Annex A
(normative)

Test media, conditions, equipment and procedures for ageing
of thermoplastic materials

flammable and can have toxic effects. These media can be extremely hazardous if ngt handled
corfpectly. Multiphase mixtures give particular problems. Hydrogen sulphide isrextremely toxic.
The testing organization shall ascertain and implement the appropriate safety precautions
befpre commencing any test work.

SAHETY PRECAUTIONS — Test procedures involve the use of pressurized fluids, wh£:h can be

To avoid vessel burst, the maximum filling with liquid is 75 % of the total-volume.

A.1 Testrequirements

A.1.1 Test vessel

A.1]1.1 General

The test vessel shall be rated for use at the test temperature and pressure. The metallic materials shall
be jjesistant to the test fluid. The vessel shall be capable of being purged to remove air befor¢ testing.

A.1{1.2 Vessel capacity

In rmultiphase liquid and gas containing.exposures, such as Fluid 3.1 and Fluid 3.2, the vesdel capacity
sha|l be such that the ratio of the vessel-volume to test specimen volume is at least 10:1.

In liquid only tests with an inertygas purge, the liquid to specimen volume ratio shall be at lepst 7:1.

The volume per cent of the fluids shall be presented.

A.1{1.3 Specimen location
The test speciments shall be immersed such that test liquid contacts all surfaces.

In ultiphase.liquid and gas containing exposures, such as Fluid 3.1 and Fluid 3.2, the specjmens shall
be immerséed\in the hydrocarbon liquid phase and shall not touch the water phase.

In ljquid.only tests, the specimens shall be fully immersed in the liquid phase.

In bespoke fluids, the location of the specimens in the vessel relative to the liquid and gas phases shall
be documented.

A.1.2 Exposure media

A.1.2.1 General

Exposure fluids shall be stable at the exposure temperature. Changes in the fluid during the test, such
as visual observations and the pH of aqueous solutions, can be monitored.

In addition to production fluids, it will be necessary in many instances to perform application-specific
testing of materials in contact with other types, e.g. drilling fluids, scale inhibitors, hydrate inhibitors,
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well stimulation fluids and corrosion inhibitors. Specific test procedures shall be written detailing the

exposure e

nvironment. The test methodology shall be according to this document

A.1.2.2 Level 2 media replacement

Exposure durations of 28 days and less can be run without replacing liquid or gas media. If a vessel is
opened for an intermediate duration, the gases shall be replaced. For exposures longer than 28 days,
the liquid and gas media shall be replaced at 28 days and then at least every 56 days after that.

The liquid and gas replacement schedule shall be reported in the final report.

A123 L

Exposure (
opened for
the liquid 2

The liquid

A.1.3 Ex

Since data
three tem]
relevant te

other temperature regimes may be chosen. The temperature difference between each of the t}

evel 3 and Level 4 media replacement
lurations of 56 days and less can be run without replacing liquid or gas media. If a-vess

nd gas media shall be replaced at 56 days and then at least every 56 days after'that.

hnd gas replacement schedule shall be reported in the final report.

posure temperatures

from accelerated tests are required in Level 3, exposures shall be run at a minimun
peratures, all of which are above the temperature of iriterest. In addition, exposur
mperature may be added. Suggested elevated exposure teniperatures are given in Table

] is

an intermediate duration, the gases shall be replaced. For exposures longer than 56 dpys,

h of
P at
A.1;
ree

temperatufes shall be at least 10 °C and preferably 15 °C. The tolerance on temperature is 2 °C. [The
device for femperature measurement shall be calibrated.
Table A.1 — Exposuretemperature
Temperature Suggested elevated Temperature Suggested elevated
of interest temperatures (T1, T2; of interest temperatures (T1, TR,
oc T3) o T3)
°C °F

22 37,5267 72 99,126, 153

60 75,90, 105 140 167,194, 221

75 90, 105,120 167 194,221, 248

90 105, 120, 135 194 221,248,275

105 120, 135, 150 221 248,275,302

120 135, 150, 165 248 275,302,329

135 150, 165, 180 275 302, 329, 356

150 165, 180, 195 302 329, 356, 383

180 195, 210, 225 356 383,410, 437

195 210, 225, 240 383 410, 437,464

A.1.4 Exposure pressure

A.1.4.1 General

If pressure will be logged during the exposure, the device for pressure measurement shall be calibrated.

Temperatures and pressure should be monitored with 1-minute intervals.

In an unstirred liquid medium, it takes time to reach the solubility equilibrium of test gas components
in the liquid. Therefore, stirring is recommended. In case of non-stirred autoclaves, it is recommended
to let the equilibrium be reached over night.
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A.1.4.2 Level 2 ageing

The vessel pressure will rise to match the vapour pressure of the fluids as a function of temperature.
This applies to Fluid 2.2, Fluid 2.3, and bespoke fluids within 2.4. Figure A.1 and Figure A.2 show
pressure versus temperature curves so that the operator can become familiar with the expected
pressure for a particular temperature.

Reporting of the vessel pressure for liquid only exposures with a simple inert gas purge is optional.

The pressure history shall be reported if the exposure media includes a gas composition that is critical
to the execution of the test program.

Y1 Y2
30 12 300
25 250
20 200
15 150
10 100
/ 1
5 ’ 50
0 _// 0l
0 1 2 3 4 5 6 7 8 9 10 X
Key
X |elapsed time in hours - pressure
Y1 |pressure in MPa 2 temperature

Y2 |temperature in °C

Figure A.1 — Pressureversus temperature curve with KCI Level 2.2

Y1 Y2
30 12 300
25 - 250
20 200
1
15 | 150
—
10 // 100
5 7 50
0 0—=
0 1 2 3 4 5 6 7 8 9 10 X
Key
X  elapsed time in hours 1 pressure
Y1 pressure in MPa 2  temperature

Y2 temperature in °C

Figure A.2 — Pressure versus temperature curve with hydrocarbon Level 2.3
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A.1.4.3 Level 3 and Level 4 ageing

Sour multi-phase exposures in Fluid 3.1 and Fluid 3.2 shall be pressurized to (6 + 0,5) MPa at room
temperature and sealed. The vessel pressure will rise as the temperature increases and will reach a
new equilibrium pressure typically different than the initial 6 MPa charge pressure. Figure A.3 shows
pressure versus temperature curve for the Fluid 3.2 multiphase sour mixture.

The entire pressure history shall be reported.

Y1 Y2
36 > 366
25 ’ 250
20 200
1
15 / 150
/
10 %// 100
5 50
0 0—=
0 1 2 3 4 5 6 7 8 9 10 X
Key
X  elapsed time in hours 1 pressure
Y1 pressuie in MPa 2 tenmiperature

Y2 temperpture in °C

Figure |A.3 — Pressure versus temperature‘curve with Fluid 3.2 multiphase sour aromati¢

A.1.5 Exposure durations

Exposure duration tolerances are given'in Table A.2.

Table A.2 — Exposure duration tolerances

Test duration Tolerance
2 days#e 10 days +1 day
11X days to 20 days *2 days
>20 days *3 days

Exposures|may comprise individual test vessels which are locked for the period required, or run infone
or more test vessels which are opened to allow specimen removal. The protocol used shall be reported
accordingly.

The exposure time is the time the material was subjected to test pressure and test temperature. Time
spent heating and cooling the test-cell shall not be included in the calculation.

Exposures will have extra time added between each duration to allow for cooling, gas depressurization,
testing, and reheating. So, the total test program time will be longer than the sum of the exposure
durations. Significant deviations of test temperature and/or pressure during an exposure shall be
reported and justified technically.
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A.1.6 Test specimens

Test specimens shall be fabricated with the same compound batch and methods throughout the test
program. The fabrication method shall be specified by the identification code. The number of specimens
shall be a minimum of five.

Mass and volume change specimens should be cut from the same sample used for the tensile specimens
and can be either a tensile bar or a 25 mm x 25 mm specimen with the same thickness as the tensile
specimens. The fabrication method shall be specified by the identification code. The number of

specimens shall be a minimum of three.

Thd
the
free

A1

Ten
pro
med
spe

Majs
Thd
Ab

A1

Majs
eve
flui

momnomers, unbound substances, or the hydrolysis products inside the neat resin or filled
be extracted by the surrounding.ageing fluid. So, the mass change (the net weight change) of a

can
spe
abs
dry
for

wet]
the

'moplastic material shall be exposed in unconstrained mode (i.e. free-standing, with f
ly access all surfaces).

.7 Tensile property measurements

sile properties of un-aged and aged specimens shall be measured at roomtemperature
perties shall be based on dimensions taken before specimens are dged. All tensil
isurements of a given material shall be based on the same test speed and specimen typ
bd and specimen type used shall be reported.

s and volume properties of un-aged and aged specimens shall be measured at room te
volume change shall be determined according to the displaeement method according to A
hlance with an accuracy of 1 mg shall be used.

.8 Leaching considerations

s and volume properties after exposure arelteasured and can also be evaluated aftg
ht to determine how much mass a materiallfds lost during the exposures. Since a high-te

Cimen after the high-temperature fluid ageing should be considered to be a combination
brption and the substance leaching. To identify these two processes quantitatively, an
ing process of the aged wetspecimen may be conducted at material specific temperaturg
PEEK) in an oven until its-weight is at equilibrium. The difference between the weight
specimen and the final.dry weight of the aged specimen is the amount of the liquid abg
difference between-the final dry weight of the aged specimen and the initial dry weigh

ageing of a stock shape, for subsequent fabrication of tensile test pieces, is not allowed. The

uid able to

All tensile
b property
e. The test

mperature.
STM D792.

r a drying
mperature

l immersion/ageing test is extreme to~most of the polymer resins, the lower-molecylar-weight

specimens

of the fluid
additional
(e.g.90°C
bf the aged
orbed, and
- of the un-

agefl specimen is th€amount of leaching. Therefore, the per cent absorption and the per cent|leaching of
theltest specimen‘can be calculated by using Formulae (A.1) and (A.2):
gy (—m
oo =T M) 1 (A.1)
ULt
Yom Ui ~Mid) o (A2)
Mg
where
%A  is the per cent absorption;
%L is the per cent leaching;
m,,, isthe aged wet weight which is the weight of the specimen after the fluid ageing;
mgy is the final dry weight which is the weight of the aged specimen after drying in an oven at
material specific temperature until its weight is in equilibrium;
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Mg

is the initial dry weight, which is the weight of the un-aged specimen after drying in an oven

at material specific temperature to an equilibrium in its weight.

This absorption and leaching property measurement procedure should be conducted with the un-aged
and the aged specimens at room temperature.

If leaching

measurements are performed, they shall be reported.

A.1.9 Visual inspection

The test s

the

pecimens shall be visually inspected for salient features directly after removal from

vessels. Thie nature of any salient features shall be recorded including but not limited to:

a) colour|change of the surface after immersion in the medium;

b) opacity after immersion;

c) Dblister/formation;

d) crazing;

e) crack formation.

A photogrdphic record of specimens before exposure and after the final exposure shall be include

the test report. Representative salient features (visual changes) at ifitermediate exposures shall als

included in

A.1.10Sa

the test report.

mple handling and storage procedures

For exposiire fluids that are liquid at ambient pressure, test specimens from aged liquid shal

retrieved 4

until requi

and weighg

returned t
testing, ea
30 min. Th

Tensile teg

60 days wi

nd shall be stored in fresh liquid (using the-same neat liquid as used in the immersion t
red for measurement. When weighing, Sample shall be removed from the liquid, patted
d in air and then in water within 151min to minimize evaporative losses. The sample sha
b liquid immediately until put back:into the test vessel. When removing samples for ter
ch sample shall be removed individually from the storage liquid and tensile test, all wi
Is entire process shall be completed within one week of ageing completion.

ted material shall be stored in re-sealable polyethylene bags, appropriately labelled
hout disposal after testreport provided by laboratory. Mass and volume change specin

shall be adfled to the tensile storage bag.

A.2 Testprocedure

A.2.1 Geperal

The follo

d in
b be

be
est)
dry
1 be
sile
hin

for
ens

ing,subclauses describe the procedures to be employed to determine the chemical ag

Ping

N ol 1 . -
characteristicsof ther TIMOPIASTIC IITACET TdTS.

A recommended sequence of actions is given in this clause. The procedure used shall be documented in
the test report. Operators shall perform appropriate nitrogen leak tests on the vessel system prior to
running ageing tests with samples.

A.2.2 Sequence for liquid immersion test (vapour pressure)

The sequence for liquid immersion shall be as follows:

a) add liquid(s) to vessel;

b)

24

immerse test specimens in a way to avoid specimen to specimen contact in the liquid;
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close vessel;

d) commence monitoring the pressure and temperature with a sampling rate of once per minute
except for exposure durations where rapid changes of parameters are expected (such as heating or

cooling periods or pressure increase or decrease);

e) purge vessel to 5 bar 5 times with nitrogen (inert) gas having oxygen content <5 ppm O, to remove

f)

most of the oxygen;

raise temperature to exposure set point and hold the temperature for a predetermined time;

g)
h)
i)
j)
A2

Int
for

f)

g)
h)

j)

1+l 1+ £+ £
CUUI LIIU VU OOUI LU 1T UVUILII Lbllll_}bl altury,
open vessel, retrieve test specimens and keep them wet according to the procedure-invA
carry out post-exposure procedures of inspection (see A.1.9) and measurement\(see A.1

take pictures of tested tensile specimens including a scale.

.3 Sequence for dual phase or multiphase fluid immersion-test

multiphase fluid immersion test shall be as follows:

add liquid(s) to vessel;

immerse test specimens in a way to avoid specimen to,;specimen contact in the liquid;
close vessel;

commence monitoring the pressure and temperature with a sampling rate of once |
except for exposure durations where rapid changes of parameters are expected (such as
cooling periods or pressure increase ar(decrease);

purge vessel to 5 bar 5 times with.fitrogen (inert) gas having oxygen content <5 ppm O/
most of the oxygen;

add test gas mixture at room'temperature to a total pressure of (6 + 0,5) MPa; if indiv
are used, fill to correctpartial pressures in the order of lowest liquefaction pressure;

raise temperatureto.exposure set point and hold the temperature for a predetermined {
cool the vessel{oroom temperature;

reduce remgdining pressure safely at a maximum rate of 0,1 MPa/min, neutralizing H,S, if
a scrubber;

flushwessel with nitrogen to remove remaining H,S, if used, via a scrubber;

he case of two non-completely miscible liquids, the liquid mixture.should be stirred. The sequence

pber minute
heating or

to remove

dual gases

ime;

used, with

k)
D)

m)

©IS

B 1 o i oo ISP a1 a-tlhaia £ rdinagta o oo 2 P “4/\110.
OPCIT vESSC, T C I e vV e tC S T S Ppe eI S a U nCC P OrCTIT vw C e at CoOTUTIT S o e protcaoar cr 7. 1. )

carry out post-test procedures of inspection (A.1.9) and measurement (see A.1.7);

take pictures of tested tensile specimens including a scale.
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A.3 Testreport for Level 2, Level 3, and Level 4

A.3.1 General

The following items shall be addressed in the final test report for all Level 2, Level 3 and Level 4 reports:

a)

b)

c)

d)

f)
g)

h)

j)

k)
D)

v)

conformance statement that details which clause of this document has been satisfied by the testing
and a reference to this document, i.e. ISO 23936-1:2022;

a reference to the test standards used including publication year and additional details required
according to 5.1;

compound manufacturer, contact information, manufacturer’s compound name/number_or of
reference, recipe revision level, batch/lot number and moulding date;

speci

expos
approy

fluid réplacement durations and results of fluid monitoring, if performed;

plot of]

dates

test priocedure based on Clause A.2;
median material properties values for each duration;

specific gravity, mass and volume with descriptive test method and sample identification code;

maxin

identiffication code;

table ]
table

graphikal percent change representation using dotted lines showing the threshold criteria;
description of visual inspection and condition at the final duration;
pictures of specimens before exposure and after final duration;

a photpgraphierecord of representative damage features;

raw dg

exposlje plots are not required;

en identification call-out for each test method using the coding system in 4.4;

re media (liquids and gas) identification with classification, sub-classification w}
riate, and detailed composition;

test temperature (°C) and pressure (MPa) versus time for multi-phase test fluids; liquid

r start and end of test;

her

jere

nly

um stress, yield stress, strain at break, modulus, with descriptive test method and sample

f median results for physicalyproperty measurements from 6.2.5 and threshold criteria;

f property percent change.data;

ta;standard deviation, COV, median and intermediate duration pictures upon request;

pressure and temperature log for all test durations, if the bespoke fluid contains a gas composition
that contributes to the material property changes. The application of a nitrogen gas cap to a
bespoke hydrocarbon fluid does not need the log presented;

preconditioning details;

leaching results.

A.3.2 Testreport for Level 2

A single thermoplastic material can have multiple Level 2 conformance statements and test reports.
Test reports can contain numerous data sets and resulting conformance statements. Table A.3 provides
an example of a test report that covers a single data set.
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Table A.3 — Example test report for Level 2

AcmeManf PhenDura XTRA-6880 conforms to ISO 23936-1:2022

Conformance statement

IS0 23936-1:2022

Conformance to Level 2, Fluid 2.2 (250 °C, 3 %

KCI)
Clientaddress - ToolCo Inc
Energy Dr, Denver, CO, USA

Corhpound manufacturer - AcmeManf,
Corhpound name/number PhenDura XTRA-6880
Material / reinforcement - PEKK / unfilled
Redipe revision level - n/a
Lot}/batch no. - FF2344rw4r/07
Motlding date - Q4 2015
Ageing test conditions
Flujd Classification |ISO 23936-1:2022 Level 2.2

Description |3 wt% KCl

Liquid 30.grams KCl in 970 ml of distilled water
Gas Nitrogen purge
Pressure” |20 psito 50 psi gas cap
Voliime ratio minimum - 21:1
Exposure temperature °C (°F) 250 (482)
Prejssure at temperature MPa (psi) |4,5(700)
Exposure durations days 2,6,14, 30
Spdcimen preconditioning - None
Ledching % None
Tesk lab - Ace Test Lab
Address 123 Sample Rd, Testing, LA, USA
Tesk date - 10 June 2015 - 25 October 2015
Tesk gas mixture erifndividual gases certi- YES/NO YES
fied
Prelssure calibration available YES/NO NO
P/ 1| logs available YES/NO NO
Test description Standard Specimen identification

Tensile properties ASTM D638 (T1, 50 mm/min) (MI/OA/FN/PA/SN)
Mass and volume of tensile bars ASTM D792 (MI/OA/FN/PA/SN)
Hardness of tensile bars ASTM D2240 Shore D (MI/OA/FN/PA/SN)

© IS0 2022 - All rights reserved
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General test details
Ageing days 0 2 6 14 30 Threshold criteria
Planned days and tolerance 0 21 | 71 | 14+£2 | 28+3
Fresh liquids yes no no no n/r
Fresh gas yes yes yes yes n/r
Median values for each test duration
Tensile strength (MPa)?2 95,0 92,7 93,0 90,1 89,3 n/r
Yield stress (MPa)?2 95,0 89,0 88,8 87,0 85,2 n/r
Nominal stfain at break (%)~ 47,0 29,0 26,4 248 23,3 n/T
Modulus (specified 2 % secant method) (GPa)?2 4,11 3,90 3,73 3,60 3,57 n/x
Mass (grangs)P 8,506 | 8,621 | 8,644 | 8,652 | 8,641 n/r
Specific grgvityb 1,356 | 1,388 | 1,401 | 1,405 | 1,408 n/r
Percent change in properties
Tensile strgngth A (%)¢ 0% 2% | 2% | 5% -6 % +50 %
Yield stresq A (%)°¢ 0% 6% | 7% | -8% | -10% +50 %
Nominal stfain at break A (%)¢ 0% | -31% | -37% | -41 % [\45% -50 %
Modulus (specified 2 % secant method) A (%)°¢ 0% S5% | 9% | -12%)] -13% +50 %
Mass A (%)F 0% 1% 2% 2% 2% n/r
Volume A (%6)¢ 0% 2% 2% 3% 3% -1%to+109
a  Measurg¢d data shall be presented with at least three significant figures:
b Measur¢d data shall be presented with at least three decimal places.
¢ Calculated percent change data shall be presented with no decimal places.

Property percent changes charts are shown in Figure\A.4 and Figure A.5.
The pressyre and temperature chart is shown in Figure A.6.

The appearance of the specimens before arld after ageing is shown in the Figure A.7.
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Figure A.4 — Tensile property change percentages
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Figure A.5 — Volume and mass property change percentages
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Figure A.6 — Pressure temperature chart of multiphase fluid

f test coupon before inimersion test b  image of test coupon after immersion test

FigureA.7 — Before and after aging test specimen images

5t repoxtfor Level 3

and the fol

Qwing:
(=]

a) thethree exposure temperatures and the durations selected for each temperature;

b) expansion of the data, tables, and charts to include all exposure durations;

c) three sets of tables with results, percent changes, and visual observations;

d) three sets of final duration specimen images;

B test report shall include all the requirements of the Level 2 test report according to AL3.2

e) report data sets for 2-day and 7-day liquid only exposures with a nitrogen purge and gas cap at all
three temperatures.

Table A4 p

30

rovides an example of a test report that covers a single data set.
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Table A.4 — Example test report for Level 3

AcmeManf PhenDura XTRA-6880 conforms to ISO 23936-1:2022

Conformance statement - ISO 23936-1:2022
Conformance to Level 3, Fluid 3.2 (multiphase 10 %
sour gas)
Client address - ToolCo Inc.
Energy Dr, Denver, CO, USA
Compound manufacturer - AcmeManf,
Corhpound name/number PhenDura XTRA-6880
Material / reinforcement - PEKK / unfilled
Redipe revision level - n/a
Lot}/batch no. - FF2344rw4r/07
Motlding date - Q4 2015
Ageing test conditions
Flujd Classification |ISO 23936-1:2022 Fluid 3.2
Description |10 % Sour aromatie
Liquid 60 vol %: 70/% heptane, 20 % cyclohexane,|10 %
toluene
10 vol%tdistilled water
Gas 30 %0ol%: 10 % H,S, 5 % CO,, 85 % CH,
Pressure (6% 0,5) MPa
Volfime ratio minimum - 10:1
T1 Exposure temperature °C (°F) 250 (482)
T1 Pressure at temperature MPRa(psi) |16,5 (2 400)
T1 Exposure durations days 2,7,14,27,42
T2 Exposure temperature °C (°F) 240 (464)
T2 Pressure at temperature MPa (psi) |14,5 (2 100)
T2 Exposure durations days 7,14, 30,42, 56
T3 Exposure temperature °C (°F) 225 (437)
T3 Pressure at temperature MPa (psi) |10,3 (1 500)
T3 Exposure durations days 7,14, 28, 41,57
Spgcimen preconditioning - None
Leaching % None
Tesk lab address - Ace Test Lab
123 Sample Rd, Testing, LA, USA
Tesktdate - 10 June 2015 - 25 Qctober 2015
Test gas mixture or individual gases YES/NO |YES
certified
Pressure calibration available YES/NO |YES
P/T logs available YES/NO |YES

The example in Table A.5 shows the T2 data table. The T1 and T3 data table shall also be presented in

the same format within the final report.

© IS0 2022 - All rights reserved

31


https://standardsiso.com/api/?name=ded0015b24c93f40405d995d277ae250

IS0 23936-1:2022(E)

Table A.5 — Example T2 test data

General test details

Ageing days at pre-condi-
240 °C 0 tioning 2 7 7 14 30 42 56
3,2 3,2
Fluid description none N/A Liquids | Liquids 3,2 3,2 3,2 3,2 3,2
only only
Days and tolerance 0 N/A 2+1 7+1 7+1 14 +2 28+3 | 42+3 | 56+3
Fresh liquids yes N/A no no no no yes no no
Fresh gas yes N/A yes yes yes yes yes yes o
Median values for each test duration
Tensile strerjgth
(MPa)? 95,0 N/A 92,7 92,5 93,0 90,1 89,3 88,0 8[7,0
Yield stress (MPa)?2 95,0 N/A 89,0 89,5 88,8 87,0 85,2 84,0 8B,0
Nominal strdin at
break (%)? 42,0 N/A 29,0 27,0 25,4 23,8 22,3 21,3 2p,3
Modulus (specified
2% secant method) 4,11 N/A 3,90 3,81 3,73 3,60 3,57 3,54 3|50
(GPa)?
Mass (gramg)P 8506 N/A 8721 8730 8 744 8 852 8851 8862 | 8858
Specific grayjity® 1,356 N/A 1,388 1,390 1,40% 1,405 1,408 1,408 | 1,408
Percent change in tensile properties using 2 day liquid'saturation as the baseline
?(j(gflle strerigth A . N/A 0% . 0% | 3% | 4% | -5% | -4%
Yield stress 4 (%)¢ - N/A 0% & 0% 2% -4 % -6 % -1%
Nominal strgin at ) o ) 490 10 520 570 2ho
break A (%) N/A 0% 12 % 18 % 23% 27 % 3D %
Modulus (specified
2% secant method) - N/A 0% - -4 % -8 % -8 % 9% -19 %
A (%)°
Percent change in tensile’ properties using 7 day liquid saturation as the baseline
E;Si“e strergth 4 : N/K : 0% | 2% | -4% | 5% | 5% | 4%
Yield stress 4 (%)¢ - N/A - 0% -1 % 3% -4 % -6 % -8 %
Nominal strdin at P ) o 120 100 oz 0 5q0 b0
break A (%) N/A 0% 13 % 19 % 26 % 28 % 31 %
Modulus (specified
2% secant method) - N/A - 0% 5% -10 % 9% -10% | -19 %
A (%)©
Percent change in tensile properties using preconditioning as the baseline
?&)‘;E‘le strength A . N/A . : NA | NA | NA | NA | NA
Yield stress A (%)¢ - N/A - - N/A N/A N/A N/A N/A
Nominal strain at
break A (%) - N/A - - N/A N/A N/A N/A N/A
Modulus (specified
2% secant method) - N/A - - N/A N/A N/A N/A N/A
A (%)©

a2 Measured data shall be presented with at least three significant figures.
b Measured data shall be presented with at least three decimal places.

¢ Calculated percent change data shall be presented with no decimal places.
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General test details

Percent change in physical properties using as-received data as the baseline

Mass

A (%)©

N/A

-3 %

-3%

-3 %

-4 %

-4 %

-4 %

-4 %

Volume A (%)¢

N/A

5%

5%

5%

6 %

6 %

7%

6 %

a  Measured data shall be presented with at least three significant figures.

b Measured data shall be presented with at least three decimal places.

¢ Calculated percent change data shall be presented with no decimal places.

Thd
alsd

Key
X
Y

be presented in the same format within the final report. The baseline selection shall’bg
in the data charts.
Y
10 %
0% $ I i
[—A—
- 0 —e—— A A
10 % \ — —3— —
-20 %
-30 %
-40 %
T——_|
—— |
50% b —m ———_—— A
-60 %
0 10 20 30 40 50 60 X
time in days —&— modulus change in %
tensile property change in\% —— strain at break change in %

examples in Figure A.8 and Figure A.9 show the T1 data charts. The T2 and T3 data|d

&— tensile strength change-in %

—@— yield stress change'in %

threshold criteria

Figure A.8 —Example T1 tensile property change percentages using 2-day baselin
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Figure A.9 — Example T1 volume and mass property change percentages

yel 4 reporting

l test report shall include all the requirements of the Level 3 test report according to AL3.3
owing additional requirements:

pe exposure temperatures and the durations selected for each temperature;

imation analysis andesults (for examples, see Annex B).
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Annex B
(informative)

Long-term life estimation methodology

B.1—Arrhenius-approach
J—A¥rrheniusapproach
The Arrhenius approach to material life estimation requires that:

The
whi

Am
a st
con

chemical reactions occur in the material during laboratory testing;
the chemistry is mirrored by the change of at least one material property;

failure in service would occur as a result of the same chemistry and imaterial proper
probed during testing.

approach is often challenged by a number of highly ageing-resistant polymers (e.g. PTFH
ch little discernible degradation is often visible upon laboratory testing.

atement of suitability can be made if no significant ehemical reaction is observed. Th
ditions should be met:

test temperatures are high enough to expect chemical reaction;
test duration at least as specified in Level 3-or Level 4, as applicable;

application temperature is below the lowest test temperature.

Cla
Cla
life

B.2

B.2

One
ap

se B.2 introduces a methodology for Arrhenius life estimation.
se B.3 provides a guideline for the implementation of the methodology described in Clay

se B.4 shows examples(of different curve fits used to model the degradation behaviour {
time estimations.

Example forlife estimation

.1 Evaluation of material stability under given specific environmental condi

ofthe aims of this document is to provide a procedure to estimate the useful life of a
rticular test fluid. The latter may be identical to the service situation (e.g. inhibited |

ty changes

, PEEK) for

aterial can be fit for service even if an Arrhenius-based lifetime estimate is not possible. Iln this case,

e following

se B.2.

hat affects

tions

material in
brine), or a

rep

resentation of 1t (e.g. synthetic hydrocarbon ol1l). This clause describes how data obtal

ned from a

laboratory ageing test can be used to predict how long a material will retain 50 % of its tensile property
levels. The procedure is only applicable if the polymer chemically ages in the test fluid. Background
information can be found in ISO 11346 and ASTM D3032.

Ageing data have been obtained for a thermoplastic immersed in a test fluid with the temperature and
durations listed in Table B.1.

©IS

02022 - All rights reserved
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Table B.1 — Test conditions

Temperature Sampling intervals
°C d
100 30, 60, 100, 200, 400, 700, 1 100
110 14, 28, 56, 100, 150, 250
130 7,14, 20, 42, 60, 100, 150, 200

Table B.2 lists the average results for the strain at break values recorded as a result of the exposure
testing. The samples were tested at room temperature while still soaked with fluid. Also included

in Table B2 are strain at break values obtained from the original dry unaged samples. The dath in
Table B.2 ajre shown together as exposure duration versus strain at break in Figure B.1.
Tahle B.2 — Test results for a thermoplastic strain at break when aged in test fluid
Strain‘at’break
Exposure conditions

%
Unaged 250

30 days 270

60 days 265

100 days 250

100 °C 200 days 210

400 days 90

700 days 15

1100 days 10

14 days 255

28days 270

56 days 190

110 °C

100 days 120

150 days 80

250 days 15

7 days 270

14 days 210

20 days 110

42 days 20

130 °C

60 days 15

100 days 15

150 days 10

206-days 46
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300

240

180 h

120

60

0 6 404,8 803,6 1202,4 1601,2 2000( X
Key
X aging time in days - 110 °C degradation
Y strain at break in % v 130 °C data point
e 100 °C data point —_—— 130 °C degradation
- 100 °C degradation - 50 % of initial unaged valpe
A 110 °C data-point

Figure B.1 = Change in property level with exposure duration and temperatujre

Figlire B.1 show$ how increasing temperature accelerates the decrease in strain at break. Also shown
on the graphis a line corresponding to a 50 % drop in the original unaged strain at break value.
Commonly;.time to generate a 50 % drop in properties is considered as the "threshold tige" for the
spefifiétémperature point.

Multipte curve fitstan be used to modet the data tike tinear, power, togarithmic or exponential. The best
curve fit used in this example is logarithmic.

A 2-day or 7-day saturated data can be used as the baseline for the 50 % change threshold. In this
example, the unaged (as-received) properties are used as the baseline.

B.2.2 Arrhenius approach, trends, calculation and interpretation

Time to failure (or time to 50 % drop in strain at break in this example) can be found graphically for
each temperature by determining the cross-points of the 50 % drop line and the property plot for the
specific temperature point. Alternatively, a linear interpolation can be made between the two data
points on each side of the cross-point. Using the graphical approach, the time to failure (t5,) levels
are determined in Table B.3. These times are then re-calculated as the natural logarithm of the rate
[In(1/t54)] and plotted against the inverse of the test temperature (1/Tg), expressed in K1, which is
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